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How ToUncover
The Hidden Costs
0 fChromatography.

Doyou realizehow much lower-purity HPLC
solvents mighthe costing you? Consider
the frequentconsequences.

4 The cost to repeat separation proce-

dures because of solvent artifacts —
this wastes analytical labor and
valuable instrument time.

4 The cost to regenerate a water
deactivated column —thiS causes
Instrument “downtime”which re-
quires additional chromatographs to
perform the same amount of work.

4 The cost to wash, off a residue-laden
column —the residue decreases
column efficiency.

4 The cost of replacing columns, filters

and check valves clogged with parti-
les —this cain Increase costs from

§200-800,

4 The cost of isolating residue from
preparative peaks — this may cause
additional intermediary sepafations
to remove unwanted contaminants.

4 The cost of maintaining an additional

inventory of several “grades” of
urity (HPLC, GC, Spectro, etc.) —

the qual|t¥ of hlqh purity solvents

deteriorates while on ashelf.

4 The cost to frequently evaluate the
less uniform solvents — this diverts
attention away from productive
analytical timé.

Avoid these “hidden costs" ang time-
consuming effects from using lower
urity solvents. Switch to B&J Brand
High™Purity Solvents. Because, when
It comes to cost and performance,
there’s no comparison. B&J Brand

IS your best value.

Sure, less pure solvents m|%ht be
cheaper. But why jeopardize your
chromatography results when you
use.them? Inthe long run, lower
BUI‘I'[y solvents can cost you more.
ecause of their inconsistent quality.
Compare for yourself. If you're cur-
rently using Iower_purltY HPLC
solvents, try the highest purity sol-
vents — B&J Brand. You'l notice the
difference right away.
Then do this. Figure out your cost-
benefit equation for HPLC chroma-
tography. The answer will be pure
and simple. For lower costs and
better results, it's B&J Brand High
Purity HPLC Solvents.
Write or call today for a free technical
bulletin about B&Z] Brand ng% Purity
HPL SoLvents .We Il'also send you
our distributor listing so you can’con-
veniently order B&J Brand Solvents
from a distributor near you.

Avoid the hidden costs.
Switch to B&J Brand
High Purity Solvents.
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Dont
w ait forever:..

Protein gel filtration

iIn mMminutesnothours!

Bio-Rad's HPLC gel filtration system saves
hours of time, g_et provides seParatlons of
proteins or other biopolymers with the same
high efficiency as classical methods.

For example, the Bio-Rad HPLC separation
shown here was completed in only 15 minutes.
Using conventional gel filtration,

the same separation requires at Ieast 10 hours.

Key system features:

accurate, pulse free solvent delivery ¢
convenient sample injection ¢ sensitive,
selectable wavelength « absorbance detection
* high efficiency inert columns

Bio-Rad has worked out all the methodology,

U asita] 50 you don't have to. And our affordable,
modular system is backed by an experienced

technical staff ready to assist YO? with your
application. For details, confact:

2200 Wight Avenue « Richmond, CA94804 LA

. . _ Phone (gllSP 234-4130
oy, GRS
Y ‘% " o'tiL FT nMi3 J3fl 13 gjnc, Gemeny. ’Mvatzer?an.



An invitation to contribute and
subscribe to

The International Journal of Pure

and Applied ChemlstQ/
Editor-in-Chief: R A CHALMERS, Department of
Chemistry, University of Aberdeen

Talanta provides a forum for the rapid publication of
oanaI,research papers, preliminary communications,
full reviews and mini-reviews, Otfier features are
annofations (critical commentaries), analytical data
‘stablll_te( constants, etc.) and letters to thie editor,

n additjon to welcoming papers in the traditional
fields of Pure and A'H lied Analytical Chemeg,
and In order fo provide an interface hetween thoge
doing research and those applym% the results of
research in Analytical Chemistry, the editors wish to
encourage submission Qf repofts on developments
and new techniques in fields such as:

Toxic Impurities in Biological Systems
¢ Atdie g o

RRmaCELR I i
armaceutical and. Drug Analysis
Ee_st!rcnlges and. unglud”e% d
Clinical Chemistry o
Materials Science and Engineering
Geo,chemlstriy ]
Environmental Analysis
A further service to readers is an instrument review
?olumn, containing critical reviews of new instruments
or analysis.
Subscription Information
Published monthly
Annual subscription }81982) US%280.00
Two-year rate (1982/83) US$532.00

Some Related Journals of Interest

PROGRESS IN ANALYTICAL ATOMIC
SPECTROSCOPY

Editor-in-Chief: C L CHAKRABARTI,
Department of Chemistry, Carleton University,
Ontario

Contains critical up-to-date reviews in the field of

nalytical atomic spectroscopy and covers all major
ﬁQe\é%Iopments on both t?wopr)e/ncaﬁj and practica
vels.

Subscription Information
Four issues per year
Annual subscri tion/B1982) US% 85.00
Two-year rate 81982 3) US$161.50
ION-SELECTIVE ELECTRODE REVIEWS
Applications, Theory and Development
Editor-in-Chief: J D R THOMAS, Department
of Chemistry, UWIST, Cardiff

This journal is generated by the enormous world-

widegrowth of interest in 1gn-selective electrochemical
sensors. It places progress in development and funda-

mentals alongside applications of ion-selective
electrodes so as to emphasize their interdisciplinary
|mBortanqe. ,
Sunscription Information
Two issues per annum
Annual subscription }81982)
Two-year rate 51982 3)

US%S0.00
US$95.00
PROGRESS IN NUCLEAR MAGNETIC
RESONANCE SPECTROSCOPY

Editors: J WEMSLEY, University of
Southampton, J FEENEY, National Institute
for Medical Research, London and

L H SUTCLIFFE, University of Liverpool
Since this is one of the mosf rapidly expanding
branches of science, there is a coritinuous supply of
up-to-date authoritative reviews of great value to the
many active groups in the field.

Subscription Information

Published quarterly

Annual subscri tion}81982) US%
Two-year rate (1982/83) US$1

SPECTROCHIMICA ACTA
PART A: MOLECULAR SPECTROSCOPY

Editors: Professor SIR HAROLD THOMPSON,
FRS, Oxford University and Professor M KENT
WILSON, National Science Foundation,
Washington DC

This,imernati?nal ournal is intended for the rapid
publication o ,ondm_al work dealing with molecular
spectroscopy (including photoelectron spectroscopy).
Subscription Information

Bublished montily

Annual subscription }81982) US%M0.00
Two-year rate 81982 3) US$646.00

SPECTROCHIMICA ACTA
PART B. ATOMIC SPECTROSCOPY

Editor-in-Chief: P W J M BOUMANS, Philips
Research Laboratories, Eindhoven

Intﬁnded for the rapid Eubllcatmn of .griginal work
dealing with atomic sp ctrosc,oPy, with particular
reference to problems in chemistry, in all regions of
the electromagnetic spectrum.

Subf_cri tion Information
Publishea monthly

Annual subscription }%982) US%ZO0.00
Two-year rate &982 3) US$380.00
Prices include postage and insurance,

Prices subject to c_han([]e without notice.

rSeteLIégp prices available to UK and Eire customers on
ot availbl in microforn.

FREE SPECIMEN COPY AVAILABLE ON
REQUEST

PERGAMON PRESS @3 Farv Pak. Elmslor, New Yo 10823, s

1890 11/81/5A/17



This K jeldahl apparatus
has a micro-appetite
for nitrogen

determ inations.

Our unique rotary digestion apparatus is designed
for micro and semi-micro determinations* and offers
several advantages over conventional designs.

Iteliminates troublesome cold-end flasks and fixes
all twelve flasks at equal distances ensuring even
heating. The entire apparatus occupies only

18 inches of bench space and it can be rotated to
position any flask “up-front" or, to agitate flasks.
A variable-voltage transformer may be used to
expand the temperature range.

A fume hood is available (as shown) to free your
laboratory hood for other purposes.

The Kontes Rotary Digestion Apparatus is
efficient, compact, and easy to use.

To satisfy your appetite formore product information
and applications of this and other Kjeldahl
apparatus, contact your Kontes man or send for
our product bulletin.

‘Application papers include use with plant and hiological specimens.

a CQOs MWy M
SCIENTIFIC GLASSWARENSTRUMENTS
Vineland. NJ 08360  (609) 692-8500

Regorl Distributors: KONTFS CF ILLINOIS; Evanston, Il » KONTES GF CALIFCRNA Sin Leandvo. Gl



Analytical Proceedings

Following the development and expansion of the former Proceedings of the
Analytical Division of The Chemical Society to include a wide range of topics of
general interest to analytical chemists, a change of title to

ANALYTICAL PROCEEDINGS
came into effect in January 1980.

Recent and forthcoming issues include the following:

« Lecture Summaries—
2-3 page technical papers based on lectures presented at meetings of the
RSC Analytical Division, describing research and development studies.

« Special Articles and Editorials—
Safety, recent legislation, controversial topics, etc.

« Equipment News—
Information on the latest equipment, instruments and products.

« Conferences, Meetings and Courses—
Announcements of forthcoming meetings and courses of interest to
analysts.

+ Books—
The regular list of recent analytical oooks and publications now includes
mini-reviews.

« Correspondence—
Letters to the Editor appear regularly.

¢« Biographies—
Information on and biographies of medallists, award winners and
distinguished analytical chemists visiting the UK.

¢« Diary—
Full details of all forthcoming meetings of the Analytical Division and its
Regions and Subject Groups are listed every month.

¢«  Advertising—
Advertisements are accepted in Analytical Proceedings: full advertisements,
classified, situations vacant, etc., are published.

For information on subscriptions and advertising rates, please return the form
below. PRICE FOR 1981: USA $70.50 (UK £30; elsewhere £31.50).

Analytical Proceedings

To: The Marketing Department'/Advertisement Manager*
(‘delete as appropriate)
The Royal Society of Chemistry, Burlington House, Piccadilly,
London, W1V 0BN, UK.

Please send me details of:
Subscriptions to Analytical Proceedings.
Advertisement rates.



- ABC Labs has it

! Analytical Services

Pesticide Residues
Trace Metals (AA-ICAP)
Drug Residues

Soil Metabolism

PCB's in Transformer Oil
Trace Organic Pollutants
Water and Waste Water
Methods Development

® © 6 0 o & o o

Instruments

e 1002 Automatic Gel Permeation
Chromatograph
350B Aquatic Diluter System
e 450 Precision Laboratory
Calibrator
250 GC Precolumn Venting System
e 150 Filtration System (Asbestos
free) for Crude Fiber Analysis

Write or Call
for More Information

0. Box 1097 » 314474~
E RS UR e

Aquatic Toxicology

[ ]
L]
[ ]
°
L]
[ ]
[ ]
[ ]

EPA Accepted Protocols

Static Acute Tests
Time-Independent Acute Bioassay
Embryo-Larval Tests

Chronic Investigations
Bioconcentration Studies

Effluent Bioassays

In-House Analytical Support

= And Straight Talk

We welcome your visit and invite
your inquiries. ABC labs has been in
business 12 years with a stable

§ support staff. We are in GLP and
CGMP compliance, our FDA master
file number is 3844, and we have
worked with the EPA, USDA, USDI
and FDA.

ANALYTICAL
BIO CHEMISTRY

A A LABORATORIES, INC.



IS YOUR
AOAC LIBRARY
COMPLETE?

Optimizing Laboratory Performance
Through the Application of Quality As-
surance Principles—Proceedings of a
Symposium. 1981, 160 pf) Softbound. $25
+ $3 book post and hand mg inU.S., $25+
$6 outside U.S. ISBN 0-935584-19-6.

Eleven papers covering setting up and oper-

ating a quality assurance program.

FDA Training Manual for Analytical Ento-
mology in the Food Industry. 1978.184 pp.
Looseleaf. $12.50 + $2 hook post and han-
dling in U.S., $12.50 + $3 outside U.S.
ISBN 0-935584-11-0. o

With the aid of this text, organizations can set

up their own in-house training.

Infrared and Ultraviolet Spectra of Some
Compounds of Pharmaceutical Interest.
1972. 278 pp. Softbound. $12 + $2 book

ostandhandlinginU.S., $12 + $3outside
S. ISBN 0-935584-04-8. _

An expansion of an earlier compilation, with

supplements. More than 800 spectra.

Mycotoxins Methodology. 1980. 22 pp. Soft-
ﬁound.$11+$lbook ostand handling in
U.S., s11 + s2 outside U.S. ISBN
0-935584-16-1. o

Chapter 26 reprinted from Official Methods

of Analysis, 13th Edition. Approved meth-

ods for natural toxins in many commodities.

Micro-Analytical Entomology for Food
Sanitation Control. 1962, 576 ﬁp H_Ell’dj
bound $30 + $3 bookJoostand andling in
U.S., 830 + $6 outside U.S. ISBN
0-935584-00-5. o

A training and reference manual for identifi-

cation of insect debris extracted from foods.

Test Protocols for the Environmental Fate
and Movement of Toxicants—Symposium
Proceedings. 1981, 336 pF Softbound. $27
+ $3bookpostandhandlinginU.S., $27 +
$6 outside U.S. ISBN 0-935584-20-X.

Chemical and biological tests plus methods

for interpreting or predicting results through

mathematical models.

FDA Bacteriological Analytical Manual
(BAM) 5th Ed. 1978.44?[). Looseleaf. s25
+$2book postand handlinginU.S., 25 +
5 outside U.S. ISBN 0-935584-12-9.

Provides regulatory and industry laborato-

ries with methods for detection of microor-

ganisms. Updated by supplements.

Mycotoxins Mass Spectral Data Bank. 1978.
60 pp. Softbound. $12 + $2 book gost and
handling in U.S. and outside U.S. ISBN
0-935584-13-7. o

A computer-based compilation of 104 mass

Is_pe_ctra with alphabetic and molecular weight

Istings.

Newburger's Manual of Cosmetic Analysis

2nd ed. 1977. 150 pp. Softbound. $13 + $2

book post and handling in U.S., $13 + $3

outside U.S. ISBN 0-935584-09-9.
Chromatographic techniques and spectros-
copty with analyses for various specific cos-
metics.

Statistical Manual of the AOAC. 1975. 96 .
Softbound. s12.50 + $1 book post an
handlinginU.S., s12.50 + 2 outside U.S.
ISBN 0-935584-15-3. o

A do-it-yourself manual for statistical

analysis ofinterlaboratory collaborative tests.

Send check to AOAC, Suite 210-J, 1111 N 19th St., Arlington, VA 22209, 703/522-3032.
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INFORMATION FOR SUBSCRIBERS AND CONTRIBUTORS

The Journal of the Association of Official Analytigal Chemists IS

€ubllshed by the Association of Official Analytical Chemists,
111N 19th St, Arlington VA 22209. The Journal is issued six times
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OﬁlClal MethOdS Of AnalyS|S, often referred

to as "the bible" by its users, provides re-

search and regulatory chemists and other
scientists with reliable methods of analysis

for determining the composition of com -
modities subject to legal control. The reli-

ability of each method adopted by AOAC

has been demonstrated by an interlabora-
tory collaborative study, showing itsrepro-
ducibility in the hands of professional an-

alysts
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RADIOACTIVITY

Quantitative Determination of 1-131, Cs-137, and Ba-140 in Milk:

Collaborative Studies

FREDERICK G. D.
EDMOND J. BARATTA?

%HUMAN, DAVID G. EASTERLY X and

Food and Drug Administration, Bureau of Radiological Health, Rockville, MD 20857

The official method for Cs-137 in milk by gamma-ray
spectroscoi)y was extended to include 1-131 and Ba-
140. A collaborative study was performed on this
method applied to 1-131 concentration in cow's milk;
the original collaborative study of the method in-
cluding all 3 nuclides was reviewed. In the 1-131
study, 1aliquot of a milk sample containing 82 pCi/L
was sent to each of 60 laboratories for triplicate
analyses. From 40 responses, the mean of the re-
Borted values was 81.6 pCi/L, indicating a method

ias below the 5% statistical detectability limit,
Within- and between-laboratory coefficients of
variation (CVs) were 7 and 8%, respectivelg. In the
3-nuclide study, 2samples were sent to 25 laboratories
for triplicate analyses; one sample contained 633, 305,
and 515 pCilL, respectively, of 1-131, Cs-137, and
Ba-140 and the other contained 98,52, and 72 pCilL.
For the high-activity sample, within-laboratory CVs
were 4-5% for the 3 nuclides and between-laboratory
CVs were 4-7%. For the low-activity sample, the
corresponding results were 6-9% and 8-16%. The
method bias was statisticaIIK significant at 95% con-
fidence only for Cs-137 in the high-activity sample;
reported results were 3% below the known concen-
tration. The extended method was adopted official
first action.

Man-made nuclear reactions, whether in a reac-
tor or a weapons test, introduce various radi-
onuclides into the environment. The levels of
certain of these that have made their way into the
human food chain through the vehicle of cow's
milk must then be determined. This study ex-
amines one method used in this determina-
tion.

This report of the Assocjate Referee, E. J. Baratta, was pre-
sented a F%he Q%Ih /-gnnual ﬁeeﬁng ofefhe igﬂé 6ct. 159[-]55,
19%, at Washmﬁton_, DC. .
e recomme daJIOH of the Associate Referee was approved
%\f C&w?ee Earé 3a8 O%EGd % 8tze Association.  See'/. Assoc.
gceiye \Marcah 3 1%81._ Acce ted SeEptemberZS, 1931,
nvironmental Protection Adency, Environmental Mon-
ystems Laborato

it?lyogoéand ug A irryi'sﬁgstior?gi\il\/in\fwgs%ﬁ-fn ingerin
an AnalyncaP{:e ter,r('/\/mc ester, MAOC890. g ’

Experimental

The analytical method under study is de-
scribed in Official Methods of Analysis (1). * Briefly,
a3.5 L milk samf)le ina4 L Marinelli beaker is
placed over a Na_(TR detector, and a gamma-ray
spectrum is acquired. Net count rates are com-
puted for the characteristic emission peaks of
1-131, Cs-137, and Ba-La-140, as well as K-40.
Mutual interferences among these 4 photopeaks
are eliminated by applying a matrix technique
to separate the activities of the 4 nuclides.
Measurement of 1standard source of each nuc-
lide provides the matrix coefficients.

METHOD o
48.025 Principle

Applicable to 1311,140Ba, and 137Cs in fluid milk
preserved with HCHO. Known vol. is placed in
counting vessel positioned over and around right
cylinder scintillation crystal detector, Nal(Tl), of
multichannel gamma spectrometer. Gamma
radiation is counted for given time. Accumu-
lated pulses from selected photon energy range
are sepd from otherdgamma_-emlttmg radionu-
clides and background radiation by simultaneous
equations. 40K is always present as natural
contaminant and may contribute counts in 1or
more of photopeak ranges. Mutual interferences
among these 4 photopeaks are eliminated by
applying matrix technic to sep. activities of the
4'nuclides. Measurement of one std source of
each nuclide provides the matrix coefficients.

In special cases, newly formed fission products
may be present, e.g., 133 and 135, which may
interfere either thru direct overlapping of pho-
topeaks or by contributing Compton-continuum
counts. Such interference may be minimized by
waiting for decay of short-lived radionuclides,
by addnl counting following decay, or by chem.
sepn.

Milk contg known increments of 1311, 137Cs,
and 140Ba, detd in triplicate by 25 laboratories,

NONAETERIQYIARENE.1N20_NEENT NN
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and 2nd milk contg known increment of 1311,
detd in triplicate by 40 laboratories, showed re-
sults given below év. of triplicates).

48.026 Apparatus

fa) Alignment sources.—Gamma ray energies,
at least 1near 137Cs spectrum, with well known
energies and abundance of gamma rays in pho-
topeaks, for alignment. Solid sources, ca 0.1 pCi,
are preferred over lig. sources. 207Ba is satisfac-
tory single source with several photopeaks; 137Cs
and 60Co are good pair.

(b) Counter.—Low level gamma spectrometer
consisting of shielded Tl-activated Nal scintil-
lation detector, 4 X 4 in., coupled to multichannel
pulse-ht analyzer and readout system.

(c) Counting vessel BMarineIIibeaker).—Use 35
L beaker, F|gi_ure 48:01, for 4 X 4 in. detector.
Beaker and Iid available from plastic labora-
tory-ware suppliers such as Bel-Art Products,
Peguannock, NJ 07440, No. F26862 for beaker
and No. 26872 for lid.

48.027 Reagents

(Caution: See 51.075.)

(a} Carrier solns.—10 mg/mL. Prep, solns of
CsC 51.267 g/100 mL), Nal (1181 g/100 mL),and
BaCl2.2H20 (Il.779 g/L100 mL). Store in poly-
ethglene or glass bottles. _ _
_(b) Stock std solns.—10000pCi/mL. Dil. cal-
ibrated solns of 131I, 140Ba, and 137Cs to approx,
indicated strength.

(c) Potassium-40 stock std soln.—1.89 dgm
(disintegrations/min) 4K/mg K. Dissolve 240
gKCl (equiv. to 126g K)in3LH20 in Marinelli
eaker and dil. to 3.5 L

Std Dev. (CV. %

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

(d)  Calibrating solns.—For Cs and Ba, add 3-5
mL carrier soln, (a()], to 3 LFI20 in Marinelli bea-
ker, mix, add convenient amt of stock std soln,
(br)], sufficient to reduce counting error to ca 1%
when counted within 10-100 min, mix, adjust pH
t03.5-4.5, and dil. to 3.5 L. Prep. I'soln similarly,
but adjust pH to 8.5.

48.028 Determination

Using alignment sources centered on detector,
adjust spectrometer to cover range at least be-
tween 0'and 2 meV, in intervals (channels) of 10
or 20 keV. Adjust voltage or gain control so that
the 2 gamma photopeaks of std fall in their ap-
grq riate channels. Check and adjust alignment

aily.

PYace Marinelli beaker contg 3.5 L calibrating
soln, (d), over detector, and count std for time
(10-100 min) sufficient to reduce countingi error
to ca 1%. Regeatwith each calibrating soln and
with H20. Recalibrate spectrometer yearly or
more frequently if gamma-ray resolution
changes.

Transfer 3.5 Lwell mixed milk sample at room
temp, into Marinelli beaker, place over detector,
and count 100 min or time sufficient to give de-
sired counting statistics.

48.029 Calculations

(@) Counter efficiency.—Total individual counts
observed in channels of photopeak range for
each calibrating soln. Subtract total background
count for same photopeak range. Divide net
count by counting time in min and amt of ra-
dIOHUChde in pCi, and record cpm/pCi for
each.

(b) Interference coefficients.—When counting

Bias + 95% Uncertainty

Arl‘gé Nluclt!de
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Table 1. Collaborative results for radionuclides in milk by gamma-ray spectroscopy (pCilL): BRH study

Sample A

Lab. I 131 Cs-137

i 8

—~ro

i

|

i
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- O

|
|
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3 Not included In statistical analy3|s.

std soin of each radionuclide, 131I, 137Cs, 140Ba,
40K, e.g., 1311, ratio ofnetcountlng rate in energy
range. of each of the other radionnuclides to net
countlngf rate in its own photon energ¥ range
gives its fractional interfering coefficient for each
of the other energy ranges, e.g., 131l ratio of net
counting rate in 137Cs energy range to net
counting rate in 131l photon energy range gives
its fractional interfering coefficient for 137Cs
energy range.

Designate counting rate for 131l, 140Ba, 131Cs,
and 40K with symbols I, B, C, and K, resp. Des-
ignate net counting rates (observe —back-
ground) in their resp. photon ener%y ranges as
N;, Nb, Nc, and Nk _resp. Then, t, fractional
coefficients or contributions of nuclide in par-
ticular range, is designated by 2 lower case sub-
scripts; first one indicates nuclide contributin
counts to energy range (column) and secon
nuclide photon energy range (row). The fol-
lowing 4 equations:

Ni=1+fhiB+fiC + fkiK (
Nb=fibl+B+ fhC + fkbK (
Ne=ficl+ feB+ C + fkeK
Nk=fikl+ fokB+ fckC + K (

1
2
3

)
)
)
4)

Ba-140

2

%

concn 515

Sample B

113 Cs-137

o
§

Ba-140

—

il }g

!

can be solved simultaneously by matrix algebra,
using inversions to provide numerical consts W,
X, Y, and Z in equations 5, 6, 7, and 8. These
consts are used to solve for concn of each of these
4nu|c(|j|des in sample. Net counting rate for each
nuclide is:

13j = j=wIN.+ wNb+ W3Nc+ WiNk (5)
)
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OO

—

OO HOOOY

oL
R Or—IoxXO—0 10 10 KOO0
= [——
o0
—~ o
LXK CO~KO0 O
ORI RXLDOOW O

[y
| © o=
N G

RO~IOS0 0 I~ 0O B~
o)
—
O OO~ KO~ I~ HF—IOXTY . OO~~~ IGO0 Y00

140Ba = B = XiNi+ X2Nb+ X3NC+ X4Nk (6

(
137Cs = C = YjNi+ YINb+ YNc+ YINK (1)
0K = K = ZiNi + ZNb+ Z3Nc+ ZINK (8)

Calibration to derive values for consts in equa-
tions 5, 6,7, and 8 is applicable as long as instru-
ment allgnment and mode ofoiJeratlon remain
constand gamma-emitting nuclides are limited
to the 4 elements in matrix. Long-hand inver-
sion of 4 X 4 matrix is tedious and subject to
mistakes. Lise of computer is recommended to
[:}rowde numerical consts for equations 5-8.

hereafter, desk ealens can det. concns of 131,
140Ba, 137Cs, and 40K in samples in absence of
computer by summing counts in each photopeak,
%ugtractmg background, and applying equations

(c) lodine-131, barium-140, cesium-137, potas-
sium-40 activities.—From spectral gamma counts
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Tablge 2. Collaborative results f?rg éﬁEBO”‘@'EE%J ymiIk

\ gamma-ray spectroscopy
Sample C

True concn
Not included in statistical analysis.

of sample, substitute net value from equations 5
thru 8 and convert net counts/min for each
nuclide to pCi/L milk at time of counting:

BU(pCilL) = (net cpm)j/(Ei X V)

140Ba(pCi/L) = (net cpm)b/(Eb X V)
B3ICs(pCilL) = (net cpm)c/(Ec X V)
4K (pCilL) = (net cpm)KI(EK X V),

where Ej, Eb, Ec, Ek = counting efficiency/pCi
from std solns for 1311,140Ba, 137Cs, 40K, resp., and
V = sample vol., L.

Collaborative Studies

In July 1969, the Analytical Quality Control
Service of the Bureau of Radiological Health sent
two 1gal. (3.78 L) milk samples, one with high
and one with low concentrations of the 3 nuc-
lides, to each of 25 laboratories (2). For each of
the 6 sample-nuclide combinations, the triplicate
measurements requested were supplied by all 25
laboratories in 3 of the combinations, and by all
but 1in the remaining 3 (Table 1). o

In April 1978, the Environmental Monitoring
Systems Laboratory-Las Vegas of the Environ-
mental Protection A%ency (EPA) prepared a milk
sample with an 1-131 concentration of 82 pCi/L

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5 1982)

Table 3, S}gtrlsrtallc Ié ﬁﬂgﬁrg&r}/no;n ﬁ ﬁ%g%?ﬂ_r)a“"e studies
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Cs-137
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Meﬁgd% % 9845 +1
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umber o f S

a The range shown for each method bias
ence ﬁmlt, ﬁ]lgﬁ ﬁt[ne sum ofntke@%%m conﬁ
tce%trr%%nn result and the maximum error In the

m\ﬁflneco centration 53 A g
A t .

da 95% confi-
elgce limit of
nown con-

and sent one 3.5 L aliquot to each of 60 labora-
tories (Table 2). Forty of the collaborators re-
turned the 3determinations requested, 19 did not
respond, and 1returned only aduplicate result,
which was not included in the analysis (3).

Data Analysis and Discussion

An analysis of variance was performed on the
data for each nuclide in each sample, 7 in all
(Table 3). In the 3 sets of results for 1-131,
within- and between-laboratory standard de-
viations (SDs) are well below the actual concen-
trations, ranging from 5to 8%thereof. This in-
dicates that even the lowest of the 3 concentra-
tions is above the detection limit of this method.
The method bias is undetectable in all 3 cases,
bemé; smaller in magnitude than its uncertainty
at 95% confidence’. Itshould be noted thatin the
EPA study, in which 20 of the 60 lahoratories
failed to respond, a comparison of these results
with those of the other samﬁ)les appears to in-
dicate that the responding laboratories were
representative, and that probably no sampling
l()jlast has been introduced by the nonrespon-

ents.
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In the 2 sets of results for Cs-137, within- and
between-laboratory SDs are again small, varying
from 4 to 9%of the known concentrations. The
method bias is again undetectable in the low-
activity sample, and although itis significant for
the high-activity sample, it is only 3% of the
known concentration and is smaller than either
of the SDs.

Finally, the Ba-140 results show within- and
between-laboratory SDs for the high-activity
sample (4 and 7% of known concentration, re-
spectively) that are similarly small, with method
bias less than 2%, and not statistically significant.
For the low-activity sample, within- and Dbe-
tween-laboratory SDs are respectlveli/] 9and 16%
of known concentration, and although the
method bias is again not significant, this time at
less than 6% of the known concentration.

Recommendations

On the basis of the statistical analysis of results,
this method is acceptable for analysis of samples

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)
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containin? 1-131, Cs-137, and Ba-140 at, and
Pr_esumab y above, the levels of activity tested.
tis recommended that method 48.025-48.029 be
extended to include 1-137 and Ba-140.

References

(1) Official Methods of Analysis §198(()) 13th Ed., AOAC,
Arllnqton,VA, secs. 48.025-48.029

(2) Knowles, F. K, & Underwood, R. J. (1969) "Col-
[aborative Study for Analysis of Radionuclides by
Gamma_Spectrascopy Using. Simultaneous Equé-
tions," Food and Drug Administration, Bureau of
F\Q/Ia}glAOFLO ical Health “Technical Experiment 69-

(3) Environmental Radioactivit¥ Lahoratory Intercomparison
Studies Program 1978-1979 (1978) Environmental
Protection "Agency. EPA-600/4-78-032, National
Technical Information Service, Springfield, VA
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DRUGS IN FEEDS

Inhibition of Chlortetracycline Activity by Magnesium

TOM CHIANG .
Texas A& M Unlversng, Texas A(%rlcultural Ex
Services Department, College Station, TX 7784

Up to 50% of the antimicrabial activity of Chlortet-
racycline (CTC) can_be inhibited by the presence of
MgS04 in microbiological turbidimetric as_sa,YS.
From 50 to 200 mM M gS04inhibited CTC activity
and_the relationship between CTC inhibition and
MgSOi concentration is linear. The possible mech-
anism of this inhibition and its potential implication
are discussed.

Tetracyclines are one of the oldest families of
antibiotics and yet, because of their broad anti-
microbial spectrum, low toxicity, good oral ab-
sorption, and most important in the feed indus-
try, their low cost, they are still widely used in
both medicines and feeds. Chlortetracycline
(CTC) was first isolated and introduced for clin-
ical use bty Duggarin 1948 (1). _
The official methods for determining CTC in
feeds are the AOAC plate agar-diffusion method
(2) and turbidimetric method (3). In developing

an automated turbidimetric assay for CTC in our.

laboratory, we made some interesting observa-
tions in regard to magnesium ions and the CTC
assay.

Ityhas been known for some time that tetracy-
clines form chelates with certain cations in-
cluding magnesium (4,5). We found that at least
50% of the antimicrobial activity of CTC can be
inhibited by magnesium ions. Furthermore, if
magnesium ions are added to assay broth alone,
cell'growth can be promoted. Inview of these
observations, one might expect to get different
turbidimetric assay values for CTC, dependlng
on the magnesium content in a particular fee
sample. Furtherexperimentsarein Progres_s to
investigate the |m'oor_tance and possible solutions
to these potentially interfering effects by mag-
nesium ions,

Experimental

Apparatus and Reagents

(@) Autoturb system.—Elanco Products Co.,
dianapolis, IN 46206. This system is used in
AOAC automated turbidimetric determinations.

19§€fceived December 10, 1981 Accepted February 22
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geriment Station, Agricultural Analytical

The theory, design, construction of the Auto-
turb® system have been described (6). Briefly,
the system consists of a dilutor, an incubation
water bath, and a reader. The dilutor prepares
66- and 100-fold dilutions in pairs and delivers
the diluted samples from a set of sample tubes to
an array of assay tubes in acarrier. The diluent
usually contains the test organism inoculated in
aspecified medium. These filled assay tubes in
the carrier are then incubated in awater bath to
allow cell growth. After the cultures reach a
certain density, their concentrations are deter-
mined by the Autoturb reader which causes so-
lution from the test tubes to flow through a fixed
cell'in aspectro?hotometer and records percent
transmittance of the flowing solutions.

(b) Chlortetracycline (CTC).—Prepare stock and
working standard solutions as described in
42.211(a) and 42.216(b) (2, 3).

(c} Dilution buffer—pH 4.5 phosphate buffer
@lgye.

(d) Assay broth.—Difco antibiotic medium 3,
butin 17X quantity as in 42.215(a) (3).

eg IM MgS04 solution.—Dissolve 169 ¢
MgS04-H20 in water and dilute to LL.

(0 0.3M EDTA solution.—Dissolve 37.2 g diso-
dium ethylenediamine tetraacetate (QoH14-
tC)8|7\102-2H2 ) in water and dilute to 1L; adjust pH
07.0.

915%) Test organism.— Staphylococcus aureus ATCC

(h) Preparation of inoculum.— Inoculate 20 mL
assay broth with 1 loop from slant culture. In-
cubate overnight at room temperature. Use 5-10
mL culture/L medium.

Procedure

CTC standard solutions or dilution buffer were
mixed with different amounts of 1M M ¢S04 so
that in each sample tube the final concentration
of CTCwas 0.8 or 0 pg/mL and of MgS04,0, 50,

100, or 200 mM. These samples were then di-

luted with inoculated broth by the automated
system and incubated 3-5 h at 37.5°C, and per-
cent transmissions were recorded at 600 nm
wavelength.

0004:5756/82/6505-1044-04801.00
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Figure 1. Percent transmission at 600 nm of post-

incubation cultures responding to different concen-
trations of MgS04 added in growth medium (ab-

scissa).

Results

Effect of Magnesium lons on Growth of Test
Organism

Figure 1shows that if MgS04is added to in-
oculated growth medium, the post-incubation
percent transmission of the cultures was lower
than for cultures grown without added M gS04.
This indicates that additional MgS04 in th
g[ro_wth medium results in more cell growth.

his effect on the promotion of cell growth
reaches aglatea_u at a concentration of about 0.4
mM M ¢S04, as indicated by the constant percent
transmission over the MgS04 concentration
range from 0.4 to 1.0 mM. When MgCl2is sub-
stituted for M gS04, the same results are obtained,
indicating that magnesium ions are responsible
for the observed growth promotion. Itis I|kel?]/
that magnesium ion concentration in this growt
medium is not sufficient to provide optimal
growth for the test organism. A determination
of total magnesium concentration by atomic ab-
sorption spectroscopy showed that the value is
between 0.1 and 0.2 mM for the medium used in
this experiment.

Effect of Magnesium lons on
Chlortetracycline Activity

~To detect the effect of ma?nesium on CTC ac-
tivity, one has to circumvent the magnesium ef-
fect on cell growth. Asshown in Figure 1, when
added magnesium ion concentration in the me-
dium reached 0.4 mM or more, no promotion of
cell growth was detected. Therefore, if suffi-
cient MgS04is added to the medium (0.4 mM or
more), cell growth should be unaffected by fur-
ther changes in magnesium ion concentration.
In the experiment described below, the growth

J ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)
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Table 1. Percent transmission of Staphylococcus
aureusa

e G T

: FT% ?esi?/ broth was supplemented with 1 mM MgS04

efer - .
tubb sC%rr]%eur} eartls% O{e I}/I%Se%ler}gpeed?mgﬁ U\j/it n?ogﬂ aPelg
medium (refer to proce ureﬁ.

CTC c?ncn,

medium was supplemented with 1 mM
MgS04. _

able 1shows that when different amounts of
M?SO4v_vere added to the standard CTC solution
before dilution with the ihoculated medium, the
post-incubation percent transmission of the
cultures decreased with increasing magnesium
ion concentration. This indicates that the anti-
bacterial activity of CTC is inhibited by M gS04
added to the CTC standard solution. Table Lalso
shows results obtained when corresponding
amounts of MgSO4were added in the absence of
CTC. The resulting percent transmission values
are essentially the same regardless of magnesium
concentration, indicating that the extra M ¢S04
added to the inoculated medium (which in this
case already contains extra 1mM M gS04) did not
promote cell growth. This further confirms the
observation from FI%UI‘_E 1 that at concentrations
above 0.4 mM MgS04in the medium, the mag-
nesium requirement for optimal growth was
satisfied. When EDTA was added to the CTC
standard solution plus M ¢S04, the inhibition of
CTC activity decreased as indicated by higher
percent transmission values (Table 1). " This re-
sult implies that magnesium ions interact with
CTC molecules to inactivate, and EDTA, probably
a stronger chelating agent for magnesium, par-
tially restores CTC activity by decreasing the
effective magnesium concentration through
chelation. However, because EDTA plus M ¢S04
alone caused some growth inhibition asalso in-
dicated in Table 1, acareful study will have to be
done to further elucidate the EDTA effect quan-
titatively. Figure 2 shows that if the sample tube
with no added M gS04is taken as causing no in-
hibition, the relationship between CTC inhibi-
nohn.g_nd MgS04concentration is linear up to 50%
inhibition.
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Figure 2. Inhibition of CTC activity by MgSOi.

Discussion

In 1950, Gale and Paine (7) first showed, by
using Staphylococcus aureus as test organism, that
CTC was asEecn‘lc inhibitor of protein synthesis.
However, the molecular mechanism by which
this drug inhibits bacterial growth was not un-
derstood until the detailed steps of protein syn-
thesis were unveiled. In protein synthesis, dur-
ing the growth of a polypeptide chain on a
ribosome, peptide bond formation involves
transfer of the nascent polypeptide from tRNA
bound to one site (the "peptide donor™ or "?”
site) to aminoacyl tRNA bound to an adjacent site
("aminoacyl-acceptor™ or “A" site). This reaction
Is catalyzed by an enzyme called peptidyl
transferase which is an integral part of the Iar?(e
ribosomal subunit (8). Several groups ofwork-
ers have convm_cmglg demonstrated that the
enzymatic b|nd|n? of aminoacyl tRNA to the
ribosome is strongly inhibited by tetracycline in
vitro (9, 10) and in'vivo (11). [Ttis now Wld?|?]/
accepted that this is the mechanism by whic
tetracyclines inhibit bacterial growth.

Tetracyclines are capable of chelating divalent
cations such as magnesium ions E4, 5). It was
suggested first by Albert (12) that chelation
might play a part in their inhibitory action.
Later, White and Cantor (13) used fluorescence
spectroscopy to convincingly demonstrate that
ma?.nesmm is involved in the binding of tetra-
cyclines to the ribosome. In this report, we
demonstrated that if CTC is treated with a high
concentration of MgSCﬂéQ.OS to 0.2M) before
addition to inoculated medium, its antibacterial
activity can be S|?n|f|c_antly inhibited. The
Io]glcal explanation for this observation is that the
CTC molecule has O”JP/ limited binding sites for
magnesium ions and if these sites were occupied
by pre-existing magnesium ions, its binding to

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

ribosome through magnesium chelation ma¥] be
blocked. If this interpretation is correct, then
one expects that EDTA would reverse the in-
hibitory action of magnesium ions on CTC be-
cause EDTA is astrong chelating agent for mag-
nesium ions. Our preliminary results showed
that when EDTA was added to the CTC and
MgS04 mixture, the inhibitory action of mag-
nesium ion appeared to be reduced. However,
it is not clear why the corresponding control
sample without CTC resulted in some inhibition
of cell growth (Table 1, last line).

The magnesium effect on the promotion of cell
growth reported here was unexPe.c_ted.. CTC
turbidimetric assay is an AOAC official first ac-
tion method (3?}. If any feed sample contains
magnesium to the level that measurable growth
B_romotlon N PNresent,_the assay result could be

iased low. We are investigating a means of
overcoming this problem by supplementing the
assay medium with extra magnesium. The ad-
dition might inhibit some CTC activity, but this
is unlikely because the concentration of mag-
nesium ions required to inhibit CTC is muc
higher than that present in the medium. Fur-
thermore, even if there is minute inhibition, this
should affect both the samples and the standard
solutions equally. o

It is important to note that the inhibition of
CTC activity and the promotion of cell growth
are 2 independent events even though both are
exerted by magnesium. The concentration of
magnesium ion needed for inhibition of CTC
activity is more than 2 orders of ma?nltude
higher than the concentration needed for pro-
motion of cell growth (compare Figures 1and 2).
However, in either case, the result Is to cause low
bias in feed sample analysis.
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Rapid Gas-Liquid Chromatographic Method for Determination of

Sulfamethazine in Swine Feed

ROBERT K. MUNNS and JOSE E. ROYBAL
Food and Dru8 Administration, Animal Drug Research Center, 500 U.S. Customhouse,

Denver, CO 80202

A gas-liquid chromatographic method is described
for the quantitative determination of trace amounts
of sulfamethazine in swine feed. Sulfamethazine is
extracted in ammoniated acetone and isolated from
other extractants on aSeEhadex LH-20 column. The
eluate is methylated with diazomethane and evapo-
rated to dryness. The residue is dissolved in asolvent
containing an internal standard of methyl sulfasy-
mazine before being injected onto an OV-25 GLC
column. An estimation of precision was established

y assaying 10 sets of swine feed fortified with 0.5,

2, and 5$)pm SMZ. Mean recoveries were 96.0,94.3,
4.0%, respectively, with an average coef-

935, and 940% n
ficient of variation of 3.07%. The critical steps and
ruggedness of the method were also determined.

Sulfamethazine is traditionally determined b
the Bratton-Marshall colorimetric methods _(1_,2{
which lack both specificity and sensitivity.
High pressure liquid chromatographﬁ (HPLC)
methods, to alarge extent, overcome these defi-
ciencies. Quantitative methods using HPLC
specify avariety of column conditions for various
products. For example, an ion exchange column
was used for sulfaquinoxaline in medicated feed
(3) and abonded aminophase column was used
to chromatograph sulfonamides and their N4-
acetylated metabolites in urine samﬁles (41.
Johnson et al. %5) used abonded Ci8-phase col-
umn to assay bovine tissue for sulfonamides.
Mixtures of sulfa drugs were also separated and
determined by HPLC bg aqueous-buffered ion-
pair chromatography (6) and with a silica gel
column (7). But the versatility of HPLC residue
analysis Is limited, because the sensitivity of any
method depends on the cleanup of large sample
paortions. . .

A gas chromatograph equipped with an elec-
tron capture (EC) detector can detect residual
amounts of sulfonamides, and smaller sample
portions can be utilized for the cleanup proce-
dure.  Gas-liquid chromatograﬁh?{ (GLC)
methods (8) have been reported in the literature,
including a procedure by Goodspeed etal. (9) in
which the sulfonamides in tissue are determined
after methylation with diazomethane followed
by formation of a second derivative with pen-

Received January 11,1982, Accepted February 18,1982,

tafluoropropionic anhydride. They determined
the double derivative on an OV-17 column with
a 63N i detector. Crisp (10) reported a method for
determining sulfaquinoxaline in eggs and
poultry meat by firsthydrolyzing it to 2-amino-
quinoxaline and then derivatizing with trifluo-
roacetic anhydride; the derivative Is separated on
a neopent glycol column and detected with a
tritium EC detector. The preparation of per-
fluoro derivatives of some sulfonamides and
column conditions are described by Gyllenhaal
and Ehrsson (11). _ _

GLC generally requires a more I’I%O_I‘OUS
cleanup procedure than either colorimetric or
HPLC methods. King et al. (12) discussed a
cleanup procedure for diethylstilbestrol in ani-
mal feed which specifies a Sephadex LH-20 col-
umn. We find the Sephadex cleanup effective
for other animal feeds as well. _

This study was undertaken to provide a
method that minimizes animal feed interferences
sufficiently so that sulfamethazine can be de-
termined in trace amounts by GLC-EC. A thin
layer chrom atograph% (TLC) test to confirm the
presence of sulramethazine is also presented.

METHOD

Reagents

@ Solvents.—Methanol, ethyl acetate, hexane,
toluene, acetone, chloroform, n-butanol; all dis-
tilled-in-glass SBurdlck and Jackson, Inc.,
Muskegon, MI 49442): anhydrous ethyl ether
SJggés)Baker Chemical Co., Phillipsburg, NT

(b) Sephadex LH-20.—25-100 /rm size (Phar-
macia Fine Chemicals Inc., Piscataway, NT
08854).

(c) Carbitol.—2-(2-Ethoxy) ethanol (Eastman
Organic Chemicals, Rochester, NY 14650).

(d) Standards.—Sulfamethazine reference
standard, USP. Prepare 100 pg/mL stock solu-
tion in methanol and use it to prepare 1.0 pg/mL
working standard in methanol.

(e) Diazald.—N - Methyl - N - nitroso - p - tolu-
enesulfonamide %Eastman Organic Chemicals,
Rochester, NY 14650). _ _

(f) Diazomethane.—Weigh 600 mg diazald into

~0004-5756/82/6505-1048-06%01.00
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reaction tube with bubbler. Add 2 mL anhy-
drous ether and carbitol, and mix. Insertdeliv-
ery tube of diazomethane generator into test tube
containing 20 mL anhydrous ether and place test,
tube in ice water bath. Add 2 mL 60% KOH to
reaction tube and quickly connect bubbler. Very
slowly sweep reaction tube with nitrogen until
yellow color of diazomethane is carried over to
ether. Continue nitrogen flow until no further
increase in intensity is noted (ca 5 min). Stopper
test tube with cork stopper and store in freezer.
Use within 3 days of preparation.

(Caution: Work with diazomethane in a fume
hood! See Sax, N.I. (1975) Dangerous Properties of
Industrial Materials, 4th ed., Van Nostrand Rein-
hold Co.,, New York, NY, p. 610.)

(g) Internal standard (Istd).—Sulfasymazine
(Lederle Laboratories Div., American Cyanamid
Co., Pearl River, NY). Stock solution.—100
pg/mL in methanol. Working standard. —10
pg/mL in methanol.

(h) Diluting solvent with internal standard.—
Transfer 2.0 mL working Istd into 200 mL volu-
metric flask. Add 0.5 mL diazomethane solu-
tion. Stopper, and let stand 10 min. Evaporate
at 40°C to dryness with nitrogen. Dilute to
volume with ethyl acetate-hexane (3 + 7).

Apparatus

(@ Gas chromatograph.—Tracor Model 220
equipped with 63Ni electron capture detector.
Column: 1.8 m X 4 mm id packed with 100-120
mesh Supelcoport coated with 3% OV-25. Op-
erating conditions: detector 325°C, column
270°C, inlet 290°C; argon-methane (90 + 10)
carrier gas flow rate 60 mL/min. Condition
column 16 h at 300°C with nitrogen carrier gas
with flow rate between 10 and 20 mL/min.

A 3 pl injection of derivatized SMZ standard
at 0.2 pg/mL with Istd should give at least 50%
FSD at 16 X 10-2 am p/mV with retention time of
4min for SMZ. Column should completely re-
solve standard and Istd peaks.

(b) Rotary evaporator.—Buchi Rotavapor
(Brinkmann Instruments, Westbury, NY 11590).

(c) Evaporator.—Meyer Nitrogen-EVAP Model
112 (Organomation Associates Inc., Shrewsbury,
MA 01545).

(d) Diazomethane generator.—Glass bubbler
was constructed with side arm, and ¥ 24/40 clear
seal joint was connected to 20 mL reactor tube.
(See Figure 1.) Diazomethane was collected in
test tube containing chilled ethyl ether.

(e) Chromatographic tubes.—22 mm id X 300
mm (K-420550-233, Kontes Glass Co., Vineland,
NJ 08368).
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Figure 1. Diazomethane generator: A, bubbler tube

with ca Lmm id orifices; B, reaction tube with ca 20

mL volume; C, test tu%eﬂqecelver with ice water
a

(f) Centrifuge bottle.—250 mL with stopper
(K-322000-21 and K-850400 ¥ 29/26, Kontes
Glass Co.).

(g) Distilling flask.—100 mL pear-shaped flask
with 24/40 ¥ joint (K-608700, Kontes Glass
Co.).

(h) Thin layer chromatographic (TLC) plates.—20
X 20 cm precoated with 0.25 mm layer of silica
gel 60 (No. 5765, E Merck, Darmstadt, Ger-
many).

Preparation and Evaluation ofSephadex
Column

Add 10.0 g dry Sephadex to chromatographic
tube containing 60 mL methanol, stopper col-
umn, and mix. Wash column wall with addi-
tional methanol. After 1 h, drain column and
wash Sephadex with four 1? mL portions of
methanol, followed by four 15 mL portions of
methanol-toluene (1 + 3), retaining about 5 cm
solvent above bed. Let column equilibrate 1 h
before use. If Sephadex is not uniform, stopper
column, mix by inversion, and let bed resettle.

Evaporate to dryness an aliquot of standard
equivalenttoca5pg SMZ. Transfer to Sephadex
column as described in cleanup procedure.
Continue to elute until sixteen 10 mL fractions
are collected. Add 0.5 mL diazomethane solu-
tion to each fraction, stopper, and let stand 10
min. (Caution: Handle in hood.) Evaporate to
dryness at 70°C with nitrogen. Initially, dis-
solve each fraction in 1 mL diluting solvent with
Istd and inject into GLC column. Use same di-
luting solvent to make further dilutions. Cal-
culate amount of SMZ in each fraction by com-
parison to standard SMZ described in derivati-
zation procedure.
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Plot volume of eluate vs concentration of each
fraction. If SMZ first appears in fifth fraction,
use 40 mL forerun volume. If SMZ appears in
fourth fraction but at less than 5% of total, use 35
mL forerun. More than 95% of the SMZ should
be collected before tenth fraction. If amount of
SMZ found in fractions is outside these limits,
adjust ratio of methanol in eluting solvent to
achieve proper elution profile. Additional
methanol will decrease retention volume of
sulfonamides.

Regenerate column only if background of
chromatogram appears to increase. To regen-
erate Sephadex column, pass four 15 mL volumes
of methanol through column, followed by four
15 mL portions of methanol-toluene (1 + 3). Let
each portion enter bed before adding next. Let
equilibrate at least 1 h before use.

Extraction

Weigh 50.0 g well mixed feed previously
ground to pass 2 mm screen into 250 mL centri-
fuge bottle. Add 100 mL 2% NHIiOH-acetone
and shake vigorously 15 min on mechanical
shaker. Centrifuge 10 min at 2000 rpm or until
supernate is clear. Decant into flask, and stop-
per. Store extracts in refrigerator.

Cleanup

Pipet 4.0 mL clear supernate into 15 mL cen-
trifuge tube. Evaporate just to dryness at 40°C
with nitrogen. Add 2 mL methanol-toluene (1
+ 3) eluting solvent. Caution: Discontinue
evaporation at first indication of dryness; do not
let sample stand in eluting solvent. Proceed to
Sephadex column as soon as possible.

Drain solventin column to level of Sephadex
bed and place 50 mL graduated cylinder under
column. Transfer residue to column with four
2 mL additional portions of methanol-toluene (1
+ 3). Leteach addition enter bed before adding
next portion, using care not to disturb column
bed. Add solvent to maintain 1-20 cm liquid
above bed. Collect first 40 mL forerun eluate or
modify as necessary (see Preparation and Evaluation
of Sephadex Column). Wash tip of column with
solvent and discard wash. Collect the next 70
mL eluate in 100 mL pear-shaped flask. Wash tip
with solvent.

Derivatization

Add 0.5 mL diazomethane to eluate, mix, and
stopper. Let stand 10 min and rotary-evaporate
at 60-70°C todryness. Cool flask and add 5.0 mL
diluting solvent with Istd. Stopper, and mix.

. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

Pipet 2.0 mL working SMZ standard into 100
mL pear-shaped flask. Add 70 mL methanol-
toluene (1 + 3), derivatize as above, evaporate,
and dilute to 10 mL with diluting solvent with
Istd. Inject 3 pL into gas chromatograph.
Bracket samples with standard SMZ injections.

ppm SMZ = [PH SMZ (sample)/PH SMZ (std)]
X [PH Istd (std)/PH Istd (sample)]
X concn SMZ std (pg/mL, final column)
X (5.0 mL/4.0 mL) X (100 mL/50.0 g)

TLC Identification of Sulfamethazine

Treat asecond 4.0 mL aliquot of sample extract
as in cleanup step except do not derivatize sam-
ple. Evaporate to dryness in rotary evaporator
at 60-70°C.

Dilute samples to appropriate volume with
acetone-toluene (1 + 1) and spotca 0.5 pg of each
sulfonamide on 2 TLC plates. Develop one plate
in toluene-acetonitrile (1 + 1) and the other plate
in chloroform-methanol-H-butanol-ammonium
hydroxide (75 +15 + 9+1).

After development, transfer TLC plate to
empty development tank to diazotize SMZ. Add
1 g sodium nitrite to 50 mL beaker, and place
beaker into tank. Pipet ca 5 mL concentrated
HC1 into beaker and quickly cover tank. Re-
move TLC plate after 2 min and spray with 0.1%
N-lI-naphthylethylenediamine dihydrochloride
in methanol. Rose-colored spots denote com-
pounds having arylamine group. (Caution:
HNO2fumes are toxic; work in hood.)

Results and Discussion

The following procedure of preparing feed
samples fortified with SMZ was used to test the
precision and ruggedness of the proposed
method. A locally produced commercial fin-
ishing hog feed was ground to pass a 0.5 mm
screen. Two hundred mg sulfamethazine USP
was added to about 200 g of this feed in a quart
glass jar. The mixture was tumbled for 16 h to
ensure a thoroughly homogeneous mixture.
Ten assay portions were taken at 1 min intervals
after mixing, and the concentration of SMZ was
determined according to the official AOAC
method (2): 991.2, 975.8, 986.1, 975.8, 991.2,
970.7, 988.7, 988.7, 968.1, 973.3, mean 980.96, SD
9.059, CV 0.923%. The data show that areason-
able degree of uniformity was achieved.

This feed mixture was designated as the stock
standard from which the working standards
were made. Additional portions of the com-
mercial feed were finely ground and mixed with
portions of the standard stock to yield concen-
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Determination of precision of proposed GLC method for determining sulfamethazine

Spike level, ppm

Table 1.
0.499 0.982
Assay No. Rec. % Rec.
1 0.465 93.2 0.906
2 0.499 100.0 0.899
3 0.469 94.0 0.925
4 0.463 92.8 0.938
5 0.458 91.8 0.935
6 0.494 99.0 0.928
7 0.479 96.0 0.933
8 0.455 91.2 0.937
9 0.520 104.2 0.932
10 0.488 97.8 0.922
Mean 0.479 96.0 0.926
SD 0.0210 0.0132
CV, % 4.38 143

trations of about 1.25, 2.5, 25, 50, 100, and 250
ppm SMZ. When 1.000 + 0.002 g diluted spike
was mixed with 49.00 £ 0.01 g, the final spike
levels were 0.025, 0.05, 0.5, 1, 2, and 5 ppm, re-
spectively.

The precision of the proposed method was
tested (Table 1) with the 4 highest spike levels for
reasons that will be discussed later. Again, 10
sets of assays were made at different intervals,
and the results show average recoveries of 96.0,
94.4, 935, and 94.0% for the 0.5,1, 3, and 5 ppm
levels, respectively. Precision was achieved
with the use of an internal standard, which gave
coefficients of variation of 4.38, 1.43, 2.36, and
3.71%, respectively, rather than the 5.82% coef-
ficient of variation obtained without the use of
an internal standard.

1.962 4.905
% Rec. % Rec. %
92.3 1.796 91.5 4.267 87.0
91.5 1.824 93.0 4.808 98.0
94.2 1.904 97.0 4.760 97.0
95.5 1.894 96.5 4.828 98.4
95.2 1.794 91.4 4.636 94.5
94.5 1.792 91.3 4.617 94.1
95.0 1.835 93.5 4.626 94.3
95.4 1.821 92.8 4.441 90.5
94.9 1.869 95.3 4.579 93.4
93.9 1.789 91.2 4.530 92.4
94.3 1.832 93.4 4.609 94.0
0.0432 0.171
2.36 3.71

To establish the utility of the method, 4 dif-
ferent types of swine feeds were assayed. These
feeds, vitamin- and mineral-enriched, repre-
sented the largest variety of plant materials
available locally at the time. These samples were
fortified with the 4 spike levels in the manner
described earlier. The results are given in Table

The assay results of samples spiked at less than
0.5 ppm varied between assays and tended to be
hig-her than 100% recovery.

To obtain SMZ at 0.05 and 0.025 ppm, 2 ap-
proaches were taken. First, the proposed
method was used on an equivalent of 2 g feed for
cleanup, except for the final concentration,
which was diluted to represent 1 g/mL. The
second approach was to carry an equivalent of 10

Table 2. Assay results for sulfamethazine In 4 different types of spiked commercial swine feeds by proposed GLC
method
Spike Level, ppm
0.499 0.982 1.962 4.905
Feed Rec. % Rec. % Rec. % Rec. %
Co-op Hog
Finisher-14
Complete (A) 0.404 81.0 0.896 91.2 1.709 87.1 4.508 91.9
Co-op Sow
Lactation 0.471 94.4 0.923 94.0 1.896 96.6 4.563 93.0
Purina
Complete Sow
Chow w/o 0.467 93.6 0.910 92.7 1.764 89.9 4.428 90.3
Co-op Swine3
Builder (A) 0.422 84.6 0.843 85.8 1.796 91.5 4.217 86.0

Sample contained large amounts of alfalfa.
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Table 3. Effect on SMZ recovery of prolonged evaporation treatment after solvent removal
Approx, time Recovery, %
in dry state,
min 0.499 ppm 0.982 ppm 1.962 ppm 4.905 ppm
0-1 100.0 91.5 92.9 98.0
20 75.8 73.2 72.8 75.1

g feed through the cleanup. This solution was
also diluted to 1 g/mL final concentration. The
10 g cleanup resulted in somewhat lower recov-
eries and the interferences were appreciably
higher than with 2 g feed. The use of the
Sephadex column is arapid cleanup procedure;
however, the purification is more complete with
a smaller amount of material. The practical
limits of determining SMZ in feed is about 0.25
ppm, unless additional cleanup steps are used or
included.

In testing the proposed method for rugged-
ness, certain steps were critical. The length of
time SMZ was exposed to feed material in solu-
tion tended to affect the recovery of SMZ. For
example, a 10 min extraction time gave higher
recoveries than a 30 min extraction. Table 3
shows a 25% loss in recovery after a 30 min delay
in removing samples from drying at 40°C under
nitrogen. There is some loss in recovery when
the residue remains dissolved in the eluting so-
lution too long. Itis recommended that the ex-
traction be carried through the cleanup step as
quickly as possible. Sulfamethazine is stable in
2% NITiOH-acetone for a week if kept refrig-
erated. Other stability factors are reported in
Table 4.

Changes in the Sephadex elution profile col-
umn have not occurred. The elution profile of
SMZ in a feed matrix from a Sephadex column
when the column was first prepared appears to

Table 4.

Matrix

Period tested3

be the same as an SMZ profile after the column
was used more than 50 times (Figure 2). Re-
generating the Sephadex column is necessary
only if excessive amounts of feed material were
passed through the column. The performance
of the Sephadex column has been consistent
throughout this study.

The OV-25 liquid phase packing used for GLC
was chosen originally because it would resolve
an interference peak that had a retention time
similar to sulfathiazole. This phase, as it turned
out, gave a baseline separation of the sulfasy-
mazine and SMZ peaks. A typical chromato-
gram is shown in Figure 3. The precision in re-
covery of SMZ is improved because any insta-
bility in detector response resulting from back-
ground w ill affect the peak heights of SMZ and
the internal standard equally; therefore, the ratio
of SMZ/internal standard remains constant re-
gardless of matrix effect. Since the proposed
method does not have a rigorous cleanup step,
the background will be different depending on
the sample dilution. Variations in peak heights
of sulfa compounds of as much as 109% are not
unusual in analyses of 4 samples (9 injections).
After 20 or more sample analyses, peak broad-
ening may occur; it can be corrected by replacing
the glass wool at the head of the GC column.

Thin layer chromatography.—The solvent sys-
tems described in the proposed method sepa-
rated the principal sulfa compounds that are

Stability of SMZ under various conditions

Comment

SMZ std in methanol 6 months stored in actinic glass
at room temp.
SMZ mixed with feed 4‘[2months glass jars at room temp.
SMZ in 2% NHa4 0 H-acetone ext 1week refrig, at 4°C
SMZ in methanol-toluene (1 + 3) 3 days after Sephadex cleanup;
eluting solv.6 room temp.
Methylated SMZ + sulfasymazine 1week room temp.
(Istd)b
SMZ during rotary evapn of 1h tested up to 70°C

eluting solv.6

a Probably stable longer than period of test.
6 Inthe presence of feed material.
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Figure 2. Typical elution profile of spiked feed after
preparation”of Sephadex column (— g Elution
profile of Sephadex column after ca 50 samples

L

Figure 3. Gas chromatogram of extract from hog
feed: A, sulfamethazine at 0.5 ppm; B, sulfasymazine
internal standard.
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present in feed fed to swine. The Rf values for
SMZ were 0.5 and 0.4 for the first and second
solvent systems, respectively. The methylated
solution from the assay has also been used to
identify SMZ. However, the solvent systems
were altered, which gave a lower Rf value;
methanol-chloroform (1 + 9) or f-butanol-
chloroform (15 + 85) were used with good re-
sults.
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. Gas-Liquid Chromatographic

Assay and Identification of Seven Barbiturates

DONALD B. BLACK, HALINA KOLASINSKI, EDWARD G. LOVERING,! and

JAMES R. WATSON

Health and Welfare Canada, Health Protection Branch, Bureau of Drug Research, Tunney's

Pasture, Ottawa, Ontario, Canada K1A 0L2

A gas-liquid chromatographic (GLCJ procedure has
been developed for the assa?; and identification of
amobarbital, butabarbital, heptabarbital, mepho-
barbital, pentobarbital, phénobarbital, and secobar-
hital in single component capsule, elixir, injectable,
suppository, and tablet formulations. After extrac-
tion into chloroform from an acidified aqueous
mixture of the product, the drug is eluted isother-
mally from a methylphenylsilicone GLC column at
210 or 240°C and quantitated relative to thiamylal
internal standard. Results were in good agreement
with those obtained using pharmacopeial assay
methods. The method is suitable for the rapid as-
sessment of commercial formulations.

Monographs for drug formulations in the U.S.
Pharmacopeia (1) and British Pharmacopoeia (2)
typically contain requirements for drug identity
and content. Depending on the nature of the
drug, the dosage form, and its strength, they may
also contain requirements for content unifor-
mity, for chemical impurities related to the drug,
and for other tests which reflect drug product
quality. In many cases, the methods for each test
or assay differ from each other and from the same
test or assay in chemically related drugs.

In large scale programs where the pharma-
ceutical quality of several thousand drug prod-
ucts is evaluated by testing to pharmacopeial or
similar standards, it would be advantageous if
methods were available which provided data to
assess more than one pharmacopeial require-
ment, and which could be used for groups of
related drugs rather than single drugs. Modern
chromatographic techniques offer some of these
advantages. For example, identity can be as-
sessed by retention time, drug content can be
determined by the mean of content uniformity
assays, and drug-related impurities can be re-
solved and quantitated by an appropriate chro-
matographic system. Such a method for 3 ben-
zodiazepine drugs was recently developed in this
laboratory (3).

1Direct correspondence to this author.

A gas-liqguid chromatographic method for
content uniformity, assay, and identity of bar-
biturate formulations is described in this paper.
Experimental work was confined to barbiturates
available in Canada, namely, amobarbital, buta-
barbital, heptabarbital, mephobarbital, pento-
barbital, phénobarbital, and secobarbital, but it
is expected that the method could be used for
other barbiturates. Current USP methods (1) for
the assay and content uniformity of barbiturate
formulations include gravimetric, titrimetric,
ultraviolet, and gas chromatographic procedures.
Column chromatographic procedures for several
barbiturate formulations have been developed
(4-6), and the current literature contains nu-
merous reports of gas (7-15) and liquid (16, 17)
chromatographic methods for barbiturates in
dosage forms and biological fluids. The USP gas
chromatographic system for barbiturates (1) was
not used as the basis for this work because sys-
tems exhibiting superior chromatographic
characteristics were available at the time.

Experimental

Apparatusand Reagents

(a) Gas chromatograph.—Bendix Model 2500,
equipped with Hewlett-Packard Model 3380A
reporting integrator, flame ionization detector,
and 1.8 m X 4 mm id glass column packed with
commercial acid-deactivated methylphenylsili-
cone (Supelco Inc.) on acid-washed, dimethyl-
chlorosilane-treated diatomite support (3% SP
2250 DA on 100-120 mesh Supelcoport).

(b) Drugs.—Raw materials for use as standards
were obtained as follows: thiamylal (internal
standard), Parke-Davis and Co., Brockville, On-
tario; amobarbital, May and Baker, Toronto,
Ontario; butabarbital, Geigy, Montreal, Quebec;
heptabarbital, May and Baker, Toronto, Ontario;
mephobarbital, extracted from Mebaral® tablets,
Winthrop, Aurora, Ontario; pentobarbital, ex-

Received September 3,1981.  Accepted February 10, 1982
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Table 1. Suitability and extraction data for GLC of

barbiturates

Tailing Unrecovered
Barbiturate factor Resolution drug, %
Amobarbital 1.8 7.2 0.3
Butabarbital 1.6 7.9 0.3
Heptabarbital 1.5 7.5 0.2
Mephobarbital 1.4 25 0.2
Pentobarbital 1.8 6.2 0.4
Phénobarbital 1.6 5.0 0.4
Secobarbital 1.5 4.1 0.2

tracted from Nembutal® capsules, Abbott, Mon-
treal, Quebec; phénobarbital, USP Reference
Standard; secobarbital extracted from Secogen®
capsules, Paul Maney, Toronto, Ontario. The
identity of all barbiturate samples used as stan-
dards was confirmed by comparison of proton
magnetic resonance spectra with authenticated
barbiturate spectra. Barbiturates extracted from
formulated products were assayed by ultraviolet
absorption against the USP Reference Standard
(mephobarbital and pentobarbital) or other
standard (May and Baker secobarbital).

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)
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(¢) Solutions.—(1) Internal standard solution.—
20 mg thiamylal/mL cHCI3. (2) Standard bar-
biturate preparations.—Prepared to contain ca 1 mg
barbiturate/mL by mixing equal volumes of in-
ternal standard solution and CHCI3 solution (2
mg/mL) of USP Reference Standard barbiturate
or other acceptable standard.

System Suitability

Five aliquots of standard barbiturate prepara-
tion were injected and peak responses were re-
corded. Relative standard deviation for Rs, area
ratio of barbiturate to thiamylal peaks, should not
be >1.5. Resolution and tailing were assessed
in terms of criteria given in USP XX, Section
621.

Procedure

(@  Content uniformity preparation (capsules and
tahlets).—single tablets, or the entire contents of
single capsules, were placed into each of 10 glass
tubes of suitable size fitted with Teflon-lined
screw-caps. Each tablet was crushed with a glass
rod, and 2mL 2.4N HC1 and sufficient CHCI3to

g = S 5 5
[ © o N o
(b) ©

Wi\

RETENTION TIME (min)

Figure 1. Typical chromatograms: (a) mephobarbital, 8.17 min; thiamylal, 6.66 min. (b) amobarbital, 3.48
min; thiamylal, 6.70 min. (c) phénobarbital (240°C), 4.87 min; thiamylal, 2.97 min.
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Table 2.

Concentration,3
Drug mg/mL
Amobarbital 0.708
1.062
1.416
0.422
0.845
1.265
0.492
0.988
1.580
0.510
1.020
1.530
0.524
1.047
1.570
0.740

Butabarbital

Heptabarbitald

Mephobarbltal

Pentobarbital

Phénobarbitald

Secobarbital

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

Retention time and response characteristics for GLC of barbiturates

Relative retention Concentration-area

time6 response ratioc
0.516 0.967
0.516 0.948
0.514 0.940
0.471 1.230
0.470 1.207
0.470 1.204
1.89 1.025
1.90 1.006
191 1.006
121 1.043
121 1.012
121 1.009
0.584 1.101
0.581 1.087
0.579 1.096
157 0.948
1.56 0.921
1.57 0.912
0.684 1.094
0.678 1.084
0.680 1.089

3The procedure calls for a concentration of 1 mg/mL In the standard and content uniformity preparations; 4 /;L Is in-

jected.
b Relative to thiamylal, the Internal standard.
and 240°C, respectively.

For thiamylal In our system, retention times were 6.7 and 2.9 min at 210

c Concentration in mg/mL. Area response is ratio of areas of drug to internal standard peaks.

d Column temperature 240°C.

give a final concentration ca 2 mg/mL were
added. Tubes were shaken and centrifuged, and
the aqueous layer was discarded.

(b) Assay preparation (elixirs and injectables).
—An amount of elixir or injectable equivalent to
ca 50 mg barbiturate was transferred accurately
to a separatory funnel, and 2 mL 2.4N HC1 was
added. The solution was mixed and extracted
with two 10 mL portions of CHCI3. The CHCI3
extracts were collected in a 25 mL volumetric
flask and diluted to volume with CHCI3.

(c) Assay preparation (suppositories).—Ten
suppositories were accurately weighed, trans-
ferred to a 250 mL separatory funnel, and shaken
with 100 mL 0.1N NaOH and 50 mL CHC13 until
completely dissolved. The cHcI3 layer was
discarded. The aqueous layer was quantitatively
transferred to a 250 mL volumetric flask and di-
luted to volume with 0.1N NaOH. A volume of
solution equivalent to ca 50 mg barbiturate so-
dium was pipetted into aclean separatory funnel,
acidified with 2.4N HC1, and extracted with two
10 mL portions of CHCI3. CHCI3 extracts were
combined and diluted to 25 mL.

Analysis

One mL of the assay or each of the content
uniformity preparations was mixed with 1 mL

Internal Standard Solution, and equal volumes
(ca 4 pL) of this solution and the Standard Bar-
biturate Preparation were injected into the
chromatograph. The chromatograms were re-
corded and the responses of the barbiturate and
internal standard peaks were measured. For
capsules and tablets, the assay value can be de-
termined from the mean of the 10 single tablet
or capsule assays required for content unifor-
mity, cr acomposite of 10 or 20 dosage units can
be made and an amount equivalent to 50 mg of
drug can be assayed. For elixirs, injectables, and
suppositories, the assay value is calculated rela-
tive to the standard barbiturate preparation,
making allowances for the appropriate conver-
sion and dilution factors in the computation of
results. Conversion factors, sodium salt/free
acid: amobarbital, 1.0972; butabarbital, 1.1036;
pentobarbital, 1.0972; phénobarbital, 1.0946;
secobarbital, 1.0922.

Results and Discussion

Under the conditions chosen for this method,
the chromatographic peaks of the 7 barbiturates
examined were sharp and well resolved from the
solvent front. Typical values for resolution of
the drug from the internal standard and the
tailing factor are given in Table 1, and typical
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Table 3.

Dose form Lot

Drug and strength No.
Amobarbital tabs, 30 mg A
Amobarbital sodium caps, 200 mg B
Butabarbital sodium elixir, 6 mg/mL C
Heptabarbital tabs, 200 mg D
Mephobarbital tabs, 30 mg E
tabs, 100 mg F

Pentobarbital sodium caps, 100 mg G
H

1

supp., 50 mg J

Phénobarbital tabs, 15 mg K
tabs, 30 mg L

tabs, 100 mg M

elixir, 4 mg/mL N

Phénobarbital sodium inject., 120 mg/mL 0
Secobarbital sodium caps, 50 mg P
caps, 100 mg Q

R

S
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Comparison of proposed GLC assay and USP assay for different formulations of 7 barbiturates

GLC assay, %

USP aSSay,6

Mean + CVa Range %

985 + 18 95.3-101.3 97.2e
1001 + 3.1 93.8-106.9 90.8
96.1b 96.8
101.3 + 2.2d 98.4-103.6 _£

102.5 + 2.9 96.4-105.2 101.4e

102.2 + 0.8 101.2-103.7 102.2e
98.0 + 1.4 96.4-100.1 96.3
96.5 + 2.9 92.1-102.2 97.4
97.0+ 1.5' 94.5-98.4 99.7
96.2b e
100.4 + 1.4 98.8-102.9 101.8
98.3 + 2.7 92.7-103.1 100.8
100.3 = 0.9 99.1-102.1 99.5
96.3b 97.7
94.2¢ 94.2
99.0 + 5.0 90.0-107.3 98.6
99.9 + 1.9 97.5-103.0 98.7
100.2 £3.5 95.5-106.6 98.9
98.5 +5.5 91.2-116.7 97.4

a Mean of 10 tablet or capsule assays, plus or minus the coefficient of variation.

b Duplicate determinations.
e NF XIV assay procedure.
d Mean of 5 tablets.

e Not In USP XIX or NF XIV.

' An unidentified peak (relative retention time 0.53), equivalent In area to 3% was observed In this product.

chromatograms are given in Figure 1. Relative
retention times were reproducible (Table 2); the
coefficient of variation for each drug was 0.5% or
less. The amount of drug recovered by an ex-
traction additional to that called for in the
method is given in Table 1. In no case was more
than 0.5% of the drug lost; this is acceptable for
the purpose of this method. In this work, the
identity of the drug in the product was consid-
ered to be corroborated when the relative re-
tention time of the drug peak in the assay chro-
matogram was within 0.5% of the relative re-
tention time of the barbiturate in the standard
preparation chromatogram. The method re-
quires that concentration of barbiturate in the
standard be equal to that of the test solution at
100% of label claims. For each drug, the chro-
matographic response was determined at drug
concentrations corresponding to 50-150% of
label claim (Table 2). The results show that
linearity is adequate for the purpose of this
method. Forall drugs, chromatographic analysis
times were less than 8 min.

Some barbiturate formulations may be stabi-
lized with parabens (4). Relative retention
times, at a column temperature of 210°C, of
methyl, ethyl, and propyl paraben and benzoic
acid were 0.256, 0.297, 0.388, and 0.123, respec-
tively. The barbiturates were completely re-

solved from the parabens except for butabarbital
and propyl paraben, where slight interference
is possible. No attemptwas made to determine
the parabens quantitatively.

Representative dosage forms of the 7 barbitu-
rates were assayed by the GLC and official pro-
cedures. GLC assays of tablets and capsules were
done on 10 individual dosage units, as done in a
content uniformity test. For other formulations,
assays were done in duplicate, as were all assays
by official methods. The results (Table 3) ob-
tained by the GLC and other methods are in good
agreement, and demonstrate the broad applica-
bility of the method, both as to the number of
drugs and the diversity of formulations.

(1) US Pharmacopela (1980) 20th Rev., U.S. Pharma-
cop elal convention, ock ille, MD
2 Br|t|s Pharmaceopoeja (197 )Her MajestysSta

8 tlonery Off|ceL Longge, Love 6.8

Watson R 19813J F’hr " S, 10, 2(98 A

(4) Barken, S o%/Ie, T.D. (1977) J. Assoc. Off. Anal.
Chem 60, 1022 029

(5) unnln?ham,c G., & Barkan, S. (1975) /. assoc.
Off. Anal, Chem. 58, 525 521

(6) Kap an B, &Levine, J. (1972) J. Assoc. Off. Anal.
Chem, 55 159-154
Bu D (9 ) J.Ch romatol%r 192, 212-215
Jarami Io,L Driscoll, J. N. (1979) J. Chroma-
togr 186, 637 64
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Differential Pulse Polarographie Determination of lodine in Thyroid

Tablets:
WALTER HOLAK

Collaborative Study

Food and Drug Administration, 850 Third Ave, Brooklyn, NY 11232
Collgboratorsr Pop?aﬂ P. Beavin; P. Gable; R. Hebert; J. Hluminati; J. Jennings, Jr,

anaro, awski

A differential pulse polarographic (DPP) method for
the determination of iodine in thyroid and thyroid
preparations was collaboratively studied by 8 labo-
ratories. The overall concentration of iodine in
commercial thyroid tablets containing k, 1,2, and 5
gr. of declared thyroid was 0.196%. The overall re-
peatability and reproducibility standard deviations
were 00043 and 0.0067, respectively, and the corre-
sponding coefficients of variation were 218 and
341%, respectively. The results obtained by the DPP
method agreed with those obtained by the U.S.
Pharmacopeia Xx method at the various concentra-
tions of declared thyroid studied. The DPP method
has been adopted official first action.

The analysis of thyroid and thyroid tablets ac-
cording to the U.S. Pharmacopeia XX (1) requires
separate methods. The assay of thyroid samples
involves apreliminary ashing step to release io-
dide, chemical transformation of iodide to io-
dine, and determination of iodine by titrimetry.
The determination of content uniformity, on the
other hand, requires oxygen flask combustion of
individual tablets followed by spectrophotom-
etry. Recently, a simple differential pulse po-
larographic (DPP) method for analysis of thyroid
and thyroid tablets for total iodine, thyroxine,
and liothyronine was reported from this labo-
ratory (2). The present paper gives the results
of a collaborative study of the procedure for total
iodine, aswell as those of a study performed by
one of the collaborating laboratories to compare
the DPP and compendial methods.

Collaborative Study

Eight collaborators from 8 different laborato-
ries were sent detailed information and instruc-
tions on the DPP method. Each collaborating
laboratory also received duplicate samples of
thyroid tablets containing V4, 1, 2, and 5 gr. of

ce|ved Au IIJ]SI 7198%&%506 ted Octobe ajr? 1?5th

wulglr Be mgo R rq_ V% ien ashmg on
e
ee J Off. Anal. Chetn

declared thyroid. The samples were randomly
numbered from 1 to 8 in such a way that the
presence of duplicates was not obvious to the
collaborators. The collaborators were directed
to analyze each sample by the proposed method,
and to submit their results and worksheets to the
Associate Referee.

lodine in Thyroid Tablets — Polarography
Official First Action

39.C04 Apparatus

Polarograph.—Model 174 (Princeton Applied
Research Corp., Princeton, NJ 08540) or equiv.,
with dropping Hg electrode. Typical operating
parameters: scan rate 5 mV/s; scan direction

potential scan range 1.5 V; initial potential
—0.9 V; modulation amplitude 50 mV; differen-
tial pulse operating mode; display direction "+";
drop time, Is; low pass filter off; push-button,
initial; offset, off; current range 1-10 ;tamp, or as
needed.

39.C05 Reagents
Use anal, reagents and glass-distd H20
thruout.

(@ Bromine water.—Br-satdHUO. Prep, fresh
daily.

(b) Potassium carbonate.—If reagent grade
K2C03 gives high blank, purify as follows:
Dissolve ca 200 g K2CO3in 400 mL H20, add 50
g 20-50 mesh Amberlite IRA-400 ion exchange
resin (Mallinckrodt Chemical Works), and agitate
30 min. Filter thru glass wool plug into porce-
lain crucible, evap. to dryness on hot plate, and
heat at 675° in muffle 25 min. Cool to room
temp., and grind to fine powder with mortar and
pestle.

(© Reagentblank.—Dissolve 8 gk 2c03in ca 70
mL H20 in 100 mL vol. flask. Add 1mL Br-satd
H20 and 20 mg Na2sc=3. Mix, dil. to vol. with
H20, and mix.

(d) Standard solns.—(1) 1mg I/mL: Dissolve
1.686 g K10 3in ca200 mL H20 in 1L vol. flask.
Dil. tovol. and mix. (2)32pgl/mL: Pipet8 mL

0004-5756/82/6505-1059-04$01.00



1060 HOLAK:

std soln (1) into 250 mL vol. flask, dil. tovol., and
mix.
)
(2) contg same amt of | contained in one tablet
(see below) into 100 mL vol. flask contg 8 g
K2co3dissolved in 70 mL H20.

Tab. strength. 1content, Std soln 2,
gr. thyroid Pg mL
Vi 324 1
1 128.6 4
2 259.2 8
5 643.0 20

Add 1 mL Br-satd H20 and mix. Add Na2SC3(ca
20 mg) until soln becomes colorless; mix. Dil. to
vol. with H20 and mix.

39.C06
@)

der >20 tablets. Weigh portion of powder
equiv. to 1 tablet into porcelain crucible that has
been washed with HNO3 (1 + 1), rinsed with
H20, and wiped dry. Mix with 4 g K2CO3 and
overlay with addnl 4gK2C03. Place crucible in
preheated 675° muffle 25 min. Cool, add 30 mL
H20, carefully heat on hot plate to dissolve res-
idue, and filter thru funnel with glass wool plug
into 100 mL vol. flask. Repeat heating with 2
addnl 30 mL portions of H 20, and add these exts
to vol. flask. Add 1 ml Br-satd H20, mix, add
Na2scX (ca 20 mg) until soln becomes colorless.
Dil. to vol. with H20 and mix.

Sample Preparation

Composite assay.—Weigh and finely pow-

). ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

(b)  Individual tablet assay.—cCrush 1 tablet in
porcelain crucible with glass rod. Remove any

Working soln.—Pipet aliquot (V) of std soln sample adhering to glass rod with spatula, and

add to crucible. Proceed asin Composite Assay,
(a), beginning "Mix with 4g K2c03.. ."

39.C07

Add ca 10 mL working soln to dry polaro-
graphic cell. Bubble N thru cell 5min; then di-
rect stream of N above soln. Using typical op-
erating parameters as guide, switch selector to
external cell and wait until pen becomes sta-
tionary; then depress scan button. Similarly,
using same settings, analyze sample soln fol-
lowed by reagent blank. From baseline estab-
lished by reagent blank, measure peak hts of std
and sample solns at ca —1.18 V vs SCE. Calc, as
follows:

Determination

| as % of declared thyroid
=(PH x V x wtx 3.2)/(PH"' X ws X TH)

where PH and PH' = peak ht of sample and std,
resp.; V. = mL of 32 pg/mL std used to prep,
working std soln; Wtand Ws = av. wt of tablet
and wt of sample, g, resp.; and TH = declared
thyroid per tablet, mg.

Results and Discussion

Table 1 summarizes the results submitted by
the 8 collaborators on the determination of io-
dine in composite samples of 4 strengths of

Table 1. Collaborative results for DPP determination of iodine (%) in thyroid tablets a
Declared thyroid, gr.

Coll. \Vd 1 2 5
l 0.177 02& 0.199 0.186
2 0.185 y i 0.207 0.178

0.194 0.190 0.196
6261 4 0.189 0.203
3 . VAL 0.193 0.193
0.198 0.203 0.195 0.193

4 0.192 0.205 0.197
0.195 . 0.193 6?&)
5 0.195 \ 0.180 0.193
0.193 \ 0.184 0.204
0.189 0.206 0.196 0.196
0.185 0.205 g% 0.191
7b Bim ' ] 0.169
\ 6% \ 0.173
0.183 Bm 0.197 0.195
0.190 \ 0.196 0.191

3 Percent iodine found by USP XX method: \4gr., 0.200; 1gr., 0.218, 0.214, 0.209; 2gr., 0.200 0.199,0 20115gr 0 199

0.203,0.202.
6 Excluded from statistical analysis.
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Results from one collaborative laboratory for determination of iodine (%) in thyroid tablets by DPP and USP

XX methods

HOLAK:
Table 2.
Composite assay
Sample Declared
No. thyroid, gr. USP XX DPP
Vit 0.226 0.240
v2 0.192 0.204
3 0.196 '
4 V? 0.209 ﬁﬁg
6 V2 0.182 0.181
V2 0.190 0.191
é v2 0.177 0.179
2 0.215 0.213
. 0.185
g 0.203
0.209 ﬁﬁﬁ
13 0.209 0.217
14 0.213 .
15 ' g
16 g h
17 g 0.192

3 NS = not submitted.

commercial thyroid tablets by the DPP method.
Statistical evaluation of these data showed that
the overall mean iodine content was 0.196%.
The overall repeatability and reproducibility
standard deviations were 0.0043 and 0.0067, re-
spectively, and the corresponding coefficients of
variation were 2.18 and 3.41%, respectively. This
evaluation does not include the results reported
by Collaborator 7 because it appeared that this
analyst did not add the proper amount of sodium
sulfite needed to remove the excess of bromine,
which is used to oxidize iodide to iodate. To
avoid the future occurrence of this problem, the
instructions to the proposed method were mod-
ified toread: "Add sufficient sodium sulfite (20
mg) until the solution becomes colorless.”

Table 2 contains the results submitted by one
of the collaborating laboratories on the analysis
of composite samples of various strengths of
thyroid tablets by the proposed and USP
methods.

All collaborators commented favorably on the
DPP method. One collaborator indicated that
the USP XX method for content uniformity de-
termination of thyroid tablets tends to be erratic
and gives unreliable results. Another collabo-
rator reported that the DPP method was more
rapid and less cumbersome than its official
counterpart. An additional advantage of the
DPP method over the USP XX method is the re-

Individual tablet assay by DPP

No. of
tablets Low High
assayed value value Av.
0 0202 0225 020
6. 0.196 0.183
@ 0 b g
0.175 0.193 0.179
0.192 0.205 0.197
0.150 0.284 0.176
0.185 6?01 NS3
0.176 g 0.186
0.207 0.285 0.227
0.188 0.216 '
0.191 0.265 gﬁ
0.199 0.267 i
0.164 0.243 NS
0.196 0.206 0.199
0.199 0.218 0.206
0.197 0.216 0.208

duction in the numbers of solutions and steps
required for the analysis, thereby reducing the
sources of error. One collaborator commented
that the USP XX titrimetric method for thyroid
relies on a colorless end pointwhich is difficult
to discern when tablets having a colored coating
are analyzed. No such problem is encountered
with the DPP method.

Table 3 presents the results for composite
samples and content uniformity determinations
of coated thyroid tablets with and without the
coating, as reported by the collaborating labo-
ratory that conducted the methods comparison
study. In all cases, results obtained by the DPP
and USP XX methods were higher when the
coating was left intact than when it had been
removed by rinsing.

In summary, the proposed DPP method was
simpler, shorter, and more reliable; results were
in close agreement with those obtained by the
USP XX method. In addition, the DPP method
has the added advantage that it can be applied to
the composite assay as well as to individual tab-
lets.

Recommendation
The Associate Referee recommends that the
differential pulse polarographic method for
thyroid and thyroid tablets be adopted official
first action.
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Table 3. Results from one collaborative laboratory for determination of lodine (%) in coated thyroid tablets by the DPP
and USP XX methods

Composite assay Individual tablet3assay by DPP
Declared Intact coating Coating removed No. of
Sample thyroid, tablets Low High
No. gr. USP XX DPP USP XX DPP assayed value value Av.
} 0.247 0.254 0.231 0.233 0.203 0.254 NS6
0.240 NS 0.226 0.230 0.214 0.268 0.229
3 0.208 NS 0.193 0.209 0.190 0.206 0.196
4 0.243 NS b@ 0.244 0.233 0.322 0.253
5 0.237 NS g 0.227 0.191 0.233 0.214
a Coating removed.
b NS = not submitted.
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High Performance Liquid Chromatographic Determination of

Primidone in Tablets

STANLEY E. ROBERTS

Food and Drug Administration, Winchester Engineering and Analytical Center,

Winchester, MA 01890

A high performance liquid chromatographic (HPLC)
method is described for the quantitative determina-
tion of primidone in tablets. A ground tablet sample
is diluted directly in the mobile phase, at a concen-
tration of about 1 mg/m] of primidone, mixed and
deaerated, and filtered. The resulting solution is
then quantitated by HPLC. The average spike re-
coveries for the 50 mg and 250 mg tablets were 101.2%
and 99.0%, respectively. The average recovery foran
authentic mixture formulated at the 250 mg level was
100.1% with arelative standard deviation of 045%.

Primidone is the third most frequently admin-
istered anticonvulsant in the United States and
is often given in combination with other anti-
convulsants (1). A method to separate these
drugs from plasma by gas chromatography with
electron-capture detection has been reported (1).
This method involves the extraction and deri-
vatization of primidone with pentafluoroben-
zoyl chloride to form a product to which the
electron-capture detector is extremely sensitive.
However, the method is long and cumbersome
to adapt to pharmaceutical preparations.

The ultraviolet absorption in the 250 nm re-
gion forms the basis for a number of other
methods for determining primidone. The USP
XX (2) procedure uses a 254-261 nm baseline for
measuring the peak absorbance at 257 nm, which
will somewhat reduce interference from certain
ultraviolet-absorbing materials, but others will
have an absorption pattern similar to that of
primidone. Therefore, the method is not spe-
cific, and because the absorptivity is not high, the
probability of interference from small amounts
of ultraviolet-absorbing materials is increased
(3).

Primidone is relatively stable due to the ab-
sence of reactive functional groups, and there are
no reports of degradation under ordinary ana-
lytical conditions.

Because of its speed, simplicity, and selectivity,
high performance liquid chromatography
(HPLC) was selected to quantitate primidone in
pharmaceutical tablet formulations. Primidone

Received December 18,1981, Accepted March 11,1982

was determined in a methanol-water mobile
phase at 254 nm with an octyl column. No in-
terferences were noted.

METHOD

Reagents

(a) Solvents.—HPLC grade water and metha-
nol (J.T. Baker Chemical Co., Phillipsburg, NJ
08865).

(b) HPLC mobile phase.—In a suitable flask,
combine 500 mL water and 500 mL methanol.
Filter through 0.45 /xm membrane filter wetted
with methanol, using magnetic stirring. Place
in ultrasonic bath 10 min to deaerate.

(c) HPLC standard solution.—Accurately weigh
50 mg USP Reference Standard Primidone, pre-
viously dried 2 h at 105°C, and transfer to 50 mL
volumetric flask. Add 35 mL mobile phase,
place in ultrasonic bath 15 min, cool, and dilute
to volume with mobile phase. Place in ultra-
sonic bath for additional 15 min and cool. So-
lution is stable 1 week.

Apparatus

(a) Liquid chromatograph.—Model ALC-202
HPLC system equipped with Model ubK injec-
tor, Model 6000A solvent delivery system, and
Model 440 UV absorbance detector (Waters As-
sociates, Inc., Milford, MA). Operating condi-
tions: flow rate 1.0 mL/min; 254 nm detector,
0.2 AUFS; temperature, ambient; 20 gL injec-
tion.

(b) HPLC column.—Macherey-Nagel Nucleosil
c8, 10 gm particle size, 25 cm X 3.2 mm, or
equivalent.

(c) Recorder.—10 mV with 0.5 cm/min chart
speed (Ommi-Scribe B-5000, Houston Instru-
ment), or equivalent.

(d) Membrane filters.—Nylon-66, pore size 0.45
gm (Rainin Instrument Co., Woburn, MA 01890),
or equivalent.

Preparation ofSamples

Determine average weight of 20 tablets and
grind to pass No. 60 sieve. Transfer accurately
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weighed portion of the powder equivalent to 50
mg primidone to 50 mL volumetric flask. Add
35 mL mobile phase, place in ultrasonic bath 15
min, cool, and dilute to volume with mobile
phase. Place in ultrasonic bath additional 15
min and cool. Filter solution through 0.45 /im
membrane filter and use this solution as sample
preparation.

Determination

Equilibrate system with column in instrument
and mobile phase set at flow rate of 1.0 mL/min.
Inject 20 juL HPLC standard solution and adjust
flow rate and sensitivity so that peak response is
ca 45% full scale with retention time of ca 3 min.
In suitable system, coefficient of variation (CV)
of the peak responses of 5 replicate injections is
<2.0%. Proceed with sample analysis, using 20
gL injections for each standard and sample so-
lution.

Calculations

Determine peak responses of standard and
sample peaks and calculate amount of primidone
in tablets:

mg Primidone/tablet

= (R/R") X 50 (C) (T)/W

where R and R' are peak response of sample and
standard solutions, respectively; C is concentra-
tion of primidone standard solution in mg/mL;
T is average tablet weight in mg; and IV is sample
weight in mg.

Results and Discussion

Under the HPLC conditions described, pri-
midone has an elution time of about 3 min at a
flow rate of 2.0 mL/min. Ten replicate injections
of the standard solution gave a CV of 0.651%.
Seven injections, in triplicate, of varying volumes
of standard solution representing approximately
5, 10, 15, 20, 25, 30, and 40 /rg primidone were
introduced into the liquid chromatograph, the
average response was plotted for each volume,
and the linearity was calculated. The correlation
coefficient was 0.9994 with an intercept of zero
and the CV averaged 1.40% over the entire con-
centration range. The method therefore was
determined to be reproducible and linear
throughout this range. A typical chromatogram
is shown in Figure 1.

Spike recoveries through the proposed meth-
od were determined at the 50 mg and 250 mg/

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

L J
0
Time, min

Figure 1. A typical chromatogram of a primidone
tablet sample, 1 mg/mL.

A

tablet level and averaged 100.1% with a relative
standard deviation (SD) of 1.25% (Table 1). Also,
an authentic mixture was analyzed at the 250 mg
level with an average recovery of 100.1% and a
relative SD of 0.45% (Table 2). Excipients were
tested separately from commercial tablet for-
mulations. No interferences were detected.
Primidone is completely soluble in the mobile
phase at the concentrations used. It shows no
degradation in the mobile phase for at least 1

Table 1. Recoveries of fortified primidone samples
through HPLC method
Primidone
o recovered
Primidone
Sample added, mg  mg %
Reagent blank 0 0 -
Tablets, 50 mg 254 257 101.2
26.1 264 1011
Tablets, 250 mg 253 251 992
25.3 250 988
Av, 100.1
D 1.25
CV, % 1.25
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Table 2. Recoveries of authentic mixture of primidone
through HPLC method
Primidone
o recovered
Primidone
Sample added, mg mg %
Reagent blank 0 0 —
Authentic mixture 250 250.3  100.1
250 251.3 1005
250 2490 996
Av, 100.1
D 0.45
CV, % 0.45

week in clear glass containers at room tempera-
ture and under normal laboratory lighting.

A comparison of results of actual tablet anal-
yses by the USP XX and the HPLC methods is
shown in Table 3. The analyses were performed
on each of 2 tablet samples at 2 concentration
levels. The results of the 2 methods are compa-
rable but the precision of the HPLC method ap-
pears to be better.
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Table 3. Comparison of precision of USP XX and HPLC
methods for commercial primidone tablets
Primidone found
Primidone USP XX method HPLC method
declared,
mgltab. mgltab. %  mgtab. %
50 515 1030 500  100.0
5l4 1028 5.7 1014
250 248.8 99.5 250.6 1026
2549 102.0 2545 1018
Mean 1018 1015
D 161 1.09
CV, % 158 1.07

Science Advisor, in editing this manuscript is
acknowledged.
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Gas Chromatographic Determination of Primary and Secondary
Amines as Pentafluorobenzamide Derivatives

BRIAN D, RIPLEY, B_R%CE J. FRENCH,L and LLOYD V. EDGINGTON?2

Ontarig Ministry of APrlcu
c/o University of Gue

An analytical method is described for the determi-
nation of mono- and dialkylamines in foodstuffs.
Amines are derivatized to their pentafluorobenza-
mides which may be separated by gas chromatogra-
phy (GC) and determined using an N-P detector.
Analysis of the derivatives by GC-mass spectrometry
indicated they were all mono-substituted. The
amines were isolated from foodstuffs by alkaline
distillation of >75% sample volume. The distribu-
tion of dimethylamine (DMA) in distillate volumes
indicated 2 maxima from barley and malt, which
could represent 2 or more sources of DMA. DMA
concentrations of 6.6-8.8 ppm in barley, 11 ppm in
malt, and 1.2 ppm in beer are higher than previously
reported.

N-Nitroso compounds have been shown to be
carcinogenic (1, 2) and many N-nitrosamines
have been found in or are formed during the
processing of foodstuffs, fish, and malt beverages
(3-8); N-nitrosamines can also be formed in vivo
(6-9). Several investigators have focused at-
tention on the presence of nitrosamine precur-
sors such as nitrates, nitrites, and secondary
amines in food commodities (10-15). Many
amines such as methylamine (MA), dimethyl-
amine (DMA), and trimethylamine (TMA) are
ubiquitous in the environment (8, 16).

Direct gas chromatography of alkylamines is
often difficult because many column packing
materials tend to absorb the polar amines and
cause peak tailing and reduced sensitivities.
Some success has been achieved with a variety of
different gas chromatographic supports and
liguid phases. For example, alkali-treated sup-
ports (17-19), alkali precolumns (20), porous
polymer packings such as Chromosorb 103 (21)
or Porapaks (22), and Graphon coated with alight
load of liquid phase such as tetraethylenepen-
tamine (TEP) (11, 23-25) have been examined for
amine analysis. Despite alow column temper-
ature, resolution of many of the low boiling point

1Present address;. Canada Maltj td, 369 Lakeshore
BI .SForo%o, Tl aga oaa r@A Cf‘ o
oy o

ture and Food, Provincial Pesticide Residue Testing Lanoratory,
ph, Guelph, Ontario, Canada N1G 2W1

alkylamines is less than ideal; furthermore, many
studies relate only to MA, DMA, and TM A (15,
25). The volatile amines must be handled care-
fully, and are usually determined as their salts or
with the aid of cryogenic traps to avoid losses
during quantitative analyses.

Chemical derivatization offers an alternative
means of handling chemically and thermally
unstable compounds aswell as many other types
of compounds not amenable to direct gas chro-
matography (GC). The resultant derivatives
usually exhibit good peak shape and sensitivity
while the higher molecular weight is useful for
mass spectroscopic analysis. A variety of dif-
ferent derivatization procedures have been used
to determine amines by GC or thin layer chro-
matography. Typical processes involve ben-
zylabon (26), dansylation (12, 21, 27), dinitro-
phenylation (28-31), tosylation (13,14), and tri-
fluoroacetylation (16). Bradway and Shafik (32)
discuss the formation of these derivatives for GC
determination of anilines.

An alternative derivatization procedure for
amines is benzoylation. Lodge and Barber (33)
prepared benzamides to determine aliphatic
amines in air by paper chromatography. Tilden
and Van Middelem (34) examined aniline, amide,
sulfonamide, and benzamide derivatives of
methyl- and dimethylamine and found the 4-
bromo-N-methylbenzamide derivatives to be
superior from the point of view of ease of prep-
aration, thermal and chemical stability during
GC analysis, and sensitivity to electron capture
detection. Benzoylation is often applied to the
derivatization of pesticide residues with reactive
NH moieties.

This paper discusses the derivatization of
mono- and dialkylamines by using pentafluo-
robenzoyl chloride in a Schotten-Baumann type
reaction and the gas chromatographic and mass
spectroscopic analysis of the pentafluorobenza-
mides. The application of this procedure to the
determination of primary and secondary amines,
and in particular dimethylamine, in barley and
other substrates is also examined.

0004-5756/82/6505-1066-07101.00
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Experimental

Apparatusand Reagents

(a) Gas chromatography.—Hewlett-Packard
Model 5710 equipped with N-P detectorand 1.84
m X 2 mm id glass column packed with Ultra-
Bond, 100-120 mesh (RFR Corp., Hope, R 102831).
Operating conditions: temperatures (°C)—
column 120, detector 300; gas flows (mL/
min)—helium carrier 30, hydrogen 3.0, air 50.
Voltage to detector was adjusted for ca 10% offset
at attenuation 32. Under these conditions, 100
ng DMA-derivative produced 50% FSD on
Hewlett-Packard Model 3380A reporting inte-
grator at attenuation 256 and exhibited a reten-
tion time of ca 1.7 min.

(b) Mass spectrometer.—Hewlett-Packard
Model 5992 GC-MS equipped with 0.92 m X 2
mm id glass column packed with Ultra-Bond or
2% OV-101, jet separator, and Model 9885 disk
system.

(c) Amine standards.—All amine standards
were reagent grade (Eastman Organic Chemicals
or Fisher Scientific Ltd). Gramine (3-[dimeth-
ylaminomethyljindole) was obtained from Sigma
Chemical Co., St. Louis, MO 63118, and N N -
dimethyltryptamine was supplied by the Bureau
of Dangerous Drugs, Health and Welfare, Otta-
wa, Canada. The lower alkylamines were ob-
tained as their hydrochloride salts, and all stock
and working solutions were prepared in 0.1N
HC1.

(dy Pentafluorobenzoyl chloride solution.—Dis-
solve 2 mL reagent (PCR Research Chemicals,
Inc., Gainesville, FL 32602, or Aldrich Chemical
Co., Inc., Milwaukee, WI 53233) in 100 mL ben-
zene.

Distillation

Place sample (typically 10 g grain, 1 g fungal
teliospores) in 250-500 mL round-bottom flask
and add 70 mL 50% NaOH plus 100 mL water;
add only 70 mL NaOH to 100 mL beer. Connect
round-bottom flask on heating mantle to Liebig
condenser with 70° connecting tube and re-
ceiving adapter. Collect 125 mL distillate in 250
mL graduated Erlenmeyer flask containing 5mL
IN HC1. During first part of distillation, a lower
heat results in effective loss of substrate struc-
tural integrity and reduced foaming; typically
1-2 h is required to collect 125 mL distillate.

Derivatization

To acidic distillate, add 9.0 mL benzene, 5mL
2M K2C03, and 1.0 mL pentafluorobenzoyl
chloride solution. Stopper and shake 10 min on
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wrist-action shaker. Transfer to 250 mL separ-
atory funnel and remove supernate for GC
analysis.

Results and Discussion

Mono- and dialkylamines readily react with
pentafluorobenzoyl chloride in aqueous solution
containing a trace of K2C03. Yield of the pen-
tafluorobenzamides was maximum within 10
min as observed previously (34). A macro scale
synthesis indicated immediate formation of the
derivative with the drop-wise addition of pen-
tafluorobenzoyl chloride. Pentafluoro-N,N-
dimethylbenzamide (DMA-PFB) could not be
recrystallized from alcohol; the derivative was
extracted from water with benzene, and the
benzene was evaporated with nitrogen. The
oily residue was used for standard solutions and
recovery studies.

Excess reagent was required for optimum
derivatization of DMA in 125 mL distillate.
Furthermore, because of the presence of many
endogenous amines in the substrate, more was
required for quantitative derivatization. It was
determined thatwith 10 g barley, the equivalent
of 20 mg pentafluorobenzoyl chloride produced
consistent, maximum recoveries. The amount
of reagent required will, therefore, vary with the
amount and type of substrate.

The pentafluorobenzamides may be qualitated
and quantitated by gas chromatography (GC).
Initial attempts to determine low levels of
DMA-PFB by using 63N i electron capture detec-
tion were unsuccessful because of a large reagent
blank peak at the retention time of DMA-PFB on
2% OV-101. Tilflen and Van Middelem (34) ob-
served a similar effect with other halogenated
benzoyl chloride reagents. Attempts at cleanup
and fractionation of the interference on silicic
acid (35) or silica gel (36) failed. With an N-P
detector, the reagent blank showed no extrane-
ous peaks and the pentafluorobenzamides had
linear response characteristics and good sensi-
tivity.

One consideration in using the N-P detector
was the effect of excess reagent on the detector
alkali bead. Chlorinated solvents may cause
reversible sensitivity loss and contamination of
the alkali source with chloride ions; silanizing
reagents may also coat the source (37). Once the
GC system was equilibrated by repeated injec-
tions of derivatized standards, it performed well
for over 6 months without changes in columns
or collectors; voltage to the collector was left on
overnight and the offset was adjusted to about
10% (X32) as required. Glass wool in the injec-
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Table 1. Retention times (RRT) of pentafluorobenzoyl (PFB) derivatives relative to /V-methylamine-PFB on 3 GC
columns
RRT
2% OV-101 on 2% OV-101 on
Compound Ultra-Bond3 Ultra-Bondb Chrom. W, HP3
N, /V-Dimethylamine 0.24 0.35 0.88
IV-Methyl- yLALE thylamine 28 0.49 121
N, V- D| ethylamirie 0.33 0.51 159
N, N- |sopropylam|ne 0.40 0.89 2.40
N, N-Di-n-propylamine 0.62 117 353
V- Isopropylamme 0.71 0.88 1.33
Wr liding 0.94 1.63 3.73
EtDvamme 0.94 0.92 1.24
NN ||s?buty|am|ne (195 191 571
N-Methylamine 003 1.006 1.003
Piperidine 1.02 2.02 439
N- Pro[SJylamme 1.40 151 2.04
N, IV-Di-n-butylamine 141 2.11 8.51
IV-Isobutylamine 1.65 1.2 2.66
/V-Butylamine 2.21 2.65 3.42
W-Peritylamine 3.88 3.98 5.84
31.84mx 2mmid, 120°C, MA-PFB = 7.2 min.
b 0.61 mx 2mm |d, 120°C, MA-PFB = 3.4 min.
c123mx 2mmid, 120°C, MA-PFB = 2.9 min.

tion area required periodic replacementasindi-
cated by peak tailing and reduced sensitivity. A
collaborative detector study was conducted on
the system after several months of continued use,
with excellent results; only the N-P selectivity
changed slightly to greater P response. Samples
examined with a flame photometric detector
(P-mode) showed no peaks.

In the qualitative analysis of these amines, it
is important that the GC peaks be resolved, par-
ticularly for those amines from endogenous
sources (25). Initial attempts with a column of
2% OV-101 on Chromosorb W indicated that the
derivatized monoalkylamine homologs were
separated; however, MA-PFB and DMA-PFB had
similar retention times and the preponderance
of MA in samples overshadowed the DMA-PFB.
The Ultra-Bond column successfully resolved
DMA-PFB from the later-eluting MA-PFB (Table
1; Figure 1).

Gas chromatography-mass spectrometry
(GC-MS) of the higher molecular weight deriv-
atives is easily accomplished using a low reso-
lution mass spectrometer. All derivatives were
examined by GC-MS and were mono-substitut-
ed. The base peak in all cases was m/z 195,
representing the pentafluorobenzoyl (PFB)
group; common fragment ions from PFB were
observed at m/z 167 (—CO), 148, 136, and 117
(Figure 2). The derivatives exhibited the ex-
pected molecular ion although all ion intensities
above m/z 195 were weak (<25%). The deriva-

tives fragmented as expected for the alkyl sub-
stituents (Table 2), and the lower alkyl deriva-
tives also showed loss of fluorine (M —19). Full
scan or selected-ion-monitoring of m/z 195 and
the molecular ion of the derivatized amine con-
stitutes confirmation.

A typical method of isolating the volatile
amines from food substrates involves base hy-
drolysis, distillation, and trapping of the evolved
amines as their hydrochloride salts (13, 15, 16,
21); our previous experience (38) indicated this
was a viable procedure. Volume of distillate
required for quantitative recovery of the amines
remained in question because rapid evolution of
amines from pesticide sources (35, 39), distilla-
tion to both one-half volume (15) and equal
volume (21) of sample solution had been re-
ported. Typical distillation recovery curves are
shown in Figures 3and 4. More than 90% DM A
standard was distilled in the first 10 mL; recover).'
plateaued at 20 mL with 95% recovery. Under
the described hydrolysis conditions, most of the
endogenous DM A was distilled after 125 mL of
a 170 mL sample volume. Further distillation
was impractical because of charring. Doubling
the initial sample volume resulted in a similar
distillation curve but with the abscissa values
approximately doubled. With increasing sample
volumes (7:10 NaOFLHIiO), essentially the same
total DM A was found after 75% sample distilla-
tion, while MA levels, presumably from proteins,
were still increasing and other less volatile
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Figure 1. Gas chromatograms of (A)
Operating conditions given in text; 5

amines tended to appear in later volumes. A
sample was distilled as described and then 125
mL water was re-introduced by dropping funnel
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Figure 2. GC-mass spectrum of pentafluoroben-
zoyl derivative of dimethylamine.
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reagent hlank, (B) amine standard solution, and (C) 1 g barley/mL.
. ) i xt; 5/tL injection, Ultra-Bond column, 256 attenuation.
dimethylamine, 1.72 min (25), diethylamine (25), d||sopr0f8/
lamine (50), methylamine, 7.16 min (

eak identity (ng):
lamine (50), isopyrgpg}-

lamine (50), di-n-pro )

0),and propylamine (?

and a further 10 mL distillate was collected.
Very little DMA was recovered in the second
distillate, whereas MA levels continued to in-
crease.

Because all substrates tested contained DM A
and evolution of DMA standard was rapid, no
other recovery studies were conducted. From
Figure 3, it appears that most of the DMA in a
barley sample is recovered in the first 125 mL
distillate. A similar distillation curve was ob-
tained with teliospores of Ustilago nuda (loose
smut of barley) as the substrate. Malted samples
indicated a much earlier release of some DMA
(Figure 4). The 2 apparent maxima in the dis-
tillation curves might indicate several sources of
DMA, i.e., asomewhat volatile or freer DM A and
a"bound" endogenous or conjugated source. In
all cases, complete recovery of DM A appeared to
be obtained after distillation of 75% of the sample
volume; incomplete distillation of DM A in other
studies may account for the lower concentrations
of DMA reported.
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Table 2. Mass spectral data for pentafluorobenzamide derivatives. Common fragment ions from pentafluorobenzoyl
moiety occur at m/z 195 (base peak), 167,148,136, and 117
miz
o Molecular ,

Derivative lon Fragment ions
N N- |methy|am|ne 239 220
N, W-Diethylamine 207 252, 248, 232, 224
N, [V-Di-n-propylamine 295 281,276, 266, 246, 224
N N-Di Dlsog Iamme 295 280, 260, 252, 238
N, N-D-n-butylamine 323 280, 259, 238, 220
N, /V-Diisobutylamine 323 280, 224
IV-Methyl-V-gthylamine 253 238, 234, 218
V-Methyiamine 225 206
N- Ethyl mine 239 224, 220
W-Propylamine 253 238, 207
IV- Isopropylamlne 253 238,234,218,212
IV-Butyiamine 267 252, 248, 238, 224, 212
IV- IsobuRIIamme 267 252, 224,219,212
Pyrr0| ine 205 221
Piperidine 279 260

Whether DM A occurs freely or as part of a
natural product or other complex is uncertain.
Several dimethylamine-containing pesticides
and natural products were examined for recovery
with the described procedure. Recovery of
DMA after hydrolysis-derivatization was
quantitative with the pesticides and N N -di-
methyltyrptamine. Gramine showed complete
conversion to DMA-PFB with only the derivati-
zation step; hordenine (p—[2—dimethy|amino—
ethyljphenol; N,iV-d imethyltyramine) was un-
available for testing. Gramine (40) and hor-
denine (41,42) are known to be natural products
formed during the germination of barley and
may be found in malted beverages (43); further-
more, these alkaloids have been implicated as the
precursors of N-nitrosodimethylamine (NDMA)
in direct-fired malt (44, 45). Coffin (46) showed
that hordenine was not derivatized with triflu-
oroacetic anhydride, and Gyllenhaal et al. (47)
used hordenine sulfate to remove excess penta-
fluorobenzyl bromide via the O-derivative in a
fatty acid derivatization method. The somewhat
quicker hydrolysis-distillation of DMA from
malt samples (Figure 4) mightindicate this other
source. Several sampleswere shaken with 0.1N
HC1 and the filtrate was derivatized while the
residue was hydrolyzed and derivatized. The
total DMA from these fractions compared fa-
vorably with the complete hydrolysis procedure,
although the formerwas lower in all cases. With
barley, no DMA was found in the acid, whereas
malted samples indicated up to 25% of the total
DM A was acid-extractable. Various parts of the
malt were similarly analyzed and most of the

acid-extractable DM A appeared to originate in
the roots (48). O'Brien et al. (49) recently re-
ported that the highest concentration of NDMA
in unsulfured malt fractions occurred in the
rootlets and husks. Malt samples contained
more DMA than did the barley from which itwas
produced.

Four replicate analyses on 2 different barley
samples indicated DM A concentrations of 7.1 +
0.5and 7.6 + 0.3 ppm. DMA was presentin all
barley samples at concentrations ranging from
6.6 to8.8 ppm. These levels are greater than the
0.5 ppm DMA reported by Neurath and Schrei-
ber (16). Analysis of a Canadian beer sample
indicated 1.2 ppm DMA while malt samples
contained a mean concentration of 11 ppm DMA

% Total DMA

L1 -
-~ Z /'
o DMA Standard (100 ug)

¢ = Barley

— ) Ustitago Nuda
20 40 60 80 100 120
Ditilste\Ane@h)

Figure 3. Percent of total dimethylamine in 125
mL distillate found after various volumes.
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Figure 4. Distribution of dimethylamine in various sample distillation volumes.

on a dry basis; the malt concentrations are again
higher than those reported by Neurath and
Schreiber (16), but the levels in beer are only
slightly higher than the 0.07-0.7 ppm range re-
ported by Singer and Lijinsky (13), Spiegel-
halder et al. (45), and Slaughter and Uvgard (50)
for European and American beers. In fermented
beverages from Nigeria, concentrations of
4.6-31.6 ppm DMA have been found (15). Zee
et al. (51) recently determined other biogenic
amines in beer at concentrations higher than
previously reported.

DMA and MA appeared to be ubiquitous in all
samples, and other amines were also present in
various amounts. Variations of several parts per
million DMA were found between cultivars of
barley. Some substrates, such as cereals, may be
classified by the amines present. This method
appears to be satisfactory for the quantitative
determination of DM A and also for the qualita-
tive analysis and mass spectrometric confirma-
tion of other endogenous amines in different
substrates.
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Crude Fiber Determination Using Ceramic Fiber to Replace Asbestos

RANDY L KNOX, DAVID S. ENGVALL, and BURTON E GINTHER
Washington Department of Agriculture, 2017 S 1t St, Yakima, WA 98903

Crude fiber was determined in awide range of feed
products by a method which specifies ceramic fiber
as a filter medium instead of the more hazardous and
difficult to obtain asbestos. Results correlated well
with those obtained by using AOAC official final
action method 7.061-7.065 (correlation coefficient,
0.99943. For 8samples, the coefficients of variation
ranged from 0.74 to 4.80%. Compared with the
AOAC method, the proposed method showed aslight
negative bias of 0.1%. Compared with asbestos, ce-
ramic fiber was easier to prepare for use, filtering was
faster, and samples bumped less.

Ashestos fiber has had long use as a filter medi-
um and as a filter aid in crude fiber determina-
tion, Its use 1s specified in_the AOAC official
final action method, 7.061-7.065 (1). Because
asbestos 1S a known carcinggen (=), an adequate
replacement is desirable. The AOAC ashestos-
free_ method, 7.066-7.068, has limited use, pri-
marily because the filtration step_is slow. "We
attempted the use of glass fiber (GFA) paper In
amanner similar to that of Craadick and Hatfield
3); the paper clogged, resulting in aslow filtra-

n.
We found that a ceramic fiber which is often
used for high temperature insulation can replace
asbestos 111 crude fiber determinations_ with
minor variations in the official method, 7.061-
1.065.. There are several advantages to usmg
ceramic fiber: It 1s not known to have the healt
hazards of asbestos fiber. It does not form an air
suspension as easily. as does ashestos, which
should limit any P]ossmle harmful effects ﬁaused
tIJ:y Inhalation "and deposition in the lungs,
Urthermore, the modified method allows rapid
filtration and washing, and minimizes bumping
of the digestion mixture, ,
This paper reports the comparison of the
modified (ceramic fiber) method with the AOAC
method which uses asbestos, 7.061-7.065.

METHOD

Reagents

Sulfuric acid solution.—0.255 + 0.005N. bmling solution, and add ether-free ex(sracte

a
Ch(egk concentration by titration.
Received February 2,1982. Accepted March 5, 1982

(b) sodium hydroxide soution —0.313 £ 0,005N,
free or nearly fvree of sodium carbonate. Check
concentration by titration.

(¢) ceramic fiber —Cerafiber, s Ib/cu, ft SE. J
Bartell, 700 Powell Ave, SW, Renton, WA 93055).
Blend ca 10 r% ceramic fiber with 1L water f?r
minimum time necessary fo achieve a pourable
suspension, cab-10's. This fiber can be re-used
as long as 1t will form a cohesive mat. Filter to
remove water,

(d) Atconot.—Anhydrous, 3A (). T. Baker
Chemical Co., PhllllpsburgS NJ 08865).

(6) Antitoam —Dilute "SWS 213 *(Stauffer
Ch mlc(?l Co., Adrian, MI 49221) with water (1

and suspend by shaking.

~——

Apparatus

Use 7.063(a), (h), (c), and (f), and modify (d
and (e) (ref. (Jas( f)o |(0\)NSZ 0 v
d) Filtering device.—P0|¥§Jr0p(y|ene Buchner
funnel, 42.5 mm, Nalgene 7280-0425 \/&VWR Sci-
entific, Inc., PO Box"3551, Seattle, WA 98124)
modified with 400 mesh ?talnless steel screen
sealed over filtering surface .as described. in
7.063(d).. Further modify device by extendin
funnel sides with standard V2 in. SCH 40 PV
[%Ié)r% coupling so that screen-to-rim distance is ca

(8) suction filter —T0 accommodate flltermg
device, attach suction flask to vacuym sourc
through valve which functions to break vacuum.
Put two T connections In line 8ne connected to
vacuum gauge measuring 0-30 In. Hg and the
second 10 a Valve to the atmosphere, which is
used to control vacuum.

Determination

Extract 2 g sample or blank_containing no
sample in parcelain thimble with ether as de-
scribed in 7.055-7.056 (1), Add ca 1g prepared
ceramic fiber to 600 mL beaker containing 200
mL 0.255N H2S0a, Brmg solution to bail .on
digestion apparatus. Remave heaker contamlng

samplg and one drop of antifoam. Add more
antitoam later If necessary to prevent excessive
foaming. Bring sample o boil and hoil gently

0004-5756/82/6505-1073-03$01.00
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exactly 30 min. Additional samples may be
added to other beakers in se,(ﬂuence at 2.25°min
Intervals. - Occasionally, swirl beakers to mini-
mize foaming and prevent adhesion of sample
to Beakers%dlets. it i i
repare filter pad by resuspending prepare

cera,m?c f_?ber In \Bater._y Then Bour |n[I]opfﬁ ering
device with vacuum disconnected. - Slowly turh
on vacuum valve while distributing fiber to form
unjform pad. Adjust vacuum to 2-4 in, HP by
using second valve. At end of 30 min bol mg,
filterhot acid mixture throu%h ceramic fiber pad.
Adg,ust vacuum to that needed to maintain fil-
tration rate which lets rinses completely cover
and rinse sample. Use 50-75 mL near-boiling
water o rinse any remaining sample from beaker
Into _fllterlnﬁ device. Repeat with three 50 mL
po(rjtlé)ns of Rot water. Increase vacuum to suck

ad dry.
g Use¥orceps to transfer pad with sample back
to beaker. "Add 200 mL near-boiling 0.313N
NaOH. Bring to boil on digestion apparatus and
bml_gentl 30'min.. During this period, remove
additional samples from apparatus, filter throu%h
prepared pads, and begin basic digestion at 2.25
min intervals.

Prepare ceramic fiber filter pad, and, at end of
30 min basic digestion, filter hot digest through

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO 5, 1982)

the pad as previously described. Rinse contents
from beaker with minimum volume of hot water.
Use valve to nearly turn off vacuum to filtering
device while adding to it 25 mL near-boiling
0.255N H2S04. Then increase vacuum to allow
filtration rate which lets rinses completely cover
and rinse sample. Rinse filter pad 3 timés with
cah0mL hotwater. Increase vacuum to remove
extra water. Turn off vacuum, add 25 mL an-
hydrous 3A alcohol and increase vacuum to

aximum.

Remove filter assembly from suction flask and

transfer pad and residugto ashing dish. Regeat

this flltratl?n process for other. éam les at 2.25

min Inervals. " Dry pad and residue 2 h at 130

2°C. Cool In desiccator and ,Weagh, I(T;nlte 30
esicea

Wé? ﬁt 600 £ 15°C. Cool in or and
%?C'rude fiber = (wt loss on ignition —wt loss
of blank) X 100/sample wt.

Results and Discussion

_The rePI,acement of dasbestos b% ceramic fiber
in_the orficial method, 7.061-7:065 was made
difficult by the different behavior of the  fibers.
Because céramic fiber does not dlsPerse as readily
as asbestos fiber, thicker pads of ceramic fiber
were required to completely cover the screen of

Crude fiber (%) determined by method 7.061-7.065 using ceramic (CF) or asbestos (AF) fiber

Table 1.
CF
Sample Mean SD (n)

Pelleted alfalfa 31.91 0.62(8)
Pelleted alfalfa

with molasses 27.58 2)
Dairy feed 6.91 )
Horse feed 19.71 0.15(3)
Rabbit feed 17.26 (2)
Hen scratch 2.64 )
Milking feed 4.06 2)
Turkey starter 2
Pig starter 2ﬁ EZ%
Pet food (dry) 3.97 (2)
Cattle supplement3 14.47 .25(8)
Broiler feed3 2.13 .10(8)
Beef finisher3 4.92 0.11(4)
Beef feed a 5.13 0.11(9)
Salmon fish food 3.00 0.13(3)
40% Sow concentrate 6.71 0.09(3)
Meat and bone meal 1.33 )
Sunflower meal 18.64 0.27(3)
Thrift pellets 20.67 2
Dairy with bicarb. 7.72 )
Sow gestation 7.68 (2)
Sow mix 6.06 2)
Hog grcTI\/ver 5.05 2)
Hop pellets 22 2
Blank (g) 6@1 Ezg

Compared with AAFCO values in Table 2.

AF
CF AF
Mean SD (n) oV, % oV, %  AF-CF
32.26 0.65(3) 1.96 202 +0.35
27.83 @ +0.25
7.14 ) +0.24
20.34 @ 0.74 +0.63
17.28 @ +0.02
2.65 @ +0.01
4.23 @ +0.17
3.45 ) +0.10
231 @ +0.21
3.89 @ -0.08
15.04 @ 1.74 +0.57
2.36 @ 4.80 +0.22
5.12 0.18(4) 2.17 3.46 +0.21
5.18 0.12(4) 2.14 2.40 +0.05
3.25 @ 4.25 +0.24
7.16 @ 1.33 +0.45
1.62 @ +0.30
18.51 @ -0.14
20.49 @ -0.19
7.20 o) -0.52
7.81 ) +0.13
5.99 ) -0.07
5.00 @ -0.05
22.13 ®) -0.83



KNOX ET AL.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

1075

Table 2. Comparison of crude fiber determination by method 7.061—7.065 using ceramic (CF) or asbestos (AF) fiber
with AAFCO collaborative check sample data

AAFCO No. Sample (Table 1)
8125
8127
8128
8129

Cattle supplement E
Broiler feed

Beef finisher 13
Beef feed 14

the frItermgf device, Thrs thrck Pad tended {0
trap arran loat away from the screen. Ceramrc
fiber in djgestion heakers sank to the bottom
Instead of ‘dispersing,. ang. the traP ed steam
caused bumping. Durm? filtering, this ceramic
fiber remarned in the bottom of the beaker until
nearIy a II'the squtron was transferred. A Jayer
of samgeresr ue formed on the filter pad sur-
face, p rtraIIyPug ging it
These problems were greatly reduced by
bIendmg the fiber to disperse it'and by modi-
fying the filtering device to reduce the filterin
grea. BIendrn% shortened the fiber Iength S
that it remaine drspersed In the digestion me-
|um and é)oure more rea |Iy|nto efrIerrng
device. Samples filtered rapial 3/ because the
residue remained dispersed and did not tend to
form a mat.  The sides of the filtering device
were raised to allow faster and easier solution
transfer, Reducing the filter area decreased by
about 70%the amotnt of ceramic fiber needed to
cover it, and increased the velocity through the
filter pad so that the pad did not show much
tendency to float, Bumping was dramatically
reduced o that boiling chips Were not needed In
the drrg];estron These'moaifications resulted in
a metfiod which was srgnrfrcantly easier to use
than the official meth

This method has the additional advantage that
ceramic fiber does not require redrgestron by
acid and base followed by lgnition, asprescribed
for ashestos in the official method.

_The developed method was fested by analyz-

ng 24 feed samp es relpresentrnga broad spec-

trum of feed t){ he data were compared
with results obtained when these same samples
\ﬁere analyzed by method 7.061-7.065 (Table

AF
AAFCO mean SD (n) CF
14.43 0.646(75) 14.47
231 0.216(67) 2.13
4.96 0.350(73) 4.92
5.18 0.293 5.13

Results ranged from 1.33 10 31.9% crude fiber
}()t e ceramiC fiber method. Both the ceramic
fr er method and the official method appear to
be of comparable precision. The ran8es for
coefficient of variation (CVB % were 2.02-3.46
for the official method and 0.74-4.80 for the ce-
ramic frbermethod Thehr he]st coeffrcren of
variation (4.80%) occurred a broiler feed
which showed 2.13% crude fiber by the ceramic

fiber method.
Th 2methods are well correlategt 09994
hased on the mean values obtained from one

the other method applied to the various samples
Furthermore ingar reEressron yields a rela-
tionship of Y = —0 Where v = ce-
ramrc ber method and X = offrcral method.
The approxrmately 0.1% nedatrve bias of the ce-
ramic fiber methqd is about what could be pre-
dicted from examination of the data; this |s small
when compared with the uncertainty of either
method (ZTabIe 1g

Table 2 compares results obtained using the
ceramic fiber method against the ?rand average
by the official method on several AFFCO Col-
ldborative. Check Samples.  The ceramic fiber
method ields data which compare favorably
with results by the official method. =The ceramic
fiber methodhas the advantage of eIrmrnatmgf
the use of asbestos, requires IessE egaratron

the filter medium, and provides faster filtra-
tion.
References
(l) Official Methods ofAnalysis (1980) 13th Ed AOAC
Arlington, VA

2) Asbestos: An Information Resource 1978 R.J. Levine
EEd) DHEW Publication Number SNIHA?S -1681

(3) Craddick, R.C,, & Hatfield, L. (198 $50C. off.
Anal. Chem. 641275'1276
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Manual Salicylate-Hypochlorite Procedure for Determination of

Ammoniain Kjeldahl Digests

HELEN, E. FUKUMOTO and GEORGE W. CHANG1
University of California, Department of Nutritional Sciences, Berkeley, CA 94720

The determination of nitrogen in Kjeldahl digests of
urine and feces has been simplified by using amanual
spectrophotometric method with salicylate and hy-
pochlorite. It neither involves the hazards of the
phenol-hypochlorite method, nor requires an auto-
mated analyzer. We determined the conditions
which minimize the need for precise timing and
neutralization of acidic digests and obtained coeffi-
cients of variation of about 0.8%. Agreement be-
tween the spectrophotometric method and the con-
ventional micro-Kjeldahl method was excellent; a
correlation coefficient of 0.9992 and a coefficient of
variation of the estimate of 2.1% were obtained. This
method is well suited for a laboratory with amod-
%e volume of samples. We could process at least

Jdigests per day, in contrast with the 60 per day
which we had previously done by the Kjeldahl dis-
tillation and titration.

In 1883, Kjeldahl described a procedure for de-
terminations of nitrogen In a variety of materials
(1). . This, proceduré involved destructive di-
?esuon of the sample in hot sulfyric acid fol-
owed by distillation and titratign of the amounts
produced.  Numerous  modifications of the
method have appeared in the years since Kjel-
dahl's publication, and these are used for the
analﬁ/sm of avery wide spectrum of materials.
The magor dls,advantages of thg, Kfeldahl pro-
cedure aré the time-consuming distfllation and
titratjon steps, limiting the nymber of samples
which can e processed In a day. Attempts to
solve these P,r blems include thie use of expen-
sjve gutomatic apparatus for the distillation ?n
fitration steps, or the use ofan automated color-
metric assay for ammonia, which circumvents
these steps (%). However, the purchase and the
maintengnce of the necessarg equipment are
P&/ond the means and needs of many laborato-
Many popular colorimetric methods for am-
mo,ma)éé)tepmmatlon involve the Berthe(iot re-
actjon with pheno] or a-chlorophenol and ap
active halogen to yield a colored product (s- 11).
Although stIe,_rapld, and precise, these
methods have the disadvantage that phenol and

e

A

chlorophenol are volatile enough to present a
nuisance and a hazard for [aboratory per-

sonnel.

Because of the hazardous nature of pheno],
sodium salicylate has been used in its place. This
reagent is miuch less volatile, but reaction with
ammonia is slower and the color yield appears to
be more sensitive to reaction conditigns. ~Several
procedures for the use of sodium salicylate have
appeared_ in recent years for determination of
nifrogen in serum, freshwater and seawater, and
Kjeldahl digests (2, 12-19, and S. Greeley, Uni-
versity of California, Berkeley, persondl com-
munication. 1980). Three (of these pro,ceduresg
use Kjeldahl digests; however, two are intende
for automated apparatus and one re(ﬂuwes man-
ual pH adjustment of digests. hefore anal¥3|s.
These procedures require a wide variety of re-
agent,concentratlons and reaction condifions. In
aadition, reports of color stability conflict.

We felt that other laboratories whose volume
of Kg]eldahl nitrogen analyses does not justif
purchase and maintenance of automated equip-
ment might benefit from this rapid manual col-
orimetric method. Thus we have described our
modification of other published sa,hc*,lat,e pro-
cedures. Simple and convenient, It eliminates
the necessity of adjusting the pH of the digests.
With simplé manual pipetting and dispepsing
dew&es, we now easily analyze aver 20 digests

er a¥], as contrastea to about 60 per day by the
jeldahl method.

METHODS

Apparatus

(@) Micro-Kjeldah] digestion rack —With 30 mL
digestion flasks (ref, 62 s)gc. f4275'022)

¢) mixer.—Vortex type (Van Waters &
Ro grshﬁl.lxer e |

Test tubes.—1 mm screw-cap

d) Spectrophotometer —Bausch & Lomb
: reocl}r nlcce”180 with continuous micro flow-
ur@ Wt bath —45°C (Grant Instruments,

0004-5756/82/6505-1076-04%$01.00
B
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Reagents

Solutions were prepared volumetrrcalltr with
deronrzed water. “All' chemicals were andlytical
reagen grade.

]) Hengar granules—Selenium-coated (Sci-
entl rcProduc?s Menlo Park, CA).

g Ammonrum sulfate standard, —Dry 2 h at
105°C. Drssolve 0.472 g ammoniym sulfate in
50 mL water for Workrn(g standard of 2 mg ni-
trogen/mL. Store at4

¢) Sodium nrtroprussrde solution. —Drssolve 18
mg Sodium nitroprussi e( P) in 10 mL water.
Store at 4°C In brown glass bo Ie Stable >3
months

5() d) Sodium salicylate-NP solution. —Combing

25 ¢ sodium salicylate and 10 mL sodium ni-
troprussrde solution’and dilute to 250 mL. - Store
In “brown glass bottle at 4°C. Stable >3
months.

(e) Trrbasrcsodrum phosphate (TSP)squtron —pH
12.5-12.7. Dissolve 110, g tribasic sodium
ghosphate dodecahydrate in‘water and dilute to

L. Measure pH.

( Hypochlorite-TSP solution.—Dilute & mL
commercial bleach solution containing 5.25%
active chloride (Clorox, or equivalent) to 50 mL
with TSP solution.  Use within 1h .

Preparation ofSample

_Accurately Wergh or rpet sample or ammo-
nium sulfate standard nrtro eH) into
Kjeldahl flask. Add20mL 4an 1Hengar
%ranule Place flask on drgestron rack ang set
eater control to 4. When'samples are borlrng
smoothly, turn control to 7. Drgestsam eunt
rtrswhreorcolorless Turn fheateran let
flask cool ca 5 min._ Add 1 roBso 30% hy-
drogen %eroxrde Turn control ack to 7 and
digest 15 min.  Cool flask ca 10 min at room
temperature or_in_ refrigerator. Add 2

water, letting_it rinse inner surfaces of fIask
Cool flask again.

Nitrogen Determination

Dilute digested and cooled samitle to 25 mL
with water.” Diluted sam les should be assatged
within ldag because I ongerstor rg(e evena
causes loss of someammonra Undiluted d rtgests
can he stored overnight at 4°C; digests o
n}%niurn sulfate standards are stable regardless
of dilution.

Drs ense 50 PL digest into a test tube. [nto
gach tu e%ent rsge(n?eztOmLTSPsqutron
Turbulent mixing of alkaline TSP solution causes
loss of ammonra However, this mixture may sit
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at room temperature for up to 25 min without
significant ammonia loss.

Add 0.4 mL salicylate-NP solution.  Mix
bri efIy but vigorously with vortex mixer. Add
0.55m )}/é)rochlorrte -TSP solution.  Mix with

vortex mi
Incubate test tubes ip 45°C water b%th cRaego

min. Cool tu%es In cold tap wa ter
absorbance_at 655 nm within 2h

For quality control, prepare standard curve
Fe)\ereerg day and whenever new reagents are pre-

Results and Discussion

The salicylate- hgpochlorrte method described
here and a conventional micro- Kjeldahl method
rnvoIvrng distillation and titration (F. Costa and

R. Sandman, University of California, Berkeley,
Bersonal communication, 1974) were compare
Tr(]usrng Igests of homogzenrzed fecal samples

e nitfogén content of 29 dif erent omog
nates ranged from 110t 854 pg nit rogen E 0-
mogenate digested, with a mean of 392, From
the Tesults ofuplicate determinations, standard
deviations were 10.0 and 135 for the saIrcyIate
and micro- KJeIdahI methods respectrvel¥
vision of these values by the mean pifrogen
content of the homogenates gave coefficients of
variation of 0.82 and 0.94% for the respective
methods. The correlation coefficient was 0.9992.
The regression eguatron relating results of the
salrc late metho those™of the micro-
Kjel ahI ),in pg nr ro%en&homogenate di-
8este wasr The standard

eviation of estimates of Kjeldahl nitrogen val-
ues based on salicylate results was 8.5 g nitro-
gnen homogenate Division of this 1j egureb
ean nitrogen content of the samp IVES
acoefficient ofvarra tion of the estimate of2.1%
The minimum level of detection 1s approximately
0.06 pg and the linear range extends to at least s
B%nrtro en per assay tupe. This corresPonds 0
g res ectively, per digestion with
the qil utron gscribed in_this paper.

It1s rmportant that the TSPsolutjon have a P
of 12.5-12,7 to ensure that the frnaI reaction
mixture will have a pH of 12.0-12.4. Lower pH
values result in reduced absorbances. Occa-
sionally, bottles of TSP will not give solutions of
the pro[)er pH. These must not pe used. The
TSP"solution described here will give an ac-
ceptable final pH even if there are reasonable
drrferences in the H-SOa remaining after the
digestion. - Differences of £0,5 mL H2SOa In the
Kijeldahl flask before digestion dg not signifi-
cantly alter the standard curve or final nitrogen
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values. Because it is not necessary to peutralize
the sulfuric_acid in_a separate Stép, there Is an
important time-saving over some of the earlier
proce ures.

e final reaction mixture, We found that the
4%sod|um salicylate used by earcy et al. (13)
and the 0.0025% sodium nitro russrde used br
Bower and Holm-Hansen (1 ) were optima
Blank absorbance values were low (0.020-0.035).
As the sodium salicylate-NP solution aged, the
blank valugs increase

Both sodium hypochlorite (2-5,7,9-11, 14 17
18 and sodium dichloroisocyanurate (s, 8,12,13,
9)[ have served as sources of active chIorrne
Even hough the dichloroisocyanurate has been
reported to be more stable in solution, we chose
sodium hypochlorite because of its ready avarI
ability as”a commercial laundry pleach. The
0,09% concentration of active chlorine in the
final reaction mixture is similar to that used b
Verdouw etal. (17) and Bower and Holm-Hansen
818) Increasing 0r decreasing the concentration
y 50% had noeffect on standard curves of ab-
sorbance vs ammonium njt rogf Different
bottles of bIeach often contain different amounts
goch orite. Usrng astandard method (20)
We ungd that one rand of bIeach contained
a out 20% less hYpoch orite than other brands
did. However, this variation did not signifi-
cantly affect final results, Tominimize decom-
posrtron of bleach solutions, we store them at

The rate of color development depends on
temperature. At room temperature, maximum
color deveIopment re(iurres more than zo min.
However, at 45°C, color development is com-
Plete in 10min. Furthermore, tubes couId be left
n the 45°C water ath for as'long as 10-35 min
wrthout any srq(nrfrcant effect on he frnaI color
Zre Thig makes th etrmrnpeo this incupation
tePnIreeSnS critical and adds flexibility to the ex-

Various sequences for adding rea%ents have
been rerborted Itwas advantageous 0add TSP
50 utro to the sample before anY other reagents
and thus prevent the precipitation of salicylic
acid when the salicylate-NP solution is added.
There 15 no loss of ammonia if the TSP | |s added
rr]ently At this Pornt thrf tubes ma eeta
oo’ femperature for at east 25 min, without
loss of ammonia, thus ¢ |m|natrnlg the need t0
add the other rea ents rmmedrate y. However,
the salicylate-NP and hypochlorite solutions
should bé added in quick succession.

An apparent extinction coeffriren t for the
productF 5) of the reaction can be calculated from

FUKUMOTO & CHANG:
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standard curves,. Seven such curves yielded an
extinction coefficient of 19290 + 40 (standard
error of the mean) mole -1Lcm-1. The absorb-
ances of standards and unknowns drop by about
0.3% per hour for the first few hours aftér color
deve ogment In 24h they drmrnrsh about 3%
Even though analyzing standards along with
unknowns Should Compensate for such changes,
It 15 best to measure absorbances Within 1-2°h.

lon Interference apparently presents no
problem with the Ssalicylate-hypochlorite
method (16,17). We were concerned that sele-
nium from the’catalyst granules used in the di-
rtqestron might interfére. “However, the use of up

3H engar ranules did not affect the final ab-
sorbanceo standards.

Dispensi \/\(71 devices make analyses much more

efficient. We use a Pipetman Variable-vol ume
drspenser (West Coast Screntrfrc Oakland
for transterrin 50pL portions of diluted dr
and Repipets {Labind ustrres Berke ey, C
add TSP buffer, salicylate-NP solution, and
pochlorite-TSP squtron Many of our nitrog en
analyses involve homogenates of feces. In order
to obtain uniform samples we stir fecal homo?
enates with a magnetic strrrrno bar and sample
them with a Pastelr pipet with the tip broken off
to provide a 3-4 mm orifice.
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Hrgh Performance Liquid Chromato%raphic Determination of
sidiary Colors in FD&C Red No

ROBERT J. CALVEY and ALLEN L. GOLDBERG
Food and Drug Administration, Division of Color Technology, Washington, DC 20204

Two rapid, sensitive, reproducible methods that use
aZorbax C-8 reverse phase column and high perfor-
mance liguid chromatography are described for the
determination of the subsidiary colors in FD&C Red
No. 3. With the first method, 8 subsidiary colors
(fluorescern 2"-iodofluorescein, 4™-iodofluorescein,
2'5diiodofluorescein, 2',7-dilodofluorescein, 4'-
5" dijodofluorescein, 2',4",7" -triiodofluorescein, and
2'4'5" trrrodofluorescern)areeluted in areproducrble
pattern bﬁ rncreasrn%the organic nature of a buffered
mobile phase. Method Lis capable of quantitating
all the subsidiary colors except 4'-iodofluorescein and
4'5'-diiodofluorescein. If these 2 subsidiary colors
are seen, the sample must be run again by method 2,
which uses a different program and solventsystem
g; quantitate them. The average recoveries for the

subsidiary colors quantitatively determined in
FD&C Red No. 3by method 1ranged from 96 to 98%.
The average recoveries for 4-iodofluorescein and
4'5'-diiodofluorescein, quantitatively determined
in FD&C Red No. 3by method 2, were 101 and 103%,
respectrvelg TheamountsoftheGsubsrdrarycolors
recovered by method 1were 0.04-7.4% by weight of
the total sample. The amounts of the 2 subsidiary
colors recovered by method 2 were 0.13-2.6% by
weight of the total sample.

Two raprd sensrtrve reproducible procedures
that ys per ormance Irgurd chromato%ra-
pny (HPLC) have been developed for the deter-
m(r)na3 |on of the subsidiary colors in FD&C Red

FD&C Red No. 3 éCoIour Index No. 45430) is
a synthetic color additive that Is prepared by
coridensation of resorcinol with phthalic anhy-
dride fo produce fluorescein (Frgure 1), which in
turn is fodinated and treated ‘with ‘NaOH to
produce FD&C Red No, 3 (Figure %) Durrné; the
lodination of fluorescein to make FD
3 many lower iodinated fluoresceins subsrdrary
colors) may be produced.
Every batch of certifiahle FD&C Red No. 3 that
is manufactured must first be chemically ana-
lyzed and approved by the Certification Branch,

ecerved Jul 31 1981

AGRE TGBE'HS

Acc i Februar 41982,
rf(?ﬁ ep gsgri%ton QiMeetrngofthe

Division of Color Technolog% Food and Dru
Admrnrstratron before It can e used In a food,
ru% or cosmetic in the United Stafes.  The Code
ederal Regulations (CFR) (1) limits the
amounts of the subsidiary colors. - Monoio-
dofluoresceins are limited tg not more than 1. 00/?
and other lower |od|nated quorescerns to no
more than90%bywerrf;ht of FD&C Red N
There is no limjt specifically, expressed In, the
regulations for fluorescein. “The CFR requires,
however, that limits for such rmpurrtres be setin
accordance wit h good manufactyring practice,
At the present time in the Certrfrcatron Branch,
the subsidiary. colors m FD&C Red No. 3 are
ernﬁ determined by a thin layer chroma
graphic (TLC) method. This methad, which takes
ahout 2 \k h 10 complete, does not separate all of
the subsidiary colors from each other'or from the
main color hand.

Both in method 1and in method 2, the sub-
srdrar colars In ED&C Red No. 3are sep arated
¥t e use ofa buffered mobil ephase Asamp

ye I dissolved in water and then is mrec e
ontd the column. Asthesolventpassest rou%
the Zorbax Cs colump, th eorganrcnatureo fhe
mobile phase Is varied by a gradient elution

stem, ~ As the p]rganrc nature (tf the motfrle
p ase Increases, the subsidiary colors are selec-
vely reIeased and eJute in aTeprogucible pat-
tern In methog 1 tluorescein‘ana the mano-
% ditodinated fluoresceins are guantrtatﬁd
rom therrvrsr le absorbances at 43p nm. The
triiodinated fluoresceins are quantitated from
their vrsrble absorbances at 540.nm. Method 2
Is.used when 4'-iodofluorescein and/or 4'h-
diiodofluorescein are detected by method 1 be-
cause these o subsidiary colors co-glute in
methodl Both of these subsrdrar colors are
quantitated from visiole absorbances at 436 nm.

METHOD

Reagenls

(a) . water—Deionized, drstrIIed obtained
from Milli- %Water Purification ystem( Milli-
pore Corp., Bedford, MA 01730), of equivalent.

0004-5756/22/R505-1020-06101 00
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Figure 1. Fluorescein.

(b) Eluants—Method 1 uses the following
solvents: primary solvent A, 0.LM ammonjum
acetate; secondary solvent B, methanol. Method
2 uses the following solvents; primary solvent

2% (v/v) glacial acetic acid in water, secondary
soIvent B, acetonitrile.

C Stock solutions for calibrations. —FOf each of

2trrr0d0f|uores erns weigh 140-200 mg
sr |ar color, add. 3' drop$ concentrate
NH4 0 the colar, dissolve in water, transfer
to. 100 mL volumetric flask, and dilute to volume
with water For each of the 3 diiodofluoresceins,
weigh 50-110 m subsrdrary color, add 3 drops
concentrated NH4OH to the color, dissolve in
water, transfer to 100 mL volumetric flask, and
dilyte to volume with water. For fluorescein
and for each of the , monorodofluorescerns
wergh 15-30 m subsrdrarrt]/ color, add 3 drop S
concentrated NH4OH to the color, drssolve |n
water, transfer to 100 mL volumetric flask, and
dilute to volume with water. Determine exact
concentration of each stock solution from the
visible spectra of aliguots diluted to volume with
Water in 100 mL volumetric flask after addition
drogs of concentrated NH4OH. The con-
centra n of each solution that is spectropho
tometrically measured should be ca 10 mg
Approximate absorptiyities, a FL/mg
Graichen, Division of Color Tec nolo%y
are 2/- |?dofluorescern 2-lado), 0.193 at 500 nm
4'-jodofluorescein” (4-fodo), 0.154 at 497 n
2'5,-diiodofluorescein (2,5-Ditodo), 0.145 at 509
nm; 2'7 - drrodofluores%ern (2,7 Drrodog 0.17
511 nm: ditodof uorescern (4.5-Driodg
0.122 at d 7 nm: 24, 5 -triiodofluorescein
2 45-Triiodo), 0.116 af, 516 nm, 2,4 Ttrilo-
doflyorescein (2.4,7-Triiodo), 0.140 at 517 nm:
and fluorescein (Y-7), 0.247 &t 489 nm. Store all
stock solutions in the dark when not in use.

Apparatus

%’:1) LLighid chromatograp
tig capabr?y Aliex Mode! 420equ ped with
mrcro[)rocessor and 2Mode| 110-Apumps (Altex
Scientific Inc., Berkeley, CA 94710) or equiva-

\

=
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Figure 2. FD&C Red No. 3.

lent. Operatrnq conditions: chart speed 0.2
in./min; flow rdte LmL/min; column tempera-
ture ambient. The gradient pro?ram for method
1 Uses program 1 the individual steps are as fol-
lows; "step . start auto- miector and then start
step2afer099m|n step 2,45 tosmBrnZOmrn
step 366 10 100%B1n 0'min: step 4 hold at 100%
Bfor 4 min; step 5100 to 45% B |n1m|n ste .
hoId at 45% B for 4min: step 7, start step 1.
%]ra dient program for method  uses program 2,
ein |vrduaI steps are as follows: step™s, start
auto- mAec or and then start step 2after 99 min:
step2 oldat 43 A)Bfor15m|n ste 100%
Bin 3min; steBp4ho at 100%B or4m|n step
5,100 t0 43% Bin 2min; step 6, hold at 43% Bfor
Smin; step 7 startstep L The individual steps
Irsted for bo th gradie V\})rograms are enferedin
th emrcroProcessor hen the auto- mhector 1S
started, It Tirst flushes the 20pL. loop with water,
next the loop is flushed with the FD&C Red No.
3sample, and then the sample is injected onto the
column these operations are performed in a total
time of 9 min by this auto-injector. If an
auto- |nI|ector IS unavailable, nject samples
manua ly and start step > immediately after in-

(b% Detector —\Waters Model 440 dual wave-
Ieng h detector (Wa ers Associates, Inc., Milford,
A 01757), or equivalent, set at the followin
wavelen ts b4 nm methodlattenuatronse
5. meth attenuation set at 0.1
36 nm ?metho d 1, attenuation set at
%%JF%) FS method" 2, attenuation set at 0.02
2-Pen recorder —SO|'[€C Model 3314 (Soltec
Cor&a sun VaIIexA A 91352), or equivalent.
Injector. —Micromeritics Model 725 auto
in ectore uipped with 20 pL sampling loop
g |cromerrtrcslnstrument Corp Norcross, G
) or equivalent.
e Chromato&;raphrc column—DUPOﬂ orbax
6 mm id No. 850952 {06,
DuPon t Instruments, ermrngton DE 19898), or
equivalent.
(f) spectrophotometer—Visible range.

jection,
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Calibration

Usrng method , construct caIrbratron plots for
2-10do, 2,5-Ditogo, 2,7-Ditodo, 2,4,5-Triiodo,
and 247Tr||odo from’ the chromatographic
analysrs of standard solutions preﬁare as fol-
lows. Dissolve 200 mg FD&C 3(shown
by previous analysis to be free of all subsidiary
colors) In water-and transfer to 100 mL volu-
metric flask. Add appropriate aliquots (0.5-10
mL% of stock sofutjons of the e subsrdra% coIors
to the volumetric flask and bring to volume with
water. Analyze o calibration” solutions con-
tarnrng farrly evenIy sEaced concentrations of
gach f% y mrgco of. oreach subsrdrarycolor
In calibration Solution, calculate C, /obgwerght
relative to amount of FD&C Red No. 3 in cali
bration solution:

C=v Xc X 100 (9 X (1/200 mg)

where v = volume of stock solution aIrquo mL)
and ¢' = concentration of stock solutjon (mg/
mL) determined spectroPhotometrrcaIIy
sing method 2, construct calibration plots for
4-lodo and 4,5-Diiodo from the chromat graphrc
analysis of standard solutions preRlare as fol-
Iows Dissolve 200 mg FD&C 3 (shown
grevrous analysis to be free of all subsrdrat}/
coI s) I water and transfer to 100 mL vol
metrrc lask, Ad apf)roprratearquos(l -10mL)
of stock solutions of th e zsubsr 1ary colors to
volumetric flask and dilute to volume with
water. Analyze 5 calibration solutjons con-
tarnrn% fairly evenly sEace concentratrons ofthe
2 subsidiary colors. For the 2 subsidiary colors
in the calibration solution, calculate C ds stated
previously.
When Using method Lor 2 with auto-injector,
Posr lon calrbratron squtrons in autosampler as
ollows: gosr lon 1, ank vial contarnrng
water ); position 2, rinse vial containing wate
posit |on 3, calibration solutjon: all othgr even-
num bere( Posrtrons contain _rinse_vials and
nulm ered positions contain FD&C Red No.

Use eak height to deyelop calibration plots
for aIIp subsr%rar coIorsp Mathematrga?ly
choose best frttrn traight line for calibration
data by met odo eastsquares For each of the
s subsidiary colors, calculate regression line, y =
ox + «, by Using the following equations:

b= o (-0 - Y)2 (x- %)2
= 0y)- [lexe )/«]]/[2 X [z X)2]]

a=y —hx

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

here x = conc ntratron of su srdrﬁrty color in
caI ration standard; y = peak response
to calibration standard for each subsrdrary coIor
n = number of determinations; b = slope of re-
gression line: and a = Y infercept of line.

Determine linear correltion between peak
height and concentratign, of standards by calcu-
lating correlation coefficient, r:

r= [ (- X0 - VIV (k- X):] (v - ¥)2

Determination

Dissolve 200 mg FD&C Red No. 3 in ca 50 mL
water. Transfer quantitatively to 100 mL volu-
metric flask._Dilute fo volume with water and
mix well. Fill auto- mdector vial In position 5
with this solution an pIace In uto-injector.
frfter all vials are in place, start gradient program

From regression line equation, y —bx + a,
caIcuIate X, the Yof each subsjdiary color in the
0. 3sample, by substrtutrn% value of

¥ $peak hergh t of subsididry color) and solving

|f chromatogram of FD&C Red No. 3samBIe
indicates presence of 4- Iodo or 4,5-Diiodo (Frg re

3, peak 2), sample must be re- anah(ze using
method 2. Auto-injector and sample prepara-
tions are the same as stated above for method 1.

?ure 4 shows order of elution of subsidiary
colors with method 2. Calculate % of each of the
2 Subsidiary colors as stated previously.

Results and Discussion

For the develo ment of method 1, we used
concentrations of the o quantrt vey et
mined subsidiary colors in 11 ca Ibration so
tions that covered the following ranges ex-
Bressed as % Xwerghtof FD&C Réd No 3. Y-7,

08-0 lodo, 013090% 25 Dijodo,

% 2 Diiodo, 0,51-5.1%; 2 rnodo

08 60 and 2 4.5:Trilodo 93760 or
methad », we used concenLratrons of the

%uantrtatrvely determined subsidiary coIors rn

calibration solutjons that covered thé toIIowrng

ranges e>§Pressed as /obg weight of FD&C Re

5%: “and 4,5-Diiodo,

51 2 6%. \We have stored both stock and cali-
bration solutions for s months In the dark with-
out poticeable dePradatron

The foIIowrng mits of detection were calcu-
lated for metho accordrng Bothetec nrque f
statistical analysis aescrioed by Bai eyeta 2):
Y-1, 0.04%: 2-fodo, 0.06%: 2,5-Diiodo; 0.3%;
Diiodo. 0% 2.4.7-Triiodo. 0.4%; and 245-Tri-
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Minutes

9 5 10 15 20 25
LC chromatogram of test solution of
3(peak 8). 1=Y-7;2=4-lodo and
2-lodo; 4 = 25 Dnodo 5= 2,7-Diiodo;
0;7=2,4,7-Triiodo. Abbreviations
er Reagents, (c) Stock solutions for
calibrations.

lodo, 0.7%. The limits of detection for method
6 \év/ere asfollows: 4-lodo, 0.11%; and 4,5-Diiodo,

Recovery studies with method 1gave the fol-

lowin recovery ran%es and averag%es for the

ubsr ary col ors Iodo
5D||odo 8 Od

% 9 8%; 2 Trno do,

104%, 98%; and 245 Tritodo, 867 104%
%, The recover ranges and averaaqes for
method are as follows:
11% and 4,5-Diigdo, 90 114% 103% Recover
data for t erndrvr ual determinations are give
In Tables Land 2. The paired-differencé 99%
confidence intervals all included zero.

The calibration and recovery data were calcu-
lated twice—once using the manual measure-
ment of peak height and once using the manyal
measurement of peak area. As found in earlier

S

94 1-

2.1 D |odo 8
86
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6 7
I

; ernutes I r-

5 10 15 20 25
PLC chromatogram of test solution of
ed No (peak 7). -1;2 = 4-lodo; 3 =
= 4,5-Diiodo; 5= 25 Dnodo 6 = 2,7-Diiodo
-Triiodo; 7 = 2,4,7-Triiodo and FD&C Red

Abbreviations are defined under Reagents,
¢) Stock solutions for calibrations.

wQrk 3 we obtained much better results by
srn? kherrgnht (4) because ofthegreatvarr
ability in the measurement of the small peak
wrdt athalfp eakherght It appears that 0.L mm
IS the minimum error inherent in the measure-
mentofertherpeakherghtorpeakwrdh Thus
the meaerement of a’small peak at ha rlteak
neight, which is needed for the area cal%ula lon
introduces a larger Eercentage error t
measurement of pea he(ﬁht which | usuaII
much larger than peak width.  Althoug teuse
of an eIectronrc mtegrator would mrnrmrze the
reater error in the peak area measurements,
eax areg rather than peak her\dht measurements
re needed In situations involving peaks of
greatly different Wrdths

Usrn method 1, we analyzed 36 different

FD&C Red No. 3 samples, 2,4 5-Tritodo and
2.47-Triiodo were the only_subsidiary colors
detected In these samples. "For this redson, we

ggest that standards containing only these »
subSidiary' colors be run daily. Ifother subsidi-

=
\_/
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Table 1.

Subsidiary color, %

Detn Added Found Rec.
Fluorescein

0.58 0.56 6

% 0.083 0.085 l&%
3 0.25 0.24 96.0
4 0.041 0.039 9.1
% 0.17 0.16 94.1
0.33 0.32 97.0
é 041 0.40 97.6
0.25 0.24 96.0
16 0.17 0.16 9.1
0.33 031 93.9

Av.recover 96

Paired-diffe¥ence 99% confidence interval:
-0.01 +0.01

2' 5"-Diiodofluorescein

OONOWI-RWRP—
W N Pp—OO
~©o

~
WP
3 od—+—=»
(3,
OO
=o1
[SCENTS IS )

Av. recovery , i
Paired-difference 99% confidence interval:
-0.04 £0.05

2'4' 5'-Triiodofluoresceln

A
LB 4§
45 44 8
I
16 E% §§ 104
Av,recovery , ) 97
Paired-difference 99% confidence interval:
-0.1 0.2

aNA = not added.

Table 2.

4Modofluorescein, %

Detn Added Found
% 013 0.14
0.39 041
3 0.52 047
4 0.26 0.26
5 0.65 0.65
Av.recover

Paired-diffeyrence 99% confidence ibtﬁvalz
U+0.06

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

Recovery data and paired-difference 99% confidence interval results for method 1

Subsidiary color, %

Added Found
2-lodofluorescein
) 0
1P A
0.26 0.25
0.38 0.36
8%% 0.50
0.90 6%%
0.26 0.25
0.51 0.48
0.60 0.60
-0.01 £0.01
2',7"-Diiodofluorescein
10 0.92
0.51 0.4
15 15
%
5 i
31 31
41 42
3.6 3.8
-0.0 0.1

2' 4 7'-Triiodofluorescein

15 13
0.74 0.69
37 36
7 2
3 ‘é‘%
E;g 54
NAa NA

00+0.2

Recovery data and paired-difference 99% confidence interval results for method 2

4' 5'-Diiodofluoresceln, %

Rec. Added Found
108 .
105
4 .
15 1.7
051 0.58

00103

o]
@
Iz

O OO OO OO,
oo O~

=)
N

S=R=SH=

—_
{elan]
[eolap]

RO WO

OO0
wwro—
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aries are seen in a sample of FD&C Red Ng. 3
then a standard containing those subsidiary
colors should be run,

Each set of acceptable calibration data is added
to the preceding data and a new regression I|ne
and coetficient of correlation are calCulated.
correlation coefflmen should be between 095

and 1.00, New callbratlon plots shoyld be con-

%tg%cted if the correlation coefficient Is less than
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EXTRANEOUS MATERIALS

Extraction of Light Filth from Rice Flours, Extruded Rice Products,

and Rice Paper:
RUSSELL G. DENT

Collaborative Study

Food and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators: J. R. Bryce; B. C. Cox; D. D. Hughes; J. T. Karpus; J. Nagy; D. J. Vail

Two new methods were developed for the extraction
of rodent hairs and insect fragments from rice prod-
ucts: one for rice flour and one for extruded rice
products and rice paper. A 100 g sample of rice flour
was extracted with mineral oil-40% isopropanol,
followed by a water phase as needed for addit jonal
cycles. Forextruded rice products and rice pager a
225 ¢ samgle of each was initially extracted as above,
followed by asingle extraction with mineral oil- 20%
isopropanol. Both methods used an acid hydrolysis
oretrea ment followed by wet sieving and a perco-
ator extraction. Average rodent hair recoveries were
77.8% for rice flour and 82.2% for extruded rice
products and rice p aper. AveraF insect fragment
recoveries were 89.6% for rice flour and 91.9% for
extruded rice products and rice paper. Both methods
were adopted official first action.

Two methods were developed for rice products:
one for flour and another for extruded rice
products and rice paper. The methods differ
onI In amounts and concentrations of reagents
certain time frames, which are needed to
accommodate the different sample sizes for flour
100 )and extruded products and paper (2259
‘ trrha of these rodu cts are derived fro
ce their analytical characteristics vary.
wo kinds of Tice, flour, pIam and sweet, are
commercially available.” Both are made from
milled rrce .8, rice with husk and hran re-
moved Because sweet rice flour contams very
little amlylose Jrsdrffr ult to hydrol vtrlﬁe EX-
rue rice products and rice paper, which are
made from cooked rice flour and"contain much
more amylose, respond well to acid hydrolysis

pretrea ent.
ceived August 198 epted October 26, 1981
A o U R e
mro Mm mm|mmM
s

260 dop ed The ARG, S O Anal chen

ANNA C7Cclaniccn

Light Filth in Rice Flours (Powders),
Extruded Rice Products, and Rice Paper

Official First Action

44.004 Sample Preparation

@ Rice rours (powders). —PreheathotBIate

max. heat. Ad ma strrrmo har to 2 L beaker
and fare. g sample. With forceful
stream, add ca 100mLhottap mL
HC1 and fill to 800 mL mark with hot ta HZO

Place hot mixt. on hot plate and, wit
strrrmq brmg mixt. to vrgorous boil. Boil 5mm
In small incr ments tran fer hot mixt. to No. 230
sieve, Reserve 2 L beaker. Wash residue with
forcefulsream ofhot a Hz0 untrIfoamm has
subsided and H2) 1s clear. Transfer resid ue f0
reserveg 2 Lbeakerwr h 40% isopropanol. Add
maoq strrrmg bar, FrIIwrth 40% isopropanal to

mL mark.  With mag strrrm? bring to boil
on hot plate, Add 95 mLC mineral oil, 44.003(),
and boll and stir 3 min.

(b) Extruded rice products and rice paper.—Pre-
Beat hot plate [(o max. heat. Add mag. stirrin
ar 10 a2 Lheaker, and tare. Break up 225 g ex-
ruded groduct ordpaperw hile wer hmg Into
tared beaker R
mrxed wlt 150 mL HCL Hand st) vvrt Lass
rod while heating to vigorous 0oi
product |stu|denou?h use mag. strrrmg Boil
10min. _Insmall increments transferh t mixt.
fo No. 230 sieve. Reserve 2 L beaker. Wash
residue with forceful stream of hot tap HA) until
foaming has subsided and H2) Isclear. Transfer
resrdue to reserved 2 L beaker with 40% isopro-

Pano stirring bar. FrII with 40%
soRrooanoltOS mLmar With mag. strrrmg
0 hoil on hot plate. “Add 95 mL minerl

oil, 44.003(y), and borI and strr3mm

44.005 Filth Analysis

(@ Rice flours (powders) —CIamp off rubber
hose on percolator, 44.002G)2. Add 30

c 1008 N2¢N1 NN
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40% isopropanol.  Transfer hot sample mixt.
from above to percolator. Rinse 2 L beaker with
40% |sopr0%anol and pour rinse into percolator.
With same beaker, add enqugh 40% isopropanol
(cal Lgto fill percolator within 3cm oftop. Let
stand 5 min and drain contents to 5 cm from
bottom, of oil layer. Repeat fill and drain steps
at 2 min intervals with hot tap HA) until ag.
phase is clear. Drain asabove. Drain oil layer
Into 1 L beaker. Rinse percolator sides with
several alternate washes of HZ), 40% isopropa-
nol, and isopropanol, collecting rinsings in same
1Lheaker. "A %sodjum Iaurr sulfaté soln may
also be used If needed for finaf rinse. Filter onto
ruled filter paper and examine microscopically
at ¢a 30X.

b) Extruded rice products and rice pgper.—Pf,O-
ceed'as in (), except for second c;iclmg. Refill
percolator with 20%_isopropana]. Let stand
addnl5min. Drain oil layer into 1L beaker and
rinse percolator as above,

Collaborative Study

The statistical design was the same for both
methods, Each of the'collaborators examined 3
subsamples of plain rice flour and 3 of sweet rice
flourby 1 method and 3 subsamples of extruded
rice products and 3 of rice paper by the other
proposed method.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)
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The 58|ke material for each subsample con-
tained 20 elytral fragments ca 0.5 mm sg. and 20
rodent hairs ca 2mm long.. The collaborators
were instructed to report their recoveries of spike
material and to return extraction F,Iates to the

Assoclate Referee for confirmation of the
count.

Results and Discussion

Average recoveries for the rice flour method
were 89.6% for insect fragments and 77.8% for
rodent hairs (Table 1), Average recoveries for
the extruded Tice groducts and rice paper were
91.9% for Insect fragments and 82.2% for rodent
hairs (Table 2).

All"collaborators agreed that both methods
were easy to perform.. Two collaborators had
difficultiés with the initial pretreatment of rice
flour and the cleanup procedures of the extrac-
tion. These problems were corrected by clari-
meg the procedure for adding acid and water in
t eﬁretreatment, specifying “several” alternate
washes of water and isopropanol, ang mcIudmgi
an additional final wash of 1% sodium laury
sulfate It needed. Correspo,ndmg changes were
made In the applicable sections 0f the extruded
rice ﬁr?ductf and rice gaper method.

Analytical time per subsample averaged
1.5-2.0 for both methods. Although mostan-
al}/sts examined subsamples in pairs, 2 analyze
all 6 of the subsamples for a given method at one

Table 1. Collaborative results for the recovery “ of insect fragments and rodent hairs from plain rice flour b and sweet
rice flour ¢ by the proposed method

Insect fragments (20 added)

Coll 1 2 3 4 5 6
A 2 11 19 1 B %
s F 3 OE LoD
¢ 3 3 25 I
e 40N 4 99 x
E 16 19 18 1 19 ﬁ(zo)
Av. No 17.94(17.92
év%” b 89 72589.593
Repeatabilt 1.79(L75
C\/Rgproducibi)(ity 2.24(2.20}
Repeatabilt 9.95(9.77
1" Reproduciiy 120

aAssociate Referee counts in parentheses.
b Subsamples 1-3, plain rice flour.
¢ Subsamples 4-6, Sweet rice flour.

Rodent hairs (20 added)
1 2 3 4 5 b
P B 15 9 10 13
19 16 ﬁ 15 ﬁ 19
T 16 1
BRI
5 18 % 18 %5(20) 15

15.61(15.56

78.06(77.78

2.44(2.36

3.27{3.173

15.65(15.14

20.95(20.37
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Table 2. Collaborative results for the recovery * of Insect fragments and rodent hairs from extruded rice products b
and rice paper ¢ by the proposed method

Insect fragments (20 added)
3 4 5 6

2 ig(zo) 14 19
%g 17 15

D’ %
Repeatablhh{
Reprodumb ity

Repeatabnm{
Reproducibility

3 Associate Referee counfs in parentheses.
b Subsamples 1-3, extruded rice products.
¢ Subsamples 4-6. rice paper.

d Lost In analysis.

time. Counting time and ease of readlnP dpers
varied with the experlence of the ang| PIS an
amount of plant material on the filth pap ers
which ranged from very clean fo heavy The
heavy pa ﬁers were_caused by insufficient di-

estion; therefore, instructions for preheating

e hot plate to maximym heat were given at the
verY beginning of each method and"a vigorous
boil was specified.

Recommendation

|t is recommended that the Protposed methods
for the extraction of light filth from plain rice
flour, sweet rice flour, extruded rice products,

Rodent hairs (20 added)

1 2 3 4 5 6
By §on

b 9 ﬁ ﬁ(zo) ﬁ

19 15

d 18 (20) (200 ¢
24200 15 13 2o 1 23(20)

16.68(16.44

8340{82.20;

3.38(3.00

3.42(3.10

20.27(18.27

20.51(18.82

nd ri [ther be adopted official first action,
ase

results of this collaborative study.
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Defatting TeChTII% e for Two Ground Spices Using Simple Reflux
a

Apparatus: Co
RUSSELL G. DENT

orative Study

Food and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators: R. B. Bradicich; G. Dzidowski; L. Glaze; J. Quaife

Asolvent defatting technique was tested for 2 spices
which redune the same extraction process but dif-
ferent defatting agents. For turmeric, which uses
isopropanol as the defatting agent, recoveries of ro-
dent hairand insect fragments were notsn{amﬂcantly
different from those m the original collaborative
study, and this technique is recommended as an al-
ternative to AOAC method 44.122(a). However, for
oregano, which uses chloroform as the defattlng
agent, recoveries of insect fragments were signifi-
cantly lower by the reflux method. An alternative
chloroform pretreatment for oregano, therefore, is
not recommended for AOAC 44, 122(b). It is sug-
gested that reflux action defatting techniques be
considered during the developmental stages of new
methods. The technique has been adopted official
first action for turmeric.

Many AOAC methods for spices require 3 or
more open hot solvent defatting or wash steps.
This simple reflux, or “solvent saver," technique
attempts to redyce the amount of sovent re-
quire and conflne soIven t vapors to the reflux
apparatus. Pre reatment metnod
44.122(3) requnes 3 por ons of |soproPanoI and
a 10 min boil for each canﬁe pretreatment
method 44, 122gb3 requires 3 changes of chloro-
form, a 10 min boil for each change, and a short
wash with 1sopropanol after the Iasfchan%e A
beaker is used for all of the boiling steps i both
methods to permit release of the defatting sol-
ventand pIant volatiles into the atmospheére,
The solvent saver aﬁ]paratus Fldure 1 conglsts
sup ort stan s with clamped of
tom Tlasks which_are stopﬁered W|th
rupber sto pers Each hole asaglasstubeand
rubtigr hote a tachedthOntehhoste | 8onnectetd tto
a cold water source, the other to a drain oytle
With cold water circulating through the H K,

as
WhICh IS inserted into a1Lbeakercg ntaining the

ce vedA st 6198 cepted Octobe 1
TR S i
her dat f.the Asspciate Refere
gy R G AT

Figure 1. Solvent saver apparatus

sample, the solvent is heated to a boil and al-
lowed to reflux back into the sample for é set
penod oftlme Multiple units should be set up
Ipara lel with "1 connectors ratherthan |na
1es because Increased tem Pera ure atthee
o the series may affect the efficiency of the soI
vent reflux process.

SolventSaver Technique for Ground
Turmericand Oregano

0(a) Turmeric —Weigh sample into 1L beaker.
Ada 400 mL 1sopropanol to sample beaker and
boil gently on hot plate 30 min with solvent
saver apparatus fFlgure 1) inserted into beaker
P Poursamgelnt NO. 230 sieve and wash
th gentle stream of hot tap water. Proceed
Z{h extraction as in 44.12 b

b8 ano. —Form  filter pner cup
g 22(k?jwnh 400 meeakerlnto L beaker
nd weign sample into cup. Add to 1Lbeaker
Add 400"mL chIoroform f0 cup |n sample beaker
and boil entxon hotpate so ventsverda -
ratus In ood for 10 min. Transferc
buchner funnel and aspirate to slow drip.

off vacuum. Return cup to original beaker and

0004-5756/82/6505-1089-04$01.00
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cover sample with isopropanol. Boil on hot
Blate for 2min without solvent saver apparatus.

emove paper cup and aspirate to near dryness,
Turn off vacuum and proceed with extraction as
IN 44.123(b).

Collaborative Study

Three collaborators each received 12 subsam-
ples, 6 of ground oregano and 6 ¢f ground tur-
meric. The ?olla ofators examinéd s of the
supsamples of each spice by the official pre-
treatment methods 44.122s) for turmeric and
a4.122(b) fOr oregano.  The Solvent saver tech-
nique was used to'analyze the gther 3 subsamples
of each spice with the appropriate solvents. The
same Isolation method, 44.123(w), Was, used for
all subsamples. Each subsam#]lewass iked with
20 elytral raqments ca 0.5 mm sq. and 20 rodent
hair fragments ca 1-2 mm long. * The collabora-
tors reBorted their counts of the spike material
and submitted the exfraction rPlates t0 the Asso-
clate Referee for confirmation of the counts,

Results

This mini-collaborative study compared dif-
ferent defattlntg techniques for 2 previously
studied ﬁf.)lces’ urmeric and oregano. Identical
time frames and reagents were observed to pro-
vide a valid comparison, Statistical data in Ta-
bles 1-4 were calculated from the original studies
81, 2). Average recovery values obtained by the

fficial method were similar in this study and in
the original studies. Although variation was

. CHEM. (VOL. 65, NO. 5, 1982)

reater in this study, especially the reprod
?pmtty component,yn V\Pas W|¥h|n ac eptagfe
Imits.

For oregano, the solvent saver technigue gave
much lower recoveries of insect fragments than
the official method (Table,lz, and repeatabllltﬁ
and reproducibility variations were muc
nigher. There were'no differences hetween the
fwo methods in recoveries of rodent hairs (Table
2). For turmeric, recoveries of insect fragments
and rodent hair fragments were almost identical
gy tiae 4s)olvent saver and official methods (Tables

and 4)

Discussion

The purpose of this stud}/ was to determine
whether the solvent saver reflux technique could
be used as an alternative to the official methods
for defatting turmeric and oregano. When the
solvent saver reflux technique was used for
%round turmeric with isopropanol & the solvent,

6% of the solvent was saved, volatile vapors
were confined to the solvent saver apparatus, and
the economy_ and safety of the defatting were
enhanced with no compromise in effective-

ness. ,

The solvent saver reflux technique was also
used for defatting ground oregano with chloro-
form as the solvent; however, recoveries of insect
fragments were unsatisfactory compared with
those of the official method. ,

These differences in insect fra(%m,en,t recoveries
can be explained by the characteristics of the 2

Table 1. Collaborative results for the recovery * of insect fragments using official AOAC methods 44.122(b) and
44.123(b) for oregano with chloroform as the defatting agent

Solvent saver (SS)
Call 1 2
A 20 8
B 20) 19(16)
C 6(7) 9
Associate Referee
Statistic SS 0
Av. recovery 129 185
USA)Drecovery 64.5 925
Repeatabilit)(, 3.96 1.67
Rg)rodumm ity 6.50 1.67
CV. % 5
Repeatablht){, 30.70 9.00
Reproducibility 50.39 9.00

aAssociate Referee counts are in parentheses.

official (0)
3 4 5 6
15 ) 17(18)
18&17) 19 18
5(4) 18 14(15)
Original
Collaborators stgdy
sS 0 0
120 183 187
60.0 915 935
2.69 2.06 10
6.70 2.06 106
2242 11.26 5.40
55.83 1126 567



DENT:

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

1091

Collaborative results for the recovery of rodent hairs using official AOAC methods 44.122(b) and 44.123(b)

for oregano with chloroform as the defatting agent

Table 2.
Solvent saver (SS)
Coil 1 2
A X X
B 17 }6
C 16 19 19
Associate Referee
Statistic SS 0
Av. recovery 185 171
%A]DI'GCOVGW 925 85.5
Repeatabilit)(, 1.49 1.16
Rfy)rodumm ity 149 2.52
cvV.o% .
Repeatablllt)(, 8.05 6.8
Reproducibility 8.05 14.74

solvents. The low boiling point of chloroform
(6L.15°C), its elevated vapo,r_Pre,ssure (1584 tarr
at 20°C), and its low solubility in water (0.056%
at 20°C) enhance its defafting ability, Further-
more, in the reflux techniqué' when'the product
IS immersed in the solvent, the dissolved lipids
tend to elevate the hoiling point, further en-
hancing solvent action. By'elevating the boiling
point of the chloroform with_solvated I|P|ds,
solvent cycling 1s increased. - The effect of sol-
vatjon on fats and waxes of the insect fragment
cuticle, in turn, interferes with the filth éxtrac-

Official (0)
4 5 6
| ) 18
17 18 17
16 15 13
Original
Collaborators stgdy
sS 0 0
18.5 171 18.2
925 85.5 91.0
1.49 1.16 .
1.49 2.52 1.%
8.05 6.78 5.66
8.05 14.74 6.70

tion, Rodent hairs do not appear to be affected
by either solvent. , o _

Aside from having a higher hoiling point
(82.26°C), the other Solvent'used in this study,
Isopropanol, has a low defatting capability be-
cause 1t Js.highly soluble in water. Conse-
quently, it is nore sujtable f?r defatting low fat
spices without removing the fats and wakes from
Insect fragments which would uItlmateI){ Inter-
fere withthe filth extraction process. 1sopro-
panol, therefore, tends to be self-limiting in both
defatting techniques.

Collaborative results for the recovery a of insect fragments using official AOAC methods 44.122(a) and

44.123(b) for turmeric with isopropanol as the defatting agent

Table 3.
Solvent saver (SS)
Coll, i 2 3
A 18 A
B % 18 19
C 19 18 18
Associate Referee
Statistic SS 0
Av. recovery 18.9 18.8
%Drecovery 945 94.0
Repeatabiit 0.94
R;Broducib?(ity 094 i
CV. % N
Repeatab|,l|t¥, 497 102
Reproducibility 4.97 10.69

Associate Referee counts are in parentheses.

Official (0)
4 5 6
X
i 2
18 14 20)
Original
Collaborators study
$S 0 0
189 18.9 192
94.5 94.5 96.0
1.92 2.16 .
0.94 2.16 q.%
497 1143 4.84
497 1143 521
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Collaborative results for the recovery of rodent hairs using the official AOAC methods 44.122(a) and

44.123(b) for turmeric with isopropanol as the defatting agent

Solvent saver (SS)
Call. 2

|
A |
S 3

Associate Referee

Statistic SS 0
Av. recovery 178 171
% recovery 89.0 88.5
SD N
Repeatab[ht){_ 2.67 mn
Rtyarodumm ity 3.25 250
CvV % N
Repeatabl,lm{, 15.00 6.27
Reproducibility 18.26 14.12
Recommendations

When used with isopropanol as a defattlnF
agent, the solvent saver technique can be an al-
térative to the official method for turmeric,
44.122(Ta) and 44.123), With little or no loss in
insect fragment and rodent hair fragment re-
coveries. It 1S recommended that the solvent
saver technique be inserted in the AOAC official
Methods of Analysis. Because of changes in sol-
vent characteristics and low insect fragment re-
coveries, the solvent saver technique was un-
successful with chloroform and therefore is.not
recommended for oregano, Further investiga-
tions of the solvent saver technique should e
made dur|n9 development of methods which
require a defatting pretreatment.

Official (0)
4 5 b
A | 17
19 19
13 14 15 16
Origina’
Collahorators stgdy
s 0 0
17.8 17.7 17.5
89.0 88.5 875
267 11 097
3.25 2.50 0.97
15.00 6.27 5.54
18.26 14.12 554
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Howard Mold Count of Fruit Nectars, Purees, and Pastes:

Collaborative Study

STANLEY M. CICHOWICZ and RUTH. BANDLER
Food and Drug Administration, Division of Microbiology, Washington, DC 20204

Eolltjaltborators R. Bandler; G. Dzidowski; D Floyd; R. Gaiacci; J. Kaminski;

cNerney

The various mold count methods for nectars, purees,
and pastes make no adjustment for concentration of
the pulped liquid. Thus, mold counts of different
forms of the same product (e.g., guava nectar, puree,
or paste) or of the sane product from different man-
ufacturers cannot be compared. A method was de-
veloped in which the product is centrifuged under
standardized conditions, then diluted to astandard
pellet-to-final-volume ratio. Because variations in
the concentration of fruit or vegetable tissue are
corrected, comparisons of mold counts are possible.
The method wes adopted official first action.

The primary difference among fruit nectars,
purees and pastes |s concentration. Tradition-

I mold countso commtnuted fruit products
(44,096) made no allowance for variations in
concen ration. Samples of Reach nectar Rre
pared for mold count mgi by the official method
were extremelx thin with vutuaIIy no fruit tis-
sue, which |st esource of mold {0 be counted;
samples of infant peach puree, on the other hand;
had a high fruit tissue concentration. Further-
more, addition of sugar made congentration ad-
Justment of soluble Solids impossible,

In the proposed method, the plant tissue con-
centration was standardized by diluting a cen-
trifuged pellet by volume with stabilizer solu-
tion,” Comparison of mold counts of different
products of the same fruit (e.q., nectar, puree, or
paste) or of the same proddct from different
manufacturers was thus possible.

Howard Mold Count of Fruit Nectars, Purees,
and Pastes

Official First Action
44.C08

Sample Preparation

(@) . Fruit nectars —Measure 40 mL well mixedh,

sample into 40 mL graduated, thick-wall centrf.
T
eN

uu&eatte% o

H¥e SSOCIEﬁ[ eg%

L O
U ee mgoft Ep%t i@%

of

on J Asso te efereewas
g8 an omm e Fand T@
e J. Assoc. Off. Anal. Chem.

Qo
:

tube (Corning
proced asin
Fruit purees W|th no added starch.—Di|,

samgle 1+ Twith H2, measure 40 mi_ wel|
mixed sample into 40 mL_ graduated, thick-wall
centrf. tube and proceed as in 44.C09.

(C Frunpureeswnh added starch. —Wetg
frui puree into beaker and add 50 mL H 1so|n
5+ 45). Mix well and heat on steam bath 15
min. Measure 40 mL well mixed, hydrolyzed
sample into 40 mL graduated, thick-wall centrf,
tubg and proceed as in 44,C00.

d) Fruit pastes.—Disperse 1 part paste in 3
parts HA. If necessary, warm gently to break
eI Measure40meef | mixed'sample into 40

Ograduated thick-wall centrf. tube and pro-
ceed’as in 44.C0

Pcyrex No. 8340, or equiv.) and

Centrifugation and Concentration

44.C09
Adjustment

Centrf 10 min at 2200 rpm as |n 44,082,
Graduall ty t cenfrf. come 0 comnete stoP
Remove tybes and immediately decant supernate
without dIStUthn? sediment. ~Gently tap centrf.
tube to level top of sediment. Dil. se |mentW|th

stabilizer soln, 44.003(gg), as foIIows (1) peach
apncot man o and papaya: ‘ ear and
guava: 1+ E3) strawbernes bac berries,

raspberries, and blueberries: b.
roceed thh Howard mold count asin 44.096,
beginning "Clean Howard cell ..

Collaborative Study

Six collaborators each examined 6 samples of
ﬁeach nectar. All aliquots were taken from a
omogeneous mixture spiked. W|th Rhizo us

mold %chosen for It | scoarse easily recogntza%
hg/rphaeg The mol 3|kewas rown in a 250 mL

ew-cap flask cont alntng 125mL sterile peach
nectar. The culture medium was inoculated
WIth Rhizopus oId a gtgubated at room tem-
peragure.on a shaker for ?8/

After incubation, 15 mL térmalin was added
to the culture flask. - The mixture was transferred
toa Sorvall Omni-Mixer fitted with a 600 mL cup
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Table 1. Mold counts of peach nectar by collaborators

Coll, 1 2
A 40 50
B 53 50
C 45 33
D 45 47
E 3 26
F 46 43
Av, 44222
D
Repeatabilit 5{ 5.464
VReprodumb ty 6.790
Repeatablll ¥ 12.36
Reproducibility 15.35

and blended at ca 13000 rpm for 3 min, The
spiking mixture was added.in 20 mL portions to
a 3 L beaker con aining 2.5 L peach nectar and
mixed well. The moldcount was checked until
the desired mold count range was reached.

Results and Discussion

Few problems were encountered in the sample
Freparatlon and counting procedure. The col-
aborators counts are presented in Table 1
Trad |t|onally the Assoclate Referee counts the
collaborators” preparations, however the Ref
eree's counts wee unnecessary In this stud Y
The low coefficients, of variation (repeatabili
12 36% and reP dUCIbI|I'[8/ 15, 35% resenteo |n

Table Lsupport this decision. In the past, analyst
counts X|elded coefficients of var|at|on of 50%or
more In similay microscopic procedures, proba-
bly because collaborative studies were assigned
without regard Ao the analysts' training of ex-
perience in"‘mold counting.

Sample
4 5 6
44 4 42
50 50 50
31 3 45
47 51 34
38 41 38
41 51 38

This coIIabora tive study tested the centrifu-
g ation tech nl%uelnt esampepreparatlon The
Y was not mtended 0 test the analysts
abilities to count mold: however, the ch0|ce of
trained analysts and the use of coarse mold for
Btkmg the samples undoubtedly added to the
slicces

of this stﬂdy
Recommendation
Itis recommended that the propgsed method
be adopted official first action for fruit nectars,
purees, and pastes.
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Determination of Geotrichum Mold in Comminuted Fruits and

Vegetables: Collaborative Study

STANLEY M. CICHOWICZ and RUTH BANDLER
Food and Drug Administration, Division of Microbiology, Washington, DC 20204

%ollaborators: R. Bandler; G. Dzidowski; D. Floyd; J. Kaminski; F. McNerney;

. Trauba

e official AOAC method for determination of

£OLrICNUM mold in canned fruits and vegetables
(44.079) requires a series of 3 sieves, Nos. 8, 16, and
230, to separate the ﬁacklng liquid from the product
and the mold from the packing liquid. Although this
method has been successful for whole or coarsely
chopged products (e.(?.., green beans, potatoes, carrots,
and beets), finely divided products such as fruit
purees and tomato products tend to clog the sieves.
A method was developed in which the product is
centrifuged, diluted by volume, stained with crystal
violet, and counted with the sieving steps eliminated.
Ihe proposed method was adopted official first ac-
ion.

The official methods for determination of Geo-
trichum mold in fruit and vegetable products,
44,079 and 44.106, use a series of sieves, Nos, 8,
16, and 230, for the separation and concentration
of mold fragments. The method is intended for
coarse products that consist of large pieces of
intact fruits or vegetables packed in liquid which
contains few suspended pieces of finely divided
plant tissue. When used to ﬁrepare acommi-
nuted fruit such as infant peac guree., the finely
divided product clogged No. 230 sieve. The
small pieces of fruit tissue could not be separated
from the liquid by sieving. o

The proposed method eliminates all smvmg.
The sample is stained, diluted if it is aheavy paste
or puree, and centrlfu%ed. The supernatant
liquid is decanted, and the pellet of plant tissue
is diluted by volume with stabilizer solution.
The sample is counted as in 44.079(d). The
centrifugation step allows standardization of
tissue concentration before examination.

Collaborative Study

Six collaborators each examined 65amp|es of
Eeach nectar. All aliquots were taken from a

omogeneous mixture spiked with naturally
occurring machinery mold.

T AT S
e

ceENed JuMe 3 T RcbAp e OCOBR: 25, 06T

o

Geotrichum Mold in Comminuted Fruits and
Vegetables

Official First Action

44.C06 Sample Preparation

() Fruit nectars—Add 40 mL nectar and 10
drops of crystal violet stain, 44.003(5)), to 40 mL
centrf. tube (Corning, Pyrex No. 8340, or equiv.).
Mix well and proceed as in 44.C07.

) Purees with no added starch.—Add 20 mL
puree and 10 droEs of crystal violet stain,
44.003(p), to 40 mL centrf. tube. Mix well.
Bring vol. to 40 mL with H2 and mix well.
Proceed as in 44.CO7.

(c) Purees with starch added.—Add 50 mL HC1
soln (5 + 45) to 50 g fruit puree. Mix well and
heat with mag. stirring until starch clears.
Neutze soln with 50% KOH or 50% NaOH to pH
7.0 £ 1.0. Transfer 40 mL soln to 40 mL centrf.
tube and add 20 drops of crystal violet stain,
44.003(p). Mix well and proceed as in 44.C07.

d) Pastes.—Dispersed part paste in 3 parts
H2. If necessary, warm gently to break gel.
Transfer 40 mL soln to 40 mL centyf. tube and add
10 drops of crystal violet stain, 44.003€p3. Mix
well and proceed as in 44.C07.

44.C07 Centrifugation

Centrf. 10 min asin 44.082. Immediately after
centrf, comes to rest, decant ag. layer and read
vol. of sediment, Dil. sediment 1+3 (v/v) with
stabilizer soln, 44.003(qg).

Pipet and count as In 44.079(d8. EXpress re-
sults in mycelial fragments per 100 mL prepn.

Results and Discussion

The official AOAC methods, 44.079 and 44.106,
are not apgllcable to comminuted fruits and
vegetables because the finely divided products
clog the No. 230 sieve. Samples prepared by the
proposed method contain a great amount of
masking plant tissue, which makes the mold
hard to find and increases the counting time.
However, the centrifugation allows tissue con-
centration of the different forms of each product

0004-5756/82/6505-1095-02¢01 00
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Table 1. Counts of Geotrichum mold in peach nectar by collaborators and Associate Referee

Coll. !

il

-
il
il

Sample

2 3
7 1
1% 0 ;
| iV R -
75,806(100.917)

44

1
}

4 5 6
1 )
% 13]

1%

NN

aAssociate Referee counts of the same samples are in parentheses.

(i.e., nectars, purees, and pastes) to be standard-
ized before examination. _

The collaborators' counts and the Associate
Referee's counts of the collaborators' prepara-
tions are presented in Table 1. On average, the
collaborators' counts were lower than those of
the Associate Referee (75.806 vs 100.917), prob-
ably because some analysts lacked training and
practice and because of relatively Iarﬁe amounts
of masking plant tissue. The collaborators'
counts also varied more than those of the Asso-
ciate Referee, as shown by the repeatability and
rep_ro_dumb|||tf/ values. The low coefficient of
variation E)13.9 ) showed that good precision was
attained by analysts who received adequate
tratlﬂlr(ljg and practice in performing the
method.

Recommendation

Itis recommended that the proposed method
be adopted official first action for comminuted
fruits and vegetables.
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Alberta Environmental Centre, Vegreville, Alberta, Canada TOB 4L0

A simple analytical method is described for the
g_uantnanve determination of difenzoquat (1,2-

imethyl-3,5-diphenyl-IH-pyrazolium methylsul-
fateR residues in water. The method involves hi?h
performance liquid chromatography with ultraviolet
detection at 255 nm. The procedure is used to de-
termine 2 ppb to 1 ppm levels of difenzoquat in pure
and tap water. Samples which contain >50 ppb di-
fenzoquat are injected directly into the liquid chro-
matograph without prior separation, concentration,
or purification. Samples containing <50 ppb di-
fenzoquat are first enriched on Cis Sep-Pak reverse
phase cartrid%s and then injected into the liquid
chromatograph. Average recoveries of difenzoquat
were ﬁreater than 92% with a coefficient of variation
less than 45%. The method can be used for water
samgles with difenzoquat concentrations as low as

2pph.

Difenzoquat (1.2-dimeth I_-3,5-diphe_rgjy|-IH-
Pyrazollum methyl sulfate) is an herbicide used
hroughout the world to control wild oats.. Itis
a quafernary ammonium salt which is highly
soluble in water and gartltjo,ns strongly in' the
favor of water. 1thas anegligible vapor pressure
and is quite stable to hydrolytic or biological
degradation (1). Difenzoquat is the active In-
gredlent in Avenge® and Finaven® (registered
rademarks of American Cyanamid Co.).
26.9% solutjon and a 5.7% soluble powder are
registered In Canada under the Pest Control
Product Act. , ,

Analysis of difenzoquat in commercial for-
mulations has been described in the literature (2

. Steller (4) has recommended agas-llqmd
chromatograp ,|€ method validated at levels as
low as 50 ppb difenzoquat In soil, plant, and an-
Imal tissues. = This paper describes a procedure
for the quantitative determination of difenzoquat
residues In water, The method is simple, quick
and reliable, and permits rapid monitoring of
difenzoquat in water.

Received December 2,1981. Accepted February 22,1982,

METHOD
Apparatus and Reagents

() Liquid chromatograph. —Perkin-Elmer Series
[l with Rheodyne sample injector Model 7120
E’wnh_ 175 pL loop) or Model 7150 equipped with

erkin-Elmer variable wavelength ultraviolet
(UV) detector, Model LC-55, and Hewlett-Pack-
ard Integrator Model 3380A. Typical chroma-
tographic conditions: temperature, ambient;
flow rate, 2 mL/_mln;_wayeIenqth, 255 nm; chart
slr%e ,0|.5 cm/min; injection volume, 175 pL with

00p.
~\M Chromatographic column.—Whatman Part-
isil'PXS 10/24 ODS, stainless steel, 25 cm long X
46 mmid (Whatman Inc., Clifton, NJ 07014).

(c) Guard column. —Stainless steel, 7.0 cm Ionﬂ
X 4.6 mm id, laboratory-packed with Co:Pe
0DS (Whatman Inc_?. _

(d) Reagents.—Difenzoquat (analytical grade
98%+ purity) was supplied by the Laboratory
Services Division, Food Production and Mar-
keting Branch, Agriculture Canada, Ottawa,
Ontario. Analytical grade potassium dihydro-
gen orthophosphate £ZBD_H Chemical), reagent
grade 85% phosphoric acid (American Scientific
and Chemical), and pesticide grade acetonitrile
(Fisher Scientific Co.) were obtained from local
suppliers. Pure water, used thr_ou;ihout this
work, was rpFared by passing distilled water
through a Milli-Q™ water purification system
(Millipore Co., Bedford, MA 01730).
~ Tap water for spiking purposes was collected
in April 1981 from a water tap located in the Al-
Berta Environmental Centre, Vegreville, Al-

erta.

(e) Mobile phase.—See figure cagtions.

_(f) Eluant solution.—Dissolve 6.3045 g potas-
sium dihydrogen orthophosphate in 500 mL 50%
acetonitrile-water, and adjust pH of resulting
solution to 2.80 with phosphoric acid.

g) Stock solution.—1 pg difenzoquat/pL.
Accurately weigh 100 mg difenzoquat, dissolve
in water in 100 mL volumetric flask, and dilute
to volume with water.

0004-5756/82/6505-1097-05$01 00
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Figure 1. Chromatogram of 1.00 ppm difenzoquat
in‘pure water.

Chromatogral}])hlc conditions: mobile [phase 6.8045
ggotassmm,d! ydrogen orthophosphate in 500 mL
0% acetonitrilé-water, pH adjusted to 401 with
ghospho_rlc acid: injection volume, 175 pL; flow rate
mL/min; UV wavelem{;th, 255 nm: chart s[Feed, 05
cm/min; attenuation, s; temperature, ambient.

Preparation of Spiked Samples

Transfer 0.0,1.0,2.5,5.0,10.0,12.5, 25.0. 50.0,
100.0, 250.0, and 500.0 pL portions of stock so-
lution with the appropriate syringe into separate
clean 500 mL volumetric flasks. Dilute each to
500 mL with pure or tap water. Concentrations
of difenzoguat in above samples are 0.0, 2.0, 5.0,
10.0, 20.0, 25.0,50.0 pr, ana 0.10, 0.20, 0.50, and
1.00 ppm, respectively.

Determination

Water samples spiked with 0.05-1.00 ppm difen-
zoquat.—Filter samRIe through 0.45 pm MF-
Millipore filter (HA WP 01300) with sample
preparation filtration kit (Millipore Co.), and
Inject 175 pL filtrate into liquid chromatograph.
Make 3 replicate injections and calculate amount
of difenzoquat by external standard method.

Water .samlples s%iked with 2-50 ppb difenzo-
quate—Dissolve 1.70 g potassium dihydrogen
o_rthophothate in 500 mL spiked sample and
filter resulting solution through 0.45 pm MF-
Millipore filter (HA WP, 04708 with all-glass
filtration apparatus (Millipore 0.?}. _

Pass 5 mL eluant solution through Cis Sep-Pak
cartridge (Waters Associates, Inc., Milford, MA
01757) at ca 2 mL/min. _

Quantitatively pass 100 mL (or as required) of

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

0

4.29

|

L]

Figure 2. Chromatogram of 0 ppm (— ) and 1.00
pgm difenzoquat in Vegreville tap water samples.
hromatographic conditions as given in Figure 1.

above filtrate through pre-washed Ci8 Sep-Pak
cartridge at 2.5 mL/min. _

Drain and discard water from cartridge, and
elute dlfen20(1uat with eluant solution at ca 1.0
mL/min. Collect first 5 mL eluate in 5mL vol-
umetric flask. o

Make 3 rei)llgate 175pL mAectlons of concen-
trated sample into liquid chromatograph and
calculate amount of difenzoquat by external
standard method.

Results and Discussion

Water samples (pure or tap water) spiked at
0.05-1.00 ppm levels were injected directly into
the liquid chromatograph by using a sample in-
jector equipped with the 175pL loop. No major
sample prei)aratlon was required except filtration
of the small volume of water sample through a
0.45 ﬁm filter to remove particulate material
which might plug the column, hydraulic lines,
or in-line filters. ~ In the present work, sample
filtration and injection into the liquid chroma-
tograph was accomplished simultaneously by
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Effect of variation of eluantionic strength
on retention time of difenzoquat.

Chromatographic conditions: mobile phases: mix
amounts of solution [ (6.8050 Botassmm dih drogen
orthophosphate In 5h0 mL 50% acetonitrile-water

Figure 3.

adjusted to pH 3.00 with phosphoric acid) and solution
[1(50% acetonitrile-water adjusted to pH 3.00 with
phosphoric acid) to achieve desired concentration of
potassium dihydrogen orthophosphate in mobile
Phase; Injectiori volume, > pL (100 nq of difenzoquat);
low rate, 2 mL/min, UV wavelen[% h, 255 nm; chart
speed, 0.5 cm/min; temperature, ambient.

using the sample preparation kit. The Luer end
of the syringe barrel was fitted with an adaptor
for injection into the sample injector for LC de-
termination. Figures 1and 2 are chromatograms
of 175fiL (175 ng) of 1 ppm difenzoquat in pure
and tap water samples, respectively. The peaks
at 1.31 and 3.24 min in Figure 2 were due to some
unknown impurities present in the tap water
saw)_le.. N
Vithin-run precision was calculated on the
basis of 5 replicate samples of pure water spiked
at 0.25 ppm difenzoquat. The average recovery
of difenzoquat from these samgles was 98%; the
coefficient of variation was 2.0%. .
The linearity of UV detector response for di-
fenzoquat was checked. Resultswere plotted as
peak area vs concentration of difenzoquat in the
pure and tap water samples. The calibration
graphs showed no significant difference. The
curves were linear over the concentration range
examined (pure water, r = 0.999; tap water, r =
0.998), and gave a lower limit of detection of 0.05
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Figure 4. Effect of variation of eluant acetonitrile
concentration on retention time of difenzoquat.

Chromatograﬁhic conditions: mabile phase, 0.6805
2 potassium “dihydrogen orthophosphate 1 500 mL
0-80% acetonitrile-water adjusted to pH 2.80 with
ghosphorlc acid, other conditions as given in Figure

ppm or 8.75 ng/175 /uL of the injected material
(3|grnal-to-n0|se ratio = 2). _
The effects of eluant ionic strength, acetoni-
trile concentration, and pH on the retention of
difenzoquat on the Ci8reverse phase analytical
column were studied. The results are shown in
Figures 3-5. Decreasing the ionic strength, ac-
etonitrile concentration, and/or increasing the
pH of the mobile phase increased the retention
of difenzoquat; the reverse was also true. The
study was helpful in selecting the composition
of the mobile F_hase to achieve good separation
of difenzoquat in the presence of |mEur|t|es.
Water samples spiked at 2-50 ppb levels of
difenzoquat were studied by extracting the di-
fenzoquat from these samples and then analyz-
ing the extracts by high performance liquid
chromatography. The method for extracting
difenzoquat from these samples was based on the
affinity of ion pairs for reverse phase chromato-
graphic support. The basic theory of the ion-pair
technique and its practical asﬁects have been
discussed (5, 6). Potassium dinydrogen ortho-
phosphate was used as an ion-pair reagent, and
was added to each water sample. A Mini-Pump®
(Milton Roy Co., St. Petershurg, FL) was used to
pass the appropriate amount of water sample
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Figure 5.

Chromatographic conditions: maobile phase, 0.6805
%Eotassmm dihydrogen orthophosphate in 500 mL
0% acetonitrile-water adjusted to pH 2.80-5.80 with
ghosphorlc acid; other conditions as given in Figure

through the Cig cartridge. Any other appro-
priate device for passm? a larger volume of
sample could also be used for this purpose. After
sufficient concentration, the difenzoquat was
desorbed from the cartridge with the eluant so-
lution and then anaIKzed K high performance
liquid chromatqgrap y. T _
ing) of the cartridge with the eluant solution was
necessary hefore the concentration step. No
difenzoquat was adsorbed on the cartridge when
any of the above spiked samples (without the
addition of ion pair reagent, KH2PO4) were
E@SSEd through the untreated Snew) cartridge.

igure 6 is a chromatogram of 0 and 50 ppb di-
fenzoquat in tap water samples. The peaks
at 1.31 and 1.91 min were due to some unknown
impurities present in the tap water. An attempt
to eliminate such impurities by washing the
cartridge with 10-50 mL ether-hexane (20 + 80)
before desorption was not successful. Recov-
eries of difenzoquat from the pure and tap water
samples (Table 1) were greater than 92% with a
coefficient of variation of less than 4.3%.

To determine within-run precision, 5 pure
water samples were spiked at 20 ppb difenzo-
quat, and carried through the procedure. The
average recovery of difenzoquat from these
samples was 95%, and the coefficient of variation
was 4.1%.
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Figure 6. Chromatogram of 0 ppb (— )and 50 ppb
difenzoquat in tap water.

Chromatographic conditions: mobile phase, 0.02M
potassium dihydrogen orthophosphate-acetonitrile
(50 + 50) adljusted to pH 3.02 with phosphoric acid;
Injection volume, 175 RL; flow rate, 2 mL/min; UV
wavelength, 255 nm; chart speed, 0.5 cm/min; atten-
uation, 4; temperature, ambient.

_The calibration curve between peak area and
difenzoquat concentration (Table 1) was linear
over the concentration ran(%e examined and gave
a correlation coefficient of 0.999: this linearity
showed that the method was well suited for th
determination of difenzoquat in water. The
recovery values listed in Table Lreveal the high
efficiency of the method. _ -

‘The method was also tested with Vermilion
River water which was fortified with difenzo-
quat. The results were similar to those for Ve-
greville tap water samples.

This method presents a rapid, accurate proce-
dure for determining difenzoquat in water and
has a potential for application to analysis of other
pesticide residues.
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Table 1. Recovery of difenzoquat from fortified pure and tap water samples3

- . : Pure water Tap water
Fortificat \0. Dif t
Sample Pevlell,CSplgn Cglnesgmﬂ_e p}ees%%q%% Ree,pg Ree,%  Reepg  Ree,%
5 gg 100 gg 483 98.
100 2.22

N

o Wy

3 Each value isan average of 3 replicate determinations. Chromatographic conditions are given in Figure e.
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A method capable of determinin% 0.1 ppm 1080 (so-
dium fluoroacetate) in 1 g animal tissue was devel-
oped. Itinvolves extraction of 1080 from the sample
with acetone-water, and then evaporation of the ac-
etone followed by extraction of 1080 as fluoroacetic
acid from water with ethyl acetate. Ethyl acetate is
removed by volatilization from fluoroacetic acid
which is retained as the triethanolammonium fluo-
roacetate salt. Fluoroacetic acid is subsequentlr
derivatized with a-brom0-2,3_,4,5,6-%entafluoroto .
uene and quantitated by gas-liquid chromatography
with an electron capture detector. The method is
rapid and requires no special apparatus or equipment
and no more than 12 mL of any one solvent. Recov-
eries of 1080 from tissue samples fortified with
0.1-100 ppm averaged about 85%.

Several gas-liquid chromatograﬁhic (GLC)
methods ?l_-G) and, more rec_entl_Y, igh perfor-
mance liquid chromatographic ( PLC% methods
(7, 83 have been reported for the determination
of 1080 (sodium fluoroacetate). These methods
require some type of derivatization of sodium
fluoroacetate, either because of poor chromato-
graphic properties of the conjugate fluoroacetic
acia or because of limited detection of the acid by
the detector systems used. Most GLC methods
involve conversion of the acid to an alkyl ester
for chromatographic separation and measure-
ment with a flame ionization detector (1-4) or by
mass spectrometry {(5). Flame ionization detec-
tion procedures lac .sensmvnY, and mass spec-
trometr¥ is not readily available for routine use
in most laboratories. In HPLC methods, 1080 is
derivatized with o-p-nitrobenzyl-N-N'-diiso-
propylisourea and measured withan ultraviolet
(UV) detector (7) or measured by fluorescence as
the derjvative of 4-bromo-methyl-7-methoxy-
coumarin (8). Based on the minimum amount
of derivative detected in a standard solution, a
sensmwt{/greater than 0.1 ppm was estimated
for the UV method but recovery data were not
presented for levels below 1ppm. In the fluo-
rescence procedure, a detection limit of 0.2 ng
sodium fluoroacetate as the derivative was re-
ported but the lowest 1080 spike level tested with
samples was 100 mg/kg.

Received October 27,1981, Accepted February 9,1982.

Previously, we reported a GLC method for the
determination of 1080 in which it is derivatized
with  a-bromo-2,3,4,56-pentafluorotoluene
(pentafluorobenzYI bromide, PFBB) and mea-
sured with an electron capture detector (6).
Although the sensitivity of the method was
about 0.2 ppm, recoveries were only in the 20-
30% range. The low recoveries resulted from
losses incurred in the cIeanu_P procedure which
consisted of a sequence of silica gel adsorption
and distillation steps to separate fluoroacetic acid
from co-extracted water. \We have since modi-
fied the method by eliminating the 2 steps and
asa result have substantially improved recoveries
to about 90%. In addition to the improved re-
coveries, the method is considerably simpler and
requires less time.

METHOD

Reagents and Apparatus

(@) Solvents.—Analytical reagent acetone
(Sargent-Welch, Skokie, IL 60077();; distilled-in-
8!ass hexane and 2,2 4-trimethylpentane (Bur-

ick & Jackson Laboratories Inc., Muskegon, MI
494423; nanograde ethyl acetate (Mallinckrodt
Ingy\Paris, KY 40361). _

Solutions.—Sodjum fluoroacetate (Sl;;ma

Chemical Co., St. Louis, MO 63178), 1000 qg/mL
standard solution in acetone-water (9 + 11]
a-bromo-2,3,4,5,6-pentafluorotoluene (Aldric
Chemical Co., Milwaukee, W1 53233), 10%solu-
tion in 2,2 4-trimethylpentane; Baker Analyzed
reagent triethanolamine %] T. Baker Chemical
Cto., Phillipsburg, NJ 08865), 10% solution in ac-
etone.

(c) Gas chromatograph.—Tracor MT-220
equipped with 63Ni detectors and EC linearizers.
Operating conditions: inlet temperature 150°C,
detector 350°C, column temperatures and carrier
gas (10% methane in argon) flow rates specified
with chromatographic columns.

(d) Gas chromatographic columns and condi-
tions.—Three 1.8 m X 2 mm id glass columns.
Column packing, temperature, and carrier gas

i AR ) 5 S e o com
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flow rate: (1) 5% QF-1 on 100-120 mesh Chro-
mosorb W DMCS, 90°C, 35 mL/min, éZ) 111
mixture of 5% QF-1 and 3% DC-200/12,500 on
100-120 mesh Chromosorh W DMCS, 90°C, 25
mL/min; (3) 05% OV-210 + 0.65% OV-17 on
100-120 mesh Ultrabond 20M %Ultra Scientific
Cor;).,.l Main St, HOﬁe, RI 02831), 100°C, 20
mL/min. Columns should be freshly packed
and used exclusively for 1080 analyses. Column
life is indefinite under normal use but reduced
column performance may result if used for other
analyses.

Procedure

Sample extraction and cleanup.—Weigh 1 g ho-
mogeneously ground tissue sample into 20 X 120
mm screw-cap culture tube, add 4 mL acetone-
water (8 + 2), cap (Teflon-lined), mix in ultra-
sonic bath >15 min, centrifuge, and decant su-
pernate into 15 X 110 mm screw-cap tube. Re-
peat extraction of sample twice with same vol-
ume of solvent. Place tube in hot water bath
(<65°C to prevent bumping) and reduce volume
to ca 2 mL with gentle stream of nitrogen. Par-
tition agueous solution with 3 mL hexane, cen-
trifuge, and draw off and discard hexane with
hypodermic syringe or aspirator. Repeat twice
with same amount of hexane. Add 0.2 mL IN
HC1 to aqueous solution. If sample is suspected
of being highly alkaline, measure pH of aqueous
solution and adjust to pH <2.  Extract (shake
wgorously 2-3 min) aqueous layer with'3 mL
etl Kl acetate, centrifuge, transfer ethyl acetate
with clean hypodermic syringe to clean 15 X 110
mm screw-cap tube. Repeat extraction 3 times
with same amount of eth?/l acetate.  When
transferring ethyl acetate, let a small amount
remain so that absolutely none of the lower
agueous layer is included in the transfer. Add
100 pL triethanolamine-acetone solution to ethyl
acetate, mix, place in hot water bath (ca 70°C),
and evaporate to dryness with astream of nitro-
gen. Add 5 mL acetone to tube containing
sample, cap (Teflon-lined, gas-tight), and mix in
ultrasonic bath >5 min. If sample solution
contains <100 pg 1080, proceed to derivatization
step. If sample solution is suspected of con-
taining a larger quantity of 1080, dilute aliquot
containing >100 pg to 5 mL; then proceed to
derivatization step.

Derivatization and gas chromatographic analy-
sis—Add 0.1 g K2C03 (reagent, anhydrous,
granular), 0.5 g Na2s04 (reagent, anhydrous,
granular), and 100 pL 10% PFBB solution. For
diluted sample solution, use pr_ogortlonately less
(but>20pL;)10% PFBB. Cap tightly, vortex mix,
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and heat at 55°C in tube heater (or equivalent)
for 30 min. _

_Prepare 0.2-2 pg/mL working standard solu-
tions by derivatizing 1-10 pL aliquots of 1000 g
sodium fluoroacetate standard/mL. For <0.c
pg/'mL working standards, derivatize appropri-
ate aliquots of 100 p§/mL standard (1000 pg/mL
standard diluted 1:10 with acetone). Place ali-
guot in 15 X 110 mm screw-cap tube containing

mL acetone, add K2C03 and Na2504 as for
sample butonly 20 pL PFBB solution, cap, vortex
mix, and heat with samples at 55°C for 30 min.
Do not derivatize more than 50 pL of 1000 pg/mL
sodium fluoroacetate standard, to avoid intro-
ducing an excessive amount of water which in-
terferes in the derivatization reaction.

Analyze derivatized sample solution on 2 gas
chromatographic columns. For routine analysis,
use mixed (gF-l/DC-ZOO and Ultrabond 20M
columns; QF-1 column can be used as an alter-
native column. Inject 1-2 pL sample solution,
and compare peak heights with workln% stan-
dards for quantitative measurement. It peak
height of sample solution is too large and extends
off| scale, dilute solution to appropriate
volume.

Results and Discussion

One of theJ)robIems encountered in GLC or
HPLC methods for the determination of 1080 is
the difficulty in separating fluoroacetic acid from
water that is used as the extraction solvent or that
is co-extracted from tissue samples. Organic
solvents used to partition fluoroacetic acid from
water also extract an appreciable amount of water
which later interferes in the various derivatiza-
tion reactions used to convert fluoroacetic acid
to a compound suitable for chromatographic
analysis. The usual separation procedure is to
evaporate the solvent and water after the addi-
tion of an inorganic hase such as sodium or po-
tassium hydroxide to form the fluoroacetate salt.
This procedure requires critical adjustments of
pH to prevent loss of fluoroacetic acid through
defluorination (4) or conversion to glycolic acid
(8). Separation of fluoroacetic acid by this pro-
cedure and later derivatization with” PFBB re-
sulted in low recoveries even with careful con-
trol of pH. Good recoveries, without pH ad-
justments, were obtained when triethanolamine
was used as the base. Recoveries averaged 101
t %N = zgand 96 £ 1% (N = 4), respectively,
when 2 and 10 pg 1080 were extracted from
water, taken through the concentration proce-
dure, and derivatized with PFBB.

All solvents used were tested through the an-
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alytical procedure to verify the absence of in-
terfering contaminants. This was necessary
when some solvents were found to contain im-
purities that appeared, either before or after
derivatization, as extraneous peaks near the re-
tention time of the 1080 derivative peak in the
GLC determination. No problems due to im-
purities in the PFBB reagent were encountered
In the GLC analfv5|s despite the use of several
different vials of the reagent ﬁurchased at dif-
ferent times. Chromatograp ic peaks due to
compounds other than PFBB were present in the
chromatograms but none was observed near the
retention time of the 1080 peak. The PFBB re-
agentand 10%solution were stored at —10°C to
minimize deterioration when not in use, and
were brought to room temperature before
opening for use to avoid condensation of mois-
ture. The addition of a sufficient amount of
PFBB was necessary to ensure complete deriva-
tization of fluoroacetic acid in samples. Best
results were obtained with 75-100 gL of the 10%
PFBB solution. Smaller amounts occasionally
resulted in low recoveries and larger amounts
resulted in elevated baselines which made
quantitative measurements more difficult for low
concentrations of 1080. _

The 3 gas chromatographic columns described
under the method were used to obtain recovery
data. In our work, the QF-1 and mixed QF-1/
DC-200 columns were routinely used and the
Ultrabond 20M was used as a backup column.,
Quantitative measurements were made on the 3
columns and percent recovery was usually cal-
culated from the average of the 3 results which
were %enerally within 8% of the mean. Occa-
sionally, the controls of some stomach samples
that were deca%/_ed or spoiled showed a?eak near
the retention time of 1080 on the QF-1 column
but not on the QF-1/DC-200 or Ultrabond 20M
columns. For these samples, the percent recov-
eries of added 1080 were calculated from the re-
sults obtained on the latter columns. Figure 1
shows chromatoqra_ms obtained with the 3 col-
umns for the analysis of a 19 sample of stomach
fortified with 1 gg 1080. "Not shown in the
chromatograms are large, late-emerging peaks
that varied in number and size with different
samples. Toshorten GLC analysis time, the oven
temperature can be elevated to 200°C after the
1080 peak has appeared, to facilitate faster elution
of the late-emerging compounds.

Recoveries of 1080 from 1? samples of coXOte
stomach and muscle tissue fortified with 1080
averaged 50-58% at 0.1 ppm and 80-98% at
0.2-100 ppm (Table 1). Higher average recov-
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Figure 1. Gas chromatographic analysis of stomach

content on 3 different colunns; lower chromatograms,

control samﬁle; upper chromatograms, 1 g sample

fortified with 1/,91080; 1 pL |nject|on(eguwalen to
0.2 mg sample); attenuation at b4.

eries of 90% were obtained at 0.1 ppm when 10
glsam oles of muscle tissue were fortified and a
0% aliquot of the sample extract was processed
for cleanup and analysis. Although the lowest
fortified level reported is 0.1 ppm, lower con-
centrations can probably be detected. Under
typical operating conditions of the 3as chroma-
tograph, the derivative of 5-10 P_g 1080 was ea5|l?/
detected at a signal-to-noise ratio of at least 2. [f
this cetection limit is assumed for samples, a
sensitivity of about 0.03-0.05 ppm is indicated.
The determination of 0.1 ppm or less of 1080 may
often be necessan{] for diagnosing 1080 poison-
ing, especially when canine tissues are being
analyzed, We have detected residue levels near
0.1 Fpm in the muscle tissue of a coyote that had
orally ingested alethal dose of 0.16 mg 1080/kg
body weight (Table 2). Since the LD5o for ca-
nines is near 0.1 mg/kg, residue levels would be
extremely low in tissues of an animal that con-
sumed a minimum lethal dose of 1080.
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Table 1. Recovery of 10%(s)sfﬁgm L samples of fortified

Added, #oglg  Recoveries, % Mean rec., % ( SD)
Stomach
01 6 58 (+
i9 ggsggoggéf w 0
2 B 1

Muscle

Bjia , 90, 5% ts
Lo hEwm i
10 35 a0 i
P 4 % _5

apll sam%| 33 fortified and a 10% aliquot of extract
solut|on as analyze

1+

—+1+1

All samples should be routinely analyzed on
atIeast2d|53|mllargaschromatographlc columns
and the 1080 peak should be identified by re-
tention time on both columns to minimize false
positive results. Our experience has indicated
that the Ultrabond 20M and mixed QF-1/DC-200
columns are the most reliable. If necessary, ad-
ditional confirmation can be made by GLC-mass
spectrometrr Samples should be derivatized in
asmaller volume of acetone to facilitate detection
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Table2.  Analysis of muscle tissues from 1080-poisoned
coyotes

E%% q{g@;ﬁ%ﬁgg@g i

by mass spectrometr%l The volume of acetone
would depend on the amount of 1080 in the
sample and the sensitivity of the mass spec-
trometer. The mass spectrum of pentafluoro-
benzyl fluoroacetate has heen reported previ-
ously (6).

Mean, ppm £ SD
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Gas-Liquid Chromatographic Determination of Fenvalerate
Insecticide Residues in Processed Apple Products and By-Products

TERRY D. SPITTLER, ROBERT J. ARGAUER,1 DONALD J. LISK2

RALPH O

. MUMMA 3 and GEORGE WIN

NETT:

New York State Agricultural Experiment Station, Pesticide Residue Laboratory, Cornell

University, Geneva, NY 14456

Collaborators: E Bogus; E. Greco; W. Gutenmann; R. Marafioti; E Miles; P. Wszolek;

L. Zimmerman

Apples from trees treated in the field at 2-week in-
tervalsé9 foliar applications) with the synthetic py-
rethroid insecticide fenvalerate (cyano(3-phenoxy-
BhenmeethyI 4-ch|0ro-a|pha-(|-methylethyls/

enzeneacetate) were processed into ap(gle sauce,
juice, pomace, and peels plus cores. Gas-
chromatograghm analysis of the commodities for
fenvalerate showed the sauce and juice to be essen-
tially residue-free, the whole apples to contain about
0.4 ppm, and the pomace and peels plus cores to con-
tain about 2 and 1.5 ppm, respectively. Agreement
among 5 laboratories using modifications of the same
basic method was good.

as-liquid

Fenvalerate (cyano(3-phenoxyphenyl)methyl
4-ch|oro-a|pha-(|-m_ethylethyI)b_enzeneacetateg,
also known as Pydrin or Sumicidin, is an effec-
tive broad spectrum synthetic pyrethroid insec-
ticide with adequate stability in the field. This
compound is presently being used extensively
on avariety of crops including fruits, field crops,
and ornamentals. ~ Itis effective on pests resistant
to other chemicals, has alow mammalian toxicity,
and is used at low dosage rates compared with
other agricultural chemicals E)l). Although some
residue information has been gathered on
field-harvested crops, and all required toxico-
logical and registration data have been submitted
to and accepted by the Environmental Protection
Agency (EPA Reg. No. 201-401), the overall data
base is small, particularly with regard to pro-
cessed commodities. .

In the work reported, residues of fenvalerate
were determined in field-treated aPpIes, juice,

canned sauce, pomace, and peels plus cores by
5D
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particiEants in Northeast Regional Project No.
115 F]N -115). ,

_The program provided an excellent opportu-
nity for the 5 cooperating laboratories to compare
data generated either by strict adherence to the
manufacturer's method, or by modifying the
method through a change in solvents, proce-
dures, or equipment that a given laboratory
might routinely use as a matter of preference,
convenience, or necessity. .

Cooperating laboratories are designated 1-V.
All sample production, ﬁroc_essm_g, and distri-
butloln was done under the direction of Labora-
tory 1.

Experimental

Samples

AFpIes.—_Mature Mclntosh and Red Rome
apple trees in Orchard 12A atthe New York State
Agricultural Experiment Station (NYSAES) are
arranged in random blocks with 4 other varieties.
Sets of 3 replicate blocks were treated with the
commercial formulation, Pydrin 2.4E #2.4 Ib ai/
gal. of emulsifiable concentrate), at the following
rates: one set at the recommended rate (I1X) of
2 0z ai/100 gal.; one set at twice the recom-
mended rate (2X), i.e., 40z ai/100 gal.; one check
(CH) set receiving no treatment.

Starting at petal fall, trees were sprayed to
runoff with a hand sprayer at 460 psi on May 18,
May 29, June 13, June 26, July 9, July 27, and
August 7,1979 for a total of 7 apprllcatlons in the
post-bloom control program.  Two pre-bloom
applications were applied on April 24 (half-inch
green) and Mag 8 (pink). .

One standard apple box (approx. 40 Ib) of fruit
was picked from each replicate tree and the 3
boxes for each set were composited and subdi-
vided for processing. Mclntosh apples were
Plcked the second week in September 1979; the
ater-maturing Red Romes were harvested the
second week in October 1979. Produce was held

$01.00
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Table 1. Production of apple juice and pomace

Sample Ma.?(hgygzlds
H A0/ 24/

;
S 1018wl i R

S Dl e

—

—_ ==
—_————

in raw products storage (commercial conditions)
at 35°C until processing in January 1980.

Whole fruit—Approximately 10 kg apples from
each variety-treatment composite were chopped
in_a Hobart food chopper. Care was taken to
minimize the amount of juice formed as a result
of chopping. Afterthorou?h mixing to ensure
homogenelty, 1 kg subsamples were bagged and
frozen (—20°C). _

Apple juice and apple pomace.—Sixteen kg apples
from each composite sample were milled on a
Model D comminuting machine (W. J. Fitzpatrick
Co., Chicago, IL) at 4200 rpm with aNo. 4 screen
to %leld between 15.36 and 15.83 kg mash. See
Table 1 for complete Jumn% Parameters and
yields. Exactly 15.00 kg mash from each hatch
was pressed on asmalld)ress_of NYSAES design
at 500 psi followed by 1000 psi. Jum_e?/leldsw_ere
between 75 and 86% with pomace yields ranging
between 21 and 16%. Juice subsamples of 1.8 L
were frozen at —20°C mglastlc bottles. Pomace
subsamples of about 1.5 kg were bhagged and
frozen. .

Applesauce and peels plus cores,—Approximately
100 _api)les from each composite set were auto-
matically peeled and cored on a Pease 4-station
apple Beeler and deposited in an air-agitated cold
water bath. Collected peels and cores comprised

Juiiegygzldﬁ

Pom%?%eldb Juice Brixc

/
10/

s

between 19.8 and 25.5% of the starting weights
Bsee Table 2 for saucing details). An additional
1-2.2% of the fruit weight was hand-trimmed
before dicing. Apples were conveyed to a Model
B dicer (Urschel Laboratories, Valparaiso, IN),
where they were sliced lengthwise into 34 X 5n
in. pieces suitable for pulping in a Langseenamp
laboratory pulper-finisher at 800 rpm with a \s
in. mesh screen. Sauce was cooked in acontin-
uous-feed cooker of NYSAES design at 207-
212°F. The consistencies and the percent solids
of the sauces were measured, and water and
sugar were added as necessary to Produce prod-
ucts of commercially acceptable properties.
Sauces were then automatically measured and
sealed in No. 303 (15V20z) cans on an American
Can Co. 34-A 006 vacuum closing machine.
Canned sauce was stored at room temperature
until distribution. Peels and cores plus small
amounts of trimming and pulping waste were
mixed and divided into 500 g subsamples which
were held at —20°C. o
Identical sets of 30 samples were distributed
to the 5 participating laboratories. Each set
consisted of Pydrin-treated samples at 1X, 2X,
and check rates for both McIntosh and Red
Romes—coded MPOI, MP02, MPCH, RPOI,
RP02, and RPCH, respectively. Each coded

Table 2. Production of applesauce and peels and cores

Sample peWeF?kg V\{%%%g
H . [24.
é H 7 |
| B 2 :

BT G5 S Seh o sihr e

I
sollsgs, %

il adbenn RO

[

i: 4
. i
| 9
' B
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sub-set contained one sami)le each of chopped
whole fruit, apple juice, apple pomace, peels plus
cores, and canned applesauce.

Copies of the residue method and fenvalerate
analytical standards (99%) were provided cour-
tesy of the manufacturer, Shell Development Co.,
Blologlcal Sciences Research Center, Modesto,
CA 95352 (2).

Methods

Standard laboratory glassware and pesticide
%rade solvents were used by all laboratories.

lenders and equipment commonly found in any
residue laboratory were used. Unique methods
andb edqmpment for each laboratory are de-
scribed.

Extraction and Cleanup of Samples

Laboratory 1.—Blend 50 g samples with 100 mL
acetone for 3 min, filter, and transfer filtrate to
500 mL separatory funnel. Add 30 mL saturated
Na2504 solution, 100 mL water, and 100 mL
Skelly-Solve B. Shake 1 min, let phases separate,
and draw off and discard bottom aqueous layer.
Force 10 mL aliquot of organic layer through
Florisil Sep-Pak cartridge (Waters Associates) and

collect and save eluate for gas-liquid chroma-

tography (GLC). _
Laboratory 1L.—Weigh 50 g sample into Sorvall
Omni-Mixer cup 3500 mL size) with 200 mL
hexane-isopropanol (3 + 1). Blend athigh speed
2 min with cup lowered In ice-water bath and
filter through paper into 250 mL separatory
funnel. After rinsing blender cup and filter 2
times with 20 mL solvent (hexane-isopropanol),
remove isopropanol by ad_dmg 100 mL water and
shaking carefully for "1 min; drain and then dis-
card lower (agueous) phase. Wash hexane layer
with 2 additional 100 mL volumes of water to
remove all isopropanol, drain into 200 mL

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

beaker, and add boiling chip. Reduce volume
on steam table to concentration suitable for in-
jections for GLC (50-100 gL). Where necessary,
further concentrations are carried out under a
stream of nitrogen. .

Laboratory 11L—The whole fruit, cores plus
skins, pomace, and sauce are analyzed as follows;
Weigh ca 50 g sample into Waring blender
eqmpged with 18t screw-cap glass jar. Add 30
gNaZ 04and 200 mL methylene chloride and

lend 2 min. Filter supernate through Whatman
2V gaper and transfer one-half the total volume
(100 mL) to 250 mL round-bottom flask. Evap-
orate methylene chloride in rotary evaporator at
42°C under vacuum until just dry. Redissolve
residue in 20 mL hexane; transfer to foil-lined
screw-caﬁ vial for GLC analysis. o

Treat the juice differently: Transfer 50 g juice
to 500 mL ser)arato_ry funnel and add 50 mL sat-
urated NaCl solution and 200 mL methylene
chloride. Shake separatory funnel 2 min and let
layers separate. Filter methylene chloride
through Na2S 04 pad, transfer aliquot of one-half
total volume (100 mL) to round-hottom flask, and
evaporate in rotary evaporator at42°C until just
dry. Redissolve juice residue in 20 mL hexane
and transfer to foil-lined screw-cap vial.

Laboratory 1V.—Blend 50 g sample 3 min with
150 mL hexane-isopropanol (3 + 2 Filter; then
wash 90 mL aliquot in separatory funnel 3 times
with 100 mL water. Elute hexane fraction
through 6 g Florisil column which is then
washed with additional 50 mL hexane. Elute
fenvalerate with 50 mL ethyl acetate-hexane (5
+ 95) and concentrate to 1.0 mL for GLC.

Laboratqr?/] V.—Applesauce: Blend 100 g
sample with 200 mL methylene chloride, an
filter. Concentrate 50 mL aliquot to near dryness
on Rinco evaporator, and dissolve residue in 10
mL hexane for GLC.

Table 3. Fenvalerate residues in chopped whole apples (ppm)

Lab.s RPCH RPOI RP02

<0 , , <

f 3 . y
() , , <
(. , , <
<(. , , <

X . .

S t 0,

a,(zESFHSII ey G

&5 enns¥lv nia State mv%:itx Unli(vrity Park, PA
= Rutaers Unyversity, New Brundwic
bAT/er;étge%??tegive%guﬁhur{%t e(ts%ﬁle '17and 2 ppm.

MPCH

I

MPO1 MP02 Recovery, %
at Q.4 ppm
L
8—110 at0.01 ppm
+ +
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Table 4. Fenvalerate residues in apple juice (ppm)

Lah3  RPCH RP01 RP02 MPCH MPOL MP02 Recovery, %
@ s Eg:ggs Egggs ) Z Zgﬁ Eéﬁ 1%32% g:go%“é;ppm
<(). <(). <(. <(Q. <(). <(. at 2.0 pp
<(). <(). <{. <(). <{. <0).
<0. <0. <0.01 <(. <0. <0. &-PlOat0.0lppm

ab See footnotes, Table 3.

Aﬁplejuice: Shake 100 g sample with 200 mL
methylene chloride in separatory funnel.
Concentrate 50 mL aliquot of methylene chloride
layer to near dryness on Rinco evaporator, and
dissolve residue in 10 mL hexane for GLC.

Apple skins and cores: Blend 100 g sample
with 200 mL methylene chloride, and filter.
Transfer 2 mL aliquot to glass vial, concentrate
to near dr{ness with nitrogen purge, and dilute
with 15 mL hexane for GLC. _

Whole fruit: Blend 100 g sample with 200 mL
methylene chloride. Add anhydrous Na2SCxto
break emulsion. Filter sample, and concentrate
5 mL aliquot to near dryness with nitrogen
purge; dilute with 50 mL hexane for GLC,

Pomace: Blend 50 g of sample with 200 mL
meth_rlene chloride, filter, and concentrate 1.0
mL filtrate to near dryness with nitrogen purge.
Dilute with 50 mL hexane for GLC.

Chromatographic Analyses

Laboratory |.—Analyze sample on Tracor
Model 220 gas chromatograph eqmpped with
63N electron capture detector, using 3 ft X '4in.
lass column of 5% OV-101 on 80-100 mesh

as-Chrom Q, and the foIIowi.n? conditions:
column 237°C, detector 295°C, inlet 220°C, ni-
trogen carrier gas. Samples will chromatograph
as single peaks; compare areas with those for
standards on a 4-point standard curve.

Laboratory 1l.—Analyze samples on Tracor
Model 222 gas chromatograph equipped with
63N detector and 180 cm X 4 mm id glass col-

Table 5. Fenvalerate residu

Lab3  RPCH RPOI RP02 MPCH
A N X
LW BB R

S 077 1]
ab See footnotes. Table 3.

umn of 3% OV-17 on 100-120 mesh Gas-Chrom
Q, and using the following conditions: column
245°C, detector 295°C, inlet 270°C, nitrogen
carrier gas. Fenvalerate is resolved as 2 peaks
with retention times of 16.9 and 18.8 min.
Combine peak areas for each sample and com-
pare with those on a standard curve.

Laboratory 111.—Analyze samples on Tracor
Maodel 222 gas chromatograph equipped with
63N detector and 4 ft X4 mm id column of 3%
SP-2100 on 80-100 mesh Supelcoport, and using
the following conditions: ~column 240°C, de-
tector 310°C, inlet 250°C, nitrogen carrier gas.
Quantitate fenvalerate by comparing area of first
peak (340 s retention time) with areas obtained
with standards for this peak. Retention time of
second peak is 370 s.

Laboratory IV.—Analyze samples on Tracor
Model 220 gas chromatograph eq}mpped with
thermionic EZN-P) detector and 4 ft X2 mm id
glass column of 3% Dexsil 300 on 100-120 mesh
Supelcoport, and the following conditions:
column 250°C, detector 275°C, helium carrier
gas. Integrate both peaks and compare inde-
Pendently with corresponding 8eaks derived
rom standard (retention times 4.0 and 4.5 min).
Report residues as average of the 2 values.

Laboratory V.—Analyze sample on Tracor
Model 550 gas chromatograph e%mpped with
63N electron capture detector and 6 ft X 4 mmid
column of 3% SP-2100 on 100-120 mesh Supel-
coport, and the following conditions: column
260°C, detector 300°C, inlet 260°C. Inject 5pL

es in apple pomace (ppm)
MPOI MP02 Recovery, %

Goh gk

?. .' -100 at 0.0 ppm
£l £l
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Table 6. Fenvalerate residues in applesauce

Laba  RPCH RPOI RP02 MPCH MPOI MP02 Recovery, %
<(). <(). <. .
’Lf 2326?3 5@:823 igiggs <§,§zg <§,§Es <§8§3 133 i ggGDEEm
<Q. <(. <Q. <Q. <Q. N() bat 0p
<(. <. N} <(. <(. <Q. 100n
Vo <0 <0. <0. <0. <0. <0. -110at 0.01 ppm
ab See footnotes. Table 3
aliguots, measure peak heights for both isomers  value is 0.37 Ppm. Similarly, if one uses the av-
and compare with those obtained for 100 and 500 eragleyleld of peels plus cores obtained from the
pg standard injections in 5 pL hexane. apples (26.8%5) and multiplies by the average

Results and Discussion

_The processing parameters employed and the
yields of products obtained (Tables 1and 23 are
similar to commercial production figures. Peels
plus cores are frequently diverted to a juice pro-
duction line, but it was Instructive in this study
to analyze them separately.

The “concentrations o
found in the whole a1gp|es, groducts, and by-
products are given in Tables 3-7. The data ap-
pear to be in good agreement among the 5 labo-
ratories. This verifies that the basic analytical
method, even though used with modifications
by each laboratory, I1s sound. The data indicate
that fenvalerate is absent in apple juice or sauce
but is associated with the pomace and peels plus
cores, and is also found in the fresh fruit. This
implies that the residues adhere to the skin of the
fruit and presumably remain with it during
subsequent processing. .

_ Itisinteresting to note that the residues found
in the whole apple can be accounted for in the
anaIKses of its processed fractions. For instance,
for the McIntosh apples coded MPOI, the aver-
age residue found was 0.38 ppm (Table 3). Ifone
takes the average yield of pomace obtained from
the fruit (18.5%) and multiplies by the av_era%e
residue concentration of fenvalerate found in the
MPOI pomace which is 2.0 ppm (Table 5), the

fenvalerate residue

concentrations of fenvalerate found in them for
MPOI, which is 1.5 p[pm (Table 7), the calculated
value is 0.40 ppm. The concentrations of insec-
ticide in theéuwe or sauce do not enter into the
calculations because the%were essentially nil.
Inan earlier studP/ by Wszolek et al. (3), about
0.5% of the dose of fenvalerate fed to a lactating
cow was excreted intact in the milk. Apple
pomace has been used in the past in dalr}/ cattle
rations, so the possible concentration of fenval-
erate residues in the pomace fraction would have
to be considered. Because apple sauce and juice
appear to be free of fenvalerate residues, its use
on a\o les destined for babﬁ food production
shoula pose aminimal health hazard.
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Influence of Various Solvent-Water Mixtures on the Extraction of
Dieldrin and Methomyl Residues from Radishes

WILLIS B. WHEELER, NEAL P. THOMPSON, ROBERT L. EDELSTEIN, RAMON
C. LITTELL.t and RICHARD T. KRAUSE?2 o
University of Florida, IFAS, Pesticide Research Laboratory, Gainesville, FL 32611

The effect of organic solvent/water ratios on the ex-
traction of field-incurred residues of dieldrin and
methomyl from radishes was determined. 14C-
Dieldrin and 14C-methomyl were applied separately
to radishes in commercial formulations at rates of 0.2
and 0.9 kg/ha, respectively. Fourteen days ?ost-
application, the radishes were harvested and fresh
root tissues were extracted using aPolytron homog-
enizer. Acetone, acetonitrile, and methanol con-
taining 0,10, 20, 30, 40, and 50% water were used as
extraction solvents. For methomyl residues, the
optimum water content of acetonitrile-water ex-
traction mixtures was 40-50%; less than 40% water
reduced the ability of acetonitrile to extract carbon-
14, Methanol and acetone were nearly as efficient as
50% acetonitrile-water and were apparently not in-
fluenced by solvent/water ratios. For dieldrin, low
water content slightly reduced the extraction effi-
ciency of acetonitrile, with the optimum water con-
tent also being 40-50%. Percentage of water appeared
to have little overall effect on methanol extraction
efficiency. The extraction efficiency of acetone was
lower than that of the other 2 solvents, and this effect
was independent of the acetone/water ratio. Ap-
Brommately 20% of the I4C-dieldrin residue was
ound to radish roots 14 days post-application.

Since the advent of synthetic organic ﬁesticides,
avariety of techniques and solvents have been
used to extract these residues before analytical
determination. During the 1940s and into the
mid-1950s, nonpolar solvents were used to ex-
tract organic pesticides from plant materials (1).
This procedure often led to erratic recoveries of
pesticides added to untreated check samples. In
the latter part of the 1950s, Klein (2) and Li-
chtenstein (3) reported increased extraction ef-
ficiency when mixtures of polar and nonpolar
solvents were used. By the early 1960s, Mills et
al. (4) demonstrated the effectiveness of using a
single polar solvent, acetonitrile, to extract
chlorinated pesticide residues from low fat sub-

%orida Agricultural Experiment Station Journal Series No.
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strafes. Bertuzzietal. (5) subsequently demon-
strated that acetonitrile alone did not extract all
the field-incurred residues E)resent in low
moisture content plant material. Itwas further
demonstrated and later confirmed by Wilderman
and Shuman (6) and Burke et al. (9 that the use
of 35% water in acetonitrile resulted in improved
extraction of residues from low moisture plant
material; residue levels determined compared
favorably with levels found using the exhaustive
rocess of Mumma et al. (8) and Wheeler etal. (9).
ittle, if any, work has been reported since
Bertuzzi et al. (5) evaluated various solvent-
water combinations as extracting solvents. The
purpose of the study reported here was to de-
termine the effect of various solvent/water ratios
on the extraction of field-incurred residues of a
nonpolar pesticide or polar pesticide from high
moisture crops, Acetone, acetonitrile, and
methanol containing from 0 to 50% water were
selected for stu_d?;. The high moisture crop
chosen was radishes because previous studies
had shown that field-incurred pesticide res-
idues were difficult to extract from this root
ve?etable (10-12). Dieldrin %1,2,3,4,10,10-hexa-
chloro-exo-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-
I,4-e«do,eno-5,8-d|methanonaf)hthalene) and
methomyl [S-methyl N-(methylcarbamoyl)oxy-
thioacetimidate], nonFoIar and polar pesticides,
respectively, were selected for this study.

Experimental

~ Radishes (red globe variety) were germinated
in flats of soil and later transplanted into 15 cm
plastic pots. Plants were maintained in a
greenhouse until treatment and thereafter in a
controlled environmental chamber (Scherer-
Gillet Model CEL-512-37, Troy, MI 48084). Pe-
riods of light and dark were 12 h each. Tem-

eratures were 24°C (light) and 20°C (dark).

ater, fertilizer, and pest control measures were
applied as needed.

Rir.g-14C-labeled dieldrin &\spe.cific activity 85
mCi/mM, Amersham Corp., Arlington Heights,
IL 60305) and S-methyl-14C-labeled methomyl
;Vspecmc actwﬂg 35 mCi/mM, New England

uclear Corp., Boston, MA 02118) were shown

—0004-5756/82/6505-1112-06$01.00 .
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to be 98+% pure by thin layer chromatography
(TLC) before use. The 14C-labeled insecticides
were mixed with commercial formulations of the
same compound (18.7% dieldrin formulation,
Shell Chemical Co., New York, NY 10022; 90%
Lannate formulation, du Pont de Nemours & Co.,
Inc., Wilmington, DE 19898) to give application
rates of 0.2 and 0.9 kg/ha, respectively, for diel-
drinand methomyl. Plants were placed in bac-
terlologlcal-type hoods and chemicals were
sprayed onto the radish root tops and sur-
rounding soil, using an aerosol can-powered
device similar to those used for spraying chro-
mogenic reagents on TLC plates.

Treated plants were placed in environmental
chambers; after 14 days, the radishes were pulled
from the soil, the tops were cut off and discarded,
and the roots were rinsed with water to remove
adhering soil. The roots were chopped (Model
84141, Hobart Manufacturing Co., Troy, OH
45374) and mixed and then 100 g aliquots were
weighed into 32 0z glass jars (Tropicana Products
Inc., Bradenton, FL 33506). _

Three 100 g samples were extracted with
methanol and then 3 each with 10, 20, 30, 40, and
50% water in methanol (18 samples). The pro-
cedure was repeated using acetone and acetoni-
trile and the same water-solvent mixtures. All
other steps of the extraction process, described
below, were held constant for all samples.

Each 1003 portion of the chopped radish roots
was blended with 200 mL solvent, usmg aPoIg/-
tron ultrasonic homogenizer (Model PT-10-35
with a PT 35 K generator) at high speed for 1.0
min. Each blended sample was vacuum-filtered
through a 60 mm id coarse fritted glass funnel.
The Polytron blades and blender jar were rinsed
with 50°'mL solvent. The wash was transferred
to a filter funnel and passed through a filter,
using vacuum. The wash solution was com-
bined with the original filtrate to make Fraction
1. Two hundred mL solvent was added to the
blender vessel, blended 10's, and transferred to
theorlglnalfllterfunnel,and crop material was
leached at 5 mL/min to make Fraction 2. Cro
material was then leached with three 100 m
portions of solvent, each collected individually
to |¥|eld Fractions 3,4,and 5.

ach of the tissue samples remaining from the
above blend-leach process was extracted with
chloroform-methanol (9 + 1) in a Soxhlet ex-
tractor for 16 h (Fraction 82.. . _

Each fraction and the tissue residue which
remained after Soxhlet extraction were analyzed
in duplicate for radioactivity. All samples were
combusted in a liquid scintillation sample oxi-
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dizer gTeIedyne Intertechnique IN4101, Fairfield,
NJ 07006). . _

To prepare the samples for combustion, ali-
quots of each fraction were pipetted into 7.6 X 7.6
cm squares of cellophane (Cello-Flex, Carolina
Biological Supply Co., Burlington, NC 27215Land
allowed to evaporate to dryness. The cellophane
squares were then folded and placed in poly-
carbonate capsules designed for the sample oxi-
dizer. In the case of tissue residues, small por-
tions of the residual tissue were weighed directly
into capsules. o

Recoveries of 14C-methomyl and 4C-dieldrin
added to extracts of radish roots and taken
through the evaporation and combustion steps
averaged 90 and 94%, respectively. No statisti-
cally significant correlations between total car-
?0n-&4 recovery and solvent/water ratios were
ound.

The sample oxidizer automatically added a
premixed scintillation solution (phenethyl-
amine-methanol-toluene-water-Permafluor, 33
+22+ 35+ 5+ 4) to the counting vial. Each
sample was then counted in aliquid scintillation
spectrometer (Model 3375, Packard Instrument

0., Downers Grove, IL 60515). Samples were
counted for 10 min or 10 000 counts, using the
factory-set carbon-14 window and amplification.
All sample counts were corrected for background
counts but no corrections were made for
quenching effects because automatic external
standard ratios were similar for all samples. The
total radioactivity in each fraction and the tissue
residue was determined and percentages in each
were calculated.

Linear regression of the data was performed
using the General Linear Models procedure of
the Statistical Analysis System (13). Percent car-
bon-14 values for Fractions 1and 2and for tissue
residue were regressed on the percentage of
water, usmﬂ alinear model, and 95% confidence
bands for the mean percent carbon-14 were ob-
tained about the regression lines.

Selected Fraction 1 extracts were concentrated,
and the aqueous portion remaining was parti-
tioned with ethyl acetate (methomyl residues) or
methylene chloride (dieldrin residues). Or-
granlc-soluble materials were spotted on silica gel

LC plates along with authentic samples of
methomyl and dieldrin. TLC plates were de-
veloped in ethyl acetate for methomyl extracts
orin ether-hexane (1 + 1) for dieldrin extracts.

Results and Discussion

The percentages of total carbon-14 extracted
for dieldrin- and methomyl-treated radishes are
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Table 1. Total percentage carbon-14 extracted 14 days
post-treatment

Acetone Acetonitrile

Dieldrin ;:
Methom Ig %
HoE
5B b

presented in Table L. This table summarizes the
effects of various solvent-water combinations on
extraction efficiencies.

The observed mean percentage carbon-14
values obtained for Fraction 1 (initial extract),
Fraction 2 (200 mL jar and tissue rinse), and tissue
residue (remaining extracted crop marc) are
P_Iotted in Figures 1-6. Also presented are the
inear regression lines with the 95% confidence
bands for each pesticide and solvent-water

Water, % Methanol

DIELDRIN
Acetone
70

60

D
2

PERCENT '4C

20

PERCENT WATER

Figure 1. Percentage of carbon-14 in various frac-
tions after extracting 14C-dieldrin-treated radishes,
using water-acetone mixtures. (Regression lines are
solid lines, 95% confidence bands are dashed lines,
and average of triplicate [observed mean] carbon-14
values are points. FI, F2,and R are Fractions 1,2, and
tissue residue, respectively, as defined in the text.)
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DIELDRIN
Acetonitrile
70

601 T

8

ES
Q

30

PERCENT '“C

10

¢}

PERCENT WATER
Figure 2. Percentages of carbon-14 in various frac-
tions after extracting 14C-dieldrin-treated radishes,
using water-acetonitrile mixtures (see Fig. 1 for de-
scription of terms).

combination. Linear regression lines were used
Pecause the data generally fitted a straight
ine.

Dieldrin

Results for the extraction of dieldrin-treated
radishes are presented in Figures 1-3.

DIELDRIN
Methanol
70
60
504
O
hA
401
—
=4
w
&
w 30}
a
20
10
(o]

=8
)

20 30 40 50
PERCENT WATER

Figure 3. Percentages of carbon-14 in various frac-
tions after extracting 14C-dieldrin-treated radishes,
using water-methanol mixtures (see Fig. 1 for de-

scription of terms).
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~ Acetone.—Extraction of carbon-14 from rad-
ishes, using acetone-water mixtures, is shown in
Figure 1 The percentage of carbon-14 in Frac-
tion 1 decreased as the percentage water in-
creased (64% with 0% water and 53% with 50%
water). The values for Fraction 2 tended to in-
crease as Fraction 1values decreased. Carbon-14
in Fraction 2 was apgrommately 3% for 0% water
and increased to 20% for 50% water in acetone.
The carbon-14 content of the tissue residue de-
creased sll%htly from 27 to 23% (over the range
from 0 to 50% water). _

“Acetonitrile.—Data showing the extraction of
dieldrin-treated radishes, using acetonitrile-
water, are presented mﬂgure 2. Carbon-14
found in Fraction 1 remained relatively constant
(approximately 64%) for all water ratios. Frac-
tion 2 carbon-14 values showed an overall in-
creasing trend, ranging from 4 to 15%, as the
percentage of water increased. The carbon-14
extracted with the second leach solution (Frac-
tion 3, not shown) was relatively low and con-
stant. Tissue residue values decreased consis-
tently over the entire acetonitrile-water range.
At 0% water, the tissue residue contained 24% of
the carbon-14 and when 50% water-acetonitrile
was used, 18%.

Me_thanol.—F|Pur_e 3 presents data for the ex-
traction of dieldrin-treated radishes, using
methanol-water mixtures. Fraction 1 values
decreased substantially and sporadically from
ahout 65% to about 50% extracted from 0'to 50%
water. Fraction 2 carbon-14 values increased
from 10% (at 0% water) to 17% (at 50% water).
Fraction 3 values (not shown) were again low
and relatively constant, although at 50% water
Fraction 3 contained 6%of the total radioactivity;
this represented the highest of any of the Frac-
tion 3 values, Tissue residue levels remained
constant at 18-20% regardless of the percentage
of water. S o

In the case of dieldrin, acetonitrile-water
mixtures did not alter the percentage of radio-
activity present in Fraction 1, whereas with ace-
tone-water and methanol-water, Fraction 1
values decreased significantly as the percentage
of water increased. The insolubility of dieldrin
in these aqueous solutions may have caused the
Fraction 1values to decrease as the water content
increased. This hypothesis is supported by the
increase of carbon-14 values in Fraction 2when
acetone and methanol are used as solvents.
Methanol-water and acetonitrile-water mixtures
were equally effective in removing total radio-
activity asAudged by that remaining in the tissue
residue. A larger volume of extracting solvent
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Figure 4. Percentages of carbon-14 in various frac-

tions after extracting 14C-methomyl-treated radishes,
using water-acetone mixtures (see Fig. 1 for descrip-
tion of terms).

was required when high percentages of water in
methanol were used. _ .

The highest overall extraction efficiency

lowest tissue residue value) is most desirable.

issue residue values for acetone-water mixtures
were in the 23-26% ran?e and were significantly
higher (1% confidence level) than for methanol
and acetonitrile-water values, which were 18-
19% under conditions of optimum extraction
efficiency. Thus acetone (oracetone-water) did
not extract dieldrin as efficiently as did acetoni-
trile- or methanol-water combinations.

The radioactivity extracted from dieldrin-
treated radishes was determined by TLC to be
95% parent comgound. _

“In radishes, 20% of the carbon-14 applied as
dieldrin could not be recovered even when
tissues were exhaustively extracted using chlo-
roform-methanol in a Soxhlet extractor ?8, 9).

Methomyl

Results for the extraction of methomyl-treated
radishes are Eresent_ed in Figures 4-6.
_ Acetone.—Extraction of carbon-14 from rad-
ishes, using acetone or acetone-water mixtures,
is illustrated in Figure 4. In this case, the per-
centages detected m Fraction 1 (55%) and in the
tissue residue (35%) remained nearly constant
over the entire range of solvent-water ratios.
Fraction 2 values increased with increasing water
content except for random deviations (statistical
residues) about the general trend. The range of
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METHOMYL
Acetonitrile

604

501

D
o
T

PERCENT '4C

0 10 20 30 40 50
PERCENT WATER

Figure 5. Percentages of carbon-14 in various frac-

tions after extracting 14C-methomyl-treated radishes,

using water-acetonitrile mixtures (see Fig. 1 for de-
scription of terms).

values for Fraction 2 was from 2 to 10%. Fraction
3 (not shown) was small, approximately 1%of the
total radioactivity, over the entire range of ace-
tone-water mixes.

Acetonitrile.—Figure 5 presents the results,
using acetonitrile-water mixtures to extract
methomyl-treated radishes. Two trends were
apparent: (1) the percentage of radioactivity
present in Fraction 1increased with increasing
water, and (2) the percentage of radioactivit
remaining in the tissue residue decreased wit
increasing water. Fraction 2 remaingd relatively
constant at about 7% over the entire range of
solvent-water composition.

Methanol.—The results, using methanol-water
mixtures to extract methomyl-treated radishes,
are shown in Figure 6. Except for random vari-
ations, Fraction 1 was unaffected by the sol-
vent/water ratios, and contained an average of
52% of the carbon-14 content. The tissue residue
values representing approximately 35% of the
radioactivity reflect the fluctuations of the
Fraction 1 values; tissue residue statistical re-
siduals increased as Fraction 1 statistical residuals
decreased. Fraction 2 values increased slightly
over the range of solvent-water mixtures, in-
creasmg from approximately 8% at 0% water to
11% at 50% water.

One factor was apparent from the extraction
data generated from methomyl-treated radishes.
The deviations of the observed Fraction 1 points
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Figure 6. Percentages of carbon-14 in various frac-

tions after extracting 14C-methomyl-treated radishes,

using water-methanol mixtures (see Fig. 1 for de-
scription of terms).

from the Fraction 1 re%ression lines are nega-
tively correlated with the corresponding tissue
residue statistical residuals. Fraction 1 statistical
residuals show smaller negative correlations
with Fraction 2 statistical residuals. This indi-
cates that if an unusually large (small) amount of
radioactivity is extracted in Fraction 1 for a
sample, then an unusually small (Iarge) amount
will tend to show up in the tissue residue, but the
amount extracted in Fraction 2 will be little af-
fected. This phenomenon is particularly ex-
hibited in Figure 5where the tissue residue val-
ues decrease while Fraction 1 values increase
with increasing percent water, but Fraction 2
remains essentially constant. Thus if the car-
bon-14 was not extracted in Fraction 1, it would
probably not occur in subsequent fractions.

Fraction 2 does contain a significant portion
of the radioactivity, for in each case Fraction 2
Bossessed as much as 10% of the extractable car-

on-14. The leaching process, starting imme-
diately after the rinsing of blender blades, jar,
and blended crop, removed only minor quan-
tities. Subsequent fractions collected (Fractions
3,4,5, and S) possessed relatively insignificant
amounts of radioactivity.

AIthou?h more carbon-14 was extracted from
methomyl-treated radishes as the percentage
water in‘acetonitrile-water extractant increased,
there is no evidence (based on TLC) that in-
creasing quantities of methomyl were extracted.
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Fourteen days after application to radishes, only
10% of the extractable carbon-14 was Intact
methomyl.

Summary

The use of acetonitrile alone to extract pesti-
cides from fresh plant materials should be eval-
uated on a broad basis. Although methomyl
may not have been an ideal example of a polar
insecticide because of its rapid metabolism, the
data for both methomyl and dieldrin cIearIy in-
dicate that the behavior of acetonitrile as an ex-
tracting solvent changes with water content,
whereas this was not the case for acetone and
methanol. The effectiveness of acetonitrile as
an extracting solvent increased with mcreasmgi
water content. Methanol needs additiona
evaluation as an extraction solvent; it appears to
exhibit good extraction efficiency, which is not
influenced by variable water content.

In previous work (10, 123 related to pesticide
extraction efficiency, considerable variation had
been noted among plantspeues Thus, to eval-
uate this phenomenon more completely, the
extraction of several chemicals from avariety of
substrates should be studied.
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Gas-Liquid Chromatographic Determination of
4-Chlorophenoxyacetic Acid Residues in Mung Bean Sprouts

YEW-SIN

WONG i . :
Ministry of HeaE\t‘h, Department of Scientific Services, Outram Rd, Singapore 0316

A gas-liquid chromatographic (GLC) method is de-
scribed for determining 4-chlorophenoxyacetic acid
(CPA) residues in mung bean sprouts. The residues
were extracted from samples by using ethyl acetate
followed by liquid-liquid partition into 5% NaHCCL
solution. After acidification and reextraction with
ethyl acetate, CPA was reacted with pentafluoro-
benzyl bromide (PFB-Br) to form the PFB derivative.
The reaction mixture was separated on a silica gel
column to remove excess reagent, and the derivative
was eluted with asolution of 75% toluene in hexane.
GLC separations were performed on a 3% OV-1 col-
umn at230°C. As low as 10 pg CPA could be quan-
titated, which is equivalent to about 0.05 ppm at
residue level, using an electron capture detector.
Recoveries of CPA from fortified mung bean sprouts
(0.05, 0.20, and 0.50 ppm) ranged from 71 to 107%.
The PFB derivative was further identified by gas
chromatography-mass spectrometry.

Mung bean (Phaseolus sp.) sprout is a popular
fresh vegetable used in oriental cooking. The
traditional method of production yields bean
sprouts with long and hairy roots, and fastidious
consumers would prefer to have the roots picked.
Several reports indicate that ethylene or ethefon,
an ethylene-generating agent in plant metabo-
lism, and physical pressure could induce mor-
phological responses from hypocotyl and roots
of mung bean sprouts (1, 2). Cheng and Chua (3)
reported that 4-chlorophenoxyacetic acid (CPA)
was most effective in restricting root growth of
mung bean sprouts among the 6 plant growth
regulators that they screened. These “rootless"
bean sprouts had larger diameters and shorter
roots.

4-Chlorophenoxyacetic acid iswell known as
aplant growth regulator and is used mainly for
the propagation of cuttings. Little is known
about CPA levels in foods. The purpose of this
study was to develop asimple, efficient method
for determining traces of CPA which are present
as residues in rootless bean sprouts.

Methods for cleanup and subsequent gas
chromatographic determination of phenoxya-
cetic acids as their pentafluorobenzyl (PFB) esters
have been reported (4-9). The enhanced sensi-
tivity of these PFB derivatives to electron capture

Received January 15, 1982. Accepted March 23, 1982.

detection is particularly suitable for trace anal-
ysis.

The present paper describes the cleanup of
traces of CPA extracted from mung bean sprouts.
The acid was converted to the PFB derivative by
reaction with PFB bromide (PFB-Br) in acetone
solution in the presence of K2C03. The method
allows both electron capture (EC) gas-liquid
chromatographic (GLC) quantitation of sub-ppm
levels of CPA and confirmation by GLC/mass
spectrometry (MS).

METHOD

Reagents

Use redistilled analytical or pesticide grade
solvents.

(@ 4-Chlorophenoxyacetic acid standard.—ICN
Nutritional Biochemicals, Cleveland, OH
44128.

(b) Pentafluorobenzyl bromide.—Dissolve 1 mL
PFB-Br (99+% purity, Aldrich Chemical Co.,
Milwaukee, WI 53233) in 100 mL acetone.
(Caution: Reagent is strong lachrymator.)

(c) Potassium carbonate solution.—30%. Dis-
solve 30 g analytical grade K2c03 in 100 mL
water.

(d) Silica gel.—70-230 mesh (E. Merck,
Darmstadt, West Germany). Activate silica gel
60 by heating overnight (14 h) at 130°C. Let cool
in tightly stoppered bottle. Deactivate by add-
ing 5% (w/w) distilled water and mix thor-
oughly.- Equilibrate 24 h before use.

Apparatus

(a) Mixer blender.—waring commercial
blender, or equivalent.

(b) Chromatographic columns.—Glass tubes, or
equivalent, 10cm X 5 mm id, with piece of glass
wool that has been previously washed with ac-
etone and dried.

(c) Gas chromatograph.—Perkin-Elmer Model
Sigma 3B, equipped with constant current 63Ni
electron capture detector and 1.5 m X 3 mm id
glass column packed with 3% OV-1 on 80-100
mesh Chromosorb W. Operating conditions:
injector 230°C, detector 250°C, column 230°C;
nitrogen carrier gas 40 mL/min; connected to

0004-5756/82/6505-1118-04$01.00
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Spectra-Physics Model SP 4100 computing in-
tegrator for data reduction.

(d)
Hewlett-Packard Model 5985B, operated in
electron impact (EI) mode, equipped with 1.5 m
X 2 mm id glass column packed with 3% OV-1 on
80-100 mesh Chromosorb W (HP). Helium gas
flow 30 mL/min; column 220°C; scanned from
m/z 50 to 400.

Preparation ofSample

Weigh and freeze 25 g mung bean sprout
samples in 250 mL beaker. Transfer frozen
sample to Waring blender and homogenize 5
min with 10 g anhydrous Na2SC* and 100 mL
ethyl acetate. Decant extract into 500 mL sep-
aratory funnel; add 100 mL ethyl acetate to resi-
due and repeat extraction. Wash combined ethyl
acetate extracts with 50 mL water. Extract CPA
from washed ethyl acetate fraction with two 50
mL portions of 5% NaHCC>3 solution. Reject
ethyl acetate fraction. Adjust aqueous fraction
to ca pH 3 with 20 mL 30% H3PO4, add 5 g
Na2sc>4, and re-extract with two 25 mL portions
of ethyl acetate. Wash combined ethyl acetate
extracts with 5 mL water and dry over anhydrous
NalS04.

Derivatization

Pipet 2 mL ethyl acetate extract (equivalent to
1 g sample) into 50 mL centrifuge tube and
evaporate todryness at 30°C with gentle stream
of dry nitrogen. Dissolve residue in 2 mL ace-
tone, and add 50 pL PFB-Br solution and 30 pL
30% K 2CO3solution. Stopper tube and shake to
mix. Letcontents react at room temperature for
3 h orovernight, whichever is more convenient.
Then add 2 mL isooctane, and evaporate to ca 1
mL at 30°C under gentle stream of dry nitrogen.
Add another 2 mL isooctane and repeat evapo-
ration to final volume of ca 1 mL.

Column Cleanup and Determination

Place glass wool plug in chromatographic
column and add 5 cm deactivated silica gel. Tap
to settle solid. Wash column with 5mL hexane;
transfer isooctane extract from derivatization
onto column by using clean disposable pipet.
Wash tube with two 1 mL portions of hexane and
add washes to column. Elute column with 15
mL toluene-hexane (1 + 3) to remove excess re-
agent and discard eluate (Fraction I). Then elute
with 8 mL toluene-hexane (3 + 1); collect eluate
(Fraction 1) in graduated tube, adjust volume to
8 mL, and analyze directly by injecting 2pL of
Fraction Il into gas chromatograph. Compare

Gas chromatograph-mass spectrometer.
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retention times and peak areas and/or peak
heights against external standards (0.05-0.50 p{
CPA/2 mL ethyl acetate) processed through
derivatization and column cleanup steps.

After determination, confirm presence of PFB
derivative of CPA by evaporating Fraction Il at
40°C under dry nitrogen to near dryness; dis-
solve residue in 20-50 pL hexane and inject 5pL
of extract into GC/MS system.

Results and Discussion

In the method described, cleanup of the crude
extract by liquid-liquid partitioning satisfactorily
eliminated background interferences. Direct
extraction of mung bean sprout samples with
acetone yielded co-extractives which over-
whelmed subsequent attempts at chromatog-
raphy.

The high polarity or low volatility of the
phenoxyacetic acids prevents direct GLC deter-
mination. The formation of the more volatile
trimethylsilyl and methyl ester derivatives from
extracts were not sufficiently sensitive for resi-
due level determination largely because of the
unresolved co-extracted peaks. Chau and Terry
(5) reported the formation of pentafluorobenzyl
ester derivatives of phenoxyacetic acids by re-
action with PFB-Br in acetone in the presence of
aqueous K2C0O3. We found the enhanced sen-
sitivity of the PFB derivative of CPA to electron
capture detection suitable for trace analysis. A
linear response, as peak area and/or peak height,
was obtained over the range 0-0.70 ppm (r
0.997). The minimum quantitative detection
was about 10 pg which is equivalent to about 0.05
ppm at residue level for a 25 g sample. Other
than the 30 pL of aqueous K2CO3 reagent used in
the reaction, moisture affected quantitative
derivatization. Residual moisture in the final
ethyl acetate extracts was removed by drying
over anhydrous Na2s04.

A column cleanup was also used in this study
(10). The unreacted and strong electron-cap-
turing PFB-Br reagent was removed by using a
5cm X 5mm id minicolumn of deactivated silica
gel and 15 mL toluene-hexane (1 + 3). An
equivalent of 0.20 ppm CPA,i.e.,, 0.20pJ CPA, as
PFB derivative, was loaded onto the silica gel
column and the following elution data (%) were
obtained: 0-1 (mL fraction), 9; 1-2, 45; 2-3, 27,
3-4,10; 4-5, 6;5-6, 2; 6-7,1; 7-8, none detected.
Percent recovery averaged 87 = 5 (mean = SD, N
= 6). The relatively polar acetone solvent in the
extracts after derivatization must be replaced
with isooctane before column chromatog-
raphy.
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Figure 1. ECchromatograms obtained by described method (3% OV-1 at 230°C): A,rea%entblank; B,CPA

standard, retention time 4.03 min; C, unfortified sample of mung bean sprouts; b, sample

ortified with 0.20

ppm CPA; similar chromatogram as b for "rootless” sample.

We noted that silicone liquid phases of inter-
mediate polarity (OV-17) did not adequately re-
solve PFB derivative of CPA from other chro-
matographic peaks; false positives were observed
on numerous occasions. The low-polarity sili-
cone phase of OV-1 performed better, as shown
in Figure 1,where CPA (retention time, 4.03 min)
is well resolved from background contribution.
The numerous peaks, which were not removed
by the column cleanup and were still present as
background in the extracts of bean sprouts, are
probably PFB esters of other acidic constituents
that were co-extracted. An examination of the
single ion mass fragmentation at m/z 181 also
indicated the possible presence of various PFB
esters formed with acidic components other than
the PFB derivative of CPA (retention time, 4.19
min).

Application of the derivatization procedure to
the determination of CPA in fortified mung bean
sprouts gave good results. As little as 0.05 ppm
could be detected; 0.05, 0.20, and 0.50 ppm CPA
added to bean sprouts gave recoveries of 71-94%
(mean 84 + 8, n =6), 85-107% (mean 97 + §), and
92 —102% (mean 97 + 4), respectively. The ef-
fects of CPA on the growth of hypocotyl and
roots of mung bean sprouts have been reported
(3). Various samples of mung bean sprouts made

rootless by treatment with CPA were examined
for CPA residues by using the proposed method.
Twenty treated samples were analyzed and
contained between 0.05 and 0.48 ppm CPA.
CPA residues between 0.21 and 0.39 ppm in 7
samples were identified by GLC/MS.

The structure of the PFB derivative of 4-chlo-
rophenoxyacetic acid (CIC6HbO0CH2c00OC-
PI2C6F5) was confirmed by mass spectrometry:
the molecular ion occurs at m/z 366 and the
fragments at m/z 181 (—CHZ2COF5), 141 (—
COOCHZ2Q Fh), and 111 (—OCHjCOOCHzQFs).
The distinctive mass spectrum of the eluted peak
at retention time 4.19 min in extracts of rootless
mung bean sprouts was identical to that of the
PFB derivative of CPA standard.

In conclusion, the presence of CPA residues in
rootless mung bean sprouts can be determined
by forming the PFB-Br derivative, which showed
high sensitivity to EC detection. The residue
was confirmed by GLC/MS.
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Extraction Procedures for Oilseeds and Related High Fat-Low

Moisture Products

LEON D. SAWYER

Food and Drug Administration, 240 Hennepin Ave, Minneapolis, MN 55401

A combined sample preparation/extraction proce-
dure is presented for pesticide residue analysis of
oilseeds and related hi%h fat-low moisture products.
The procedure utilizes high-speed milling to prepare
the sample and high-speed homogenization in the
extraction step to achieve what is apparently guan-
titative isolation of both incurred residues and nat-
ural oils. A separate,simple, oil determination step
allows findings to be reported on either the fat or
whole product basis. Petroleum ether, ethyl ether-
petroleum ether (1 + 1), and ethanol are used serially
as the extractants. Usual fatty food cleanup proce-
dures and multiresidue Fas chromatographic detec-
tion techniques are utilized. The procedure pre-
sented in this paper is a refinement of earlier work
which used a homogenizer both togrind and to ex-
tract samples of unground seeds and which demon-
strated essentially complete extraction of endrin
residues in soybeans and DDT residues in mustard
seed. ldentical samples analyzed by the currently
recommended shakeout procedure, 29.012, gave re-
coveries of approximately 50% of the total residues.
The procedure presented in this paper was satisfac-
torily tested on 13 different oilseed types and one
sample of soda crackers. Oil content for these sam-
ples ranged from 5 to 69%.

Methods for oilseeds, nuts, and high-fat feeding
materials referenced in the Pesticide Analytical
Manual (PAM) (1) acknowledge that the opti-
mum extraction procedure for pesticide residues
in these product types has not been established
and recommend that the method developed for
cheese be utilized for these product types. This
recommended method is identical to that ap-
pearing in Official Methods for Analysis (2) in
29.012. The method involves a triple extraction
ofaground sample by shaking with mixed ethers
in the presence of ethanol to isolate the oil or fat.
Analysis then proceeds as with a usual dairy fat
sample except that a calculation to the whole
product basis is necessary for reporting results.
This procedure is based on the assumptions that
any pesticide residues that are present will be
uniformly extracted with the oil, and that the oil
content of the sample will be known. In addi-
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tion, when this procedure was recommended,
there was no effective or efficient means avail-
able to uniformly grind or comminute samples
such as oilseeds to the recommended 20 mesh
particle size. The following reportis intended
to demonstrate that the above assumptions are
not accurate with all sample types for which the
method was recommended and to propose a
sample preparation/extraction procedure for
these products that can be readily incorporated
into existing PAM (1) and AOAC (2) cleanup and
determinative procedures.

Early investigation into the recommended
method with soybeans containing endrin and
with mustard seed containing DDT isomers
showed that only about 50% of these field-in-
curred pesticides were recovered. Further in-
vestigations revealed that the poor extractability
was primarily related to inadequate interaction
between the sample particles and the solvents.
By defining a sample preparation procedure,
changing the order and amounts of extraction
solvents, and substituting rigorous homogeni-
zation for the blending and shaking steps, the
cheese procedure was modified to one that ap-
parently gives quantitative recoveries of both
natural oils (lipids) and incurred residues, i.e.,
pesticides of the nonpolar organochlorine class
and certain organophosphorus pesticides.

In the early stages of the investigation, a closed
extraction vessel with a Sorvall/Omni-mixer
served as both agrinder and a blender for sam-
ples of unground seeds. When a mill became
commercially available that could effectively
grind difficult samples like the oilseeds, a Poly-
tron homogenizer was substituted, which uses
an open extraction vessel and eliminates pressure
buildup due to solvent evaporation that occurs
with a closed system. Both techniques appear to
be equivalent for extracting residual pesticides,
but the latter approach gives greater assurance
of homogeneity with larger laboratory samples
and is not as demanding on the blender.

METHOD

Reagentsand Apparatus

(@) Solvents, —High purity, glass-distilled pe-
troleum ether, ethyl ether, and acetonitrile.

00N04-57568/2/6605-1122-07<01 OO
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Reagent grade ethanol (USP 95%) is satisfactory.
Criteria for purity are described in PAM 1, sec.

120.

eb) Grinder.—Mill capable of grinding samples
in ahomogeneous fashion to 1 mm particle size
without excessive heat buildup or oil separation.
Ultra Centrifugal Mill (distributed by Quartz
Technology, Inc., 100 Grand St, Westburg, NY
11590), or equivalent.

(c) Homogenizer.—Either Polytron Model PT
10-35 (distributed by Brinkmann Instruments,
Inc., Westburg, NY 11590) or Sorvall/Omni type
(DuPont Instruments-Sorvall Biomedical Div.,
Newton, CT 06470). Either PT 35 or PT 20 ST
homogenizer heads may be used with the Poly-
tron instrument. The heads should be equipped
with a metal bushing because Teflon bushings
may wear excessively and cause the shaft to

bind,

?3) Extraction vessel. —Stainless steel 400 mL
Sorvall/Omni chamber for use with either ho-
mogenizer. A 500 mL glass centrifuge bottle can
be used with the Polytron if aPT 20 ST homog-
enizer head is used.

Sample Preparation

Mix sample well and grind in mill (b)
equipped with 1 mm sieve ring. If noticeable
heatbuilds up, alternatively grind without sieve
ring, or use larger ring (such as 3 mm) and then
regrind through 1or 0.5 mm sieve ring. Main-
tain rotor speed of mill at 20 000 rpm to aid in
cooling.

Extraction

Weigh 50 g ground sample in extraction vessel
( . Add 200 mL petroleum ether and blend 1.5
min at high speed. Centrifuge extraction vessel
and decant solvent into 500 mL beaker. Add 150
mL ethyl ether-petroleum ether (1 + 1) to vessel
and blend, centrifuge, and decant into beaker as
previously described. Set beaker containing
combined ethers under gentle air stream to
concentrate to total solvent volume of ca 100 mL.
Re-extract residue in vessel with 150 mL ethanol
for 1.5 min, centrifuge, and decant into a 1L
glass-stopper separatory funnel. Add 50 mL
ethanol to vessel. Wash residue in vessel by
gently blending. Then centrifuge and decant
into same separatory funnel.

Add concentrated ethers from first 2 extrac-
tions to separatory funnel, using small (ca 5 mL)
petroleum ether washes of beaker. Mix well and
add 600 mL water and ca 40 mL saturated NacCl
solution. Hold 1L separatory funnel in hori-
zontal position and mix thoroughly 45 s. Let

1123

layers separate and drain agueous portion into
second 1L separatory funnel containing 100 mL
petroleum ether. Mix thoroughly ca 15s and let
layers separate. Drain and discard aqueous
portion and drain petroleum ether into original
separatory funnel. Wash combined ethers with
two 100 mL portions of water. Dry ethers by
passing solution through column of anhydrous
Na2s04, and concentrate ethers, using one of the
following alternatives: (1) Remove solvent
completely and consider residue remaining to
represent 50 g sample; or (2) concentrate solvent
to total volume of ca 25-30 mL, transfer to grad-
uated cylinder by using small petroleum ether
washes, and dilute to known volume.

If alternative (2) is used, an aliquot can be
easily transferred to a fared beaker for oil content
determination and another aliquot can be used
for further cleanup. Aliquots taken represent a
direct ratio of the original 50 g sample, e.g., 50 g
to 100 mL = 0.5 g/mL.

Continue with analysis as described in 29.014,
petroleum ether-acetonitrile partitioning using
<3 g total oil. The aliquot alternative allows a
simple 1 step determination for calculation of the
oil content of samples for which this value is
unknown. The calculated oil content can then
be used to determine the proper aliquot needed
for the partitioning step. This approach also
allows results to be based on either the fat (oil)
or whole product basis. (Note: Other cleanup
procedures may be just as applicable as the pe-
troleum ether-acetonitrile partitioning. Pre-
liminary work has shown gel permeation chro-
matography to be effective for dieldrin residues
in soybeans.)

Results and Discussion

Rogers (3) investigated the extraction of
field-incurred aldrin from canary seed and re-
lated its extractability to proper mesh size of the
ground sample. He reported that if the material
was not finely particulated, extraction efficiency
was reduced. However, the hard outer shell
could not be ground to 30 mesh and was conse-
quently separated from the ground pulp con-
taining the aldrin. Thus this separation pro-
duced a disproportionate distribution of the al-
drin in the sample and thereby prevented accu-
rate calculations based on whole product weight.
Problems of representative grinding are mag-
nified with samples of oilseeds because heat
buildup and oil separation readily occur when
attempts are made to grind them by conventional
means.

Smith (4) addressed the problems associated
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Comparative particle size reduction and percent oil determined by Wiley/29.012 method * vs Omni/

petroleum ether procedure b

Table 1.
Wiley/29.012
Oilseed Dried pulpy
sample residue,c %
Mustard seed 31
Mustard seed 41
Cocoa beans 23
Soybeans 19
Soybeans 28

Omni/petroleum ether

Dried pulpy
Qil, % residue,c % Qil, %
21.6 57 28.0
16.1 56 26.9
25.1 63 48.4
115 82 17.8
11.6 7 185

a 50 g sample. A Wiley mill was used for grinding, and AOAC 29.012 was used for extraction.

b 50 g sample.
(3X) with petroleum ether.
¢ <40 mesh.

with grinding cocoa beans (about 50% oil) and
reported that the addition of dry ice in the
grinding step minimized the formation of heat
and problems of oil separation. However, be-
cause of the expense and limited availability of
dry ice, it was recognized that this procedure
should not be considered routine. Further work
in our laboratory with mustard seed (about 30%
oil) indicated that, even with dry ice, satisfactory
grinding could not be easily achieved. Smith (4)
used both a Straub mill and a Wiley mill; our
experience with mustard seed was obtained with
aWiley mill and aBurr mill.

Because a routine grinding procedure was not
readily available, the possibility of using the
extraction step itself was investigated as a means
of particle size reduction. In the investigation,
a Sorvall/Omni homogenizer served simulta-
neously as a grinder and an extraction vessel.
The design of the homogenizer with its sealed
blending chamber allowed cracking and grind-
ing of the seeds before solvent addition. Sub-
sequent petroleum ether extractions (3X), fol-
lowed by centrifuging and decanting, showed
that this technique effectively reduced the oil-
seed particle size and increased the efficiency of
oil isolation, compared with that obtainable in
the AOAC method with preground seeds. Table
1 lists the comparative data obtained with 5
samples of oilseeds: 2 mustard seed sam ples, 2
soybean samples, and 1cocoabean sample. With
the cocoa bean sample, almost twice as much oil
and almost 3 times the amount of fine (<40 mesh)
material were isolated after the extraction with
the Omni/petroleum ether procedure. (The
remaining pulpy material was >40 mesh.) The
mustard seed and soybean samples also demon-
strate a similar difference in results. The oil
content values obtained by the Omni/petroleum
ether procedure for soybeans, 17.8 and 18.5%,

(The remaining pulpy residue was >40 mesh.)

A Sorvall/lOmni homogenizer was used for cracking and grinding the jnground seeds and for extracting

compare favorably with that reported by Mor-
rison (5), 18.0%, and :hat appearing in PAM | (1),
17.7%.

Because these data suggested that complete oil
removal could be obtained by the use of the
Omni/petroleum ether procedure, we assumed
that complete pesticide extraction would also be
accomplished. To verify or contradict this as-
sumption, we extracted one sample of mustard
seed containing incurred DDT residues and one
sample of soybeans containing incurred endrin
residues by both the Omni/petroleum ether and
AOAC procedures. In addition, the solid resi-
dues remaining after the triple extractions were
air-dried and then exhaustively extracted with
methanol-chloroform as described in PAM 1, sec.
253. Identical cleanup of all 4 extracted portions
was accomplished by using techniques described
in 29.014, and the recovered pesticide residues
in each portion were quantitated by electron
capture gas chromatography as described in
29.018. Each result was calculated as parts per
million on the basis of the original sample
weight, i.e., the solvent portions and the dried
pulpy residue portions were each considered
equivalent to 50 g. Table 2 lists the results ob-
tained and shows that only 90% of the total p,p'-
DDT and 80% of the total endrin were recovered
in the oil portions by using the Omni/petroleum
ether procedure. With the AOAC procedure, the
pesticide residues in both samples were split al-
most evenly between the oil and the pulp por-
tions. The 80% recovery value for endrin in
soybeans indicates that, even with complete oil
extraction from the seeds, significantamounts of
translocated residues can be closely bound to the
dry pulpy part of the seeds. Consequently, al-
ternative solvent systems of greater polarity were
investigated by testing endrin-containing soy-
beans.



SAWYER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

Table 2. Comparative recoveries of incurred pesticide

residues by Omni/petroleum ether and Wiley/29.012
methods*

DDT in Endrin in

mustard seed, soybeans,
Method ppm6 ppm6
Omni/petroleum ether 0.094 0.099
Soxhlet of pulpc 0.012 0.026
Total 0.106 0.125
Wiley/29.012 0.051 , 0.067
Soxhlet extn of pulpc 0.054 0.065
Total 0.105 0.132

a See Table 1, footnotes aand b.

6 Whole product basis, i.e., relative to 50 g sample originally
weighed.

6 Pulpy material was exhaustively extracted as described
in PAM |, sec. 253.

Solvents that were investigated and the results
obtained are shown in Table 3. Trial 1is arepeat
of the procedure discussed in relation to Table 2
data. The trial 1result was obtained with adif-
ferent sample of soybeans from that used for
trials 2-5; therefore, the total endrin amounts
recovered should not be compared. Each ex-
traction trial followed the format previously
discussed: Extract with solvents, dry, and ex-
haustively extract pulpy material; clean up both
portions by AOAC methods, and quantitate en-
drin by using 50 g sample weights. All blending
times were 3min, except trial 4, in which a 1 min
blend with water was followed by a 3 min blend
with acetonitrile.

Trials 1and 2, corresponding to triple extrac-
tions with petroleum ether and with ethyl
ether-petroleum ether (1 + 1), obtained essen-
tially the same amounts of extractable endrin in

1125

the solvent, 79.2 and 76.7%, respectively. In
addition, in trial 2, in which a known amount of
p,p'~DDE (0.04 ppm) had been added, a 105%
recovery was obtained from the solvent portion.
In trial 3, 2 petroleum ether extractions were
followed by the addition of water and acetoni-
trile. Only slightly better recovery, 81.2%, of the
endrin was solvent-recovered. Trial 4 elimi-
nated the water used in trial 3, and improved
duplicate recoveries of 89.4 and 85.9% were ob-
tained. Trial 5used a "bridged" solvent system
of petroleum ether, ethyl ether-petroleum ether
(1 + 1), and ethanol. This system demonstrated
triplicate recoveries of 94.2, 91.4, and 95.3% of the
endrin in the solvent portion. A repeat of trial
5with mustard seed containing DDT (0,p'~ and
p,p'-isomers) showed triplicate total extraction
(100% of the DDT) in the solvent portion.

The data obtained from trial 5 (and related
studies) showed that the solvent system both
removes the oil and effectively wets the pulver-
ized pulpy seed material to provide a nearly 100%
extraction. The Sorvall/Omni homogenizer,
however, did not provide the durability needed
for the continual rigorous grinding duties that
are required by this approach. Consequently,
an alternative approach which readdressed the
problem of prior grinding was initiated.

Investigation into the commercially available
laboratory mills showed thatan Ultra Centrifugal
Mill or Micro-Jet 10 was capable of efficiently
grinding these sample types without the heat
buildup or oil separation problems that were
encountered earlier. Preliminary investigation
into this mill was reported previously (6).
However, again by using soybeans containing

Table 3. Solvent system trials with incurred endrin in soybeans, using unground beans and Sorvall/Omni homogenizer
Endrin found, ppmP
% of
Oomni/ Soxhlet/ total
solv. pulp in solv.
Trial3 Solvent system Volumes portion portion6 Total portion
i petroleum ether (3X) 200, 100, 100 0.099 0.026 0.125 79.2
2  petroleum ether-ethyl ether (1 + 1)(3 x) 200, 100, 100 0.138 0.042 0.180 76.7d
3 petroleum ether (2x), water, acetonitrile 200, 100, 50. 0.138 0.032 0.170 81.2
150
4 petroleum ether (2X), acetonitrile 200, 100, 200 0.152 0.018 0.170 89.4
Duplicate 0.146 0.024 0.170 85.9
5 petroleum ether, ethyl ether-petroleum 200, 100, 200 0.161 0.010 0.171 94.2
ether (1 + 1), ethanol
Duplicate 0.159 0.015 0.174 914
Triplicate 0.162 0.008 0.170 95.3

aTrial 1from Table 2. Trials 2-5 were conducted with a different lot of soybeans.

b Whole product basis, i.e., relative to 50 g sample originally weighed.

¢ Pulpy material was exhaustively extracted in Soxhlet as described in PAM |, sec. 253.

d Recovery of 0.04 ppm spike of p.p'-DDE was 105% (0.042 ppm), all in the solvent portion.
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Recoveries of added pesticides, using preground a samples and the described method, and one comparative

recovery by the 29.012 method

Table 4.
Added,
Product Pesticide ppm

Soybeans endosulfan | 0.107
Crackers trans-chlordane 0.095
Soybeans diazinon 0.018
Soybeans methoxychlor 0.393
Soybeans0 methoxychlor 0.785

a All samples were ground with the Ultra Centrifugal Mill.
b Recovery by the 29.012 method.

endrin, it was found that, even with a finely
ground sample (99.3% was less than 40 mesh and
41.8% was less than 100 mesh), duplicate recov-
eries of only 86.4 and 82.7% of the total endrin
were obtained with solvent extraction by the
mixed solvent system described in trial 5 of Table
3. In this case, the lower recoveries were at-
tributed to the use of a laboratory Waring
blender, which did not appear to provide the
vigorous mixing action that was experienced
with the Sorvall/Omni homogenizer. Concur-
rent duplicate p,p'-DDE fortifications (0.782
ppm) recovered in the solvent portion were 94.3
and 99.1%.

Substitution of a Polytron homogenizer for the
Waring blender provided the necessary mixing
action and its use is currently recommended.
Any glass or stainless steel vessel that is com-
patible with the homogenizer head and with the
centrifuge used can serve as the extraction vessel.
Both 500 mL centrifuge bottles and 400 mL Sor-
vall cups have been used successfully. Addi-
tional refinements to the original procedure were
made to accommodate the use of the Polytron
homogenizer: Blending times were reduced to
15 min and the volume of the ethyl ether-pe-
troleum ether (1 + 1) (second extraction) was
increased to 150 mL. These refinements reduced
abinding problem with the shaft of the Polytron
homogenizer without any apparent loss of ex-
traction efficiency.

Some of the various sample types examined
successfully by using this method (with the
Polytron homogenizer) are soybeans, flax seed,
rapeseed, mustard seed, canary seed, sunflower
seed, walnut meats, sesame seed, caraway seed,
peanuts, crackers, and cocoa beans. Although
the results of all the oil content determinations
were not recorded, the oil content of those sam-
ples listed above ranged from 5% for the canary
seed to 69% for the walnut meats. Some of the
residues detected in these samples were isomers
of BHC, malathion, parathion, toxaphene, DDTs,

Ree., Ree., Qil
ppm % detd, %
0.098 91.6 _
0.083 mo -
0.020 . -
0.375 95.4 14.0
0.536 68.3 7.0

aldrin, dieldrin, endrin, heptachlor, heptachlor
epoxide, methoxychlor, endosulfans, parathion,
methyl parathion, PCNB, and chlordane-related
compounds.

Table 4 lists typical recoveries obtained by the
method described here and asingle comparative
recovery obtained by the AOAC method. Re-
coveries of the 4 pesticides endosulfan I, trans-
chlordane, diazinon. and methoxychlor ranged
from 87.4% for trans-chlordane to 111.0% for di-
azinon. The one comparative recovery from
soybeans fortified with methoxychlor showed
that the AOAC method with its shakeout ex-
traction recovered only 68.3% of the added
amount vs 95.4% for the Polytron homogenizer
extraction. The AOAC method also recovered
only 50% of the oil contentwhen compared with
the more vigorous Polytron homogenizer ap-
proach.

Table 5 demonstrates the reproducibility of the
method for 8 samples of sunflower seeds con-
taining malathion. The duplicate (different
analysts) results for the 8 samples show that the
most divergent pair of results was for Sample 4,
for which the original result was 22% higher than
the duplicate.

Table 5. Duplicate9 malathion findings for 8 samples of

sunflower seeds by the described method

Malathion, ppm

Sample Original Duplicate % Agreement5

1 0.72 0.74 97
2 1.14 111 103
3 0.83 0.80 104
G 1.10 0.90 122

0.98 0.83 118
e 0.71 0.62 115
7 7.9 6.9 114
g 9.3 8.3 112

a Different analysts.
6 % agreement = (original/duplicate) X 100.



SAWYER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

Table 6.
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Comparative pesticide and oil findings for sunflower seeds, * obtained by extraction procedure 29.012, 6 by

the described method with a Polytron homogenizer, ¢c and by the described method with a Waring blender d

29.012
Pesticide,
Sample Pesticide ppm % Qil
1 methoxychlor 0.16 37.1
2 malathion 0.23 36.7
3 malathion 8.25 35.0

Described method

With Polytron
homogenizer

With
Waring blender

Pesticide, Pesticide,
ppm % Qil ppm % Ol
0.19 41.8 — _
0.24 39.2 - -
9.44 40.2 7.53 38.4

aAll analytical portions were ground with the Ultra Centrifugal Mill through a 1 mm sieve.

6 AOAC shakeout 29.012.

¢ The Polytron homogenizer was used in the extraction step.

d Used in place of the Polytron homogenizer.

Again for samples of sunflower seeds, Table
6 shows additional method comparability find-
ings. In this table, 3 samples (2 containing ma-
lathion and one containing methoxychlor) were
compared for total parts per million found and
for oil content by using the shakeout procedure
and the method described here. One of the
samples containing malathion residues was also
analyzed by the method described here, except
that a laboratory Waring blender was used in-
stead of the Polytron homogenizer. All analyt-
ical portions were ground with the Ultra Cen-
trifugal Mill through a 1 mm sieve. In these
cases, better agreement for the oil content was
obtained than was previously experienced with
other seeds, but the Polytron homogenizer val-
ues are higher in all cases. If the results obtained
for the AOAC method are calculated on the oil
basis and converted to the whole product basis
by using the oil percentages derived from the
Polytron homogenizer approach, good analytical
agreementis achieved. However, this indicates
that these residues are totally oil-solubilized or
that they are surface contaminants and is con-

trary to the findings for endrin in soybeans
previously discussed.

A final extraction/applicability test with the
method described here was conducted with 2
samples of peanuts. The samples were extracted
as described under Method and the remaining
pulp was then exhaustively extracted with
chloroform-methanol (1 + 1) as described earlier.
The results from this testappear in Table 7. The
method was shown to extract 96.5, 97.1, and
98.5%, respectively of a-BHC, /3-BHC, and diel-
drin residues that were known contaminants in
the 2 samples. Because of the low residue levels
(<0.1 ppm), the total micrograms extracted from
each portion are compared. The values obtained
from the Soxhlet extraction are calculated from
chromatographic peaks that were present at the
same absolute retention time as the standard
materials and could have been attributable to
background.

Conclusions

Any method that bases its residue findings on
the amount of oil analyzed and converts back to

Recoveries of incurred pesticide residues in peanuts by the described method with Soxhlet extraction * of

pulpy material

Table 7.
Pesticide
Sample residue % Oil
1 a-BHC 41.3
(3-BHC
2 dieldrin 40.1

Pesticide residue extracted, /ug

% of total
Polytron/ Soxhlet/ in solv.
solv. pulp6 portion
2.05 0.0738 96.5
3.95 0.1197 97.1
3.22 0.0483 98.5

a Pulpy material was exhaustively extracted in Soxhlet as described in PAM |, sec. 253.
b Results reported are “apparent” residues because gas chromatographic peaks appeared at the retention time of the

standard and were calculated as such.
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the whole product basis from a published value
may be based on some erroneous assumptions.
For instance, laboratory findings usually show
soybeans to contain 17-18% oil when marketed.
However, the oil content of soybeans depends on
the amount of dehydration that occurs. Thus the
oil content of soybeans has been found to be as
high as 24%, and, with greener beans, has been
as low as 14%. Sunflower seeds are another crop
in which oil content levels vary. This crop is
marketed in several forms (7): wet out of the
field, dried-in-hull, as low-oil confectionary
types, as high-oil types to be further processed,
and in various combinations. Depending on the
particular instance, oil content can range from
about 25 to 52%.

The method described here should be uni-
formly adaptable to all types of oilseed (and re-
lated) products. All indications are that essen-
tially 100% of the residues are extracted, regard-
less of the oil content, which need not be known
but can easily be determined.

Interlaboratory experiences with the method
that were relayed to the Associate Referee from
several Food and Drug Administration labora-
tories indicated that very few problems have
been encountered with its usage. Some emul-
sion problems in the ethanol flood-out step were
reported with certain peanut samples. The most
frequent complaint has been in regard to the
time needed for analysis, which is acknowledged
to be somewhat longer than that for most ex-
traction procedures, but is no longer than the
currently recommended procedure. On the

SAWYER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

basis of the improved extractability demon-
strated by the proposed procedure, the Associate
Referee recommends that the method be colla-
boratively studied within the nextyear to expand
29.012 to include oilseeds and some related high
fat-low moisture products.
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MICROBIOLOGICAL METHODS

Use of Iron M ilk Medium for Enumeration of Clostridium perfringens

WILLIAM D. ST. JOHN, JACK R._MATCHES, and MARLEEN M. WEKELL1
University. of Washln%ton Institute for Food Science and Technology, College for Ocean and

Fishery Sciences, Seattle, WA 98195

A simple iron milk medium was used for isolation
and enumeration of Clostridium perfringens from
soil, sludge, and water samples. “ The whole milk
contained only iron powder as a reducing a_?ent; no
other inhibitors were added. The iron milk most
probable number (MPN) Procedure was compared
with 4 plating media: sultite-polymyxin-sulfadia-
zine, Shahidi-Ferguson perfringens, tryptose-sul-
fite-cycloserine (Both with and without egg yolk)
and tryptone-sulfite-neomycin. The selectivity of
the iron milk relies sole!}/ on the rapid growth of C.
perfringens at 45°C and the stormy fermentation
reaction within 18 h. Isolates were confirmed as C.
pe,rfrllr\l/?gns by standard biochemical tests, The iron
milk MPN procedure compared very well with the
4 platln(t; media tested. Selectivity of incubation
temperature, short incubation time, and ease of
identification by the characteristic stormy fermen-
tation make this method ideal for enumérating C.
perfringens from large numbers of samples.

During early studies with Clostridium perfringens,
a need for a rapid, simple, and accurate assay
became evident. The selective media devised by
several authors for enumerating C. perfringens use
sulfite and iron. Sulfite, when reduced tosul-
fide by C. perfringens, combines with iron to form
the black color surrounding the colonies. In ad-
dition, antibiotics are added to inhibit competing
facultative organisms.

Several media used by other workers were
employed in our studies: sulfite-polymyxin-
sulfadiazine (SPS) (1); Shahidi-Ferguson per-
fringens (SFP) (2), tryptose-sulfite-cycloserine
(TSC) with or without egg yolk to indicate lec-
ithinase (3), and tryptone-sulfite-neomycin
(TSN) (4). Each of these media also requires
confirmatory biochemical tests, which makes
processing large numbers of samples time-con-
suming.

To circumvent any problem associated with
chemical inhibitors, a method was developed
based on one selective condition, temperature.
The optimum temperature for the growth of all

1School of Nutritional Sciences.
Received October 27,1981. Accepted February 22,1982.

strains of C. perfringens studied is 45°C (5). At

this temperature, the "phoenix" phenomenon

(6) occurs, with an initial decline in numbers to
minimum counts at 4 h followed by a sudden

increase in growth to maximum counts at 6 h.

A unique reaction, stormy fermentation in
milk, is used to indicate the presence of C. per-
fringens. This reaction involves the formation
of acid, resulting in a curd which is violently
broken apart by gas produced by C. perfringens
and several other Clostridia. These 2 conditions,
high optimal incubation temperature and stormy
fermentation, both unique to C. perfringens, vir-
tually eliminate all competitive organisms and
the need for inhibitors and confirmatory
testing.

In this study we quantitated C. perfringens with
the iron milk medium, using a 3-tube MPN (most
probable number) technique. Data were com-
pared with those collected using 4 other meth-
ods. Selected biochemical tests were used to
confirm bacterial isolates as C. perfringens.

Experimental

Materials

(@) Milk medium.—Pasteurized homogenized
whole milk was dispensed in 10 mL portions into
16 X 150 mm screw-cap test tubes. Elemental
iron powder was added as a reducing agent.
Studies showed that ca 0.2 g per tube gave the
best results. It has been reported that the
amount of iron can affect the carbohydrate me-
tabolism and the levels of gas evolved (7). The
medium was sterilized 10 min at 116°C and was
stored at room temperature until used. The
medium was then steamed for 5 min and held at
45°C < 1h before use. A 3-tube MPN method
was used. Samples were incubated 16-18 h in
a45°C water bath. An alternative procedure (8)
is to dispense the milk into sterile tubes, add iron
powder, steam 5 min, and hold at 45°C i 1h
before use. Recovery of C. perfringens was better
when the medium was heated only once.

C.  perfringens produces acid in the milk and
forms a curd. The resulting decrease in pH to
approximately 5.0 becomes inhibitory to C. per-

- 0004-5756/82/6505-1129-05$01.00



1130 ST. JOHN ET AL.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

Comparison of C. perfringens counts obtained with the high temperature milk MPN technique and with 4

plating media 3

Table 1.
Sample
No. Sample A
1 Sludge 5.38
2 Soil 6.0
3 Sail 6.2
4 Soill 6.49
5 Water 5.80

Log of counts confirmed as
C. perfringens6

B C D E
5.32 5.33 5.30 5.3
6.13 6.18 6.08 6.10
6.23 6.15 6.11 6.08
6.54 6.48 6.41 6.45
571 5.85 5.78 5.73

3A = milk MPN method; B = tryptone-sulfite-cycloserine (TSC) with egg yolk; C = tryptone-sulfite-cycloserine (TSC)
without egg yolk; D = sulfite-polymyxin-sulfadiazine (SPS); E = tryptone-sulfite-neomycin (TSN).

b Values represent the average of duplicate samples.

fringens on standing. Therefore, samples to be
stored or tested were transferred to appropriate
media within 24 h.

(b) Blood agar medium.—Blood agar plates were
prepared with blood agar base (BBL) prepared
with 5% outdated whole citrated human blood.
Sterile glass rods were used to spread 0.1 mL
portions of the appropriate dilutions on the
surface of the blood agar. Prepared plates were
incubated in anaerobic jars at 37°C until colonies
were large enough to be counted.

(c) Testplating media.—Each of the 4 test media
was prepared according to manufacturer's di-
rections and was inoculated by using sterile glass
rods to spread 0.1 mL portions of the appropriate
dilutions on the surface of the agar of duplicate
plates. Plates were incubated in anaerobic jars
at 37°C until colonies were large enough to be
counted.

Sample Preparation

Samples were prepared by blending, shaking,
or diluting in sterile 0.1% peptone water. Min-
imal mixing is suggested even though C. pér-
fringens is more air-tolerant than are most Clos-
tridia species (9). Serial decimal dilutions were
prepared in sterile 0.1% peptone water. Tubes
of milk medium were inoculated with 1.0 mL of
the appropriate dilution and all tubes were in-
cubated 16-18 h in a 45°C water bath.

Biochemical Tests

Standard biochemical tests were used to con-
firm C. perfringens. A1l test media were inocu-
lated with 24 h pure cultures and incubated at
37°C (10).

Motility and nitrate reduction were tested by
using a motility nitrate agar (11). This medium
was inoculated by stabbing an actively growing
culture to the bottom of the tube. For use with

Clostridia, the motility and nitrate medium per-
forms best when prepared from fresh compo-
nents. Nitrate reduction was tested within 18 h
of inoculation.

Gelatin liquefaction and lactose fermentation
were done by using a lactose-gelatin medium
(11). An actively growing culture was inocu-
lated to the bottom of the tube with a pipet.

Lipase and lecithinase production were tested
by using an egg yolk agar of the following com-
position: peptone, 40 g; Na2HPC>4, 5 g; NacCl, 2
g; MgSC>4-71 H20 (10% solution), 0.2 mL; glucose,
2 g;agar, 15 g; and distilled water, 1L. The me-
dium was autoclaved and then cooled to 45°C,
and 10 mL egg yolk suspension (Difco) was
added per 100 mL agar. Plates were poured, al-
lowed to solidify, and inoculated by streaking.
Lecithinase was detected by the zone of precip-
itate in the agar extending beyond the colonies.
Lipase activity (iridescent "pearly" layer) char-
acteristic for C. botulinum is not a typical reaction
of C. perfringens and was negative in our tests.

Data Processing

The statistical package for the Social Sciences
(SPSS) software as implicated on the CDC
(Computer Data Corp.) system, University of
Washington, was used for analyses of the raw
data in Tables 1-3. One-way analysis of variance
was used for the data in Table 2, and 2-wav
analysis of variance was used for data in Tables
land 3.

Results

The simple milk medium was compared with
a nonselective enumeration procedure using
blood agar. Dilutions of soil samples were in-
oculated into the milk medium MPN tubes and
into blood agar by using the pour plate method.
Colonies displaying beta haemolysis were picked
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Enumeration of low numbers of a known culture of C. perfringens from 5 replicate samples by each of the 5

test media

Average No. of C. perfringens/0.1 mL by each medium3

Table 2.
Replicate A B
1 4.3 4.0
2 4.3 5.0
3 4.3 7.0
4 7.5 2.0
5 15 4.5

C D E
3.0 4.0 5.0
8.5 55 2.5
7.0 5.0 4.0
25 55 6.5
8.0 12.5 4.0

3A = milk MPN method; B = TSC with egg yolk; C = TSC without egg yolk; D = SPS; E= TSN.

from the blood agar and tested for Gram reaction
and biochemical tests (12). Clostridium perfringens
enumerated by the milk MPN procedure were
streaked on blood agar and subjected to the same
biochemical tests. Average results for 5 soil
samples were log 5.64 C. perfringens/ g, using
blood agar plates and log 5.54 C. perfringens/g,
using the milk MPN procedure.

The milk MPN method was compared with 4
methods using pour plates (Table 1). Statistical
analysis of the data (Table 4) shows that there
were no significant differences between methods
of counting; however, there was a significant
difference between samples.

Bacteriological media for isolating specific
bacteria must be reliable and reproducible. This
is important in environmental, food, and clinical
samples. To test the relative reproducibility and
accuracy of the test media, we used a stock cul-
ture of C. perfringens from our laboratory collec-
tion as the inoculum for each of the 5 media.
The numbers of cells were kept low so that the
ability of each medium to detect fewer than 100
cells/0.1 mL sample could be evaluated. Clos-
tridium perfringens were detected using the 5 test
media (Table 2). Statistical analysis of the raw
data showed that the low level counts obtained
did not differ significantly.

Fifty organisms were isolated from each
sludge, soil, and water sample by each of the 5

Table 3.
Sample

No. Sample A

1 Sludge 50

2 Soill 50

3 Soill 50

4 Soill 50

5 Water 50

test media and were tested for confirmation as C.
perfringens. These data for a total of 1250 isolates
are shown in Table 3. When all 50 isolates were
tested, the data were listed as numbers confirmed
as C. perfringens. Numbers obtained varied be-
tween 39 and 50 organisms confirmed. Al-
though the high confirmation rates were ob-
tained with all 5 media, the milk MPN method
gave the highest with confirmation for all iso-
lates tested. Statistical analysis again showed
that there were no significant differences be-
tween the media used.

Discussion

The use of pasteurized whole milk for the en-
umeration of C. perfringens was chosen because
of the simplicity of the medium and its ready
availability. The test is specific for C. perfringens
because the organism grows rapidly at 45°C.
The stormy fermentation reaction is the pro-
duction of an acid curd with subsequent dis-
ruption of the curd by the large volumes of gas
produced from fermentation of the lactose. It
should be emphasized that a positive tube must
contain all components which together make a
stormy fermentation. In our tests with envi-
ronmental samples, unidentified Bacillus species
produced both a curd and a digestion on the
surface of the milk. Escherichia coli produced a
curd, digestion, and some gas bubbles in the

Number of C. perfringens confirmed from the 50 organisms isolated from each sample by each medium

Medium and No. of organisms confirmed &

B C D E
50 40 50 49
47 50 39 38
50 43 48 40
42 47 43 50
39 39 M 50

A = milk MPN method; B = TSC with egg yolk; C = TSC without egg yolk; D = SPS; E= TSN.
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Table 4. Analysis of variance for data in Tables 1, 2, and 3
Source of Degrees of
variation freedom F-ratio F probability
Table 1
Between samples 4 171.58 0.001*
Between media 4 1.96 0.15
Table 2
Between media 4 0.81 0.54
Table 3
Between samples 4 0.68 0.62
Between media 4 121 0.35

* Significant difference between means.

milk. Both Bacillus and E. coli produce reactions
similar to stormy fermentation which can be
confusing to the untrained analyst, but their re-
actions are slower than for C. perfringens at 45°C.
Therefore, best results are obtained when milk
is incubated a maximum of 16-18 h, and then the
reactions recorded as soon as the results can be
evaluated.

A number of media and methods have been
published for enumeration or identification of
C. perfringens.
using litmus milk were reported by Dudley etal.
(13), who used 37°C incubation, and by Erickson
and Diebel (14), who incubated the litmus milk
supplemented with 2 antibiotics and thiogly-
collate at 46-48°C.

Most of the agar media also incorporate anti-
biotics or other inhibitors which vary in their
inhibition of C. perfringens. Although these
media are very effective, as our comparative data
show, for sludge, soil, and water samples, most
have been tested and proven for food samples as
well. The milk medium has been used with over
150 environmental samples but has not been
adequately tested with food samples. Good re-
sults were obtained with a limited number of
spices but these data are not included in this re-
port. The medium has been tested with ratin-
testinal contents. In these studies (8,15), more
than 300 samples were analyzed for C. perfringens
with subsequent confirmation using the bio-
chemical tests given aswell as growth with sul-
fite production on SPS and TSN agar.

Although the milk medium is used as part of
the confirmation of C. perfringens (11), the added
selectivity ofa 45°C incubation temperature was
adequate to confirm the presence of C. perfringens.
Several species of Clostridia will grow (optimally)
rapidly at 45°C, and several have been shown to
produce a stormy fermentation. A combination
of these 2 tests, stormy fermentation and rapid
growth at 45°C, showed in the data presented

Most probable number methods

here with soil, sludge, and water, and with rat
gut contents (8, 15) that C. perfringens could be
enumerated without confirmation. All C. per-
fringens isolated in this 2-year study were, in fact,
confirmed.

The milk MPN method described here is an
accurate and reproducible method that gives
results comparable to other well known methods
for enumerating C. perfringens. For samples for
whicla the medium has not been tested, the use
of confirmatory tests is suggested. This rapid
MPN procedure has been used in our laboratory
since 1976 (16).

The advantage of the milk method is the sim-
plicity that results from the specificity of high
temperatures and milk reactions. This method
alone, without confirmatory biochemical tests,
gave rapid, accurate counts of C. perfringens in the
studies reported.
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New Method for Differentiating Members of the Bacillus cereus

Group: Collaborative Study
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R. Bryant; D. Campbell;J. Chieu; L. English;J. Graham; G. Lancette;

T. Latt; P. McLaughlin; M. Pratt; C. Noah; G. Nygaard; D. Radle: D. Staben; N. Stern;

G. Varney
A collaborative study was conducted ob% method
for differentiating members of the C US Cereus

ethod, each of 14 collabo-
rators |dent| ied 8 US cultures, which repre-
sented 3biotypes of the D CEIEUSgroup. Each culture
was tested for motility, hemolytlc activity on tryp-
ticase-soy-sheep blood agar, and rhizoid growth on
nutrient agar; carbol-fuchsin stain was used to de-

group. Usm then

termmethepresenceof rotein toxin crystal Cul-
tureswere.(fientlfled as fﬁtﬁ]blot ? (BFGUS
var. MYCOICES (biotype 2), or nnéens S (biotype

3). Al collaborators correctly identified the un-
known cultures and classified them correctly as to
biotype. There were no statistically significant
differences in the identification rates among the
different laboratories. Adﬁltlon | tests by one par-
ticipant on 5strains of BACIIUS ANUNIaACIS showed that
enenhmethod is also adequate for differentiaf] nc%
antnracis from typically reacting strains of B CBI-
€US. The method has been adopted interim official
first action.

Although Bacillus cereus has been implicated in
human food poisoning for many years, no reli-
able means are currently available for demon-
strating the presence of either the diarrheal or
emetic enterotoxins in foods (1). At present such
foods are examined for the presence of large
numbers of B. cereus and the organisms are
identified as B. cereus. Microbiological proce-
dures are needed to differentiate B. cereus from
culturally similar organisms, including the rhi-
zoid strains B. cereus var. mycoides, the insect
pathogens presently classified collectively as B.
thuringiensis, and the mammalian pathogen B.
anthracis. The role in food poisoning, if any, of
other biotypes of the B. CereUs group has not been
clearly established.

The taxonomy of the B. CEreus group is very
complex. Disagreement over the years about the

com
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taxonomic position of different species or vari-
eties (2, 3) has been due in part to the difficulty
of identifying biotypes and has led to further
confusion about the relationship of culturally
similar organisms (4). The rhizoid strains, for
instance, occur frequently in soil and on vege-
tables such as grains and vegetable seeds or
sprouts. In recent years, the insect pathogen E.
thuringiensis has also been used extensively on
food and forage crops for insect control and may
conceivably be encountered in the examination
of foods (5). Bacillus anthracis would present an
extreme hazard if present in foods, but anthrax
is rarely encountered in the food supply because
diseased animals are condemned before entering
the channels of commerce. Therefore, it is ex-
tremely unlikely that B. anthracis would be en-
countered in the routine examination of foods.

Because of these difficulties, no specific pro-
cedures for differentiating these organisms were
recommended when the method for enumerat-
ing and confirming B. Céreus was collaboratively
studied and adopted official first action in Oc-
tober 1979 (6). Since that time, however, anew
method for differentiating members of the E.
cereus group has been developed by the Associate
Referee and collaboratively studied. The pur-
pose of the new method is to provide supple-
mentary procedures for the identification of B.
cereus isolated from foods by the official method
(46.A10). The results of the collaborative studv
are the subject of this report.

Collaborative Study

Each of 14 collaborators received a complete
set of instructions, a copy of the method to be
studied, and data report forms. All materials
except commercial trypticase-soy-sheep blood
agar plates were purchased from the same sup-
pliers. Culture media were prepared from com-
mercially available dehydrated media or from
ingredients specified in the method. Cultures
were shipped by airmail and examined by the
participants within 5 days of receipt. Collabo-
rators were instructed to store the test cultures at

5756/(82/6505-1134-06$01 00
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4°C until examined and to begin the analysis on
a specific date if possible. The results were re-
ported to the Associate Referee within 1 month
after cultures were received.

In phase 1 of the study, each participant ex-
amined known cultures of the B. cereus group
(including 1 emetic and 1 diarrheal strain of B.
cereus, 2 rhizoid strains of B. Cereus var. mycoides,
and 2 strains of the insect pathogen B. thurin-
giensis) to become familiar with the reactions of
different biotypes before attempting to identify
unknown cultures. In phase 2 of the study, each
participant examined 8 unknown cultures, which
represented 3 biotypes of the B. Cereus group.
These cultures included duplicate cultures of an
emetic B. Cereus (biotype 1) strain F4810/72 (Se-
rotype 1) and a diarrheal strain F4433/73 (Sero-
type 2) obtained from R. Gilbert (7), 2 different
strains of B. Cereus var. mycoides (biotype 2), and
2 strains of the insect pathogen B. thuringiensis
(biotype 3). One laboratory also used the
method to examine 5 strains of the mammalian
pathogen B. anthracis. The unknown cultures
were subcultured on nutrient agar slants and
coded with an identification letter and number
combination to maintain anonymity until all
collaborative results were received.

Differentiation of Members of Bacillus
Cereus Group

Typical strains of B. CEreus can be differentiated
from other members of B. C€reus group including:
(2) insect pathogen B. thuringiensis, (2) mamma-
lian pathogen B. anthracis, and (3) rhizoid strains
B. Cereus var. mycoides.

Apparatus

(a) Staining rack.—Rack must be accessible
from below for heating slides.

(b) Inoculating loops.—One each, 26 gage ni-
chrome wire with loop 2 mm id and one 24 gage
nichrome wire loop 3 mm id.

Media and Reagents

(@)  Mannitol-egg  yolk-polymyxin
agar.— 1.0 g beef ext, 10.0 g peptone, 10.0 g D-
mannitol, 10.0 g NaCl, 0.025 g phenol red (as
soln), and 15.0 g agar dild to 900 mL with H20.
Adjust to pH 7.2 £ 0.1, heat to dissolve, and dis-
pense 225 mL portions into 500 mL flasks. Au-
toclave 15 min at 121°. Cool to 50° in H20 bath
and add 12.5 mL sterile 50% egg yolk emulsion
(b) and 2.5 mL polymyxin B soln contg 10 000
units per mL (if available) to each 225 mL medi-
um. (Addn of polymyxin B soln is optional
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when medium is to be used for testing reactions
of pure cultures.) Mix well and dispense 18 mL
portions into 100 X 15 mm sterile petri dishes.
Dry plates 24 h at room temp, before use. (De-
hydrated mannitol-egg yolk-polymyxin (MYP)
agar contg 50% egg yolk enrichment is satisfac-
tory.)

(b) Eggyolk emulsion.—50%. Wash fresh eggs
with stiff brush and drain. Soak 1h in 70% al-
cohol. Aseptically remove yolk and mix (1 + 1)
with sterile 0.85% NaCl soln. (50% egg yolk
enrichment is satisfactory.)

(c) Nutrient agar slants and plates.—3.0 g beef
ext, 5.0 g peptone, and 15.0 g agar dild to 1L with
H20 (dehydrated nutrient agar is satisfactory).
Heat to dissolve, and dispense 6.5 mL portions
into 125 X 16 mm screw-cap tubes. Autoclave 15
min at 121° and slant tubes until medium soli-
difies. Final pH 6.8 + 0.2. For plates, dispense
100-500 mL portions in bottles or flasks and au-
toclave 15 min at 121°. Cool to 50° in H20 bath
and dispense 18-20 mL portionsin 100 X 15 mm
sterile petri dishes. Dry plates 24-48 h at room
temp, before use.

(d) Motility medium.—10.0 g trypticase, 2.5 g
yeast ext, 5.0 g dextrose, 2.5 g NaZHPC>4, and 3.0
g agar dild to 1L with H20. Heat to dissolve.
Dispense 2 mL portions into 13 X 100 mm tubes,
and autoclave 10 min at 1210. Final pH 7.4 £ 0.2.
Alternatively, dispense 100 mL amts in 150 mL
bottles and autoclave 15 min at 121°. Cool at 50°
and aseptically dispense 2 mL into sterile 13 X
100 mm tubes. For best results, store at room
temp. 2-4 days before use to prevent growth
along side of medium.

€) Trypticase-soy-sheep blood (TSSB) agar.—Dil.
15.0 g trypticase, 5.0 g phytone peptone, 50 g
NacCl, and 15.0 gagar to 1L with H20. Adjust
pH to 7.0 £ 0.2. Heat to boiling to dissolve, and
dispense 100-500 mL portions in bottles or flasks.
Autoclave 15 min at 121° and cool to 48° in H20
bath. Add 5 mL sterile defibrinated sheep blood
per 100 mL medium. Mix well, and dispense
18-20 mL portionsinto 100 X 15 mm petri dishes.
(Trypticase-soy or tryptic-soy agar plates contg
5% sheep blood are satisfactory.)

(f) Basic fuchsin stain.—Dissolve 0.5 g basic
fuchsin in 20 mL alcohol and dil. to 100 mL with
H20. Filter soln if necessary thru fine paper to
remove excess dye particles. Store in tightly
stoppered container. (TB Carbol-fuchsin ZN
stain is satisfactory.)

(o) Butterfield's buffered phosphate diluent— (1)
Stock soln.—Dissolve 34.0 g KH2PC> in 500 mL
H 20, adjusttopH 7.2 with ca 175 mL IN NaOH,
and dil. to 1L with H20. Store in refrigerator.
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Figure 1. iarqeram of template for marking and in-

oculating b CEIEUS confirmatory plates. Each section

is labeled and inoculated in the center, as indicated
by arrow.

(2) Diluent—Dilute 1.25 mL stock soln to 1L with
H20. Prep. 90 = 1 mL diln blanks with this soln
and autoclave 15 min at 121°. Dispense 0.5 mL
portions sterile diluent into sterile 13 X 100 mm
tubes for preparing suspension of cultures to be
tested.

(hy  Methanol fixative.—Dispense
methanol in plastic squeeze bottle for use in
fixing slides.

Differential Tests

(a) Preparing test inoculum. Inoculate sep. nu-
trient agar slants with each culture to be tested.
Incubate slants 18-24 h at 30° and transfer 3 mm
loopful of culture from each slant to 100 X 13 mm
tube contg 0.5 mL sterile phosphate buffered
diluent. Suspend culture in diluent with vortex
mixer. Alternatively, inoculate 5 mL trypti-
case-soy broth and incubate tubes 18 h at 30°.
Mix culture well and use for performing differ-
ential tests. Latter procedure is preferred for
rhizoid strains and other strains which do not
disperse well in phosphate buffer.

(b) Reaction on MYP agar—Mark bottom of
MYP agar plate into 6-8 equal segments with
black felt pen as indicated in Figure land label
each section. Place plate in upright position on
piece of white paper and inoculate one or more
of the prelabeled sections by gently touching
surface of agar with 2 mm loopful of culture. Let
inoculum be absorbed and incubate plates in
upright position 24-48 h at 30-35°. Check for
lecithinase production as indicated by zone of
ppt surrounding growth. Mannitol fermenta-
tion is neg. if growth and surrounding medium
are eosin pink. These reactions should be ob-
served with all organisms of B. Céreus group ex-
cept rare lecithinase-neg. variants.

(c) Motility tests—Inoculate BC motility me-
dium by stabbing down centerwith 3mL loopful

undild
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of culture. Incubate 18-20 h at 30° and examine
for type of growth along stab. Motile strains
produce diffuse growth into medium away from
stab. Nonmotile strains except B. cereus var.
mycoides grow only in and along stab. Strains of
B. cereus var. mycoides often produce "fuzzy"
growth in semisolic media resulting from cel-
lular expansion but are not motile by means of
flagella. Recheck doubtful results by alternative
microscopic motility test as follows: Add 0.2 mL
sterile H20 to nutrient agar slant and inoculate
with 3 mm loopful of culture. Incubate slant 6-8
h at 30°, and mix small loopful of lig. culture
from base of slant with drop of sterile H20 on
microscope slide. Apply cover glass and exam -
ine immediately for signs of motility. B. cereus
and B. thuringiensis cultures are usually actively
motile by means of peritrichous flagella. B. an-
thracis and typically rhizoid strains of B. Cereus
var. mycoides are nonmotile.

(d) Rhizoid growth.—Inoculate predried nu-
trient agar plate by touching medium surface
near center with 2 mm loopful of culture. Let
inoculum be absorbed, and incubate plate in
upright position 24-48 h at 30°. Check plate for
rhizoid growth characterized by root or hairlike
structures which may extend several cm from
point of inoculation. Many B. CEreus strains
produce rough irregular colonies that should not
be confused with rhizoid growth. This property
is characteristic only of strains which are classi-
fied as B. cereus var. mycoides.

(e) Hemolytic activity.—Mark bottom of tryp-
ticase-soy-sheep blood agar plate into 6-8 equal
segments (see Figure 1) with black felt marking
pen. Label each segment and inoculate one or
more segments near center by gently touching
agar surface with 2 mm loopful of culture. Let
inoculum be absorbed, and incubate plates 24 h
at 30-32°. Check plates for hemolytic activity
as indicated by 2-4 mm zone of complete (beta)
hemolysis surrounding growth. B. Cereus is
usually strongly hemolytic, whereas B. thuring-
iensis and B. cereus var. mycoides are often weakly
hemolytic and produce complete hemolysis only
underneath colonies. B. anthracis is usually
nonhemolytic after 24 h of incubation. Caution:
Nonmotile, nonhemolytic cultures could be B.
anthracis. See precautions under interpreting test
results, (g).

(f) Detection of toxin crystals.—Inoculate nu-
trient agar slant with loopful of culture. Incu-
bate slant 24 h at 30° and hold at room temp. 2-3
days. Make smear on microscope slide with
sterile H20. Air-d ry and briefly heat-fix bv
passing slide slowly over burner flame; let cool,
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and place slide on staining rack. Flood slide
with methanol, wait 30 s, and pour off methanol.
Dry thoroughly by passing through burner
flame. Return slide to staining rack, and flood
completely with 0.5% aqg. soln of basic fuchsin or
TB Carbol-fuchsin ZN stain. Heat slide gently
from below with micro burner until steam is
seen. Wait 1-2 min and repeat this step. Let
stand 30 s, pour off stain, and rinse slide thor-
oughly in 1L clean tap HzO. Dry slide without
blotting and examine microscopically under oil
immersion for presence of free spores and darkly
stained tetragonal (diamond-shaped) toxin
crystals. Free toxin crystals are usually abundant
after 3 days but will not be detectable unless
sporangia have lysed. Therefore, if free spores
are not seen, leave cultures at room temp, for a
few more days and repeat test. B. thuringiensis
produces protein toxin crystals that usually can
be detected by staining, but are not produced by
other members of B. CEreus group.

(@)  Interpreting test results.—On basis of test

results, identify as B. CEreus those isolates which
are actively motile, strongly hemolytic, and do
not produce rhizoid growth or protein toxin
crystals. Nonmotile strains of B. CEleUS may be
encountered and a few are weakly hemolytic.
These strains can be differentiated from B. an-
thracis by their resistance to penicillin and to
gamma bacteriophage. Caution: Nonmotile,
nonhemolytic strains could be B. anthracis, and
should be handled with special care and sub-
mitted to pathology laboratory such as Centers
for Disease Control for identification or de-
stroyed by autoclaving. Noncrystalliferous
variants of B. thuringiensis and nonrhizoid strains
derived from B. cereus var. mycoides cannot be
differentiated from B. Cereus by tests described.

Results and Discussion

All 14 collaborators correctly identified all 8
of the unknown Bacillus cultures. Identical re-
sults were reported with the duplicate culture of
both the emetic and diarrheal strains of B. CEIeus
and with 2 different strains of B. thuringiensis and
B. Cereus var. mycoides. The only differences were
a matter of intensity of positive reactions. One
participant also examined 5 strains of B. anthracis
and compared the results with those of the 3
strains of B. Cereus which were collaboratively
studied. The results indicated that the new
method is suitable for differentiating the typi-
cally reacting strains of B. Cereus from the other
biotypes of the B. Cereus group, including the
rhizoid strains presently classified as B. CEreus var.
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mycoides, the insect pathogen B. thuringiensis, and
the mammalian pathogen B. anthracis. Individ-
ual collaborative results, which are summarized
in Table 1, varied slightly, particularly the he-
molytic and lecithinase activities of B. thuring-
iensis and B. cereus var. mycoides. The hemolytic
activity of these strains is usually weak and
shows greater variation than that of the typical
B. Cereus strains. Itwas concluded, however, that
the variations were due mostly to the analysts'
lack of experience in interpreting results. In any
case, these discrepancies did not prevent any
analyst from correctly identifying all 8 of the
unknown cultures.

Two participants reported some difficulty in
interpreting results of the motility tests and 2 had
difficulty recognizing the toxin crystals pro-
duced by B. thuringiensis. Because many micro-
biologists are unfamiliar with the cultural reac-
tions of the different biotypes, they should in-
clude at least 1 culture of each biotype (except B.
anthracis) as a control to become familiar with the
reactions before attempting to identify unknown
cultures. The analyst who examined the B. an-
thracis cultures also felt that unless B. Cereus cul-
tures are actively motile and strongly hemolytic,
they cannot be distinguished from B. anthracis by
this method. The Associate Referee concurs and
recommends that cultures suspected to be B. an-
thracis be submitted to a pathology laboratory
with proper facilities and personnel for identi-
fying this organism.

The collaborative data were analyzed statisti-
cally using a chi square test to determine any
significant differences in the identification rates
of B. Cereus or of the other biotypes. Since no
cultures were incorrectly identified by the col-
laborators, there were no significant differences
in the identification rates of either the B. CEreus
cultures or the other biotypes (P >0.25). Quali-
tatively, the new method appears to be very re-
liable for differentiating the B. Cereus biotypes
tested; all collaborators correctly classified the 8
test cultures, including those of biotypes other
than B. Cereus.

Recommendation

Based on the results of the collaborative study,
it is recommended that the official method of
analysis for enumeration of B. Cereus in food be
amended to include the differential tests de-
scribed. Such achange would greatly improve
the official method by providing a simple and
reliable means for identifying isolates from foods
as B. Cereus.
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Table 1.

Strain(s)

F4433/73
diarrheal
F4810/72
emetic

3

4
NRZ
non-rhizoid
variant
A-1
w
5 strains

Cultural reactions of 4 different blotypes of the B. cereus group:

Reaction on MYP agar

Lecithinase
+

+

()
(+)
+
+

+
+

Mannitol

30n trypticase-soy-sheep blood agar plates (range of results reported).

b Width of hemolysis zone (mm) measured from edge of growth.

c Critical characteristic for identification of biotype.
d Complete hemolysis only underneath colony.
e B. anthracis strains CDC 1014, 1288, 1289, 1617, and 3311, tested by only 1 collaborator.

Motility

Motility
medium

+

F

Slide
test

+

+

Rhizoid growth

on nutrient
agar plate

+C

summary of collaborative results

Hemolysis 2
Complete Partial
3+9 +
2+ +
(+)d 2-3+
(+) 2-3+
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Toxin crystals
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4 days
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METALS AND OTHER ELEMENTS

Recovery of Endogenous Selenium from Fish Tissues by Open System

Dry Ashing

THOMAS gv MA
U.?. Fish an
Columbia, MO 65201

Quantitative recovery of endogenous selenium from
fish tissues following dry ashing technigues has not
been confirmed. Anopen system dry ashing proce-
dure, using oxidative fusion with MgftNOsh'éF~0 in
the presence of MgO, was tested for recovery of se-
lenjum from National Bureau of Standards (NBSJ
Reference Materials (tuna and oyster) and selecte
fish tissues. Recovery after dry ashing and hydride
analysis was complete from NBS Bovine Liver, Tuna,
and Oyster Tissues, as well as from Food and Drug
Administration cod, haddock, perch, and flounder
research materials. ridogennussel nium, injected
into rainbow trout( amogalrdnenfagsse, was re-
covered after ashing from"liver, ovaries, gastroin-
testinal tract, muscle, bile, and carcass, 3 and 10 days
post-injection. Results indicate that open vessel
oxidative fusion is a rapid, simple technique appli-
cable to quantitative recovery of selenium from or-
ganoselenium comﬁoun.ds that exist in various
aquatic species. The diluted digestate is readHr
amenable to conventional hydride generation anal-
ysis.

Perhaps the most widely used method for di-
gesting biological materials for the determina-
tion of selenium involves wet digestion with acid
mixtures. Mixtures of HNO3-H?2504 and
HNO3-HC104 have been used with some success
(1, 2), but now the most widely accepted acid
mixture is HNO3-HCI04-H2S04 in various
combinations (3-7). Besides being time con-
suming and requiring constant operator atten-
tion and specialized equipment (HC104 hoods,
fume traps, scrubbing towers, etc.), digestion
procedures with this combination of acids have
led to poor selenium recoveries (7). Problems
can occur from excessive heating that causes ex-
tremely rapid evolution of oxides of nitrogen;
sample loss from excessive foaming; sample
charring; an HCl104reaction that is too vigorous;
and non-uniformity of heating from aluminum
blocks, hot plates, and individual micro-Kjeldahl
burner elements. Constant operator attention
is often required to control many of these prob-

Received January 15, 1982.  Accepted March 10, 1982.
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lems. Dry ashing methods offer the advantages
of simplicity of equipment, high sample
throughput, little operator attention, and less
variable heating environments; therefore an
investigation of the status of dry ashing tech-
niques for selenium recover)' seemed appro-
priate.

A review of the literature revealed few refer-
ences that report selenium recovery values from
open system dry ashing of organic materials.
Gorsuch's extensive radiochemical recovery
work (1) reported virtually complete tracer 755e
loss from cocoa when the combined wet and dry
ashing method of Middleton and Stuckey (8)was
used. Consequently, Gorsuch did not investi-
gate recoveries of selenium by other dry ashing
procedures. Complete recovery by low tem-
perature plasma ashing is questionable. Gleit
and Holland (9) recovered 99% of 755e from al-
falfa by low temperature plasma ashing, but
others reported that the recovery of inorganic
selenium (H2SeC>3) from cellulose depended on
the presence of other metals and radiofrequency
coil power setting (10). One investigator (11)
claimed successful dry ashing of fish tissues for
selenium when Mg(N03)2 and a preliminary
treatment with HNO3were used, but no data for
selenium recovery were presented. Other
workers reported some losses during simple
oven drying of plant and animal tissue at 100 and
120°C (12-14). Such information, along with
Gorsuch's generalization that dry ashing meth-
ods for selenium cause serious losses unless they
are carried out in closed systems (15), probably
served as a deterrent to the study of dry ashing
methods after 1970.

Arsenic is frequently determined along with
selenium in the same sample, so acommon de-
composition technique would be desirable.
There was significant work in the early and mid
1970s on open system dry ashing techniques for
the determination of arsenic in plantand animal
tissues (16-19), but selenium recoveries by these
procedures were apparently either not attempted
or not reported. When recovery data from open

~0004-5756/82/6505-1140-06*01.00
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system dry ashing was reported, it was often
biased on Spiking Samples with inorganic sele-
nium (20 21), WHich does not test recovery of the
specif |c 0 Eganoselenrum compounds actuaIIy
present. Endogenous seIenrum recovery datd
When It was [e orted was based on NBS Orchard
Leaves (22, 23), NBS Bovine Liver §22 23), and
Kodak gelatin reference material (23). Tam and
Lacroix'(24), using an arsenic dry ashing proce-
dure (25), were the first to demonstrate haten
dogenous selenium could be quantitatively r
covered from animal tissues other than NB Bo
vine Liver,

A revrew of the Irterature confirmed that
ouan itative recover¥ of endogenous seIenrum
rom animal tissues following open system dry
ashrn? with Mg(Nos)2.has been demonstrated
onI}/ or NBS Baovine L iver g22 232 and srrl)ecrfrc
rat tissues (21, 24); for fish tissues, the technique
lacks supporting Tecovery data. Little is known
about the specific chemical forms of selenium in
fish (26), and thus even less is known about how
these specrfrc forms behave under the rrgorous
conditigns of %as Ing. Rresent a?/
emphasis on chemical snecratron and identit
cation of the biological forms of elements, the
analyst must assume, until Jt is known otherwise,
that there are djfferences in the chemical forms
of selenium in bovine, mammalian, and aquatic
vertebrates. It is for this reason, as well as the
already mentjoned advantages over wet ashing,
that tiie applicapility of opén vessel dry ashing
of Tish tissues. for subsequent selenium deter
mination was investigated.

Experimental

Sample Selection

To test for Se recovery, only samples with
known Se_concentrations Were considered.
Samples offrsh tissue int grna standard s whrch
were orrgrna prepared from ground and
ophilized filléts of cod, flounder, perch, and

addock, were obtained from the Food and Drug
Adminjstratjon tFDAQ These samoles wele
deemed particularly valyable because the matrix
was fish, and considerable Se concentration data
existed for each, confirmed by totally indepen-
dent techniques (4), Selected NBS Reference
and Research Materials were NBS RM 50 éAIba

core Tunal NBS 1577 (Bovine Liver), and NBS
1566 (Oyster Tissue).
Reagents

Several grades of Mg( Hzo_were in
vest?ga ed ?or Sebackgrg Qt*érs 20Essentrally
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no difference in Se background was apparent
etween 20f the rades ested: the uItragure
8 032-6 20 faProducts)and MgO (Spe
MG70-2) and analytical reagent Mg(No s s Hzo
gMallrnckrodtLand MgO( Ifa Products, 995%
25 mesh).  Therefore, ana lytical reagent grade
materials'were used for all ashing. The ashrng
ald was pre;ztared by dissolving 80 g Mg(N 03%
6F20 00 mL deionized water (15 8
m N?o mcm specrfrc resrstrvr y“an ad |n
powder. Methanol was MCB Omp ov
%Iass drstrlled Reductant solution consisted of
%NaBH4( 8%, Alfa Products, 10/32 in. pellets),
\Sruét)hm%)rNaOH (MCB, ACS grade) added asa

Dry Ashing Procedure
The procedure was a modification of the dry

ashrnP method of Tam and Lacroix (24). About
R 65 gmyaorihrlrzed tissue was wetted with metha-

00.mL Pgrex beaker wrth watch glass.
Ten mL ashing aid was added, and the mixture
was dried overnrgh ina 110°Coven. The dried
sample was then transferred to a cold muffle
furnace gThermo (%ne Model FA1740 and ashed
overnignt at 500°C.  Accuracy of tedryrng
oven and furnace was verified with a calibrate
pyrometer. Ashed residue was dissolved b
a ding 10 mL deionized water, followed by 1
mL concentrated HCL.  Se+e was quantrtatrvel¥
reduced to Se+4 by heating the sample on a400°
hot plate just until the ashed residue was solu-
bilized.  After beaker contents had cooIed they
were transferred t0 a preleached (27) conven-
tional polyethylene bottle gZE? an drIuted 0 a
final volume of 100 mL with deionized water.

Instrumentation

Se was determrned b h{drrde generation
usrn? a Perkin-Elmer MHS dride system
Interfaced to a P-E Model 5000 atomrc absorPtron
spectropnotometer. Instrumental conditions
and reIa ed mformatron were as follows: acid
matrix, 15%HCL; A 196 nm; EDL lamp, s wats;
sIr wrdth 0.7 nm: signal moge, concentration

8 height: inteqr Btron time, 155, rir g of
<t ard curve 014;%1 Ten mL sample r an
appropriate dilution was placed in a polypro-

lene flask and reacted with 3% NaBH.-|%
aOH solution.. Hydrogen selenide generated
was flushed with argoR Info an open-ended
%uartz cell heated with an air-acetylene flame.
utomatic curvature correction, In" addition. to
concentration calibration, was Used to establish
and maintain workrnﬂ curve_linearity uo to, 14
ppo (standard conceritration). ConCentration
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readouts were the average of duplrcate deter-
minations and were recorded by a P-E PRS-10
printer sequencer. Baseline drift and argon
purge efficiency were monitored by tracings
rom a P-E Model 056 recorder. The method of
additions was used where necessary to correct for
matrix interferences.

Neutron Activation Analysis

The FDA fish.samples were prepared and an-
alyzed in 1973-74. 50 a current analysis by neu-
tron activation (NAA) was necessary 1o verify
reported Se concentrations (4) aftera /-8 yedr
storage period. Neutron activagion anaIysrswas
conducted atteUnrversral of Michigan Ford
Nuclear Reactor, - About 200 mg yophr ized fish
Was Ioaded Into high purity fused Silica tubes and
seae Samples™ were “irradiated for 40, 2

eqawatt holrs at an approximate thermal
neu ron flux of 15 X 1013 n/cme-sec. Dyring
irradiation, samples were rotated In a silicon
bucket to ensure_ uniform neutron dose. Four
weeks after irradiation, samples weye counted
with a lithium germanium detector (FWAM 2.3
KeV) having an‘efficiency of 20% for €0Co gamma
aat{s att 25 cm compared with that of 3 X 31n. Nal
etector,

Endogenous 755e Recovery

7ExSe 4mC| sﬁecrfrcactrvrt 495mC|/mg Was
0 tarne from New England Nuclear as sgleni-
ous acid (selenate free) |n05M HC1 (0.1 ml): the
radionuclide was diluted to 4 mL with phys-
|olodrcal saline (0.85% NaCl). Eachofs rarnbow
trout, Salmo _gairdneri, 200-250 g, received In-
tracoelomic maectrons 0f 0.5 mCi7sSe. Feedrng
was terminated 24 h before mdectron and the fis
were sacrificed ai a5vs H(?St rndectron
Gomposite samples ( each 3 Iviauals) of
liver, bile, ovar gastrorntestrnal fract (with as-

sociated mesen erresa muscle gwrth skrn? and
carcass were collected. The carcass consisted of
fish remains after removal of the named

tissues—primarily head, gills, heart Kidney, and
backbone. . A camposite’sample fissug was re-
duced n size with stainless steel scalpels and
laced in a 2000 mL 8Iass vertical flute flask.
elonized water was added and the mrxture was
blended at 10 000 rpm with a Tekmar SD-45
mogenizer equipped with a G-450 enerator
head and Teflon bearing shaft FSD -45N). Three
aIrtAuots of homogenate Were placed in Beckman
scintill atron vraIs (Bio Vrals) 0 serve as controls.
Tissue om%enate aliquots for dry ashrn%
ranged from 200 1 brlegto lOmL(trssues%an
Were prepared in ti Ing,

licate. After-ary as

J. ASSOC. OFF. ANAL.

CHEM. (VOL. 65, NO. 5, 1982)

portions of the dissolved and diluted digestae,
equal_in volume to controls, were selected for
counting.  755e radioactivity was measured with
a Beckman Gamma 4000 counting system (single
channellequrpped with a 3 in. Nal crystal doped
with TIL™ For controls and sample,”the entire
spectrum of 75Se gamma pulses was counted to

1% relative standard deviation (RSD) (29). The
ratjo of gross sample counting rate (counts per
unit time) to backgzround counting rate for the
lowest activity material was >40.” Average Se
radjoactivity of 3 ashed aliguots was compared
with that of the unashed homogenates for cal-
culation of 75Se recovery.

Results and Discussion

The character of the ash residue is that ofa

white fluffy mass occasionally containing
trapped gas pockets that producé a puffed ap-
pearance ome sam s, partrcuIarIy liver
en rap excessrvegas urrng oven drying. Drred
liver samples of 0.5 g or mOre can entrap enough
8as 1o foam out of 2100 mL beaker durrntg OVen
rying with ashing aid to 110°C._ This sifuation
can be controlled’by adding 100-300 ¢ Dow
Corning DB 110A antifoan] emulsron Whrch
reduces Fas entrapment by 50-75% without er
nrfrcanty contributing " to selenium back-

MgO with a melting point of 2850°C, is un-
reactive during ashing at 500°C. The powder is
only slightly soluble” in water wrth which it
combines tg form Mg(OH): (302 The pH of a
A40% (wiw) M%Noa)z-eHzo solution is about38
Saturation with MgO imparts an aIkaIrne reac
tion 10 the mixture, mcreasrngn {0 8.
secondary function % MgO |s e formation of
an inert fayer on the ottom of the ashing vessel
that, upon‘oven drying, effectively separates the
sample from contaGt with the ashrno vessel (15).
Decreased proximity with the material of the
ashrn vessel reduces the likelihood, of vessel
ret en 1o of seIenrum Sample residue after
ash rn% IS aso al arne (15), being primarily
composed of MgO (23)." Thus, dlkalinity is
marntarned through oven drying and ash for-
mation, Iarnean oxrdrzrng condrtronsfavor
the stabil |t of Sexs ‘31 .and undoubtedly con-
trrbute tor s survival throu the rigorous oxJ-
dative fusion con |t|ons Of dry ashing with

N03 2=
enerated from atomic absorption
fAA /h drrde analyses of NBS materials for se-
enium ( Ta e 1) agree well with certified or
"most goro able’ concentratron levels reported
by NBS. Method of additions was used to correct
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Table 1. Results of hydride generation analysis of NBS
tissues for selenium after open system dry ashing

Reported

Material9 nb X+ SD value c
Bovine Liver 6 11+0.2 1.1 *0.1
Albacore Tuna 6 3.5+0.2 3.6 £0.4
Oyster Tissue 6 1.8+0.2 2.1 0.5

3 Not corrected for moisture, which, in desiccated atmo-

sphere, ranges from 1to 3%.
b n = number of replicate aliquots.
¢ 95% tolerance limits (32).

for substantial matrix interferences present as
5|Tgnal suppression during the hydride analysis
of NBS Bovine Liver. Such suppression wasnot
apFarent for NBS Tuna or Oyster.

_ In‘the analysis of FDA saniples (Table.2), rep-
licates of the’same sample by AA,/h{drlde and
NAA are less varianle in"1980than in 1974, partl
because of the way the samples were analyzed.
For example, AAMydride results for 1980'were
based on e replicates all analyzed at one time,
whereas those from 1974 weré based on 5reﬁll-
cate analyses gathered over 4 months (4), thus
incorporating added varjability jn sample di-
gestlon and instrumentation. Other factors re-
( ucmg variability in 1980 may be improvements
In hydride instrumentation and the added ex-
periénce. of nuclear reactor laboratories in the
preparation and irradiation of fish tissues,
AAThydride values from studies in 1974 appear
high Compared with those for 1980 and" with
those from NAA and fluorometry analyses done
In the same period. Results obtdined in 1980 by
AA/hydride and NAA a?ree well, and confirm
g?grtathee samples were not affected by long-term

Megan recoveries.of endogenous 7Se at 3and

10 days post-injection for ¢ different dissected
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fish tissues ranged from 91 to 108% (Table 3).
QOverall average recovery hased on 18 sample
aliquots was anout 102 dna %% for hoth time
periods; these results sugﬁest virtual recovery of
mcorForated selenium when the described open
Vesse drY ashing procedure 1 used. . /Se was
apparently incorporated into the tissues by
normal of nearly normal biological processes.
Although the fissue fhemlcal form of selenium
may not be_identical with that obtained trom
chronic environmental exposure, the results are
encouraging and suggest that open vessel oxi-
dative fusion does apply. for quantitative recov-
ery of environmentally incorporated selenium.
To test recovery. of exogenously added selenium,
mor_gamc selenium as H2rsSeCsswas spiked int
16 fish tissue homogenate samples (whole odyg
before oven drymg' recovery after dry ashing
was 98 + 4% (X + SD).

Many me:nods have been used for the seﬁa-
ration Of selenjum from organic materials. Re-
covery from plant and anial tissues has posed
problems, almost irrespective of the decompo-
sition, method attempted.  Losses, or poor re-
coveries, have been reported from use of the wet
acid mixtures HNO3-H-S0a (1, 33) and HN Q-
HC104-H504 (7), combined wet and dry ashing
methods (L 15). and low temperature” plasma
ashing (10,21). " Various hooks and reviews refer
to organic material dry ashing for selenium re-
cover%/ af causm%serlous |osses (‘15 or as heing
unrel abe§4)u less carried out In closed sys-
tems, - Van Loon 135) stated that chalconides (Ge,
Sb, Bi, As, Se) will most likely be [ost in varying
amounts during day ashing ‘of plant materials.
Ben &36) attripUted the widespread use of wet
oxidation methods to selenjum losses in the dry
ashing method and limitation of sample size in
the oXygen flask technique. Such published
reports’ Of selenium losses from dry ashing of

Results of analysis of FDA materials for selenium:_comparison of independent method results over 2 time

periods (values expressed as X + SD (pg/g dry weight))

Table 2.
Dry ashing,
AA/hydride 3 NAAG6
Material 1980 1980
Cod 1.14+0.24 1.26 £ 0.11
Haddock 1.08 +0.15 1.23+0.04
Perch 2.05+0.13 2.14£0.04
Flounder 0.79 + 0.03 0.87 +0.05

HNO3-HCI04-H2S04,c

AA/hydride Fluorometryd NAA3

1974 1974 1974
1.4+0.4 12+0.2
16+0.4 1.6 16+0.4
2.6+0.3 . 2.2+0.2
1.2+0.2 0.9 0.9 +0.3

3 Based on 6 replicate analyses, all conducted at the same time.
b Based on 5 replicate analyses, all conducted at the same time.

¢ Based on 5 replicate analyses over a4 month period (4).

d Single analysis (4).

e Based on 3-5 replicate analyses, time format not reported (4).
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Table 3. Recovery of incorporated 75Se from fish tissues
at 3 and 10 days post-injection by open vessel dry ashing

% Recovery = SD

Tissue 3 days 10 days
Liver 104 + 2a 97 +3
Ovary 108 + 2 97 +2
Gastrointestinal tract 9=+ 1 92+ 1
Muscle 101+ 1 91 +6
Bile 96 + 1 9+ 1
Carcass 105 + 2 96 +7
Overall average b 102 + 4 95+5

a Based on 3 replicate analyses.
b Based on 18 individual analyses, 3 of each tissue type.

organic materials should serve as a warning to
the analyst that the technique cannot be gener-
alized to be acceptable for all anjmal tissues or

ood products. Whereas guantrtatrve recovery of
endogenous selenium_ from bovine liver and
orchard leaves following dr?/ ashing has been
demonstrated (22, 23), virtually the, same roce-
dure resylted i rn 20%%1055es of Selenium from rat
feces and urine (25).

It is apparent that generalizations about dry
ashing are inaccurate, because selenium recovery
depends on the organic matrix nvolved and the
specrfrc tyPe of dry-ashing procedure used. "Dry
ash rngI f 15°a general term that includes
severd drfferent open and closed system tech-
niques (15). . Open system procedures include
sample ashing withi (oxidative fusion) and
without ashing aids, and low- temﬁerature plas-
ma ashing. Closed System methods include
conventional combustron trams 0Xygen fIas
combustron oxygen bombs, and oxr ative fu-
sion. Thus, ef rcrenc[yé)fse enium recovery from

r ashrn IS relate tothe use of an ogen or

?] ﬁstem , presence or ahsence ofashrng aids,
technique tem erature, and specific sample
matrrx used I addition, the size of the ashrnq
ve?sel amount of ashrn? ald used, and the tota
volumeg of ashing aid sofution are all factors that
may affect recovery (24). The dry ashing pro-
cedure described here is an open System oxida-
tive fusion technique, The findings of this re-
port rndrcate that nd%genous selenjum can be
quantitatively recovered from selected oyster and
fish tissues. “The method is simple and requires
little at aten lon from the operator. About 30
samrf es per da¥ can_pe accommodated wijth a
single one-shelf muffle furnace. The resulting

The mention of commercial products does not constitute
endorsement.
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diluted drﬂestae is readily amenable to con-
ventional hydride generation analysis.
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Hydride Generation and Condensation Flame Atomic Absorption
Spectroscopic Determination of Antimony in Raw Coffee Beans and

Processed Coffee

ROY W. KUENNEN,1 MARK H. HAHN,1 FRED L. FRICKE, and

KAREN A. WOLNIK

Food and Drug Administration, Elemental Analysis Research Center, 1141 Central Pkwy,

Cincinnati, OF! 45202

A method was developed for determining Sb at
nanogram per gram levels in raw coffee beans and
processed coffeé. The procedure uses either total acid
digestion or extraction with eM HCL followed by
hydride generation/condensation with subsequent
revolatilization of stibine (SbH3) and detection by
flame atomic absorption spectroscopy.. The lowest
quantifiable level, based on'a2g (dry weight) sample
is 2 ng Sblg. The results of recoveries on spiked
samples, precision studies on composited coffee
samples, and the analysis of National Bureau of
Standards Standard Reférence Materials demonstrate
the reliability and accuracy of the procedure. Sb
concentrations in coffee samples were verified by
neutron activation analysis and inductively coupled
plasma atomic emission spectrosco(gz\. Advantages
of the method compared with the AOAC colorimetric
procedure and hydride generation without conden-
sation are discussed.

A shipment of raw coffee beans was accidentally
contaminated with potentially toxic antimony
trioxide (L). Properassessment of the extent of
this contamination required the analysis of coffee
beans and rocesse? coffee for microgram and
nanogram per gram levels of So. Toevaluate the
potential impaCt on human health, a comparison
of the Sh content of processed cotfee made from
contaminated and nopcontaminated beans was
necessary. It was also necessary to analyze
Brocess,ed coffee made from reconditioned coffee

eans, 1.¢., beans that had been contaminated and
then “cleaned" by the manufacturer, to ensure
the safety of the product.

The method presented here can be used for the
routine determination of Sh in coffee samples at
the part Per billion level.  Detection limits for gb
are Improved by several orders of magnitude
over the AQAC colorimetric method (2), and
accuracy and rgrecmon at uItraHace, levels are
Improved compared with tne nydride-atomic
absorption_spectroscopic (AAS) method de-
scribed by Fiorino etal. (3). “Total digestion and

. LUniversity of Cincinnati, Department of Chemistry, Cin-
DGl
‘ eacéwed December 3,1981. Accepted March 15,1982,

analysis of the processed coffee samples result in
data pertalnlq%to the possible ingestign of Shp

consumers.. The sM HC1 extraction of the coffee
beans provides a rapid method for determinin

surface Sb contamination. This type of rapid,
routine analysis Is necessary to determine the
extent of contamination and the success of efforts
by the manufacturer to recondition the contam-

Inated beans.

METHOD

Apparatus

e ref. 4
jaj Hydride generator—Based on design of
Fioring et al. (3). NaBH. solution and Water
rinse from pressurized reagent hottles were
added to reaction tube through timer-controlled
solenoid valves, Operating parameters: s mL
NaBHa1n 13s, 2mL distilled, deionized water in

o

S

(b) condensation tube —A 61 ¢m section of 1.3
cm 1d_corrugated Teflon tubing (SGA Inc.,
Bloomfield, NJ) was packed half-full with 1 mm
Teflon shavings and cooled with liquid ni-

I
trogen.
(%) Gas flow switching valve —T hree-way valve
(]Omn|f|t, Cedarhurst, %IY). Helium carrier flow
00 mL/min,

Atomic _ahbsorption spectrophotometer.—
Mogel 403 (Perkin-Elmer,” Norwalk, CT), or
equivalent, Operating 2oarameters,: Sb elec-
trodeless discharge lamp 217.6 nm, nitragen flow
6.1 L/min- hydrogen flow 19 L/min, 3-slot
burner with quartz flame shield.

(e]?> Electronic integrator. —Model 33809 (Hew-
leti- ackarcf, Palo"Alto, CA), or equivalent.
%)89 sensitivity 0.3 mV/min; attenuation

Reagents
. (a) Distilled, deipnized —18 Mohm (Mil-
lingte Corp. Bedford, MA), (

b) Acids.—Concentrated ACS reaPent, rade
except perchloric, which was double distilled

~0004-5756/82/6505-1146-04801.00

e
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gO%6C§ reagent grade (G.F. Smith Co., Colum-

ACId d|Iut|ng solution.—100 mL HClpIus 100
mL HzSé) diluted to 1.0 L with distilled,
delonlze water.

)NSodlum borohydride solution.—4%  Dissolve
aBH4N A{ ha-Ventron, Danvers, MA)
LO/o aOH. F|IterW|thsuct|onthrough

me jjum porosity glass filter.

(8) sb standard solution.—10 pg/m L. Dilute
aliguot of 1000 pg/m L s[)ectroscop standard
S? exlndustrles Inc Metuchen, NJ), or equiv-

nt, with acid diluting solution.

1% Dilute

Potassium iodide pre-reductant,—

10g Kl to 100 mL with acid diluting solution.

Sample Preparation

Handle samples in clean-air environment
where possible. . Equipment contacting samples
during preparation, d%estlon and détermina-
tion snould be nonmetallic and scrupulously
cleaned with dilute 30%HNOz and rinsed at least
5t|mes Wlth dIStI||ted delonlzled Wat?r Vt\/elag

osable polyethylene gloves (no talc
8u %out M ure/ !

Analyze processed coffee without further
pregaratlon with subsamples chosen at
random

Analyze well mixed coffee bean samples for
surface”Sh contamination without further prep-

aration.
Prepare homogenejty check sample by finel
grin ﬁ1g randon%J hosen unit s oPseIe%ted Igt

of procéssed cof ee Grind subsamples with
H&nv%hto pass 420 pm polypropylene sieve and

Total Digestion

Welgh 20 (? ﬁrocessed coffee or composite into
100 mC Kjeldanl flask contalmng 30 mL nit rlc
Perchlorlc -sulfyric acids (4+1 + 2(3)
lask on micro- KJeIdahI digestion rac (rq duaIIy
Increasing température to maintain boifing unt|
all organic matter Is destroyed and fumes 0f SO;
evoIve Continue heatmq(untll vapor ring of
H2S04 reaches neck of flas CooI and trans er
remamlng H2504 (5 mL) with several portions
of distilled, deionized water to 50 mL volumetric
flask containing 5 mL HCL ~ Dilute to volume
with distilled, deionized water. Use 10.0 mL
aSIt;quot of this solution for determination of

HC1 Extraction

Weigh 75.0-100.0 g coffee beans_into clean,
acid-washed 400 mL glass beaker. Extractwith
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Table 1. Analysis of NBS Standard Reference Materials
forSb

Certified value, Found,

Method Mglg Mglg
Orchard Leaves

AOAC (2) 29+0.3 2.6,3.0
Hydride generation (3) 29+0.3 3.2, 34
Hydride generation/

condensation 29+0.3 2.9, 3.0

Spinach

Hydride generation/

condensation (0.04)3 0.034

3 NBS provisional value.

three 50 mL[Eortlons of warm (65°C) M HC,
stirrin Decant quantitatively. through
No. 5 Pre pleated filter paper (Schleicher and
Schuell Inc., Keene, NH) into 200 mL volumetric
flask. Rinse filter with Several small portions of
warm M HCL and dilute to volume with sM
HCL Pipet 100mL filtrate throuF?h second fil ter
Into 100'mL volumetric flask. Rinse filter and

dilute to volume with dlstllled delonlzed Water.
Using microliter pipet, dilute 250 mL of this so-
lution with_ 10 mL acid diluting solution and
determine Sb by following method.

Sh Determination

Pipet appropriate allquot of sample from tofal
digestion or HCL extraction or Sb standard solu-
tion Into reaction tube, add 500 pL Kl sofution,
mix, and wait 1 min. Place tube on generator
and’ open gas- 5W|tch|ng valve to connect reaction
tube and condensation'tube. Cool condensatlon
tube in liquid pitrogen for45s. Begin h
generation. After reaction is finisned ‘

close valve tc reaction tube and establlsh flow of
helium throue{;h ?ndensatlon tube, Remove
con ensation tube from coolant and immerse In

r|e

62°C water bath.  After 5, begin mtegratmg for
305 . Sbis quantified by méthod of standarg
additions by making microliter additions of S

standard solution to"aliquats of sample.
Optimize flame conditions before analysis
with 10 pL Sh standard solution in 10 mL &cid
dllutlng solution.
eanalyze samples W|th nondetectable levels
usmg gsamp e diluted to 25mL and one
pomtstan ard addition.

Results and Discussion

Initial efforts to quantify Sb in processed coffee
by the AOAC colorimetfic procedure (2) were
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Table 2. Recovery of Sb, using hydride generation/

condensation AAS method

Added, fig/ga No. ofdetns Ree., %, + SD Range
0.050 3 90 +4 86-94
0.10 15 99 +8 84-120
0.20 3 100 +4 95-103

a Sb content of unspiked processed coffee was <0.002
Aglg-

unsuccessful. In that procedure, after digestion
of the sample, pentavalent Sb in djlute hydro-
chloric acia js reacted with Rhodamine Btq'form
a complex that is extracted into an organic sol-
vent and absorbs at 565 nm.  This mefhod is re-
liable at the microgram per gram level as shown
In Table 1 however, it isnot Sufficiently sensitive
to enable analysis of processed coffee at the
nanogram ﬁergram level. ,

Althougn the hydride generation AAS pro-
cedure (3] without condenisation demonstrated
excellent precision and accuracy at Sh levels
greater than 100 Ng/g, the reaction by-products
produced dur,ln% the [qeneratlon of stibine caused
disturbances in the flame that resulted in a high
background signal and therefore deterioration

J. ASSOC. OFF.
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Table 3.  Prgcision obtained, using total digestion and
M HCI extraction procedures
No. of Sh, ng/g. RSD,
Sample detns Procedure + SD %
Processed
coffee total
composite 10 digestion  0.014 +0.004 28
Reconditioned
coffee beans 19 6M HCl
extraction 1.05 +0.11 10

of the detection JIITII%. The atomic absorPtloB
spectrometer used in this study was not equippe
with background correction, * The condensatiqn
technique, in which stibine is trapped in a liquid
nitrogen-cooled condensation tube while inter-
fering by-products (mainly hydrogen) pass
through, permits separation of the stibing from
the background, resulting in an order qf mag-
nitude |mi),rove_ment In the detection limit. The
detection limit is calculated as the concentration
equivalent to twice the standard deviation (SD)
of the measurement of the blank solution. Blank
levels varied from nondetectable (no peak) t0 0.2
ng/mL, depending on the reagi_ent |ot uséd.
The condensation/revolatilization process
further enhances the sensitivity of the flame AAS

Table 4. Determination of Sb in coffee samples
Sample Method3 No. of detns Sb, Mg/g. + SD
Initial
reconditioned 6M HCI extraction 19 3.6 £ 0.04
coffee beans HGC-AAS
Initial
reconditioned 6M HCI extraction 19 3.6 +0.03
coffee beans ICP
Final
reconditioned 6M HCI extraction 20 1.05 + 0.11
coffee beans HGC-AAS
Final
reconditioned total digestion 2 1.4, 1.4
coffee beans HGC-AAS
All suspect
lots processed total digestion 74 0.013 *+ 0.014«
coffeebc HGC-AAS
Other brands total digestion 4 0.010, 0.002
processed coffee HGC-AAS <0.002, <0.002
Composite (suspect
processed total digestion 10 0.014 + 0.004
coffee) b HGC-AAS
Composite (suspect
processed coffee)6 NAA 2 0.020, 0.016
Individual
subsamples, same total digestion 4 0.014 + 0.003

lot as composite HGC-AAS

a HGC-AAS = hydride generation/condensation atomic absorption spectroscopy, ICP = inductively coupled argon plasma,

NAA = neutron activation analysis.
6 Processed coffee made from contaminated beans.

¢ Fifty-nine subsamples of 11 different lots and 15 duplicate analyses.

d Range 0.002-0.080 Mg/g-
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determination by concentrating the analyte into
a narrow plug before 1t Is introduced into the
flame. Optimization of the components of the
hydride generation/condensation apparatus has
been discussed by Hahn etal. (4). [ntegration of
peak area IS necessary hecause of the number of
Parame,ters (e,%., cooling time, bath temperature)
or which minor varidtion affects peak shape.
The results presented in Table 1for the analysis
of National Buregu of Standards QNBS) Standard
Reference Materials show that this method is
accurate for both microgram %Or(ihar? Lfflaves%
and nanogram (Spinach) per gram levels of Sb1

orgranlc food matrices.

he linear calibration ran?e for the Sp stan-
dard 1s 2-200 ng, equivalent ©0 0.2-20 ng/mL in
a 10 mL sample aliquot. For sample solutions
containing higher concentrations of Sb, the an-
alytical rafige Can be extended b usm? a smaller
aliquot of sample and adfustlng he tofal volume
In the reaction tube to 10 mL'with (i utmg 50-
lution: An eftective lingar range of 0.2-20 000
nP/mL can be realized without an extra dilution
of the sample digest. ,

Data tor recovery of submicrogram amounts
of Sbstandard added to the E)roc,essed coffee just
before digestion are presented in Table 2.

The results shown in Table 3 of replicate
analyses through the entire procedure of a
composited progessed coffee samlole and of the
sM HCL extraction of 19 subsamples of recondi-
tioned coffee beans (contaminated beans after
“cleaning”) indicate the precision obtainable

. ANAL. CHEM. (VOL. 65 NO. 5, 1982) 1149

with the technique at both nanogram and mi-
cr%;ram per gram levels.
summary of the results of sample analyses

by the h%/drlde generation/condensation AA
method as well s neutron activation analysis
NAA) or inductively coupled argon plasma
ICP) atomic emissjonspectroscopy is presented
In Table 4. The first attempt by the manufac-
turer to recondition the contaminated beans was
unsuccessful: however, after a second cleaning
Process the beans were acceptable. . Confirma-
OW |CP analyses were performed with aplasma
run under standard operating conditions using
the Sb emission line at 217.6m with Sh quan-
tified by the method of standard additions.
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PLANTS
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Evaluation of Agreement Among Routine Methods for Determination
of Fluoride in Vegetation: Interlaboratory Collaborative Study

JAY S. JACOBSON, JOHN J. TROIANO, CHRISTINA C. COSENTINI, and

JOHN EVANS!

Boyce Thompson Institute for Plant Research, Tower R, Ithaca, NY 14853

An interlaboratory collaborative study was con-
ducted to evaluate the performance of methods and
laboratories for the measurement of fluoride in
vegetation. Samples of 8plant species contamm%
about 5-200 ppm fluoride were distributed to 4

participants who were instructed to use their routine
methods of analysis. Methods which had sufficient
P_ar_tlupants to allow the inclusion of results in sta-
istical analyses were classified into 3 categories; (1?
Willard-Winter method (similar to the AOAC officia
final action method); (2) semiautomated and poten-
tiometric methods (similar to the 2 AOAC official
first action methods); and (3) potentiometric anal¥3|s
with prior ashing, fusion, and/or distillation. (not an
approved method). There was asignificant interac-
tion of methods with samples caused _by 3of the 8
samples.. Inthe other 5 samples, the Willard-Winter
and semiautomated methods gave higher mean va-
ues for fluoride content than did the 2potentiometric
methods. _Desi)_lt_e considerable improvement in
speed and simplicity of fluoride analyses during the
|ast decade, agreement between laboratories has not
improved because of the variety of methods and
techmgues in use, the inherent differences between
metthoI s, and, apparently, poor laboratory quality
control.

In recent years, the number of laboratories
measuring the fluoride content of vegetatlo,n has
Increased” as the numper of sourcés emitting
fluorides into the environment has risen. EX-
Isting methods for determlnlng fluorides have
been modified and new methods have been de-
veloped to respond to the need for speed and
simplicity. Consequently, a greater variety of
methods are in use. Personnel wﬂh,varymP
skill, training, and experience in fluoride anal-
gses are employed, and %uahty control proce-

ures may not e used in orgerto save tine and
expense. " For these reasons, there isa continuing
need for evaluation of between-laboratory
agreement.

Received December 2, 1981 Accepted March 5 1982,
" %orneﬂ lElncwers?ty, é?ometncs e[gepartment, It%aca, NY

The major fourc s of variat fon in measure-
ments of the fluorice content of vegetation are
known from previous studies. The greafest
source of varjation is due to practices Used in
sampling fleld-Fglrown vegetation. Qnce samples
are collected, the greateSt source of variation, Is
between laboratories. The magnitude of varia-
tion in results 1s affected by the'amount of fluo-
ride In samples and by thie type of vegetation
sampled (1 ,2). , _

AOAC uses collahorative studies to evaluate
methods (3), but such studies are also useful for
comparisons ot between-laboratory a%reement
(4). "This collaborative study was conducted to
comPare,dlff,erent methcds for the determination
of fluoride in vegetation and to evaluate the
performance of laboratories. No attempt was
made to 1dentify and ir elude only laboratories
acknowledged as competent in fluoride analyses,
The samples included a wide variety of plant
species with fluoride contents in the uSual range
of interest (5-200 ﬁﬁm To_avoid qverhyr-
dening analysts. and thus_diminishing the
number of participants, duplicate samples were
not distributea nor were duplicate analyses re-
quested. Information about methods and tech-
niques of analysis, procedures for quality control,
and tralnlnrg of analysts was obtairied from
questionnaires.

Materials and Methods

Al laboratories known to the authors which
perform fluoride analyses on vegetation were
Invited to join the study. - Samplesof dried plant
material were pulverized to gass a40 megh sleve
mixed thoroughly to ensuré homogeneity, and
distrihuted in 509 aliquots tofpartlupants. In-
structions, standard report forms, ‘and ques-
tionnalres concerning Procedures used, qual;tK
control, and training ‘ot analysts were sent wit
the samples. Samples were coded as follows; A,
balsam fir needles; B, citrus leaves; C, loblolly
Pme needles; D, cherry leaves; E milo maize
eaves; F, pasture grass; G, eucalyptus leaves; and
H, hay. Laboratories were identified with code

NONA-E7RA/R2/AENR-1150-N5ENT 0N
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numbers to preserve anonymity, and were in-  first action method 3.077-3.082); and 7 used po-

structed to Use their usual staff and routine  tentiometric ana
methods, to perform one analysis per sample, and/ordlstlllatlo
ang to submit results and comipleted question-  other methods (xVg
naires Wlthln a certain period of time. potentlometrlc dna
Five laboratories used the Willard-Winter — semiautomated ana
method (gsgolmllar to AOAC official final action  vation analysis (VI1)),
1 used the semiauto-  be included In Subsequent statistical analysgs.

meth 0

R/SIS Wi

S0

ith prior ashin

fusion

Only 3 laboratories used
?/en flas combustlon with
PISIS - acid |gest|onW|th

sis (VI): and neutron acti-

hese results could not

mated method (I 6§S|mllartoAOACoffluaIflrst Foreach method Iaboratorlesmhabnormally

action method
tiometric method (Il1) (similar to AOAC official

3-3,095): 14 used the poten- % or low bias were identified
test (5). Results were ranked by m

Table 1. Collaborative results for determination of fluoride (ppm) in plant samples9

Sample6
Method A B C D E
i 64.5 4.4 98.1 88.5 149
i 68 8 99 91 158
i 60 12 94 76 96
i 75 3.4 120c 97 110
i 57.1 11.1 99.1 91.3 146.0
h 67 5 103 88 168
n 56 18c 73 125 144
i 77 5.8 105 81 158
h 66 1.7 92 79 147
n 83 8 117 99 160
h 57.6 3.16 98.3 83.7 157.3
I1d 100.8 18.9 122.2 123.2 143.2
h 83 2 112 96 176
h 67.4 2.89 98.0 85.6 160
h 49 2 77 69 110
h 74.0 3.8 103.0 93.0 161.0
md 59 25 105 86 158
in 61 2.0 93.5 82.8 150.2
1] 57 10d 90 72c 150
in 61 6 94 83 143
in 69.3 1.8 103.2 89.2 167
in 59 4.1 104 93 144
md 43 15 83 67 130
in» 64 12 74 75 88
in 62 2 104 90 161
in 61 1.9 102 88 154
in 64 3 104 86 166
in 62 1.8 102 85 174
in 63 2 98 87 150
in 56.2 2.7 94 88.6 127
v 59.8 <3.9 79.8 39.3d 149.1
Ivd 77 7.4 100.0 98 150
v 60 od 88 78 140
v 67 5.2 99 91 156
v 59 6 96 80 132
v 52 5 100 89 155
v 75 5 96 83 109
\% 65.7 _f 82.2 73.7 139
v/ 62 0 105 85 143
v 69 <7 <23 79 105

223
207
217
240
2275
262
218
226
210
239
195.4
203.4
229
229
190
199.0
173
139.9
143
171
201
190
126
136
210
213
234
182
152
137
225.7
240
201
226
167
210
174
178.3
210
141

i

a rank sum
hod In each

a Each row shows the results for a single laboratory performing one determination on each sample by the method shown:
1, Willard-Winter; Il, semiautomated; Ill. potentiometric with extraction; IV, potentiometric with ashing, fusion, and/or distillation;
V, potentiometric with oxygen flask combustion; VI, semiautomated with acid digestion; VII, neutron activation analysis.

b See text for description of samples.
¢ Extreme values, deleted from study.
d All values from this laboratory deleted from study; results biased.

e All values from this laboratory deleted from study; laboratory variances unusually high.

'Sample lost.
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Table 2.  Split-plot ANOVA of ranked data for 8
vegetation samples

Source of Mean

variation DF square
Methods 3 782.1535*
Laboratories within
methods 27 235.6425
Methods x samples 21 116.8876*
Residual 178 50.7581

* Significant at P = 0.05.
** Significant at P = 0.01.

sample, and the ranks were summed across
samples for each laboratory, Variances of ranks
were s,ubjne,ctlvely,compared and those |aborato-
ries with nigh variances were not incluged in the
stud)(_. _Also, individual outlying values were
identified for each method dnd “sample using
Dixon’s test (5), ,
| Trgje data, WI'[h_tOUIHIerS relmo_ved,fwere, ana-
zed in a_split-plot analysis of varjance
(BANOVA) witﬁpme 0(5 8 theywhole- lot Tactor
and sample as the sub-plot factor. Before the
ANOVA, the homogeneity of between-labora-
tory variances was détermined to validate results
from the whole- (i) and sub-plot (1) sections of
the ANOVA.  The homogeneny 0f between-
laboratory variances was tested for (1) 4 methods
averaged over samples and (ii) within methods
for the s samples by using Bartlett's test (s).. A
teﬁt of (9 did not show a%nlflcant,het,e[ogen ity,
whereas a test of (if) was i hl)imgnlflc,nt P=
0.01) and invalidated the su _-R,ot analysis. The
data then were ranked within each sample
which produced no sjgnificant heterolgenelty of
variance in either Q or (). Therefore,” an
ANOVA was conducted on the ranked data set,
The variation am,on[q samples (7 deqrees of
freedom) was notincluded in the sub-plot anal-
gms because the ranking, of laboratories within
ach sample constrained their respective rank
sums to be equal and the corresponding sums of
squares to be zero, For comparisons of methods,
pre-specified orthogonal contrasts were made.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

Both methods 11l and IV employed the poten-
tiometric method for measuring fluoride so the
mean of their rank sums was compared with that
of methods land II. Rank sumsalso were con-
trasted between methods I and Il and between
methods 11l and V. The general approach of
using ANOV/A on data from'collaborative studies
atter'screening for outliers and testing for ho-
mogeneity of variances has been suggested pre-
viously (7).

Results

The fluoride contents of s vegetation samples
reported by 40 laboratories are presented in Table
1" The rank sum test indicated that results from
Aparticipants should be deleted from the study
and the comparison of rank variances indicated
that results from one additional laboratory also
should be deleted. [n addition, ¢ Individual
values were identified as outliers (Table 1).

There was a significant difference among
methods In the Whole-plot section of the.
ANOVA of the ranked data for the s samples.
The ave,racr]e values of the rank sums of the Wil-
lard-Winter and semiautomated methods
$methods | and 11) were simjlar, but different

rom. the average fank sums for the > potentio-
metric methods (methods 1] and IV) (Tables 2
and 3). Inaddition, the methods X samples In-
teraction was highly significant (P = o 01) indi-
cating that the order or’ranking of methods dif-
fereddepending on which sample was analyzed.
The rank sum$ for methods were. similar in
samples A, D, F, G, and H, but dissimilar in
Samples B C,and E. Thus, asplit-plot ANOVA
was performed on the 5 similar samples and
separaAe ANQVASs on the other 353m§<les. This
procedure eliminated the methods X samples
Interaction becayse nearly all of the variation due
to methods was in the highly significant contrast
of the average rank sums for methods I and I
compared with that of methods 111 and IV (Table
4). ANOVA of Samples B, C, End Eshowed mg-
nificant differences in ranks between methods
l'and Il for Sample E and between methods Il

Table 3. Rank sum of each method in each sample and average across samples

Sample Av.
across
Method A B C D E F G H samples
i 18.0 21.7 141 185 10.2 24.5 23.8 20.6 19.1
n 22.9 16.9 20.0 18.6 21.6 17.4 225 20.2 20.0
mi 134 7.6 175 14.8 19.0 141 10.3 11.8 13.7

\Y 13.6 20.5 10.3 11.0

11.0 125 16.2 136
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Table 4.  Split-plot ANOVA of ranked data from Samples A, D, F, G, and H

Source of variation

Methods
Contrast of:
Methods land Il vs lll and IV
Method 1vs II
Method Il vs IV
Laboratories within methods

Samples (S) X methods
Contrast of:
S X Methods land Il vs Il and IV
S X Method 1vs II
S X Method il vs IV
Residual

** Significant at P = 0.01.

and IV for Samples Band E. A si([]nificant dif-
ference in the average ranks of methods [ and Il
compared with that"of methods Il and 1V was
found for Sample B. There were no significant
?ﬂg{g@g% between methods for Sample C

Discussion

The analysis of data reported in this study re-
vealed that'some laboratories obtained biaséd or
im r?mse result?,and that, for some ve etlattl)on
samples, a significant source of between-aho-
ratory variation_can be attributed to the use of
different analytical methods.

Inaprevious study. in which results from the
Willard-Winter, semiautomated, and potentio-
metric methods were comP_ared, the potentio-
metric method gave significant negative biag
with 2 of the 7 plant species tested {s). The 2
potentigmetric methods emPIo%/ed in the current
studszo gave lower results than did the Wil-
lard-Winter and semiautomated methods in 5 of
g.samples, A major reason for using ashing, fu-
%,lo,n, and/or %IS'[I”&'[IOH IS t0 overcome an¥ de-

Iciencies of the extraction procedure. Further

DF Mean square

3

1 2273.9075**

1 8.8817

1 9.6200
28 193.6604
12

4 111.0790

4 243.8144

4 313.8144
96 46.6489

study is needed to identify the reasons for dif-
ferences in results between methods and for the
Influence of different types of vegetation sam-
ples on the performance of analytical methods.

Although it is known that fluoride methods
are sensitive to procedyre modifications, only s
laboratories in this study followed a publishéd,
standardized method (9-11). Many differences
In procedures, techniques, and equipment exist,
even among laboratorjes usm% the same method,
To obtain results in close agreement, a group of
laboratories should: . )use carefully trained and
experienced personnel; (2) select one standard-
ized method and adhere rI%I,d| toasingle ver-
sion of that method:; (3) P,ra ticé internal quality
control by analyzing portions of the same contral
vegetation sample everf}/ day that unknown
samples are analyzed: and (4) regularly compare
results among laboratories (12). These proce-
dures would improve precisjon, hut they do not
guarantee that accurate results will be obtajned.

or this purPose, we suggest that the National
Bureau of Standards prépare reference vegeta-
tion samPIes certified for fluoride. Most par-
ticipants In this study indicated that they would

Table 5. Separate ANOVAs of ranked data from Samples B, C, and E

Sample B
Source of variation DF Mean square
Methods 3
Contrast of:
Methods land Il vs IIl and IV 1 333.7189**
Method 1vs II 1 72.0750
Method Il vs IV 1 367.3391*
Residual 24 41.0549

* Significant at P = 0.05.
** Significant at P= 0.01.

Sample C Sample E
DF Mean square DF Mean square
3 3
1 71.5500 1 13.2490
1 79.5018 1 396.0333*
1 250.0245 1 310.7539*
27 76.0002 28 71.4506
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Evaluation of Glutaraldehyde and Hydrogen Peroxide for Sanitizing
Packaging Materials of Medical Devices in Sterility Testing

SAMUEL ESKENAZI, OLGA E. BYCHKOWSKI, MARILYN SMITH, and

JAMES D. MACMILLAN¥

Food and Drug Administration, 850 Third Ave, Brooklyn, NY 11232

External surfaces of packaging materials used for
sterile medical devices may introduce contaminants
into. working areas used for sterility testing. ~Light
wiping with tissues moistened with alkaline 2%
?Iutaraldehyde (Cidex) or 3% h)z/drogen peroxide ef-
ectively reduced counts on 5 X 8cm strips of pack-
agmﬂ material (Tyvek) inoculated with 107spores of
Bacillus subtilis. "The ab|I|t¥ of antimicrobial agents
to penetrate pac_ka?mg ‘material and kill contami-
nants on the medical device was tested by inoculating
filter membranes with ca 100 cells of Pseudomonas
aeruginosa or Staphylococcus aureus or ca 100 spores
of Bacillussubtilis. "Asterile square of test packagm%
material placed over the inoculated membrane (direc

method) or 0.5 cm ahgve the membrane (indirect
method) was wiped with the antimicrobial agent.
Except for polyethylene film (3 mil), all materials
tested, including glassine and several t%pes of coated
and uncoated Tyvek, were penetrated Dy the agents,
killing cells on"the Inoculated membranes. Death
rates varied, depending on the or?amsm, packa%mgi
material, and testing method. It is suggested tha
penetration tests be performed before using antimi-
crobial agents for sanitizing packaging materials
during stérility tests.

Medical devices must be, tested to determine
whether they are free of viahle microorganisms.
Detalls of the ﬁrocedure used for sterility testing
are found in the current United States Pharmaco-
peia (USP) (1). Detection of contaminating or-
anisms is Tsed on growth in culture media;

erefore, a_low contamination level must be
maintained in the Immediate testing area. Any
?rowth detected in culture media must come
rom the product itself, not from the environ-
ment or external packa ,mq.

AIthou?h,most medica ﬁr?duct are age-
quately sterilized, tne external surface of the
ptackage uhsually beconﬁes dclontam |\9,at§|d during
storage, shipping, or handling, Vjahle micrg-
0rga |smsopnpthg surface orer%bedded In tne fi-

SR AN 2R,

Oc{.Dl PE aﬁ mgton D/
epartment of Biochemistry and Mictobjology, New Jerse
S R R

bers of the packaging materials could contami-
nate the meF()ila orgeql%p,ment use& Iy %e sterility
test and glve,afalse-Posm,v,e result. Tominimize
this pOSS_IbI|II¥, most sterility tests are conducted
In a laminar tlow hood or in a hio-clean room.
The USP sterility test progedure for drugs re-
uires that the exterior surfaces of ampulés an
the closures of vials and pottles be cleansed with
asuitable decontaminating agent.  Asanitation
ﬁrocedure IS not outlined” for medical devices;
owever, aseptic techniques are required for
opening packages. Surface contamination can
be reduced by fightly wiping the package with
asterile clotii ortisstie dampenedin an antimi-
crobial agent. _ , ,
. Materials used for packatgm medical devices
include gllas_sme_ nEolyole In Tyvelé), surgical
Fapers, plastic films, metal folls; and coated or
aminated combinations such as coated Tyvek
and plastic film bended to metal foil. These
materials vary in their ability to act as barriers to
penetration by microorganisms, moisture, oxy-
gen, and light. Several'methods have been de-
veloped to test for bacterial penetration (2-10).
Studies have shown that 2% ?Iuta,ral ehyde
and 3% hydrogen peroxide are effective antimi-
crobial dgents, active against sporeformin
11-21) and _nonsEoreformmg_bacterla (15, 16,
8-25), fungi (12-16, 26), and Viruses (13-15,18;
21,28). The effectiveness of these e%gents Inre-
aucing surface contamination of packaged
medical devices and their ability to penetrate the
Packagmg material were mvestlgated. Pene-
ration by these agents could destroy potential
contamiriating microorganisms and thius produce
false-negative results in steriljty tests conducted
on the packaged medical device.

METHOD

Antimicrobial Agents

F]a) Cidex. —2% aqueous solution of
denyde (Arbrook, Inc., Arlln%ton, X7
Solutions of alkaline glutaraldehyde (pH 7.

0),

© 0004-5756/82/6505-1155-07501.00

taral-
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were prepared fresh daily by addition of buffer
salfs provided by the manu acturer
Hydrogen eroxide —3%0

(Fisher Scientific 0., Fairlawn, NJ 07416).

M edra and Reagents

t broth d_trypti
agar—gﬁllcacstetclgg)yrsvdfe MD 21030,

Dehydrated letheen agar—Me ium con-
tarnrn lecithin and Tweep &0 to neutralize e
fects ot some antimicrobial agents (Difco Labo-
ratories, Detroit, M1 48232),

(C) Glycine.—(Fisher Scientific Co.) A 2%
aqueous solution was used to neutralize the an-
timicrobial effects of glutaraldehyde.

Cultures

Staphylococcus aureus %ATCC 6538) Pseudomonas
aeruginosa ) and BacrIIus subtilis
% 3)Were urchased from American
a/ e Culture Collecti on (ATCCJ Rockville, MD
Forsomestu resonh rogen peroxid e

cu tureso B. subtilis (ATCC 6633) and P. aery
nosa TCC 27853? were obtarned from Dr co
Lab oratorres Cultures were maintained on

tryﬁtrcase soy broth and transferred weekl d/
onspore ormrnq bacteria were g rown Ver-
nrgfht at 35°C in trypticase soy broth Before use,
cultures were diluted with fresh sterile broth to
absorbance 0.5 (660 nm) to (Trrve cell concentra-
tion of ca 3 X 10s/mL. “Further dilutions were
made in broth to obtain counts of 100-200 OF-

ganisms/mL.

B. . subtilis Was grown for 5 days at 35°C onldaboratory tissues dampened Wit

trypticase soy agar. ~Cells were harvested and
sus ended in"95%ethanal to kill vegetative cells.
(pores %re Wash?d 3 times u(} distilled Wadter
llected by centrifugation, and, resuspended In
drstr led Water Spore preparatrons were stored
E4Cand viahle spores were counte Wee g 0y
plating on tr8 ase soy agar, DilutionS of
spores (either 10 or 100- O/de were prepared
op the basis of these counts and confirmed by

plating.

Paokagrng Materials

Packa n materrals mcluded olyethylene

?ng Tower Products, M p deer)n
60068) Tyvek tFp(pe 10spunbonded oIefrn Vt\y
Nemours &

mrngton DE 19898) Ascottype 101 (Ty vek 10738
coated with heat- sealabe adhesrve A tp leton
Papers Inc., Apptl n, Wl 54912 e%seal

SBP-3A, T¥vek yles 10598 and 1073B
coated with thermoplastic adhesive {
Manufacturers Co., Southhampton, PA 189 6)

|aboratry grade
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Figure 1. Three stages of direct contact procedure
for testing penetration of packaging material b¥
timicrobial agients Filter funnel (right) contains
membrane filter inoculated with fest’ bacteria.
Funnel 1s raised Smrddle and samgle of npacka%mg
material is Inserted over inoculated membr
Funnel is reBIaced (left) and packaorng material Is
swabbed with antimicrobial agent.

GIassrnes ringe envlopes, Chieftain® gAmerrcan
Hospital Supply Co., Evanston, IL 60204)

Effectiveness of Antimicrobial Agents

Samples of Tyvek 10738 were cut into 5X8 ¢m
trrps sterilized with ethylene oxide, and inoc-

ed with ca 107 spores of B. subtitis. _ After
rprn overnight at room temperature, inocu-
lafed Surfaces were wiped lig htlﬁl with serrle

2% glutaral-

hyde or 3 dro en peroxide, Ten strips
Were prelpareda the egrnnrng of each experi-
ment. The wiped strips weré air dried on a
sterile surface; at trmed intervals a strip was
placed 1n ablender with 100 mL peptone water
containing 0.1% Tween 80 (h y rogen peroxrde
experrments) or 2%glycine g% (ptara |dehyde ex-
periments). * Strips Were blended for 1'min to
suspend spores; vrabIe counts were determined
by plat md the liquid on letheen agar incubated
ford8 hat 35°C.

Penetration of Packaging Materials by
Antimicrobial Agents

Two procedures were employed. In the first
inoculated membrane filters served as srmulated
product in direct contact with packa rnﬂ mate-
rial. - Suspensions containing 100-200 cells were
pla ed on 0.45.gm membrane filters in.a manj-
old set-up with s funnels (Figure 1). Each
membrane received the same nimber of cells.
The liquid was removed by vacuum filtration
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Figure 2, Indirect contact procedure ’r_or,testm(i

penetration of packaglng material by aptimicrobia

agents. _Inoculated membrane filter is placed on agar

surface in petri dish. ~Square of ﬁackagm material

Is placed under modified petri dish cover. ar?e hole

In"center of cover permits wiping material’ with
disinfectant.

and membranes were air dried in place for » h,
The upper portign of the funnel was raised and
a square piece (6.5 X 6.5 cm) of test packaging
material was inserted over the noculated niem-
brane. Asterile cotton swah was moistened with
antimicrobial agent, and excess fluid was ex-

pressed. To simulate the W|P|,ng procedure of
a packa(?ed product, 5 test strips were Iaghtl
swahbed. Membranes were removed indivi

ually at various intervals and placed on plates of
letheen agar. - After incubation for 48 h at 35°C,
colonies were counted and compared with those
plated with an unswahbed_control.

The second procedure (indirect contact) was
used to determine whether vapors,contalnlnq
disinfectant could penetrate packaging materia
and kill cells. Membrane filters in amanifold
were inoculated and liquid was removed as de-
scribeg. Membranes were dried for 2 h and
placed individually on the surface of letheen
a?ar In 15 X 100 mm petri dish bottoms. A piece
of packaging material ca 10 X 10 cm Sg. was
placed over the petri dish bottom so that it rested
on the upper rim.  The packaging material was
held in é)_lace ca 0.5 cmabove the membrane with
apetri dish top from which the center had been
removed todJrowde an openln(]; car’cmin di-
ameter (Figure 2). Through this opening, the
Fackagmg material was swabbed with disinfec-
ant. “SIX membranes were prepared for each
experiment; at various intervals, the packaglng
material was remoyed from one of the plates an
the modified petri cover was replaced with an
intact one. Inoculated membranes were thus
exposed to any vapors which might have é)%ne-
trated the packaging materials. ~ After 48 n at
35°C, colonies were"counted and compared to
those plated with an unswabbed control.

Results and Discussion

Figure 3 shows the effectiveness of glutaral-
dehyde In reducing the viable count onsquares
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Figure 3. Effectiveness of 2% glutaraldehyde in re-
ducing viable count on uncoated Tyvek 1073B inoc-
ulated with B. subtilis spores.

of Tyvek 10738 (uncoated) inoculated with about
107 Spores of 8. subtilis. ~ After the surface was
wiped with the antimicrobial agent, there was a
1o Min lag before the counts began to decrease.
The time Tequired to reduce the population by
one log.cycle (D-valug) was about 12 min during
the rapid kill-off period that occurred between
10and 80 m:n. This result agrees well with that
of Sykes (29) who reported that 10s B. subtilis
spores were killed in"1 h (D = 10 mlng when
\s/eores were added directly 10 2%glutaraldehyde.
e did not test nonsporeformers, which fave
been shown to be considerably more sensitive
than spores. - Similar experiments were re,pfated
with anumber of other'packaging maerials In-
oculated with B subtilis Spores, and it became
glea,r that wmmq WI[# %Iutarafdehyde was ef-
eg}hvem%anmz n?t e urfacet. aned
e next series of experiments were design
to determine w,hetherr) glutaraldehyc?e c%tﬁd
penetrate packaging materials and kill potential
Internal contaminants. _ Figure 4 shows atgglcal
result obtained with Tyvek 10738 (uncoated
using the direct contact method. Viable count
0f p. aeruginosa and S aureus decreased from >100
cells to 20 and 5 cells, respectively, within 18
min. Counts of Inoculated squaresnot expose
to glutaraldehyde did not decrease during this
time. Enough glutaraldehyde penefrated the
uncoated Tyvek'to affect viability of 8. subtilis
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spores, and by 30 min there were onl%/ apout 70%
survivors, Asbefore, inoculated controls did not
show a decrease. _

Even potential contaminants about 0.5 ¢cm
from the uncoated Tyvek Packagln% material
were susceptible to death after the'external sur-
face was swabbed with glutaraldehyde (indirect
contact method).. Counts of S. aureus decreased
from 131 to 0’ 7 min after swabbing (Figure 5).
Polyethylene film, however, was considerably

20 30
MINUTES

Mhpglutaraldehyde to penetrate uncoated Tyvek 1073B and kill B. subtilis (O),'S. aureus
)and™P. aeruginosa (I ). Direct contact method was used (see Figure 1).

shown in Figure 5, no death of S aureus occurred
within at |éast 45 min. The lower count ob-
served at 60 min was not ob,ferved In subsequent
experiments with plastic film.

esults of penetration tests on the other
packaging materials by the two methods are
summarized in Table L Survivor curves were
plotted and the time required for 50% reduction
In cell numbers was estimated. Although notall
test or?amsms were used In each case, some

more resistant to penetration. In the example  generaf observations can be made. All materials
T T T I T T
150}~
m}
— e} o
Z \\\
o S
=z o)
)
[0 e
o
= sol-
&
3
Ek
Q\
Og—D ‘I zlo :iu /.Io JsTJ 5%J

MINUTES

Figure 5. Comparison of polyethylene film (O) with uncoated Tyvek 1073B (A) for penetration by 2%glu-
taraldehyde and killing of S. aureus.” Indirect contact'method was used (see Figure 2).
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Table 1. Time (min) required to reduce viable counts on inoculated membrane filters by 50% after swabbing
packaging material with glutaraldehyde

Direct contact3
Packaging
material BS PA

Ascot 101 (coated

Tyvek 1073B) 16
Glassine envelopes 33c¢c 0.5
Polyethylene film NO(60)0
Tyvek1073B

(uncoated) 33 2.9d »
Tyvek SBP-3A/

1073B (coated) ND(120)6 10
Tyvek SBP-3A/

1059B (coated) ND(120)b 25

Indirect contact3

sA BS PA sA
21 ND(15)0 ND(15)6 ND(15)b
1.4 10¢c Ile
ND0)6 ND(60)0 ND(60)b
3.53 4.7" 3.1c
8.0 14.5
15.5 ND(60)0 11.0 7.5e

a BS = Bacillus subtilis, PA= Pseudomonas aeruginosa, SA = Staphylococcus aureus.
b ND = no death detected; experimental time (min) in parentheses.

¢ Average of 2 determinations.
d Average of 4 determinations.
3 Average of 3 determinations.

fested except nolyethylene film were penetrated
bythe uaraldeh de. Wrth the direct contact

method, ? assing appeare to be the most pene-

trable material, follpwed by uncoated

1yvekan
the 3 varieties of coated T yvek,

water-resistant but not wa erproof it IS pene-

trable by agueous solutions of glutaraldehyde.or
y glutaraldehyde vapors. THe coated varieties
are more resistant, and the type and thickness of
the coatrng apRarentIy affecs the amount of
penetration. ~Although_both Ascot 101 a
coated Tyvek SBP- 3A 073B are made from the
same grade and style of Tyvek, the adhesive
atin sarea pli lt(/drfferent manufacturers
T e time required to kill Paerugrnosa and
reus bY the drrect contact method differed wrdely
Welmregglg products, and Ascot 101 seemed less
P Except in tests of Ascot 101 and polyethylene
film, death of vegetative cells was also observed
with the indirect contactmethod Evident| Iy the
amount of glutaraldehyde vapor accumulating
within the petri dish was sufficient to kill or-
ganrsms about 0.5 cm away from the packaging

materi
As expected cell death was usually more rapid
with the direct contact method. However, in 2
Cases éuncoa ted Tyvek 10738 and coated Tyyek
SBP- 3A/ 1059811 K0%kill of . aureus occurred In
less time with the indirect method. In the for-
mer material this could be an anomalous result
since 3.1 min was the average of 2widely varying
determinations, 5.8 and 0.5 min.
With the direct contact method, 3 test organ-
|sms gave consistent resyls in susceptrbrlr to
Spores were considerably more resistant
to qutaraIdehyde than were “the nonspore-

formrnd bacteria, and S. aureus aIwaYs took
longer Yo kill than did e, aeruginosa
fewer data were collected by the indirect contact
method. In 2 cases (uncoated Tyvek 1073B and
coated Tyvek SBP-3A/1059B) S. aureus appeared
to be the more sensitive organism, Once again,
this was the average of Wrdely diverse values
obtained in separate experiments
Glutaraldehyde penetrated all of the materials
teﬁte%except olyethylene film. To determine
ether another anti |crob|al agent would grve
similar results, we tested hyd roPen peroxr e
(30/3 hrch 15 a known sporicidal"agent with a
gre% yed gf action different from that of glutaral-
In apreljminary experiment, the effectiveness
of S%phydrogenyper%xrde In reducrnP vrab?e
counts 0f 10s B. subtilis Spores inocufated on
d]uares of Tyvek 1073B coated) was determined.
eDvaue Was a out 0 min.
With 8. subtilis and P. aeruginosa a5 test organ-
|sms 4t¥pes of Ipackagrng materral were ana-
penetration "by” hyarogen peroxide
abe 2) All materials tested except polyeth-
¥ene fil mwere penetrated, ~ As expected, coated
vek was less permeable than uncoated Tyvek.
Surprrsrngl Wrth most cells the vapors (indirect
contact piethod) exhibited a stronger bacterio-
cidal action than'did direct contact with solutions
of hydrogen peroxide. The data suggest that the
lethal effects of hydrogen Peroxr e are more
pronounced under the deroblic conditions of the
Indirect contact method than under the reduced
oxytfren concen ratrons possible during the direct
confact method. An additional éxperiment
sup orted this Eosr ||W
About 500 mL of 3% fydrogen peroxide was
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Time (min) required to reduce viable counts on inoculated membrane filters by 50% after swabbing

packaging material with hydrogen peroxide

Direct contact3
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Table 2.

Packaging

material BS
Tyvek 1073B (uncoated) 20
Tyvek SBP-3A/1073B (coated) Db
Polyethylene film NDC
Glassine envelopes RDd

a BS = Bacillus subtilis, PA = Pseudomonas aeruginosa.

Indirect contact3

PA BS PA
11 4.3 2.4
8.3 55 6.3
ND ND ND
RD RD RD

b 0 = Death occurred, but only 41% (average of 2 determinations) died during 48 min contact.

¢ ND = No death detected within 2 h after swabbing.

d RD = Rapid death observed; no viable counts obtained on first membrane tested immediately after swabbing with hydrogen

peroxide.

Placed in a flask and air was bubbled slowly
hrouqh the solutign for about 2h. Squares of
uncodted Tyvek placed over inoculated mem-
brane filters were swabbed as In the direct con-
tact method. For aera ted and nonaerated hy-
dro en{)eroxr e, the population was reduced by
50%1n 1.6 min and 48mrn respectively
Hydrogen peroxide killed_ célls verrr]/ shortI
afterit was swabbed on g Iassrne whrc Waste
most penetrable materral in both experiments.
However, it is difficult to understand why cells
mcIudrng spores) died consrderably faster with
Ty rog en peroxrde than with glutaraldehyde
‘ able’1). A possible explanation is the use of
eth een agar as the growth medium. The pro-
teinaceous materials (beef extract and, tryptone)
In letheen maY have Inactivated residual gluta-
raldehyde on the membranes. Itis known that
amino acids such as glycine and cystine are use-
ful for inactivating” glutaraldehyde (30, 31).
Assumrn? that hydro%en peroxide Is not inact-
vated fy fetheen the |fferences bservedwrth

thezdrsrnfectanscoud ossrdy e due to con-
ro

tinued action of any residual hy
on the membrane.

Conclusions

Both glutaralde dvde and hydrogen peroxide
effectrvel reduced surface contamination on
Rackagrng material.

aps other antrmrcrobral agents, should not be
used to sanjtize most packaged medical devices
before sterility testing because they can penetrate
the packaging material and kill tontaminating
or anrsms Wi h|n This may not be a problem

gen peroxide

devices pack a ed Wit |mpermeable ma-

terra such as Eol ethylene film.” However, be-
fore abdrsrn ctantis usgd it is recommended that
tests be per orme to

tration is a problem. Alternative methods for
sanitizing the surfaces should be investigated.

However, they, and per-

termine whether pene-

Qne possibility is the use of high mtensrt w

qt323 Vigorous wiping with a sterile tissye
followed by exposure toa ldrge volume of sterile
moving aif (e? HEPA filtér) to dislodge and
remove particufates from the slirface maY reduce
t ennossrbrhty of contaminating the test me-
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FOOD ADDITIVES
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Confirmatory Method for iV-Nitrosodimethylamine and
iV-Nitrosopyrrolidine in Food by Multiple lon Analysis with Gas
Chromatography-Low Resolution Mass Spectrometry Before and

After Ultraviolet Photolysis
W. I. KIMOTO and WALTER FIDDLER

ILS. Department of Agriculture, Agricultural Research Service, Eastern Regional Research
Center, 600 E Mermaid Lane, Philadelphia, PA 19118

A confirmatory procedure is described for deter-
mining IV-nitrosodimethylamine (NDMA) and N-
nitrosopyrrolidine (NPYR) in bacon, beer, and malt
by gas chromatograph%-low resolution quadrupole
mass spectrometry (GC-MS). The presence of 3
monitored ions, m/z 30, 42, and 74 for NDMA, and
m/z 30,42, and 100 for NPYR, before and dlsaggear-
ance after photolysis under UV light at 365 nm
without quantitation of peak areas was considered
confirmatory evidence for their presence. The ex-
tracts, obtained by mineral oil distillation methods
for bacon and malt, and dry column methods for
bacon and beer, underwent ¢leanup procedures be-
fore capillary GC-MS analysis. Less than 100 ng ni-
trosamine in the total extract, or approximately 2ng
NDMA or 3 ng NPYR injected into the GC-MS in-
strument, can e confirmed by this method. This
technique should also be applicable for other volatile
nitrosamines.

When detected, volatile nitrosamines are gen-
erall¥ present In trace amounts with potentially
Intertering substances which may Iead to false
positive résults. Most nitrosamies have heen
shown to be carcmogenlc toward nﬁxny |abora-
tory animal spemes(f). It1s generally accepted
thatf,the éJrgsence 0 nlttrosarrtnne(?vI Shoull\ll be
confirmed by mass spectrometr . Man
metnods h,avgbe,en re§orted and Yhes,e%ave bee?{
reviewed in detail (2,3). While confirmation by
gas chromatoglraphy & C)-low resolution MS to
yleld a complete Spectrim 1is the method of
choice, this s not always possible. Most re-
searchers usm? GC-hI?h resolution MS consider
ohservation of the mofecular ion at the same re-
tention time as th? standard nitrosamjne as the
criterion for confirmation (2, 3). The disad-
vantage of high resolution MSis the cost, whigh
may. l[imit its availability for the routine confir-
mation of nitrosamines In foods analyzed by
? vernment, testing, Industry, and university
anoratories.

Received December 8,1981. Accepted March 1, 1982.

GC-low resolution MS systems are mqre
widely available than the high resolution In-
strument, but they require samples that are much
cleaner. Guidelines for a hierarchy of MS con-
firmatory methods for animal dyug residues have
been reported ,£4) and_these should be equally
ap[ollcable to nitrosamines.  The first choice isa
full-scan spectrum, the second choice is a limited
mass scan of a portion of the spectrum that con-
tains only the characteristic information, and the
final chaice s the momtorm[q of 3or more ions.
For nitrosamines, the characteristic information
IS obtained from m/z 30, the 1on tor NO+, to the
parent ion, so that this will represent a limited
scan mass spectrum. For_ahy confirmatory
methad, the unknown and nitrosamine standard
must have the same GC retention time.

Several reports have appeared in which a
full-scan mass spectrum was ohtained and re-
ported for N-nitrosodimethylamine (NDMA), as
aconfirmatory method in pfocessed fish (5), fish
m?al (6), mall,él), beﬁrP gRs)., f(%r,NdDg\/IA and g :
nitrosopyrrolidine In fried bacon and a
Dee -myproduct , an(}, for NPYR In ftried
bacon (). For multiple ion monitoring, the
closer thé ratios of the areas of the fons’to be
monitored are to that of the standard, the more
reliable the confirmatory method will be, ' This
method re(r]uwes less sample than th? fuII-sc%n
Mmass spectrum method, but the samP e must be
free of co-eluting contaminants con alnlngz ong
or more of the ions monitored, or any contami-
nant containing one or more_of the monitored
lons that will interfere with integration of the
Beak areas. We believe that this difficylty can

e overcome by taking advantage of the fact that
nitrosamines are photolabile {wo, 11), 18, b
using a procedure similar in prlnmgle foa pho-
tol¥t|c method we reported as an additional aid
to the confirmation of nitrosamines in which
GC-thermal ener%y analyzer (GC-TEA) detec-
tion was employed (12). “The Samples are ana-

N004-575A/22/AEN5-1162-06201 NN
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lyzed quantitatively for nitrosamines hy GC-

EA and then 3 grlnupal characteristic ions of
a njtrosamine are monitored by GC-MS before
and after Fhoto_lysw by UV lightat 365nm. We
used this technique to'confirm the presence of 3
volatile nitrosamines in a few samples. in an
earlier report Q13). The general ap[)hcablllt_yand
details of this technique Tor the determinatjon of

PYR In fried bacon, and NDMA in malt and
beer are reported here.

Experimental

Reagents

(a) solvents —Dichloromethane (DCM), hex-
ane (dried over anhydrous Na-.SCx), and pen-
tane, all glass-distilled (Burdick & Jackson Lab-
oratories, Muskegon, Mi 49442),

(b) sodium sulfate.—Anhydrous, granular
3 ent grade (Mallinckrodt, Inc., St. Louis, MO

g‘%) silicic acid. —100 mesh. Activate 4-5.h at
110°C, cool to room temperature, and deactivate
5 g water/95 g silicic acid (Mallinckrodt,

wit
In
@Alumina.—NeUtraL 100-200 mesh.  Acti-
vat®4 h at 190°C, cool to room temperature, and
deactivate to activity 3with 6 g water/% g alu-
mina %B' -Rad Laboratories, Rockville Cénter,
NY 11571). ,

(© Builing chips.—Carborundum, small size (or

equivalent).
-Nitrosodimethylamine M A).—

N ND
Working standard, 0.5 ng/jiL DCM.( :
g) N-Nitrosopyrrolidine (NPYR).—WOrkin
stafdard, 5.0 ng/pL DCM." Caution: NDM
and NPYR are potent anjmal carcinogens and
must be handled appropriately.

Apparatus

r%a) Chromatographjc columns.— ondenser, 200
mm, with 197?8_]0|nts top and pottom (A. H.
Thomas_Co., Phifadelphia, PA 19105, Cat. No.
3215-M20). By Iglassbl(_)wmg, lower joint was
removed and rre# aced with stopcock. Also qlass
colﬂmn, 15 mm id X 300 mm long with stop-
cock.

. (b% Evaporative concentrator.—Kuderna-Dan-
ish, 250 mL with 4 mL concentr?,tor tube and

o
-
—

h,
Snyder and micro-Snyder distil mg columns
EKontes Glass, Vineland, NJ 08360, Cat. No. K-
03000-0121, K-570001-0250, K-570050-425, K-
569251-0319, or K-569001-0119).

(C) L-Shaped tube and freezing tra —12/5 hall
nd socket joints with connectgln F

ubin gA H,

a .
Thomas Co., Cat. Nos. 5715-E46and 5715-J46)
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were bent in an L-shape. By glassblowing, 19/38
male joint was connected o open end"of ball
{omt, and open end of socket joint was connected
0 inlet tube of one-piece freezing trap, 195 mm
Iong X23mm od. _
Glass wool.—Pyrex or equivalent.
eOCapiIIary tubes.—Kimax 1.6-1.s mm od X
-50 mm,

(f) Gas chromatograph-thermal energy analyzer
(6C-TEA).—Previously described (14).

() Gas chromatography-mass spectrometry.—
Hewlett-Packard Model 59928 low resolution
8uadrupo|e GC-MS Interfaced to HP-9825A
esktop comPute,r HP-9866B printer, and HP-
9885M flexible disk drive, and Titted with capil-
[ary interface system.. GC istrument condi-
tions: 30m X 0’5 mm id glass capillary column
coated with UCON 5100, or 25.m X 05 mm Id
R/Ilass capillary column coated with Carbowax 20

: helium Carrier gas 3.5 mL/min; injector
150°C; column 20°C for 2 min programmed at
s°Imin to 160°C, and held at this témperature.
For NDMA, 3 ions, m/z 74, 42, and 30, and for
NPYR, m/z. 100, 42, and 30, were monitored
under the following conditions; _electron en,er[gy
10 eV: electron multiplier 2000-2600 &V, inté
gration time 50 ms/mass monitored. When MS
isolation valve was opened, 0.75 mL/min of He
flow entered MS instrument and remainder was
vented Into overhead hood. = Data acquired by
GC-MS could be processed Lion |nd|_V|duaI!iv or
3 1ons simultaneously. More detail could be
obtained from the former than from the latter;
therefore, the data were processed 1 ion indi-
vidually. - Abundance scale for each ion differed
from that of other ions.

n) uy source —Chromato-Vue Model C-5
5U tra-Violet Products, Inc. San Gabriel, CA

78). Medium intensity IamP_WI’[ 284 mi-
crowatts/sq. cm of 365 nm’radiation at distance
of 457 mm.

Samplesand Procedure

(a? Fried bacon samples containing various
levels of NPYR were obtained from USDA, Food

Safety and Inspection Service monitoring pro-
gram”of commercial prodycers. Nitrosamines
were isolated hy a reported mogification §14) of
amineral ol distillation procedure (15) or adry
column procedure (elﬁ) nd cleane ug by the
foIIowmg rocedure: ~ Add 15 mL hexane to
water-codled column and place glass wool plug
In bottom.  Add 5 alumina and tap column t0
Pack. Cooling prevents vaporization_of pen-
ane and DCM"on alumina column.) Top col-
umn with 1-2 cm Na=S04. Drain most of hexane
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and add 20 mL hexane to column. Add bacon
extract, using 5 mL hexane to wash concentrator
tube, and add wash to column, Technlgue of
transfer should avoid contact with ground glass
joint. Adjust stopcock to maintain flow rate of
1-2 mL/min, and then elute with 50 mL each of
1+ 10,3+ 10, and 6+10 DCM-pentane and
collect final fraction in Kuderna-Danish flask.
Add boiling chip, fit flask with Sgnder column,
and concentrate solvent on steam bath to 2-4 mL.
Replace Synder column with micro-Synder col-
umn; then add boiling chip and concentrate
solvent to 1.0 mL in 60°C water bath. %Recovery
of NPYR varied from 77 to 100%3 With spatula,
raise boiling chips above liquid level in tube,
wash spatula and b0|I|ng1_ch|ps_W|th a few drops
of DCM, and discard boiling chips. Cool extract
to 10°C or lower (to preventbumping) and con-
nect tube to one end of L-shaped tubing con-
taining 19/38 joint; connect other end of tubing,
containing hall joint, to freezing trap which 1
cooled in dry ice-methanol bath and connected
to laboratory vacuum system (50-90 mm Hg).
Concentrate to 20-40 ¢iL at ambient temperature,
Transfer concentrate to 2 capillary tubes sealed
at 1 end, and seal tubes. Place 1 tube 2-4 cm
from UV light source at 365 nm for 3 h.

(b) Beer malt containing various levels of
NDMA was obtained from the Food and Drug
Administration. NDMA was isolated by a
mineral oil distillation procedure (7), and cleaned
up by the following procedure: Add 10 mL
hexane to column and place glass wool plug in
bottom, Add 1(1 silicic acid as hexane slurry,
wash sides of column with hexane, and open
stopcock to pack column. Top column with 1-2
cm Na2S0 4. Drain most of hexane, and add 20
mL additional hexane to column. Add malt ex-
tract to column, using 5 mL hexane to wash
concentrator tube and addm? wash to column.
Open stopcock and wash column with 50 mL
DCM-pentane (4 + 10), elute NDMA with 50 mL
DCM, and collect eluate in a Kuderna-Danish
flask. Concentrate sample asin (a). (Recovery
of NDMA was 80-89%.2< _

(c) One brand of bock beer was obtained from
a retail source and the NDMA was isolated by a
dry column procedure 817? The extract was
Passed through an acid-Celite column (183 fol-
owed by procedure (b). (Recovery of NDMA
was 89%.) o .
~(d) A 2 juL sample injected into the GC-MS
instrument which was maintained in the direct
inject mode 0.6 min, in the flush mode 0.6 min,
and finally in the run mode. NPYR was deter-
mined on the UCON 5100 column, and NDMA

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

was determined from malt and beer on the Car-
howax 20M column. GC retention times were
22.8-23.0 min for NPYR on the UCON 5100 col-
umn, and 14.6 min for NDMA on the Carbowax
20M column.

Results and Discussion

Initially, the nitrosamine peak was collected
as it eluted from the GC column and then ana-
lyzed by GC-MS (13), but this technique was too
time consuming as a cleanup procedure and was
abandoned for a column chromatographic
method. Silica gel, as used in the FDA multi-
detection Proce ure for volatile nitrosamines
(19), was also used here, but ethyl ether, one of
the solvents specified to elute nitrosamines,
could not be used here because solvent contam-
inants interfered with the GC-MS analysis. Si-
licic acid partially deactivated with 5% water was
used for cIeanuB of all extracts containing
NDMA because DCM eluted this nitrosamine,
but not NPYR. Elution profiles of volatile ni-
trosamines on activity 1-3 acidic, basic, and
neutral Woelm alumina have been investigated
and summarized (20). Based on that work,
neutral alumina of activity 3 was selected for our
investigation. With this column, NDMA eluted
with DCM-pentane (3 + 10) mixture, whereas
NPYR eluted with a6 + 10 mixture. Although
NDMA and NPYR could be isolated separately
with this column, no attempt was made to con-
firm NDMA in fried bacon because this nitrosa-
mine is usually present in concentrations much
lower than the 10 ppb violative level established
by the requlatory agencies. .

The criteria for this GC-MS confirmatory
analysis for NDMA and NPYR are the simulta-
neous presence hefore, and absence after, UV
photolysis of the principal characteristic ions
monitored and the same GC retention time.

In low resolution mass spectra of NDMA and
NPYR in which the ions from m/z 29 to 120 were
scanned, ions with abundances greater than 10%
of the base peak were m/z 30,42 43, and 74 (base
peak) for NDMA, and m/z 30,39,41 (base peak),
42,43, 68, and 100 for NPYR. Three character-
istic and intense ions were selected for multiple
ion analysis. These ions also gave the 3 most
intense peaks in the ion chromatograms, namely,
the parention, m/z 74 or 100, and'm/z 30 (NO+)
and 42 (C2H4N +). The latter 2 are common ion
fragments of volatile nitrosamines (21). Al-
though m/z 41 was more intense than m/z 42 for
NPYR in the limited scan mass spectrum, this
advantage was nullified by its greater prevalence
from the fragmentation of some of the extract
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Figure 1. GC-MS of 3.7 ppb (92 ng) NPYR in extract from mineral oil distillation of fried bacon before (a)
and after (b) UV photolysis.

contaminants when low levels of NPYR were
analyzed. _ .

The selected ion current profiles from the
3-ion monitoring of extracts from bacon and beer
for NPYR or NDMA before (a) and after (b)
photolysis under UV lightare shown in Figures
1-3. The abundance scale forany given ion be-
fore and after photolysis differed by 20%or less
except for m/z 100 in Figure 1, and m/z 74 for
F|9ure 2, both of which differed by 70%, and for
m/z 74in Figure 3which differed by 60%. The
latter 3 are the result of the disappearance of the
large nitrosamine peak after photolysis, with a
corresponding decrease in the ion abundance
scale. There were large variations in the ion

b
NDMA

% _./\L»M/
VAU
N

NDMA

ABUNDANCE

o

m/z 74
- 1
14 15 |

TIME, MINUTES

Figure 22 GC-MS of 1.5 ppb (73 ng) NDMA in ex-
tract from dry column treatment of beer before (@)
and after (b) UV photolysis.

abundance scale for different ions, therefore di-
rect comparison of peak areas cannot be made.
‘Bacon sample analyzed by the mineral oil
distillation procedure and containing 3.7 pr
NPYR or atotal of 92 ng NPYR is shown in Fig-
ure 1. The chromatogram represents an aliquot
containing approximately 3 ng NPYR that was
injected into the GC-MS system. The m/z 42ion
Beak_ for NPYR is on the shoulder of a larger peak
ut it is evident that this as well as the other 2
peaks disappeared after photolysis. Two other
peaks for m/z 42 at different retention times in-
creased in size after photolysis, but did not in-
terfere with the interpretation of the results. In
fried bacon samples containing greater than 5
pph NPYR, the intensity of all the ion peaks in-
creased, particularly the m/z 42 peak. As the
level of NPYR decreased to 5¢pb and below, the
ions of m/z 42 and 30 for NPYR began to disap-
pear into the background and became less dis-
cernible, while the m/z 100 ion peak remained
strong because of the low background level for
this ion. A more rigorous cleanup procedure
than the one reported here should significantly
decrease the background level, especially for m/z
42 and 30, therew increasing the sensitivity of
the ﬁroce_dure. When fried bacon was analyzed
by the mineral oil distillation procedure, NPYR
levels of 80-90 ng/25 g appeared to be the lower
detection limit by this method. For fried bacon
analyzed bY the dry column method, extracts
containing lower total NPYR than that from the
mineral orl distillation procedure, 44 ng/10 g or
4.4 ppb, could be confirmed. The reasons were
less fon fragments due to contaminants and
therefore lower background levels for ions of
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Figure 3 GC-MS of 28 ppb (71 ng) NDMA in extract from mineral oil distillation of malt before (@) and
after (b) UV photolysis.

m/z 30 and 42, and probably less NPYR was lost
during the concentration step. The tube con-
talnlnP the extract was cooled by the vaporiza-
tion of the solvent during the concentration step
and a thin film ofsolld,_[)ossmly mono- and di-
glycerides, which precipitated on the walls of the
tube, melted at room temf)erature and was dis-
solved by washing the walls of the tube with the
concentrate. This oily film probably decreased
the loss of NPYR during the concentration step.
On injection into the GC-MS system, these oils
Ic_ondensed on the walls of the injection port
iner.

Figures 2 and 3 represent a bock beer extract
containing 1.5ppb oratotal of 73 ng NDMA, and
a malt sample analyzed by the mimeral oil dis-
tillation procedure and “containing 2.8 pr
NDMA or atotal of 71 ng NDMA, respectively.
In the chromatogram, which represents an in-
ﬁcted sample containing approximately 2 ng

DMA, the presence before %Eand ahsence after
fb) UV photolysis of NDMA is evident. The
ower limit of detection for malt with the isola-
tion procedure used was probably about 70 ng
NDMA/25g. For beer, the detection limit is not
known but should be below 70 ng NDMA in the
extract. The Food and Drug Administration
recently established a NDMA violative level of
5 pr or malt beverages (22) and >10 ppb for
malt (23).

Extracts from malt contained a large peak that
eluted just before NDMA on the UCON 5100
column, which interfered with the analysis.
However, with the Carbowax 20M column, the
elution time of this peak was about L min before
the NDMA peak and could be eliminated from
the ion chromatogram. The beer extract also

contained interfering peaks that were present
when the sample cleanup was performed by the
acid-Celite or silicic acid columns, but the use of
both columns eliminated this interference.

lon peaks from non-nitroso and nonphotoly-
zable compounds were always present in the
chromatograms. By usm?_these peaks as inter-
nal reference standards, slight variations in the
amount of the before and after photolysis sam-
ples injected into the GC-MS system, or abun-
dance scale for a given ion chromatogram, did
nolt interfere with the interpretation of the re-
sults.

This GC-MS procedure was applied success-
fully to the samples shown in Table 1. The
greatest emphasis was placed on bacon because
this was the foodstuff in which nitrosamines
have been detected consistent!jy. At present,
fried bacon is routinely analyzed by the mineral
oil distillation procedure for volatile nitrosam-
ines; therefore, the greatest emphasis was placed
on applglng this GC-MS technique to extracts
obtamed by that isolation procedure. A few
samples were analyzed by arecently develoged
dry column method ﬁlﬁ% because this method
appears to be more reliable and faster than the
mineral oil distillation procedure and may find
wider use for the routine analysis of NPYR in
fried bacon. _ _

The major advantage of this low resolution
GC-MS confirmatory procedure is the low levels
of nitrosamines required; the major disadvantage
is that 2 analyses are required for the confirma-
tion of one sample. This procedure will be
suitable when the amount of sample is inade-
quate for alimited or full scan mass spectrum or
amultiple ion analysis in which the ratios of the
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Table 1. Samples used for GC-MS confirmatory method
Nitrosamine
Wt of Analytical Nitrosamine
Sample Number sample, g method analyzed Total, ng ppb
Bacon 18 25 min. oil distn NPYR 86-297 3.4-11.8
Bacon 3 10 dry column NPYR 44-88 4.4-8.8
Malt 4 25 min. oil distn NDMA 71-189 2.8-7.4
Beer 1 50 dry column NDMA 73 15

ion peak areas are within aselected percent of the
standard. The latter procedure requires a fairly
clean sample; overlapping peaks such as is shown
in Figure 1(m/z 42) will'interfere with integra-
tion of the peak area and thus the results. With
the procedure reported in this paper, overlap-
ping peaks will not be a problem and therefore
the procedure can tolerate dirtier samples. One
disadvantage of this procedure is that 2 very
common ion fragments, m/z 30 and 42, are
monitored. However, this dlsadvantage IS
overcome by the requwement of the simulta-
neous presence before and disappearance after
UV photolysis, which is strong evidence that
these ion fragments are actually from a nitrosa-
mine and not another co-eluting compound.

The GC-MS confirmatory method for NDMA
and NPYR should also be applicable to other
volatile nitrosamines in other toods or nonfood
substrates. This technique can also be applied
to obtain a full-scan mass spectrum when suffi-
cient concentrations of nitrosamines are available
in the presence of co-eluting non-nitrosamines
by subtracting the full-scan mass spectrum ob-
tained after photolysis from the one before
photolysis.
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Cylinder Plate Assay for Determining Bacitracin in Premix Feeds and
Finished Feeds: Collaborative Study

JOHN B. GALLAGHER and LINDA L. KNOTT
International Minerals & Chemical Corp., PO Box 207,

S
Terre Haute, IN 47808

%ﬂollaborators: D. Brennecke; H. H. Bryant; G. G. Carter; C. Harpster;

L. Hasselberger; K. D. Jones; L. L.
S. Ragheb: N Stouffer; C. W

A cylinder plate assay procedure wes studied by 10
laboratories. For premix feeds, 3 sanmples of baci-
tracin methylene disalicylic acid and 3 sanples of
bacitracin zinc premixes covering the range of 10to
50 g/Ib were used. The repeatability standard de-
viation was 211, and the reproducibility standard
deviation was 213  The average recovery of baci-
tracin wes 101.5% The method has been adopted
official first action. For finished feeds, 6 sanples of
bacitracin methylene disalicylic acid and 6 sanples
of bacitracin zinc covering the range of 10 to 80
g/ton were used in the study. The procedure in-
cluded asanple deanup step using disposable reverse
phase columns.  This step appears to be the cause of
the poor results reported by most collaborators.

Continued study is needed to develop an acceptable
Bacitracin is a polypeptide antibiotic produced

method for finished feeds.

by Bacillus lichenformis and consists 0?3 active
components. Bacitracin added to animal feeds
for growth promotion, feed efficiency, and dis-
ease control is stabilized by reaction with zinc or
methylene disalicylate (MD). It can be deter-
mined in 8rem|x feeds in the concentration
range 10-50 g/Ib and in finished feeds in the
range 10-1000 g/ton by a high pressure liquid
chromatogra h|0ﬁroc_edur_e gl)orby biological
methods -4?. The biological assaf/ procedures
developed for this study were collaboratively
tested because most state laboratories already
have the necessary equipment and qualified
personnel necessary to perform microbiological
assa?]/s. o _
~The AOAC official first action method for
finished feeds uses an acidified pyridine extrac-
tion procedure followed by determination using

H. inely
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the Micrococcus flavus cylinder plate assay.
Ragheb proposed and studied a methanol ex-
traction procedure with determination by using
the cylinder ﬁlate assay technique.

Work in the Associate Referee's laboratory
supports Ragheb's work which showed a positive
bias by the pyridine procedure. Also, in the
development of the ﬁropedure for collaborative
study, 1t was noted that in many instances with-
outsample cIe_anuE, both positive and negative
bias existed with the methanol procedure.

Collaborative Study

The 3 statistical unit blocks used for the premix
study consisted of commercial premix level feeds
with nominal potencies of 10, 25, and 50 g/Ib.
One member of each unit block consisted of a
zinc and the other amethylene disalicylate bac-
itracin premix. _ .

Bacitracin feed premixes are biomass products
that do not have a known concentration of baci-
tracin. To evaluate method recovery, the 25 g/Ib
unit block was prepared in the Associate Refer-
ee's laboratory asa 1+ Ldilution of the respec-
tive 50 g/Ib premixes. A V-notch blender was
used to ensure ahomogeneous hlend. _
~ The 6 statistical unit blocks used for the fin-
ished feed study were prepared atnominal con-
centrations of 10,15,100,150,500, and 800 g/ton
from both poultry and swine unmedicated pre-
mixes. One member of each unit block consisted
of azinc and the other amethylene disalicylate
bacitracin. Five-pound batches of each member
of each unit block were prepared by accurately
weighing the poultry or swine premixes and
then adding the appropriate amount of zinc or
methylene disalicylate bacitracin premix. Each
batch was blended 20 min in a V-notch blender
and then qround to a consistent particle size.

Materials for each unit block were riffled and
packaged in moisture-proof containers. Six
containers of each member of each unit block

05-1168-10$01.00
Analtiral fohnmlctc Ine



GALLAGHER & KNOTTS:

were analyzed to confirm the homogeneitr of the
packaged samples. Each package was labeled
with the nominal potency and a unique set of
random numbers for each collaborator.

The 11 collaborators were sent 2 samples of
each member of each unit block and were asked
to perform a single analysis on each of the 12
premix samples and 24 finished feed gamﬁles_.
Collaborators were supplledfmthl zinc baci-
tracin standard, aslant of M. flavus ATCC 10240
culture, a pneumatic compeller, a copy of the
method, photos showing use of the pneumatic
compeller and preparation of the cleanup col-
umn, glass filter pads used in the preparation of
cleanup columns, and report forms.

Collaborators were also asked to prepare 2
additional dilutions of the standard solution and
to plate these as samples to evaluate the standard
curve error,

Pretest of the Method.— In advance of the col-
laborative study, the method was subjected to
critical review and testing by H. S. Ragheb of
Purdue University. Problems encountered were
reviewed and corrected. In addition, the fol-
lowing parameters were tested in the Associate
Referee's laboratory: extraction time, effect of
organic extraction solvent on M. Tlavus, evapo-
ration pH, analytical error ex?ected with various
Blatesensmvmes, number of plates that should

e used in each determination, cleanup column
configuration, washing solvents for the cleanup
columns, and elution volume for bacitracin from
cleanup columns. _ .

A minimum of 5 min is required to obtain
complete extraction. The plate sensitivity was
adjusted to eliminate interference from organic
sofvents. Interaction of the error associated with
the selected plate sensitivity and the number of
plates required to %rowde aconsistent error led
to the conclusion that 4 plates were required for
each determination. .

The pH adjustment prior to evaporation was
found to be acritical factor in the finished feed
analysis. Methanol was selected as the elution
solvent and the 3.5 mL elution volume was se-
lected to provide asafety factor of 1 mL for baci-
tracin elution.

Bacitracin in Premix Feeds
Cylinder Plate Assay
Official First Action

(Applicable to premixes contg >10 g baci-
tracin/lb)

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)
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42.C06 Principle

Bacitracin is extd from feeds into acidified orP.
solv. system. Extis centrfd, and supernate is dild
in phosphate buffer anij analyzed by cylinder
plate assay with M. flavus as detection or-
ganism.

42.Co7 Reagentsand Apparatus

@ Microorganism—Micrococcus flavus ATCC
10240. Maintain culture as indicated in

42.199&)1. . _

®) EXtracting Solv.—Mix, by vol., 27% CH3CN,

21% MeOH, 3% pH 6.0 phosphate buffer,

(42.197)(f), 41% Hz0, and 2% H3PO4 ﬁS%); add

059 EDTAIL. (Egt%solv. is satd with EDTA.).
© Phosphate” buffer—5%, pH 6.5.

42.197611. .

@ Diluting solvent—Methanol-5% pH 6.5

phosphate bH‘fjr (12 + 88?.
(e) Dilute HCl.—Carefully add 89 mL HCI to

(HOZ(?llelnd dil. to 1L (IN). Further dil. soln 1:100

f) |,nd§r8.—3.ee 42198(@).

Eg) yiinaer — dispenser.—Optional:  see

42.198(c).

See

42.C08 Standard Solutions

See 42.202() and (v). Also prep. 0.30 and 0.16
unit/mL solns to be plated as samples to monitor
assay.

42.C09 Preparation ofPlates

Use one layer (ca 15 mLZJ of agar antibiotic
medium 142.196(5?. Det. by trial plateslo ti-
mum concn (usually 0.02-0.05%) of M. flavus
ATCC 10240 to be added to agar to obtain zones
of inhibition 15-17 mm for 0.2 unit bacitracin/
mL. Pour 4 plates for each point on std curve
gl.e., 16 plate.si]and 4 plates for each sample soln.
td curve will be plated tW|ced(|.e., 32 plates) as
will check samples 0.30 and 0.16 unit/mL.
Therefore, total of 48 plates will be needed for 2
curves and check samples, plus 4 addnl plates for
each sample.
Let agar harden on level surface. Transfer to
refrigerator and cool >1 h before dosing. Use
plates same day prepd.

42.C10 Extraction

Accurately weigh amt feed contg ca 4600 units
of bacitracin into 300 mL erlenmeyer flask, or

equiv.
qud 100 mL extg solv. with 100 mL vol. pipet
and ext feeds >5 min by shaking flask or mixing
on mag. stirrer.
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Transfer supernate to plastic centrif. tubes and
centrif. 10 min at 2000 rpm. Filter suPernate
thru glass wool into graduate. Use vol. glass-
Wa_rte/ ar|1_d dilg solv.to prep, final diln 0.2 £ 0.05
unit/mL.

42.C11 Plating

Use 16 seeded plates for first curve. Use 0.20
unit/mL as plate ref. On each plate, fill 3 alter-
nate stainless steel cylinders with plate ref. and
the 3 remalnm_? cylinderswith 1std. Besureall
cylinders are filled with constvol. (i.e., 0.25 mL).
Preset Eppendorf pipet is best for this purpose.
Use 4 plates for each samFIe, including 0.3 and
0.16 unit/mL check samP es.

Use 16 seeded plates for second curve, to be
Plated after all samples are plated. Use 8 plates
or second plating of 0.3 ana 0.16 unit/mL check
samples.

Incubate dosed plates 16-18 hat 37 £ 2°. Read
zones of inhibition to nearest mm, using
Fisher-Lily zone reader.

42.C12 Determination

Det. corrected av. zone diams for std (Z') and
sample (Z) solns according to 42.200. Det. re-
sponse line as least squares linear regression of
following equation:

Z'=mlogP' +b

where P' = potency in unit/mL of std soln asso-
ciated with Z'; mb = are least squares fitted slope
and intercept parameters. Calc, potency of sam-
ple by following equation:

g bacitracin/lb = [antilog(Z —b/m)
XD X0.0108]/sample wt

where D = total sample diln; 0.0108 = 453.6
(g/1b)/42 000 (units/g bacitracin).

Bacitracin in Finished Feeds

Principle

Feeds are washed with petroleum ether to re-
move fat before extraction into acidified organic
solvent s?;stem. Extract is then centrifuged and
filtered through glass wool, pH is adjusted, and
or_%amc solvent is removed. Residue is diluted
with buffer, centrifuged, and applied to cleanup
column. Eluate is analyzed by cylinder plate
assay using M. flavus as detection organism.

Reagentsand Apparatus

See 42.C07, plus the following:
(a) Rinsing solvent.—Mix, by volume, 44%

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

water, 44% pH 6.5 phosphate buffer (5%), and
12% methanol. .

(b) Pneumatic compeller. —These devices were
supplied by the Associate Referee (Figure 1).

Standard Solution

See 42.C08.

Preparation of Plates

See 42.C09.

Cleanup Column

Prepare cleanup columns from two 3 mL
plastic syrlnEes_. emove plunger tips and save.
Cut Luer-lok tip from syringe and discard re-
mainder. Place Type AP ?No. AP25 01000)
Millipore filter in bottom of second syringe.
Slurry LiChroprop RP-8 Packmg (EM reagent
No. 9324-4R) in methanol; then draw into sy-
ringe until packing reaches 20 mm mark. Place
another Type AP Millipore filter on top of

acking. Insert U2 in. 18G needle through

uer-lok tip cut from first syringe and push 2
plunger tips onto needle. Insert th|s.assembl?]/
Into top of second sYrmge. Figure 2 is a sketc
of finished mini column. Prepare column for
use by pumping 5 mL methanol followed by 5
mL rinsing solvent through column.

Extraction

~One day before assay, extract feeds in Gold-
fisch apparatus to remove fat: Accurately weigh
amount of feed contammgi 20 units of bacitracin
into folded Whatman filter paper. Place in
stainless steel thimble. Reflux 1 h on high
temperature setting. Use 40 mL petroleum ether
as shotlvent. Remove feed and let air-dry over-
night.

On da?i of assay, carefullﬁ transfer treated feed
to 300 mL Erlenmeyer flask or equivalent. Add
100 mL extracting solvent, using 100 mL volu-
metric pipet. Extract feed 5 min by either
shaking flask or using magnetic stirrer. Transfer
supernate to centrifuge tubes and centrifuge 10
min at 2000 rpm.  Filter supernate through glass
wool into graduated cylinder. _

Using volumetric pipet, remove appropriate
volume (gontammgI 5 units of bacitracin) and
place in side-arm filtering flask. Adjust pH to
6.5 with 5N NaOH. Sparge off organic material
by using stream of air into side-arm flask. Or-
ganic solventis gone when no methanol or ace-
tonitrile odor remains. The usual time for this
process is 20 min. _ _

Transfer liquid from side-arm flask to centri-
fuge tube. Quantitatively wash side-arm flask
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Figure 1.

with 10 mL rinsing solvent. All solids must be
resuspended in solvent; ultrasonic bath is useful
for this purpose. Transfer first wash to centri-
fuge tube containing supernate from;garogmg
process. Again wash side-arm flask with 10'mL
rinsing solvent. Transfer second wash to cen-
trifuge tube. Add final 10 mL rinsing solvent to
side-arm flask and set aside. The third wash will
be used to rinse column. Centrifuge sparged
material and the 20 mL rinsing solvent 5 min at
1200 rpm.

After centrifugation, carefully transfer su-
pernate to 50 mL disposable syringe. Attach to
prepared cleanup column. Apply air pressure

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

1

L

Pneumatic compeller.

by using pneumatic compeller (FiPure 1). Air
gress_ure must be ca 40 psi'but should not exceed
0psi. Let |I(iUId be forced through column to
V4in. above gi ass fiber filter on top of packing.
Do not let column dry during this process.
Remove 50 mL syringe from pneumatic com-
?eller.. Carefully transfer third and final wash
rom side-arm flask to sKrlnge. Attach to com-
peller and force liguid through column to Win.
above glass fiber filter. Do not let column dry.
Remove column from compeller. Fill 3 mL dis-
posable syringe with 3.5 mL (2 mL plus 1.5 mL)
of 100% methanol. Attach to top of column and
collect effluent in 25 mL volumetric flask. Fill
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Figure 2. Sketch of completed mini column.

flask to volume with pH 6.5 phosphate buffer
(5%) and mix well. Let foam subside, pour test
solutions into glass tubes, and submit for plating.
Use only glass tubes because plastic tubes suc
as polystyrene can interfere with assay.

Plating
Seed2.01.

Determination

See 42.02.

Results and Discussion — Premix Feeds

Collaborative results were received from 10 of
the 11 laboratories that were sent samples for
analysis. Results are presented in Table 1
Samples 1,3, and 5are zinc bacitracin premixes;
Samples 2,4, and 6 are MD premixes. The de-
sign of the study allows the application of both
the analysis of variance procedure of Steiner and

Table 1.
Sample 1

Sample 2 Sample 3

-
QD
o

. Replicates Sum Replicates Sum Replicates

, 12.1
9.7, 11.3

22.9 .
21.0 9.7, 9.0
198 75 81
233 99, 94
22.4
23.1 8.7,
206 85, 9.2
229 95,
218
30.7

19.3
18.7
15.6
19.3
19.7
19.2
17.7
20.1
16.6
23.6

28.1, 26.1
30.9, 21.9
23.8, 25.6
252,313
29.6, 315
29.3, 28.9
28.9, 28.8
29.2, 28.3
26.6, 26.8
30.8, 32.4

COVWO~NOOUTDWNPR
=
[
[

=

Sum

54.2
52.8
49.4
56.5
61.1
58.2
57.7
57.5
53.4
63.2

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

the method of Youden for statistical analysis of
collaborative studies (5). _

The 2-sample charts for the 3 unit blocks are
?resented in Figure 3. As usual, the points are
ound predominantly in quadrants I and III,
representing +,+ and — results; 67% of the
results lie in quadrants I and I, 33% appear in
quadrants Il and IV. The points are generally
arranged in the usual elliptical pattern around
a maﬂorams at45°. Laboratory 3which obtained
the fowest laboratory rank was located consis-
tently in quadrant Ill and was outside the 95%
confidence circle, indicating a large systematic
error. However, in 2 of the unit blocks reported
by Laboratory 3, the results lie near the 45° line,
indicating good precision for the majority of data
received from this laboratory. Laboratory 10
which had the highest laboratory score was lo-
cated consistently m_guadrar]t I'and was well
outside the 95% confidence circle, indicating a
very large systematic error. However, each unit
block reported by Laboratory 10 was near the 45°
ling, indicating good precision. In general, these
plots show that the method does not have an
extremely high precision. However, such ob-
servations are typical for microbiological as-
says.

Table 2 presents the results of the extra stan-
dard dilutions that were plated as samples.
These results again indicate that Laboratory 10
had a systematic problem with the procedure.
Laboratory 3 showed a low recovery of the
standard solution, which is consistent with the
conclusion drawn from 2-sample charts. Labo-
ratory 2 also showed a low recoverii on the
standard and had a low IaboratorY rank.

Rejection of Outliers.—The results of ranking
the collaborative analysis are presented in Table
3. Laboratory 10 ranked highest on all 6 sam-
ples, and Laborator[;(/ 3 ranked lowest on 5 of 6
samples. Total ranks for Laboratories 10 and 3
are well outside the approximate 5% 2-tail limits

Replicate results from collaborative tests reported by 10 laboratories on 6 premix samples (g/1b)

Sample 4 Sample 5 Sample 6

Replicates Sum Replicates Replicates  Sum

23.2,21.7
23.9,23.9
20.9, 19.3
22.4,24.8
220,211
24.3,25.2
21.2, 22.7
22.6,21.9
22.0,22.2
37.0,30.8

44.9
47.8
40.2
47.2
43.1
49.5
43.9
44.5
44.2
67.8

57.4, 51.7
56.0, 52.3
50.3, 50.0
56.5,60.4
53.0, 55.1
54.3, 54.3
53.6, 57.7
57.4, 55.2
55.0, 55.2
64.5, 84.0

46.2, 48.3
44.5, 46.3
43.5, 43.4
48.4, 43.7
44.5,46.5
44.6, 48.7
44.4, 41.2
36.4,47.7 841
45.1,46.6 917
58.1, 55.4 1135

94.5
90.8
86.9
92.1
91.0
93.3
85.6
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for 10 laboratories with 6 samples of 14 and 52.
As a result of the ranking of these laboratories
and their consistent ﬁresence in quadrants | and
11 of the 2-sample charts, data from these labo-
ratories were excluded from statistical analysis.
Table 4 presents the results of the Dixon" test
conducted on the sum of duplicates to determine
individual outlying results. None of the calcu-
lated values exceeded the 1in 20 probability of
0.55 and therefore were not rejected from anal-
sis.
' Homogeneity of Variation.—The homogeneity
of experimental variation between laboratories
was evaluated based on the range of duplicate
results on each sam?Ie. The ranges, 1V§for S =
Samples 1-6 are 2.7, 35, 8.3, 6.4, 8.8, and 104
g/lb, respectively. Th|s?|ves an experimental
ratio IVmax/ Wtotal = 10.4/40.1 = 0.26, which is
below the 1in 20 significance level of 0.28.
Therefore, there is no statistical evidence that the
samples need to be analyzed separately.
The hom oglenelty of experimental variations
between replicates was evaluated using the
maximum and sum of the ranges ratio test. The
result was significant at the 5%significance level.
However, the data were not rejected because of
the abnormal low sum obtained on Samples 1
and 2 which adversely weighted the evaluation,
and because the average results on the data were
near results reported by other collaborators.
Statistical Results.—Table 5 summarizes the
results of the statistical analysis conducted by the
Youden method of analysis of variance. "The
Precmon standard deviation, Sr,was computed
rom the difference of the avera?e result of
Balr_ed samples, correcting Srb?/ yfl; the distri-
ution standard deviation, Sd, from the total of
the pairs; and the standard deviation for the
distribution of s?/stematlc error, Sb, from Sd= 2
Sb+ 52, The calculated F-values in Table 4 are
less than the critical F-value at the 10% level of
significance for 8 degrees of freedom. Hence,
the systematic error, Sh, does not make a statis-
tically significant contribution (P > 0.1) to the
standard deviation of the data Sd. o
Table 6 summarizes the results of the statistical
analysis conducted using the nested analysis of
variance technique of Steiner. The between-
laboratory variance ratio is 1.22 and is not sig-
nificant at the 10% level of significance. NorIs
the laboratory-sample error significant at the
10% level. The repeatability standard deviation
(within-laboratory) estimate is 2.13 g bacitra-
cin/lb. The reproducibility standard deviation
(between-laboratories) estimate is 2.15 g baci-
tracin/lb.  These values correspond to the
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Table 2. Percent recovery on 0.16 and 0.30 unit/mL bacitracin standard
Laboratory
Std 1 2 3 5 6 7 8 9 10 Av.
0.16 954 89.7 92.0 95.3 97.8 94,4 85.6 97.1 97.8 113.8 95.89
0.30 104.4 93.1 91.8 96.7 95.8 102.0 119.0 98.0 101.2 114.0 101.60
Av. 99.9 914 91.9 96.0 96.8 98.2 102.3 97.6 99.5 113.9 98.75
Table 3. Ranking of premix data from Table 1
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Total
Lab. ' Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank Sum Rank Rank
1 22.9 6.5 19.3 6,5 54.2 4.0 44.9 6.0 109.1 5.0 94.5 9.0 37.0
2 21.0 ?18 18.7 4.8 52.8 ?[8 47.8 i8 108.3 i8 90.8 4.0 24.0
3 19.8 . 15.6 1 49.4 . 40.2 . 100.3 . 86.9 3.0 8.0
4 23.3 9.0 19.3 6.5 56.5 5.0 47.2 7.0 116.9 9.0 92.1 7.0 435
5 22.4 5.0 19.7 8.0 61.1 9.0 43.1 2.0 108.1 2.0 91.0 50 31.0
6 23.1 8.0 19.2 5.0 58.2 8.0 49.5 9.0 108.6 4.0 93.3 8.0 420
7 20.6 2.0 17.7 3.0 57.7 7.0 43.9 3.0 111.3 7.0 85.6 ?[8 24.0
8 22.9 6.5 20.1 9.0 57.5 6.0 44.5 5.0 112.6 8.0 84.1 A 35.5
9 21.8 4.0 16.6 2.0 53.4 3.0 44.2 4.0 110.2 6.0 91.7 6.0 25.0
10 30.7 10.0 23.6 10.0 63.2 10.0 67.8 10.0 148.5 10.0 1135 10.0 60.0

equivalent values Sb and Sa obtained by the
Youden procedure. _

Recovery.—Because of the biomass nature of
bacitracin premix products, it is possible to obtain
only a method recovery. Sample pair 1l was
specially p_relpared by the Associate Referee from
sample pair IIl to provide a method of estimation
of the method accuracy. Table 7 presents the
results of the calculated recovery obtained by
each collaborator on both methylene disalicylate
and zinc bacitracin feeds. These values were
obtained by the following formulas:

% Recovery MDj = (av. value Sample 4); X

. 2/(av. value Sample 6

% Recovery zinc, = (av. value Sample 3);

_ Z/Sav. value Sample 5);
where i represents each collaborator.

The recovery values for MD bacitracin range
from 94.7 to 106.1% with an average value of
101.2 £ 4.2%. RecoverX values for zinc bacitracin
range from 96.7 to 113.0% with an average value

Table 4. Outlying individual results in premix study
Sample
Value3 1 2 3 4 5 6
Highest 0,09 0.17 0.38 0.30 0.50 0.13
Lowest 0.16 0.35 0.11 0.17 0.04 0.16

a Critical value with 1in 20 probability is 0.55; critical value
with 1in 100 probability is 0.68.

of 103.1 + 4.8%. By Student's test (fexp =0.29),
the 2 materials have equivalent recoveries (P >
Q.lf. Overall average recovery for the method
is 101.6 £ 2.8%.

Comments of Collaborators.—One collaborator
was concerned with the exposure of laboratory
personnel to acetonitrile. The preparation of the
extraction solvent should be carried out in a hood
as dictated by safe Iaborator* practices. One
collaborator had an abnormal loss in moisture
during drying of the standard. This collaborator
was sent fresh samé)les and redid the assays.
One collaborator added neomycin to the agar to
enhance zone size. No major problems with the
technique were noted by any collaborators.

Results and Discussion — Finished Feeds

Collaborative results were received from 10 of
the 11 laboratories sent samples for analysis.
Results of the collaborative study are presented
in Table 8. Samples 4, 5, and 6 were prepared
from zinc bacitracin and an unmedicated poultry
Premlx_; Samples 10, 11, and 12 were prepared
rom zinc bacitracin and an unmedicated swine
Rﬂremlx. Samples 1,2, and 3were prepared from

D bacitracin and an unmedicated poultry
Pwremlx; Samples 7,8, and 9 were prepared from

D bacitracin and an unmedicated swine
premix. _

Table 9 shows the results of ranking the labo-
ratories by random selection of one value for
each laboratory on each sample. Results are
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Table 5.

Av. bacitracin, g/lb

Precision
Pair Zinc MD Sr
1 11.12 9.41 0.470
1 28.28 22.82 1.989
1] 55.32 45.19 2.642
Table 6.

Source of variance Sum of sq.

0.25672E + 02
0.27141E + 05
0.10532E + 03
0.21839E + 03
0.27490E + 05

Between laboratories
Between samples
Lab-sample interaction
Between replicates
Total

within the 2-tail 95% confidence limits for 9
laboratories with 12 samples.

Table 10 shows the theoretical values for each
feed and the average recoveries. It is obvious
from these data that the method does not recover
all bacitracin added to the samples.

Table 11 presents an analrsm of variance on the
data in Table 9. The calculated F-ratio is signif-
icant at 1in 20 significance level (critical value
2.9). In addition, data in Table 8 show a high
precision error, although it was not possible to
statistically estimate its value. Between-labo-
ratory error was estimated from Table 11 to be 53
g bacitracin/ton.

_Collaborators' Comments.—Collaborators had
difficulty understanding the column preparation
and use of the pneumatic compeller, even
though illustrations were sent to each collabo-
rator. Many collaborators complained about the
time required for sample preparation. However,
it has been determined by the Associate Referee
that samiole cleanup is necessary to obtain accu-
rate results.

Conclusions and Recommendations

The poor recovery and precision obtained in
the finished feeds study resulted from the lack
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Results of statistical analysis by Youden method— premix study
Systematic Distribution
sb sd slis* DF
0.356 0.689 2.14 7
- 1.118 0.32 7
— 1.432 0.29 7

Analysis of variance— premix study

DF Mean sq. Variance ratio
7 3.667 1.219
5

35 3.009 0.661

48 4.550

95

of exFerience of many of the collaborators with
the cleanup techniques used for trace analysis.
The Associate Referee should have provided
practice samples to allow technique develop-
ment. Itis recommended that study of the mi-
croblolo%lcal assay technique for the determi-
nation of bacitracin in finished feeds be con-
tinued. _ _

In a separate paper, a collaborative study usmg
the same unit blocks was conducted of a liqui
chromatographic assay for premixes (6). The
results of the 2 collaborative studies comgare
statistically and provide support that both
methods provide accurate and precise results.
Analysis of the data by the 2 statistical procedures
recommended by AOAC provides added evi-
dence of the validity of the procedure for pre-
mixes. The Associate Referee recommends
adoption of this microbiological assay as official
first action.
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Table 7. Calculated percent recovery obtained by collaborators— premix study
Laboratory
Bacitracin 1 2 3 4 5 6 7 8 Av.
MD 95.0 105.3 103.7 94.7 106.1 102.6 105.8 96.4 101.2 +4.2
Zinc 99.3 97.5 96.7 113.0 107.2 103.7 102.1 96.9 102.0 +4.8
Overall recovery 101.6 +2.8
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Table 8. Results from collaborative study of cylinder plate assay for determining bacitracin in finished feeds (g/ton)
Sample
Lab. 1 2 3 4 5 6 7 8 9 10 11 12
1 9.003 86.7a 351.13 16.0s 144.2s 710.2 7.4s 704 399.6s 131 124.9s 636.7s
— 72.3 384.1 12.3 135.1 760.1s 7.9 92.7s 3745 16.3s  146.9 714.7
2 7.5s 759a 357.3 14.2 143.2 739.1s 4.6 75.0s 359 9.6s 37.8 535.8s
5.0 82.0 408.9s 13.0a 159.9s 740.9 49s 694 334.4s 107 126.6s 661.0
3 19a 53.2 379.9s 12.7a 124.5s 6545 4.0s 69.9 354.8s 13.7s 86.6 788s
- 63.5a 163.8 145 170.1 823.5s — 92.4s 3718 - 150.7s 812
4 5.2 66.3a 290.0 10.2 130.3 606.4s 6.3 64.5s 385.3 13.2s 131.4s 575.7s
5.7s  60.2 326.2s 12.0s 108.2s 543.6 6.7s - 352.1s 16.7 135.3 566.3
5 12 43.2 262.1s 7.3s 79.2s 510.2 - 46.1 258.7s 10.7s 89.0s 478.2
3.6a 54.5a - 4.9 110.2 468.4s 3.9s 44.4s - 7.5 79.6 506.6s
6 3.5a 66.7a - - 95.3 500.2s 5.1s 71.4s 457.2s 100 75.0 657.6s
4.2 45.3 276.4s 4.4s 95.2s 5424 5.3 66.2 330.7 11.5s 116.8s 1487
7 3.4 49.4 358.3s 7.9s 137.0s 6953 4.7 60.6 236.5s 113 125.0s 704.6s
4.1a 72.1s 4574 9.0 132.9 695.4s 5.3s 70.1s 351.9 11.4s 1047 6015
8 2.4 - - - 35.2 302 7.8 70.4 110.2 15.2 - 292.7
2.6 130.7 - - - - - - - - - 587.9
9 4.0s 749a 162.6 5.3a 86.6s 554.7s 15 77.7s 238.9s 9.6s 122.2s 608.5
- - 224.2a - - 411.8 1.3s - 129.0 - - 505s
10 1.7a 458 347.1s 6.2 147.3s  649.2 3.7s 695 265.7 6.9 129.3 563.6s
- 68.6a 220.8 8.1s 137.4 567.0s 4.0 69.0s 346.8s 10.8s 145.4s 4995
%Used mrstatlstlcal analysis.
No result reported.
Table 9. Ranking of results from Table 8
Sample
W 1 2 3 4 5 6 7 8 9 1 U 12 Totalrank3

5 9

a Critical values 25 and 93.

tance in obtaining the MD bacitracin premixes; — Table 10
and the following collaborators:

Dorothy Brennecke, Ralston Purina Co., St. ,
Louis, M Sample  Theoretical

Gordon G. Carter, H. H. Bryant, and K. D.
Jones, Food and Drug Administration, Wash-
ington, DC _

Carol Harpster, A. L. Laboratories, Inc., NJ

Mary Lee Hasselberger, State Dept of Agri-
culture, Lincoln, NE

Linda L. Knotts, International Minerals &
Chemical Corp., Terre Haute, IN

James Martin, Morris County Testing Labo-
ratory, Convent Station, NJ

g/ton

Average

0

Recovery of added bacitracin— finished feeds

Rec., %
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Table 11. Analysis of variance— finished feeds study

Source of variance Sum of sq. OF Mean sq. F-ratio
efween Iabor?torles : 8835.42 3.68
ehween samg es 5 . - -
Jl,a ratory-sample interaction 5 . I 2399.60
Jean Inglis Olsen, Hoescht-Roussel Pharma- 197%) 93rd Annual Meetlng of the AOAC, Oct.
ceuticals, Somerville, NJ o , G51 ,\(/;Vas 'IG%5 f DC hem. 48,
f H. 'S Ragheb, Purdue University, West La{2) G2 %4 Assoc. Off. Agric. Chem.
ayette, IN
){\Iancy Stouffer, State Dept of Agriculture, 9 8? h,f,?mHCﬁe’n?laggng’e&Graham 5. (1376)/. Assoc:
Boése \lA? v El Lill & Co. Ind - (4) 54[?437H S(1980)JAssoc Off. Anal. Chem. 63,
ey, LY & 50, ICIaNapolis: I o) Woliden, W, 3. & Steiner, E. H (1979 S
Ma nua%of the AOAC, AOAC, Arlingto
References (6) Gallagher, J. B, Love, P. W, &Kn ts Y (1982)
(1) Gallagher, J. B, Knotts, L. L., & McCleary, D. P. [ Assoc Off. Anal. Chem. 65,1177-1184
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High Pressure Liquid Chromatographic Determination of Bacitracin
in Premix Feeds and Finished Feeds: Collaborative Study

JOHN B. GALLAGHER, PAUL W. LOVE, and LINDA L KNOTTS
International Minerals & Chemical Corp., Terre Haute, IN 47808

CoIIaborﬁtors: M. Allred: M. L. Hasselberge

F.Quick: D. Sharley; R. L. Smallidge; V.

A liquid chromatographic technique for the deter-
mination of bacitracin in finished feeds and premix
feeds consists of anisocratic reverse phase, ion-sup-
pressed technique. The chromatography can be
completed in less than 25 min.  In a collaborative
study involving 9laboratories and 3samples of bac-
itracin methylene disalicylic acid and 3 samples of
bacitracin zinc premixes covering the range of 10-50
g/lb, the repeatability standard deviation was 0.55,
and the reproducibility standard deviation was 1.36
The average recovery of the bacitracin was 12.0%
The method has been adopted official first action for
bacitracin in premix feeds.

Bacitracin is a polypetide ant_ibioticgprod_uced by
Bacillus lichenformis and consists of 3 active com-
ponents. Bacitracin added to animal feeds for
growth promotion, feed efficiency, and disease
control is stabilized by reaction with zinc or
methylene disalicylate (MD). It can be deter-
mined in premix feeds in the concentration
range 10-50 g/Ib by hiological methods (1-3) or
a high pressure liguid chromatographic proce-
dure (45). The latter is a much faster and more
rugged method than biological methods and
provides information on component distribu-
tion.

Collaborative Study

The 3 statistical unit blocks used for this stu_dﬁ
consisted of commercial premix level feeds wit
n_ommaltpoten(:les of 10, 25, and 50 g/Ib, and
finished feeds at 10,100, and 1000 g/ton levels.
One member of each unit block consisted of a
zinc bacitracin premix and the other amethylene
disalicylate bacitracin premix.

_Foran intralaboratory study of the method for
finished feeds, 5 [b batches of each member of
each unit block were prepared by accurately

This rﬁ)ort_ofthF ﬁssociate Referee was presented at the 95th
Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington,

bP(TtﬂS fecommsacption of h@oAsﬁ?ﬁit%? Eﬁeéeeavmvsaas ppioved
i C.Q n em.:@ggs Ykt

écsesﬂlcel “A(‘)Sgusstesmbsg? ccepted Janua

[
Thorpe; W. H. Williams

: A Johnson: D. Louie; P. W. Love:

weighing the commercial unmedicated premix
and then adding the appropriate amount of zinc
or methylene disalicylate bacitracin premix.
Each batch was blended 20 min in a V-notch
blender, and then ground to a consistent Eartlcle
size. The materials for each unit block were
riffled and packaged in moisture-proof con-
tainers. Each package was labeled with the
nominal potency and a unique set of random
numbers for each analyst. Five analysts were
Bro_vlded with a set of coded samples, 1 g zinc
acitracin standard (56.3 unlt/mgjp, a reference
%hromatogram, acopy of the method, and report
orms.

Bacitracin feed premixes are biomass products
that do not have aknown concentration of baci-
tracin. To evaluate method recovery, the 25 g/Ib
unit block was prepared in the Associate Refer-
ee's laboratory asa 1+ Ldilution of the respec-
tive 50 g/lb premixes. A V-notch blender was
used to ensure ahomogeneous blend.

For the collaborative study of the method for
premix feeds, materials for each unit block were
riffled and packaged in mmsture-Broof con-
tainers. Six containers of each member of each
unit block were analgzed to confirm homoge-
neity of the packaged samples. Each package
was labeled with the nominal potency and a
unique set of random numbers for each collab-
orator. The 11 collaborators were sent 2 samples
of each member of each unit block and were
asked to perform asingle analysis on each of the
12 materials. Collaborators were supplied with
a chromatographic column, 1 g zinc hacitracin
reference standard (56.3 units/mg), a reference
chromatogram, asupply of the material used to
prepare the reference ¢ romato%ram, a copy of
the method, and report forms. Each laboratory
was also requested to submit copies of the chro-
matograms with the report forms. _

Pretest of the Method.—In advance of the in-
tralaboratory study and the collaborative study,
the method was subjected to ruggedness testmg.
The following parameters were investigated:
column type %4 columns), extraction time, sta-
bility of the extract, pH and organic content of

© 0004-5756/82/6505-1178-08301.00
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the chromatographic mobile phase, evaporation
pH, cleanup column wash solvents, elution
volumes.

Four different manufacturers' columns were
tested. Three of the 4 provided satisfactory
separation; however, one column provided bet-
ter resolution and peak shape and is the one
recommended in the procedure. Extraction time
must be a minimum of 5 min and the final extract
is stable 3 h at room temperature and 12 h at re-
frigeration temperature. The pH of the solvent
system must be above 6.5 to obtain the necessary
separation but pH adjustment was not a critical
parameter. Normal variation in the organic
content of the chromatographic mobile phase did
not cause asignificant variation in the results.

In addition, it has been noted during method
development that HPLC columns used for other
Erocedures would not perform satisfactorily.

or this reason, the Associate Referee provided
the collaborators with the chromatographic
columns of various ages that have been used only
for bacitracin analysls. _

The cleanup column washing solvent was se-
lected to provide maximum sample cleanup
without eluting bacitracin. The cleanup column
elution solvent was selected to provide comﬁlete
elution of bacitracin in 3 m 1 solvent without
eluting additional impurities.

Bacitracin in Premix Feeds
Liquid Chromatographic Method
Official First Action

42.C13 Principle

Bacitracin is extd from feed into acidified org.
solv. system. Extis centrfgd, and supernate Is
analyzed by ion-suppressed reverse phase LC
with photometric detection at 254 nm.

42.C14 Reagentsand Apparatus

(@) Liquid chromatograph.—Hewlett-Packard
Model 1084-A, equipped with UV photometric
detector. Operating conditions: flow rate 2.0
mL/min; detector wavelength 254 nm; 20 pL
loop injection valve (Valeo Instruments Co., Inc.,
Houston, TX 77055%; ambient temperature.
~ (b) Chromatographic column.—15cm X 3.0 mm
id, containing 5£m Supel Cosil LC-8 reverse
phase packing (Supelco, Inc., Bellefonte, PA
16?23). Use column for bacitracin analysis
only.

(Z) Phosphate-EDTAbuffer—pH4.5. Dissolve
1369 KH2P04and 2.5 g EDTA in 1L HzO.
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(d) Phosphate buffer.—BH_G.O. Dissolve 1.5
K2HPO4and 8.5 g KH2PO4in LHz0.

(e) Solvent systems.—Measure vol. indicated
below with %raduate (exceEt where noted oth-

erwise) into 100 mL vol. flask and dil. to vol. with
H20:
Vol. %

Solvent A Solv. BSolv. Extg Sc
CH3CN 0 40 28
MeOH 0 12 28
PhosPhate-EDTA 20 20 0

buffer
Phosphate buffer” 0 0 3
Coned phosphoric 0 0 1.2

acid"

aUse vol. pipet.

(®  Mobile phase.—Mix 59% (v/v) B solv. with
41% w/v) A solv. Mix, and adjust pH to 6.8 with
NaOH. ‘Slight adjustment to %vol. of B solv.

may be required to obtain desired sepn.

42.C15 Preparation ofStandard

(2 Drying of std.—Caution: Bacitracin is very
hydroscopic. Dry std day before use and store
in desiccator overnight.  Accurately weigh
130-140 mg bacitracin ref. std (IMC, Terre Haute,
IN 47808; 56.3 units/mg) into tared (= A) 50 mL
vol. flask. Dry std 3 hat60° under vac. at <5 mm
pressure. Remove from oven and place in des-
iccator to cool. Reweigh (= B). Amt bacitracin
std = B—A.

(b) Preparation of std soln.—Note: Store stds
under refrigeration if not analyzed within 3 h of
preém. _Preterably, prep, std, store in refrigerator

30 min before analysis, and remove from re-
frigerator just before analysis. Std soln L Dis-
solve bacitracin std in 50 mL vol. flask with ca 20
mL extg solv, and dil. to vol. Prep, following
dilns from this soln. Stdsoln 2. Pipet 20 mL std
soln Linto 25 mL vol. flask; dil. to vol. with extg
solv. Std soln3; Pipet 15 mL std soln linto 2
mL vol. flask; dil. tovol. with extg solv.

42.C16 Extraction

Accurately weigh amt of feed contg ca 6000
units hacitracin activity into 125 mL erlenmeyer.
Add 50 mL extg solv. with vol. pipet and ext with
wrist-action shaking >5 min. Centrifuge 10 mL
portion of ext 2-3 min at 2000-3000 rpm. Use
clear supernate for assay. Note: Store extd
sample soln under refrigeration if not analyzed
within 3 h. Preferably, prep, sample solns, Store
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in refrigerator >30 min before analysis, and re-
move from refrigerator just before analysis.

42.C17 Determination

Inject clear supernate from centrfgd feed and
std solns into chromatograph, starting with std
soln, then 2 sample solns, and then another std
soln, until all samples and stds have been in-
jected. Measure and total peak hts of the 3 active
component peaks (Figure 42:0) for sample (PH)
and std (PH') solns. _

~ Calc, response line for stds, using least squares
linear fitting of following equation:

PH' = m(P') + b

where PH' = peak hts of std solns 1, 2, and 3; P'
= potency of std soln in units/50 mL for std solns
1,2,and 3; m, b = least squares detd slope and
intercept.

Det. bacitracin content of feed from:

0.01080(PH - b)
m X sample wt

where 0.01080 = 453.6 (g/lb)/42 000 (units/g
bacitracin).

Bacitracin in Finished Feeds

Principle

Feeds are washed with petroleum ether to re-
move fat before extraction into acidified organic
solvent system. Extract is centrifuged and fil-
tered, pH is adjusted, and organic solvent is re-
moved using Stream of air.  Sample is eluted
through column and analyzed by direct mea-
surement by ion-suppressed reverse phase HPLC
with photometric detector at 214 nm.

Reagentsand Apparatus

(a) Liquid chromatograph.—See 42.C14(a), ex-
cerl)t wavelength 214 nm; 200 jiL loop injection
valve.

(b) Goldfisch fat extractor.—Labconco Corp.,
Kansas City, MO 64108. .

¢) Phosphate buffer—pH 4.5. Dissolve 13.6

H2P04in 1L water. o

(d) Solvent systems.—Measure volume indi-
cated below with graduated cylinder (except
where noted otherwise) into 100 mL volumetric
flask and dilute to volume with water.

() Preparation of standard.—See 42.05, except
weigh between 30 and 35 mg bacitracin reference
standard. _

(gf) Bond Elut columns.—6 mL reservoir above
500 mg C-18 sorbent (Analytichem International,
Inc., Harbor City, CA 90710). Prepare by

g bacitracin/lb =

ANAL. CHEM. (VOL. 65, NO. 5, 1982)

Volume, %
Cleanup Column

A. B. Extg Washing Eluting
Solvent Solv.3 Solv.a solv. solv. solv.
Acetonitrile 0 40 28 10 28
Methanol 0 12 28 3 28
Phosphate-EDTA
buffer 0 0 0 20 20
pH 4.5 phosphate
buffer 20 20 0 0 0
pH 6.0 phosphate
buffer 0 0 3 0 0
Coned phosphoric
acid6é 0 0 12 0 0

3 Adjust pH to 6.8 with concentrated NaOH.

b Use volumetric pipet.
washing with 5 mL eluting solvent and 5 mL
solvent A,

Extraction

On _daﬁ before assay, extract finished feeds in
Goldfisch apparatus to remove fat: Accurately
weigh amount of feed as specified below into
folded Whatman filter paper. Place in stainless
steel thimble, and extract 1 h athigh temperature
setting.  Use 40 mL petroleum ether as solvent.
Remove from Goldfisch apparatus and let air-dry
overnight. On day of assay, carefully transfer
treated feed to 300 mL Erlenmeyer flask.

Add 100 mL extracting solvent, using 100 mL
volumetric pipet. Extract feeds >5 min by either
shaking flask or using magnetic stirrer.

Transfer supernate to centrifuge tubes and

centrifuge 10 min at 2000 rpm. Filter through
glass wool into flask. _
_ .Usmgi volumetric pipet, remove aliquot spec-
ified below and Elac_e in side-arm filtering flask.
Adjust pH to 6.5 with 5N NaOH. Sparge off
organic solvent by using stream of air into side-
arm flask. Organic solvent is eliminated when
no methanol or acetonitrile odor remains.

Transfer liquid from side-arm flask to prepared
Bond Elut column and, using vacuum, draw into
column. Wash flask with three 5mL ahcluots of
washing solvent. Transfer each aliquot to the
column and draw solution into column, All
solids must be resuspended in solvent. An ul-
trasonic bath is useful for this purpose.

Sample weights and evaporation aliquots

Bacitracin, Sample Aliquot for
glton wt, mg evapn, mL
10 50 1
50 43 2
100 43 1
250 17 1
500 8.6 1
1000 43 1



Table 1. Replicate results from collaborative tests reported by 9 laboratories on 6 samples of premix feeds
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Elute bacitracin from Bond Elut column, using
eluting solvent. Collect the first 3 mL eluate in
3 mL volumetric flask. S

Samples must be stored under refrigeration if
not analyzed within 3 h of extraction. For this
reason, it is best to prepare samples and store in
refrigerator >30 min before analysis, and remove
from refrigerator as needed.

Determination

Inject Bond Elut column eluate and standard
solutions into liquid chromatograph, and pro-
ceed asin 42.C17.

g bacitracin/ton
- 6485,7{PH - b)
m X evapn aliquot X sample wt

Results and Discussion —Premix Feeds

Collaborative results were received from 9 of
the 11 laboratories sent samples for analysis
(Table 1). Samples 1,3, and 5 are zinc bacitracin
[])_remlxes; Samples 2,4, and 6 are MD premixes.

he collaborative study was designed so the
analysis of variance procedures of both Steiner
and Youden could be applied to the data {(5).

The 2-sample charts for the 3 unit blocks are
?resented in Figure 1. As usual, the points are
ound predominantly in quadrants | and 1I1,
representing +,+ and ——results: 70% of the
results lie in quadrants I and I11, 19% appear in
quadrants I1and IV, and the remaining 11%are
located on the borders between quadrants. The
Fomts are generally clustered in the usual el-
iptical pattern around a major axis at 45°. Lab-
oratory 3which obtained the lowest Iaboratorr
rank is consistently located in quadrant Il al-
though the results are near the 45° line. Laho-
ratory 6, with the most consistent error, is far
removed from the 45° line in 2 of the 3 pairs, and
|I€S#.USI outside the circle reﬁresent_lng the 95%
confidence interval in 2 of the 3 pairs and near
the circle in the remaining pair.

The chromatograms submitted by the collab-
orators, with one exception, were of excellent
quality. The shape of the peaks indicated high
chromatographic efficiency and peaks were well
separated from all extraneous feed components,
Collaborator 8 for some reason experienced
continual downward drifting of the baseline,
requiring drawing of sloping baselines; this
problem did not have aserious effect on the an-
alytical results from this laboratory (Table 1).

Rejection of Qutliers.—The results of ranking
the collaborative analyses are presented in Table
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I
PAIR 1
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|
|
T 1 T
48 505 53 555 58

ZINC BACITRACIN

Figure 1. Two-sample charts for 3 statistical unit
blocks, premix feeds. Each pair consists of azinc and
MD bacitracin premix. Numbers beside points
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2. Onl/y Lahoratory 3 approached the approxi-
mate 5% 2-tail limits for ranking 9 collaborators
with 6 samples: 13 and 47. _

Table 3 presents the results of the Dixon test
conducted on the sum of the duplicates to de-
termine individual outlying results. None of the
calculated values exceeded the 1in 100 proba-
bility of 0.64 and none were rejected from the
analysis. The Lin 100 probability was selected
because it provides a more cautious criterion for
rejection. _

Homogeneity of Variation.—The homogeneity
of experimental variation hetween laboratories
was evaluated based on the range of duplicate
results on each sample. The ranges, Ws, for s =
Samples 1-6 are 6.0, 45 6.8, 7.3, 9.6, and 11.5
g/lb, respectively. ThIS?IVES an experimental
ratio Winax/W totai = 11.5/45.7 = 0.25, which is
below the 1in 20 significance level of 0.27.
Therefore, there is no statistical evidence that the
samples need to be handled separately.

The homo[qene|ty of experimental variation
between reﬁ)_ icates was evaluated using Coch-
ran's test. The experimental value for this pa-
rameter was 0.15; the critical value at the 5%
significance level 1s 0.21. Therefore, the residual
variances were regarded ashomogeneous and no
data were rejected.

Statistical Results.—Table 4 summarizes the
results of the statistical analysis conducted by the
Youden method of analysis of variance. The
Precmon standard deviation, Sr,was computed
rom the difference of the average result of the
Balr_ed samples, correcting Srbr yfl; the distri-

ution standard deviation, Sd/ from the total of
the pairs; and the standard deviation for the
distribution of systematic error, Sb, from Sd = 25b
+ §j. The calculated F-values in Table 3 are less
than the critical F-value at the 10% level of sig-
nificance for 8 degrees of freedom. Hence, the
systematic error, Sh, does not make a statistically
significant contribution (P >0.1) to the standard
deviation of the data Sd-

Table 5 summarizes the results of the statistical
analysis conducted using the nested analysis of
variance technique of Steiner. The between-
laboratory variance ratio of 2.351 is not sng‘nlfl-
cantat the 10% level of significance. The labo-
ratory-sample error is significant, which implies
the method will show a greater variation when
carried out hetween laboratories than within one

identify collaborators. Average values are indicated
by crass-hatch.  Circle represents 9B confidence
interval around average.
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Table 2.
Samplel Sample 2 Sample 3
Lab. Sum Rank Sum Rank Sum Rank
1 23.9 6.0 16.8 5.0 55.8 7.0
2 235 5.0 16.7 4.0 54.4 6.0
3 23.1 2.0 16.4 2.0 51.8 15
4 26.4 9.0 17.9 9.0 57.0 8.0
5 20.4 1.0 17.0 6.0 53.1 4.0
6 23.3 3.0 16.6 3.0 52.8 3.0
7 23.4 4.0 17.4 8.0 58.6 9.0
8 25.1 7.0 15.7 1.0 53.7 5.0
9 25.4 8.0 17.2 7.0 51.8 15
Table 3. Outlying individual results for premix feeds
Sample
Value3 1 2 3 4 5 6
Highest 0.30 0.33 0.24 0.21 0.30 0.14
Lowest 0.54 0.41 0.00 0.48 0.17 0.08

a Critical value with 1in 20 probability is 0.51; critical value
with 1in 100 probability is 0.64.

laboratory. The repeatability standard deviation
(wlthm-laboratoryg) estimate is 0.55 g bacitra-
cin/lb. The reproducibility standard deviation
(between-laboratories) estimate is 1.35 g baci-
tracin/lb. The laboratory-sample interaction
standard deviation estimate is 1.15. These values
correspond with the equivalent values Sh, Sd/ and
STobtained by the Youden procedure.
Recovery.—Because of the biomass nature of
bacitracin premix products, itisonly Eo_ssmle to
obtain a method recovery. Sample Pair 1l was
specially prepared by the Associate Referee from
Sample Pair |1l to provide an estimation of the
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Ranking of data from Table 1

Sample 4 Sample 5 Sample 6 Total
Sum Rank Sum Rank Sum Rank  Rank
46.0 6.0 108.4 8.0 91.8 7.0 39.0
46.1 7.0 105.5 4.0 90.4 6.0 32.0
445 4.0 101.3 1.0 86.4 3.0 135
47.4 9.0 102.5 2.0 81.9 1.0 38.0
43.2 2.0 105.7 55 89.7 5.0 23.5
40.1 1.0 105.7 55 82.7 2.0 175
45.0 5.0 106.8 7.0 91.9 8.0 41.0
46.5 8.0 110.9 9.0 934 9.0 39.0
43.6 3.0 103.2 3.0 89.3 4.0 26.5

method recovery. Table 6 presents the results
of the calculated recoveries obtained by each
collaborator on both methylene disalicylate and
zinc bacitracin feeds. These values were ob-
tained by the following formula:

%Recovery MD;
= 100 X (av. value Sample 4)]
X 2/(av. value Sample 6)]

%Recovery zinc,
= 100 X (av. value Sample 3);
X 2/(av. value Sample 5)i

where i represents each collaborator.

The recovery values for MD hacitracin range
from 96.3 to 115.8% with an average of 101.0 £
4.6%. Recovery values for zinc bacitracin range
from 96.8 to 111.2% with an average of 103.1 =
36%. By Student's f-test (fexp = (_).8343, the 2
materials have equivalent recoveries (P >0.1).
The overall average recovery for the method 1
102.0 £ 2.64%.

Effect of Chromatographic Equipment—The

Table 4. Results of statistical analysis for premix feeds by Youden method 5
Av., g/lb
Precision Systematic Distribution a0
Par Zinc MD Sr sh sd s?/sg Sl/S ! DF
1 11.92 8.62 1.078 — 0.746 — 0.48 8
I 27.17 22.35 1.124 0.597 1.406 3.54 1.56 8
1] 52.73 44.30 1.516 1.190 2.265 1.62 2.23 8
Table 5. Analysis of variance for premix feeds
Source of Variance Sum of Sq. DF Mean Sq. Var. ratio
Between laboratories 0.50391E + 02 8 6.299 2.351
Between samples 0.27971E + 05 5 - -
Lab-sample interaction 0.10716E + 03 40 2.679 8.436
Between replicates 0.17148E + 02 54 0.318 -
Total 0.28145E + 05 107
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Table 6. Percent recovery for premix feeds
Collaborator
Bacitracin 1 2 3 4 5 6 7 8 9 Average
MD 100.2 102.0 103.0 115.8 96.3 96.9 97.9 99.6 97.6 101.0+ 4.6
Zinc 103.7 103.1 102.3 111.2 100.5 99.9 109.7 96.8 100.4 103.1 +3.6
Overall average recovery 102.0 + 2.64

various collaborative laboratories used a variety
of pumps, detectors, and injection techniques to
provide the analysis for this collaborative study.
Although there are not enough data to conduct
a statistical analysis of the interaction of the dif-
ferent equipment on the analytical data, it would
appear that most combinations of commercially
available equipment will provide a successful
analysis.

Comments of Collaborators. —One collaborator
commented that his system had a dual umP
capability and it would have been less ditficult
if the instrument had mixed the A and B solvents.
We investigated this suggestion and found that
if one adjusts the pH of solvents A and B and
then allows the instrument to perform the sol-
vent mixing, equivalent chromatograph per-
formance is obtained. One collaborator had
trouble obtaining the separation shown on the
reference chromatogram and had to increase the
flow rate to 3 mL/min. Another collaborator
used a lower injection volume of 10 gL and a
higher detector sensitivity than specified with-
out adversely affecting the procedure.

Collaborator 8 indicated that weighing the
sample in a volumetric flask caused a loss in
precision. If the flask is brought to constant
weight and the standard weight is determined

by difference, this procedure would not cause a
loss of precision. . -

Several collaborators used minor modification
of the mobile phase to optimize separation.

Results and Discussion — Finished Feeds

~The results of the collaborative study and sta-
tistical analysis areJ)re_sented in Table 7. The
Precmon standard deviation, Sr,was computed
rom the difference of the paired samples, the
distribution standard deviation, Sa, from the to-
tals of the pairs, and the standard deviation for
the distribution of systematic errors, Sb, from the
relat|0nsh|F Sj = 281 + §2. The calculated F-
values are less than the critical value at the 10%
level of significance for 4 degrees of freedom.
Hence, the systematic error, Sb, does not make a
statistically significant contribution (P >0.1) to
the standard deviation of the data, Sj. The
higher coefficient of variation found for the 10
g/ton samples undoubtedly relates to the higher
sampling error which is associated with this
material. _ _
Recovery.—The recoveries of both zinc and
methylene disalicylate bacitracin were good.
The average recoverﬁ_for the zinc bacitracin
samﬁles was 99.4% while the average recover/
for the methylene disalicylate samples was 99.3%.

Table 7. Results of intralaboratory collaborative study of finished feeds
Nominal potency
10g/ton 100g/ton 1000g/ton
Analyst Zinc MD Zinc MD Zinc MD
1 9.2 9.4 110.2 117 1166 1146
2 10.1 11.3 114.0 115 1210 1140
3 9.6 10.4 118.4 122.2 1084 1124
4 9.9 9.6 113.4 121 1108 1124
5 9.7 10.7 113.0 112.4 1156 1176
Av. 9.70 10.28 113.8 117.52 1144.8 1142.0
Theor. 9.92 10.13 112.64 121.34 1151.83 1146.57
% Ree. 97.78 101.48 101.03 96.85 99.39 99.60
S 0.437 251 30.65
sb 0.418 2.52 22.87
sd 0.736 4.37 44.56
CV, % 4.37 2.17 3.07
P/S? 2.84 3.03 211
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The overall recovery was 99.36% and the recov-
eries ranged from 96.85 to 101.48%.

Effect of Chromatographic Equipment.—Each
analyst used a different column for analysis.
These columns were of different ages but had
been used for bacitracin analysis only. Only one
detector and injector was used but 3 different
pumping systems were used by analysts. Al-
though the use of the various equipment does
not generate a successful intralaboratory study,
it is positive evidence of the ruggedness of the
procedure.

Conclusions and Recommendations

A separate paper reports a collaborative study
for premix feeds usm% the same unit blocks for
a hiological cylinder plate assay (6). The results
of the 2 collaborative studies compare statistically
anc. provide support that the HPLC procedure
provides an accurate, precise, and more rapid
method of analysis. Analysis of the data by the
2 statistical procedures recommended by AOAC
provides added evidence of the validity of the
procedure. .

The Associate Referee recommends adoption
of the HPLC method as official first action for
premix feeds. o _ _

The method for finished feeds is very precise
but still requires 2 days to complete an analysis.
The chromatographic portion of the analysis can
be improved by incorporation of an internal
standard and use of asingle calibration standard.
The overall analytical time can be reduced by
changing the fat removal procedure. These 2
areas are under investigation at the present, and
it appears that an analﬁsw can be performed in
approximately 1h. The Associate Referee rec-
ommends continued study.
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Rapid Screening Assay for Beta-Lactam Antibiotics in Milk:

Collaborative Study

STANLEY E.CHARM and_RUEY K. CHI1

IIQIAeA\\NOEZrigiIland Enzyme Center, Tufts University School of Medicine, 136 Harrison Ave., Boston,

Collaborators: H. Bryant: M. Carson: W, S,
0. Hostetler: K. Jones: L. Kenell: R McQuat
S. Smith; C. Wallace; R. Yokote

A 15 min assay for beta-lactam antibiotics has been
used by dairies for several years as ascreening pro-
cedure for testing milk tankers before they unload.
The test is based on a competition between ~-pen-
icillin and betalactam antibiotics in the milk sanples
for sites on a microbial cell wall that specifically
binds beta-lactam. In acollaborative study, 11 lab-
oratories correctly distinguished 10 coded zero pen-
icillin Gsamples and 10 coded 001 IU/mL sanples.
The proposed test is qualitative, positive or negative,
and can detect the presence of betalactam antibiotics
at the 001 IU/mL level. The control point for de-
termining positive or negative samples is more than
3standard deviations from the mean of 001 IU/mL.
The method has been adopted official first action.

Beta-lactam antibiotic (BLA) contamination of
milk is a major problem in the dairy industry.
There has been aneed for a rapid BLA assay that
can screen milk tankers before they unload at the
proces_smgBEIant. Up to now, methods used for
detecting BLA are based on inhibition of micro-
bial growth and require at least 2.5 h (1) which
is t00 Ion? for screening bulk milk shipments
before unloading. _

We collaboratively studied an assay that has
been used, for several ¥ears pry dairy processors
for screening milk tankers. The test requires 15
min and discriminates between zero penicillin
and 0.01 1U/mL. This assay procedure, known
commercially as the Charm test™ _§2-4), is a
qualitative test for screening fluid milk samples
at antibiotic levels less than 0.01 IU/mL, hased
on specific, irreversible affinity of (-lactam an-
tibiotics for certain enzyme sites on the cell wall
of microorganisms (5).

In this test, 14C-penicillin is the tagged BLA.

e OF R T R MR AL

Wash(iﬂg Or}]q inistration, i

—

==

ﬁth' A, Fraser: C. F, Grugtmacher;

C. O'Neill:'D. Richwine; J. Salimbene;

An exempt quantity of carbon-14 is used so that
no licensing is required on the part of the user.

Collaborative Study

A collaborative study with 12 laboratories was
arranged to test the rapid BLA assay as a quali-
tative procedure with positives at the 0.01 [U/mL
level or less. Ten of these collaborative labora-
tories carry out the test rou_tmel?;, while 2 are
?_over_nment laboratories, using the test for the
irst time.

Coded samples, standards, and reagents were
made available by Penicillin Assays Inc., Boston,
MA 02111

Penicillin in Milk
Affinity Quantitative Determination
Official First Action

(Applicable to levels >0.01 U penicillin G/mL
or [3-lactam equiv.).

16.C01 Principle

Assay is based on specific, irreversible affinity
of /3-lactam antibiotics for certain enzyme sites
on cell wall of microorganisms. 14-C-labeled
penicillin and Bacillus stearothermophilus are
added to milk sample. Antibiotic in sample
competes with 14C-penicillin for blndlng sites.
Amt of bound carbon-14 is counted and com-
pared with control to det. presence of /3-lactam
antibiotic.

16.C02 Reagents

Note: Stds and reagents are conveniently mea-
sured into tubes, stoppered, and frozen at —20°
ifheld >1 day. Keep reagentsat <4° when used.
Milk should he <15° when test starts. o
(@ Penicillin-free milk. —Reconstitute penicil-
lin-free whole milk powder (Yankee Milk,
Newington, CT) with H20.

(b) Penicillin-free skim milk powder.—Test ac-
cording to 16.131-16.136.

0004-5756/82/6505-1186-07$01.00
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Table 1. Summary of correct and incorrect determinations of positive and negative coded samples of penicillin G, and
standard deviations of negatives (0.00 [U/mL) and positives (0.01 IU/mL)
_ Normalized mean
Normalized mean of coded 0.01
Model of coded zerg IU/mL samples
analyzer samples & SD (-) &SD ?W
for Correct Incorrect
Lab. readout detns detns Mean (Tzero Mean 001
1 150 20 0 0.93 0.06 0.52 0.03
2 300 20 Q 1.07 0.10 0.5/ 0.05
3 300 20 0 1.02 0.06 0.59 0.05
4 300 20 0 0.94 0.11 0.59 0.10
5 150 20 0 0.93 0.04 0.51 0.03
5 150 20 0 1.05 0.11 0.59 0.07
7 150 20 0 0.96 0.08 0.55 0.06
3 300 20 0 0.95 0.06 0.62 0.03
9 300 20 0 0.9 0.06 0.52 0.03
13 150 20 Q 0.96 0.09 0.56 0.04
1 150 20 0 1.05 0.09 0.65 0.09
128 150 18 [8 0.99 0.09 0.60 0.06
Overall mean 0.98 0.57

8Incorrect protocol used in this laboratory; suspect positives were not tested a second time. The Incorrect positive reported

here might have shown negative on the retest.

(c) 14-C Penicillin.—Contg 103 pCi/pmole
(Penicillin Assays Inc., 33 Harrison Ave, Boston,
MA 02111). Use 0.0027 pCi in each assay.

(d_) B. stearothermophilus.—Use vegetative cells,
ca 47 mg wetwt in each test. .

_(e) Penicillin G stds.—(2) Zero std: Use peni-
cillin-free milk, (a). (2)0.01 IU/mL std: Add 1.00
IU Na or K penicillin G USP ref. std to small amt
of reconstituted skim milk powder in 125 mL
bottle and freeze-dry. Add 100 mL penicillin-
free milk (a) and mix well.

16.C03 Apparatus

(af Heater.—Const temp., dry well tube heater
for 13 X 100 mm glass tubes§Constantem_p, Roeco
Manufacturing Co., Box 357, City, ST zip).

(b) Cold plate.—Accommodates 13 X 100 mm
tubes (Penicillin Assays Inc., or equiv.).

(c) Radiation counter.—Models 150 or 300 mm
(Penicillin Assays Inc., or equiv.). _

d) Pipets—Semi-automatic (Absoluter, Tri-
Continent Scientific, 12541 Loma Rica Dr, Graff
Valley, CA 95945, or equiv.).

16.C04 Procedure

Pipet 5 mL sample into 13 X 100 mm glass
tube. Pipet in 200 pL 24C-penicillin and mix.
Pipetin 200 pL B. stearothermophilus susPensmn
and mix. Incubate 3 minin 90° dry well heater.
Centrf. 4 min at 1200 X g. . _

Decant milk and swab out fat ring, using 2
cotton swabs. Rinse tube twice with H20 from
wash bottle; do not disturb ppt at bottom of tube.
Add ca 300 pL H2 and resuspend ppt, using

tube mixer.

Place Al planchet on 400° hot plate. Pour
suspension into planchet, touching mouth of
tube to planchet to remove last drop.~ Rinse tube
twice with 300 pL HX an ?d washings to
planchet.  Let planchetdry. Place dry planchet
In penicillin' analyzer arid measure” radiation
from 14C for 8 min. Compare count with pre-
g?trﬁieaontrol point to det. whether sample is pos.

16.C05 Control Point Determination

Analyze 10 zero stdsand average. Ifany zerg
std falls £20% from av,, replace with new std and
det. new ay. Control point = 0.80 X av. count.
Test samples fall below control point if they
contain /3-lactam antibiotic or if there is a test

ailure.

To identify test failure, make second detn of
EOS' samples, zero std, and 001 IH/mL std at
ame time.~ Zero std count should be great_er
than control point, and pos. sample should again
be less than control point to confirm pos. détn.

Results and Discussion

Summary of Results

Data from collaborating laboratories are sum-
marized in Table 1. The Coded sample data ma
be normalized by d|V|d|n([; with_the zerg stan-
dard mean for that laboratory.  This facilitates
comparisons between laboratories using differ-
ent equipment. ,

The over-all normalized mean values are 0.98
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Table 2. Number of standard deviation difference
between control point (0.80) and coded zero means %g
and 0.01 lU/mL sample means (+), and lower limit of 95%
tolerance level of zero standard mean for various
laboratories (x0- 2.815a)/x0)

Lower limit
No. of SD No. of SD 95%

between zero mean  between 0.01  tolerance

coded sample and  coded sample  level for

Lah.  control point ~ and control point  mean zero
I 2.20 9.30 0.78
2 2.10 460 0.69
3 367 4.20 0.92
4 1.21 590 0.86
5 3.25 9.70 0.80
6 2.21 3.00 0.66
7 2.00 417 081
8 2.50 6.00 0.94
9 2.10 9.30 0.66
10 118 6.00 0.86
1 2.19 167 0.75
i) 211 333 0.65

for the zero samples and 0.57 for 0.01 1U/mL of
enicillin G Standard deviations range from

.03 t9 0.11 for the various laboratories.” .

In this assay, samples are classified as positive
or neqatlve. 0se greater than 0.80 are negative
and all oth?rs are positive.

A total ot 239 coded samples were tested by 12
|aboratorjes Wlih 220 tested ac orijmg to correct
Protocol by 11 laboratories. The lanratory not
ollowing “correct protocol reported one Talse

0sItIve,
P The 11 laboratories foIIowin(t; correct protocol
determined all samples correctly. Each labora-
tory had 10 positive and 10 negative samples.

Control Point

The normalized control Qoint is 0.80 and js at
least 3 standard deviations from the 0.01 IU/mL
%1ea|n gexcept in the case of Laboratory 11). See

able 2

It 1 important that this assay allows no false
negnatlves, because there is nd opportunity to
recheck these, and th%y gass through the screen.
Positives are checked a second fime, and the
probability of reporting a false positive is thereb
reduced. “The zero mean Is not as far remoye
statistically from the control {gomt as the 0,01
[U/mL (eXcept in one case). The control point
IS selected, therefore, to pass those samples that
are cIear{y ne atlvg the great magorlP( of milk
samples tested) and to reduire a rétesting of all
samples that are not passed and are suspected
POSItIVe. _

The control point ma¥]be chan1ged to "open””
or "close™ the screen.  [thas been found through
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experience that a control point of 08 results in a
screen that does not pass false negatives and does
not_have an excessively high number of false
positives that require asecond determination.
In Table 2, acomparison is made of the control
point, 0.8, and the lower limit of the %% toler-
ance level from the mean of the zero standard,
In some cases the %5%|ower tolerance level used
as a control point results in a h{}]hl variahle
screen compared with 0.8, The variability de-
ends on the standard deviation associated with

he Ia,borator%. ,

Using the 0.8 control Pomt, the mean of the
zero concentration samples in laboratories with
the greater standard deviations is less than 1.7
standard deviations from the control point (see
Table 2).  These, laboratories have more re-
checking of negatives that fall below the control
Pomt, 1.2., samples appear Rosmve on the first
est but are negative on recheck. ,

A study b}/ the Safeway laboratory in Lap-
dover, Maryland indicated 2 false positives In
3200 assays and nq false negatives in a 6-month
study (J. Reeder, Maryland and Virginia Milk
Producers Association; Inc., 1981).

Proportion ofPositives for Laboratoriesand
Control

. The results in Table 3 indicate that there is no
significant difference In the laboratory results
bétween the coded samples and_the" known
control: (X2=0.08, i.e., less than 5.04.)

Proportion of CorrectResults for Negatives
(0.001U/mL)and Positives (0.01 1U/mL)

Results in Table 4 indicate there is.no signifj-
cant difference between the proportion of posi-
}IVGS and negatives correctIIy %etermlned b% th?
aboratories.” The results are based on a contro
Pomt that Is the lower limit of the %%tolerance
evel about the mean standard zero for the labo-
ratory, .., (xo —2.815 a)/xo. When using this
control point, %% of the samples ar%detected
B%rimcitslyo%%mpared with 100%Wwhen the control

AgreementBetween and Within Laboratories

Although there is a wide variation in the
standard deviation between laboratories, each of
11 laboratories picked the same 10 positive
samples and the same 10 negative samples. Itis
noted previously that laboratories with large
standard deviations must do more work in re-
checking false positive samples, but even these
laboratories determined all coded positives and
all coded negatives correctly.



Table 3. Comparison of coded positives determined in each laboratory with known cot%trol using lower limit of 95% tolerance level from mean of zero standard as control
poin

Negative Code Positive Code

Lab.b

1 1 ] 1 1 ]

2 1 | 1 1 ] %8
3 1 1 1 ] 10
4 1 1 1 1 12
g 1 0 0 ] 10

q 1 1
1 1 10
8 1 1 13
9 1 1 10
10 1 ] 1 12
11 1 0 1 9
Know 1 1 1 10
2 gomml O Y S S A
2 144 121 121 144 1 121 144 144 144 1

% 1 10 10 1 1 10 10 1 1 1 131633
3 Its transformed so that positives = 1, and negatives = 0.

b gﬁ:‘\:; Soognqtste rom%n%s@%&‘éu%eo]fmcorregt p“rlot%co?

N =

|é = l%l fla%s plus known control =

E : % ;(N)Z 1363

Pi= NL- 1) = proportion of positives in laboratories = 0.51

Pa= B:A proportion of positives in known control =0.50

w=[(L-)B—ia? <
LB- C

(86T 'S "ON 's® "10A) "W3IHO "T¥NY '440 '00SSY T :IHO B WHVHO

6811



Table 4. Comparison of correct determination of coded samples with known control using lower limit of 95% tolerance level from the mean of zero standard as control

pointa
Negative Code Positive Code
Lab.b A B c E F J K N Q T D G H 1 L M P R S U L,
1 1 1 1 1 I 1 i 1 1 | 1 j 1 1 1 | I | 20
2 | 1 1 1 ] 1 | | | 1 | 1 1 1 ] ] ] 20
3 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 20
4 0 0 1 1 1 1 1 I 1 | 1 ] 1 1 ] ] 18
5 1 1 1 1 1 [ 1 1 1 1 1 ] 1 1 20
6 1 1 1 1 | 1 1 I 0 1 1 ] 0 0 ] 17
1 1 1 1 1 1 1 1 I 1 1 1 ] 1 1 20
8 0 1 0 0 1 1 1 1 1 1 1 ] 1 1 17
9 1 1 1 1 ] 1 1 1 | 1 1 1 1 1 20
10 0 1 1 0 1 1 1 | 1 1 1 1 1 18
1 1 1 1 1 1 | 1 I 1 1 1 1 1 20
Kng\évrqtrol 1 1 1 1 [ [ | [ ] 1 [ 1 1 1 ] 20
Total 9 u n 0 2 1 12 12 12 12 1 un 12 2 12 1 11 1 12 12 20

3Correct results = 1 incorrect = 0.

b Lab 12 oitted from 1 analysis because of incorrect protocol.
= No. of negatives = 10

2= No of po Itives = 10

E 0
= o of |abs+ known control =
j=T= U|+ u2= 230
Lj)2=v=4
= correct neganves =113
- correct positives =117

(N- 1) (N2ui - Nxu2)2 _ 19 [10(113) - 10(117)]2
(NI)(N2) NT-V 100 20(230)-4426

u. 113

R. = proportion correct negatives = =0.94

b ur
f22= proportion correct positives = vl 1207 =0.98

o~
~
)
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Table 5. Ruggedness test scheme, variables, and combinations of conditions

Variable
Reagent A Aa
Rea entEi Bb
Heating block Cc
Reaction time Dd
Centnfu\ge Ee
Reagent'A F
Reagent B Gy

% 0005 dndard
.008 standar
(B) Counter and planchet holder
Two sets of counters can be used
1) Single unit
Multi-unit

(A) ijmple to be teséed in triplicate

Capital letter Lower case letter

freshly prepared freeze & thaw
freshly prePared freeze & thaw
No. 1'setof90°C No. 2 set of 88°C
3 min , dmins0s
12-tube centrifuge 6-tube centrifuge
most recent |ot previous [0t
most recent lot previous lot

2
Lach set of planchets had to be counted with counter 1and counter 2.

Interference with Assay

_ One common interference with the assay is fat
in the planchet that is read in the analyzer. The
fat prevents penetration of 14C-radiation and its
subsequent registering by the analyzer or read-
outsystem. Toavoid this, the fat ring is swahbed
with'2 cotton swabs.

~ Reagents that deteriorate also cause false pos-
itives. Rea%ents, especially 14C-penicillin, are
sensitive to heat. Freeze-dried 14C-penicillin is
stable at —20°C for at least 6 months, but will
deteriorate 10%in 12 h at 37°C. Reconstituted,
itis stable for 12 h at less than 4°C, 24 h at =2°C,
and for at least 1 month at —20°C. Reagents
should not be used beyond their expiration dates.
Retesting Eosmve samples along with a zero
standard checks the rea?e_nts and avoids false
positives due to reagent failure.

Distribution of Measurementin Digital
ReadoutSystem

Two types of digital readout systems are used
with this assay. They have similar characteris-
tics, although the numbers displayed are differ-
ent. If the same planchet is measured in the
same system several times, a distribution of
readouts is observed whose standard deviation
is approximately the square root of the average
count. The reason for the distribution is that
carbon-14 disintegrates in a random way. As
measuring time increases, the standard deviation
becomes asmaller percentage of the total count.
The 8 min count is sufficient to discriminate be-
tween 0.01 IU/mL and zero.

Ruggedness Test

A rugg_edness test was carried out as recom-
mended in the AOAC Statistical Manual (6).

Variables included 14C-penicillin (fresh and
frozen); B. stearothermophilus (fresh and frozen);
heating block temperature; reaction time; type
of centrifuge; 2 lots of reagents. The various
conditions and combinations of variables tested
are shown in Table 5. Statistical analysis indi-
cated that the variables are not sensitive to the
range of variation tested.

Recommendation

The results of the collaborative study indicate
that the positive /3-lactam samples contalnlng
0.01 IU/mL ofPemmIIm G are detectable an
differentiated from samples containing zero
[3-lactam. It is recommended that the method be
adopted official firstaction for detecting /3-lactam
?]t_ tﬂe 0.01 IU/mL equivalent of penicillin G or

igher.
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f\)/lualitative Ampule and Multitest for Beta-Lactam Residues in Fluid
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H. M.Wehr; R. Williams

A collaborative study was performed on arapid Ba-
Cillus stearothermophilus agar diffusion ampule
method to detect low levels of penicillin Gin 7types
of fluid milk products. A multitest technique for
processing alarge number of sanrples simultaneously
wes also studied.  Slight modifications were mede in
the original method to establish more uniformity and
to eliminate doubtful responses by specifying a
confirmation procedure. Twenty samples spiked
with penicillin G (0.000 to 0008 IU/mL) and tetra-
cycline hydrochloride were frozen and sent to 20
laboratories in the ampule test, and 16 laboratories
in the multitest. Each analyst wes asked to do a
screening run and aconfirmation run.  Resuits were
reported by color reaction and also as positive or
negative for /3-lactam inhibitors. The concentrations
(penicillin G) where percent positive results equal 100
or not significantly less than 100 (a = 0.05) ranged
from 0005 to 0007 IU/mL in the ampule test and
from 0.004 to 0007 IU/mL in the multitest. Both
techniques have been adopted official first action.

Since the middle of this century, a number of
methods have been developed to detect the
presence of antibiotic residues in milk and milk
products. Most of these methods are time con-
suming and are not suitable for a rapid field test.
In 1960, workers at lowa State University (1)
found astrain of Bacillus stearothermophilus Suit-
able for detecting antibiotics in milk, using a
reduction test aswell as a disc assay procedure.
The organism had a fast growth rate at 65°C, was
sensitive to penicillin, and could be stored under
refrigeration.

In 1974, a test method known as the Delvo-
test®-P was marketed in kit form by Gist-Brocades
NV, Delft, The Netherlands. This agar diffusion

This report.of the Associate Referee was presented at the 95th
énnual !\ﬁeetmg oFtheA A ,Sct. 19-22,{)951, atWashE]ngton,
Pe recom endfation otheAsso,ciate Refereewas(i roved

0
hy the General Referee and Committe (‘%ndwa a (%Fted y
B ] e A

test uses astrain of B. stearothermophilus var. cali-
dolactis, and incubation in awater bath for 2\2h
at64°C. Ifinhibitory substances are absent, the
organism #Jroduces enough acid to change the
indicator from purple to yellow. If antibiotic
residues are present, acid production is delayed
and the agar remains purgle. This has been de-
scribed by Van Os et al. (2). _

In 1975, Packard, Tatini, and Ginn (3) com-
pared this test with the standard methods of the
Bacillus subtilis disc assay and the Sarcina lutea
cylinder plate assay. They found it to be simpler
and faster than the conventional plate methods,
but sensitivity was such that an excessive number
of positive samples would be detected when used
routinely to test farm samples. However, they
felt this same sensitivity would be advantageous
for testing tank trucks and storage tanks.

Pater (4% conducted astudy of alarge number
of receiving stations in The Netherlands in 1976.
He also noted the extreme sensitivity, and re-
ported some doubtful readings.

Huhtanen et al. (5Lstud|ed this method on
reconstituted dry milk powders and raw milk,
They concluded that the method was “a good
field technique for detecting antibiotics in raw
milk and dry milk powder.” They also deter-
mined that untrained analysts could detect
0.008-0.010 1U penicillin/mL 95% of the time.
~In 1980, a few modifications were incorporated
into the method to obtain more uniformity of
results, eliminate reporting of false positives, and
eliminate reporting the doubtful area of results.
The modifications consisted of specifying ablock
heater instead of the original water bath, or baby
bottle warmer, and requiring a side by side,
pencillinase-treated vs heat-treated test sample
confirmation before reporting results. The
present study was conducted to determine if
these modifications would establish a rapid,
sensitive, reliable, portable method for detecting

0004-5756/82/6505-1193-15%$01.00
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antibiotics in milk and milk products at the farm
level aswell as in receiving stations, processing
plants, and requlatory laboratories.

In 1980, Van Os and Beukers (6) described the
Delvotest®-P-Multitest System developed by
Gist-Brocades NV. This test is similar in prin-
ciple to the ampule method but permits up to 96
test cups to be used at one time. The polystyrene
Blate IS demgned so that a block of 16 cups can be

roken off, depending on the number of samples
to be analyzed at one time. Since the same
principles apply to both the multi and ampule
tests, it was felt they both should show similar
results using similar modifications. However,
the multitest could not be modified to use a block
heater instead of a water bath; therefore it was
important for each analyst to establish rigid
controls to maintain the water bath temperature
ataconstant 65° £ 2°C for 2 h and 45 min.

Collaborative Study

A total of 20 frozen samples of 7 types of fluid
milk products containing various levels of pen-
icillin G and some containing tetracgcllne hy-
drochloride were sent to 20 and 15 laboratories
to be analyzed by 30 and 26 analysts, respec-
tively, for the ampule test and the multitest.
Collaborators were divided into 2 groups (A and
B). Both groups received the same number and
types of samples. Only the concentration of
Fenlmllln Gwasvaried. All analysts received at
east 1 positive and 1 negative sample for each
product. S

Each laboratory was supplied with a block
heater, liquid penicillinase, frozen standardized
penicillin G (1000 [U/mL), antibiotic-free skim
milk powder, a color brochure describing the
test, a Delvotest-P Ampule test kit, and a Delvo-
test-P-Multitest kit for each analyst. Each labo-
ratory was asked to standardize its water bath and
obtain its own inhibitor-free milk for diluting
standards. Instructions for conducting the test
were mailed with the test samples. The experi-
ence of the analysts ranged from none to those
whokwere running several hundred tests per
week.

Raw milk was taken from a farm milk bulk
tank at the completion of 3 milkings. The pen-
icillin concentrations prepared varied from un-
detectable to highly detectable. One sample of
each product was untreated. Two sampleswere
spiked with 0.25 pg tetracycline hydrochlo-
ride/mL.

Processed products were selected by a 2 day
survey of 3 supermarkets to determine the ap-
proximate popularity of each product; 2%lowfat

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

milk seemed to be the most popular followed by
1% lowfat, 3.25% homogenized, skim and choc-
olate skim about even, and half-and-half pre-
cedln% whipping cream. Because children seem
to prefer chocolate products, this was selected for
the "other inhibitor™ sample in the processed
group of samples.

Collaborators were asked to keep the samples
frozen until the day of testing. Instructions were
given on checking the equipment and preparing
standards. Before analyzin?( the test samples,
each analyst was asked to make a check runon 5
penicillin standards and the 3 negative controls
to ensure that all reagents and equipment were
satisfactory and to become familiar with the color
reactions. The result of each tube or cup was
recorded by color reaction on a tem?Iate and
interpreted as to whether further confirmation
would be needed or if it was a true negative
sam?Ie. _

Atter completion of the check run, collabora-
tors were asked to thaw the 20 test samples by
Eart_lal immersion in a 50°C water bath for about

min, with frequent shaking, and then complete
thawing at room temperature with occasional
shaking. Samples were then held in the refrig-
erator until use, not to exceed 24 h. After use,
samples were refrozen for future use. A
screening run was conducted on all 20 samples
simultaneously. Color reactions were recorded
on a template and interpreted as "ne?anve" or
"confirmation needed.” Some analysts con-
firmed only those samples needing confirmation,
while others completed a confirmation test on all-
samﬁles.

The results of 6 analysts for the ampule test,
and 2 analysts for the multitest, were not in-
cluded in the final tabulation because results
arrived too late to be included, or the analyst
could not complete the work.

Beta-Lactam in Fluid M ilk Products
Qualitative Color Reaction Tests
Official First Action

16.C17 Principle

Test is based on rapid growth rate and acid
production of Bacillus stearothermophilus var. cal-
Idolactis.  Acid changes color of bromcresol
purple to yellow in absence of /3-lactam inhibi-
tors. In presence of inhibitors, purple color re-
mains. Applicable for detecting and confirming
levels of /3-lactam residues >0.007 1U/mL pro-
cessed fluid milk products and raw milk. Test
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Ir(n_ay be performed by using ampule or multitest
Its.

16.C18 Reagentsand Apparatus

(a) Delvotest®-P-Ampule test kit.—éGB Fer-
mentation Industries, Inc., One N Broadway, Des
Plaines, IL 60016). Contg: 100 test ampules,
seeded with B. stearothermophilus var. calidolactis
in plain solid agar medium (store at 4-15°); 100
nutrient tablets contg tryEtone (0.5 mg), glucose
(5.0 mg), nonfat dry milk (2.0 mg), and brom-
cresoIJ)urpIe (0.025 mg) (store at 4-15° until
opened and then store at room temp.); plastic
forceps to transfer nutrient tablets; and plastic
syrlndge with 100 dlsEosabI_e tips for sampling
and dispensing 0.1 mL portions of milk.

(b) Delvotest®-P-Multi test kit.—LGB Fermen-
tation Industries, Inc). Contg: hermetically
sealed Al bag contg 3 plates with 96 cups each of

B. stearothermophilus var. calidolactis in solid me-

dium with bromcresol purf)le indicator. Each
gl_ate can be divided into 6 blocks of 16 cups each.

imilar Al bag contains 3 similar plates with 1
nutrient tablet per cup, and sealing tapes to cover
all blocks individually. Store at 4-15° until
opened; then store at room temp.

(c) Heaters.—Block heater and H20 bath, both
gheﬁostatlcally controlled at 65 + 2°. Check

a

Dispensing pipet.—Disposable, as in ampule
test; or micropipettor (Micro/Pettor, Scientific
Manufacturing Industries, 1399 64th St, Emery-
ville, CA 94608). _

(e) Phosphate buffer.—1% pH 6.0. Dissolve 8.0
%anhyd. KH2PO. and 2.0 g anhyd. K:HPQ« in

20 and dil. to 1 L with H-0.

(f) Penicillinase (beta-lactamase?.—Cone., store
at 0-4.4° (Difco, BBL, or Penicillin Assays, Inc.,
material is satisfactory). _

g) Penicillin stock s_oIn.—Accuraterwelf;h ca
30 mg USP K penicillin G ref. std and dissolve in
FH 6.0 buffer to give known concn of 100-1000

U/mL. Storeat0-4.4° not>2 days. Stock soln
may be dild in inhibitor-free milk to final desired
concn, distributed in small quants in tubes,
sealed, and frozen <6 months,

(h) Inhibitor-free milk. —Any fluid milk product
(butterfat content 0.00-3.50%, total solids <13%J
may be used after being tested with this metho
to verify it is inhibitor-free. Use for dilg stds and
as neg. control.

16.09 Check Run Procedure

Perform on each new lot number of ampule or
test kits and on new batches of prepd reagents.
Prep. 10 mL vols of penicillin stds in inhibi-
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tor-free milk, contg concns 0.002, 0.004, 0.008,
0.008, and 0.010 IU/mL, 10 mL H20, and 10 mL
inhibitor-free milk in test tubes. Transfer 5mL
aliquot from each tube into acorresgondmg tube.
Heat both sets of tubes to 82° for 3 min in H20
bath. Remove; cool rapidly to room temp. Add
0.2 mL penicillinase to 1 series of tubes. Shake
well; let stand 15 min at room temp.

For ampule test, remove and identify 1ampule
for each test tube from test kit. Break off neck of
ampule and place ampule in lid of ampule box,
or other suitable rack. With clean, dry forceps,
place 1nutrient tablet in each ampule. "For multi
test, remove 1plate from each of the 2 foil bags.
Score foil covering at cutline on end block of
each plate and break off 1 block of agar cups and
1 block of cups contﬁ nutrient tablets. OFen
both blocks by carefully tearing back foil. Place
block contg agar upside down, exactly on top of
those with nutrient tablets. Holding both blocks
together, invert them and tablets will fall into
each correspondlng cup. LIth tagfmg of tablet
cup may be needed to get all of tablets out. Ar-
range test tubes of controls according to cup lo-
cations in the block. Attach dry sampling pipet
to plastic syringe. Completely depress plunger,
place end of pipet into tube, ca L cm below top of
sample level. “Allow plunger to return slowly
under pressure of sprm?. ~Level of samBIe
should reach wide part o Plget. [Ifair bubble
appears, slowly expel sample back into tube and
let plunger slowly return again. Do not con-
taminate syringe. 1f drop of milk clings to out-
side of pipet tip, gently touch it off on edge of
tube. Thisvol. isca 0.1 mL. Empty pipetinto
appropriate ampule or cup. Remove pipet tip
and replace with new pipet for each sample,
control, or std. If using micropipettor, wipe
outside with tissue and rinse 3 times in sample
before removing testallquot. Continue this pi-
petting procedure until all tubes have been
sampled. _ .

Forampule test, place ampules into apdproprl-
ate holes in heater block. Incubate at 65 + 2°
exactly 2\2 h. Remove ampules immediately.
Read penicillinase-treated ampule and its cor-
resaondmg untreated ampule side b}/ side,
looking through agar against white reflective
background; compare and record colors as yel-
low, purple, or yellow-purple. Disregard in-
tense color.surroundm? nutrient tablet.

For multi test, carefully seal block of cups with
strip of adhesive tape enclosed in kit. Very
carefully float sealed block in 65° H20 bath.
Incubate exactly 2 h and 45 min at 65 £ 2°. Re-
move block from H20 bath, read, and record
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colors developed. Read from bottom side of
block. ComFare and record colors as yellow,
purple, or yellow-purple. _

FoIIowm%lcoIors are satisfactory in check run:
yellow for H20, inhibitor-free milk, and 0.002
[U/mL std; yellow or yellow-purple for 0.004
[U/mL std; purple for 0.006, 0.008, and 0.010
[U/mL stds.

Note: Occasionally kits of a particular Lot No.
mar require a Ion?er incubation time for color to
fully develop. 1T H20 and inhibitor-free milk
samgles are not truly yellow and/or 0.006 and
0.008 IU/mL stds are not completely purple at
end of 2\2h incubation (2 h and 45 min for multi
test) continue incubating until proper colors are
developed. Check color development at 10 min
intervals and record optimum Incubation time
required for each Lot No.

16.C20 Screening Procedure

Use 1neg. and 1 pos. control (0.008 or 0.010
[U/mL). Samples may be heat-treated, as in
check run, if desired. _

Prep, test ampules or blocks of cups as in check
run and arrange samples in same order as am-
pules or cups. Shake samples 25 times through
arcof 1ftin 7s. Using new pipet tip for each
sample, control, and std, proceed with sampling
and incubation as in check run. Remove am-
pules or blocks of cups and record colors.

All-yellow samples are neg. and need not be
confirmed. Purple or yellow-purple samples
must be confirmed before reporting.

16.C21 Confirmation Procedure

Heat-treat two 5 mL portions of each sample
to be confirmed and the 0.002, 0.004, and 0.006
[U/mL stds. Do not treat neg. control or 0.008
[U/mL std. Add 0.2 mL penicillinase to 1 por-
tion of each heat-treated sample and the 3 low
concns of stds.  Prep, ampules or blocks of cups,
sample, and incubate as in check run. Remove
ampules or blocks and read treated and untreated
samples side by side and record color results.

16.C22 Interpretation

All results are reported as pos. or neg. for
[3-lactam residue. _ _
Neg.: Solid yellow in screening test.
Neg.. Heated sample Yellow, penicillin-
ase-treated sample yellow.
Heated sample purple, penicillin-
ase-treated sample purple. .
Heated samplegellow-purple, Fem-
cillinase-treated  sample ~ yellow-
purple.

Neg.:
Neg.:
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Pos.: Heated sample gellow-purple, peni-
cillinase-treated sample yellow.
Pos.: Heated sample purFIe, penicillinase-
treated sample yellow.
Samples contg heat-stable natural inhibitor give
true neg. test for B-lactam residues. Samples
contg heat-stable natural inhibitor plus penicillin
may result in false neg. test for B-lactam residues.
Sample contg other inhibitory substances (e.g.,
tetr_acycllneg will give true neg. test for B-lactam
residues. _amf)les of chocolate-flavored prod-
ucts are difficult to read in the multi test kit be-
cause of light-distorting colors from adjacent
cubes. They should not be reported as pos. by
that method without first contirming with an-
other method.

Results and Discussion — Ampule Test

All 24 collaborators reported negative results
with the 0.002 [U/mL penicillin G standard and
all negative controls FTabIe 1). Results of the
0.004 and 0.006 IU/mL standards were reported
as 72.3% and 98.8% positive, res ectlveIY. All
analysts reported the 0.008 and 0.010 1U/mL
standards as positive.

Table 2 lists the results for all collaborators on
the screening run made on all samples and re-
ported as described on the screening procedure
under method. All screening results listed as
needing to be confirmed were confirmed and
reported as either positive or negative for /3-lac-
tam residue as described in the confirmation
procedure (Table 3). Table 4 summarizes the
results in Tables 2 and 3 by concentration of
penicillin G. _ _

Table 4 illustrates that following the described
confirmation procedure eliminates the reporting
of doubtful results; all analysts reported all re-
sults as either Rosmve or negative for B-lactam
residue. Of the 168 negative results, only 4
(2.4%) needed confirmation. After confirmation,
all analysts reported all samples to be negative
for B-lactam residue which eliminates any
problem of reporting false negatlve reactions.
~ Atthe 0.004 1U/mL level, 69.7% of the results
indicated that confirmation was needed hefore
reﬁ)ortmg. After confirmation, 57.6% of the re-
sults were reported as negative and 42.4% were
reported as positive. This indicates that the
0.004 IU/mL level is the approximate sensitivity
of this test for fluid milk products.

All concentrations of penicillin at or above the
0.005 IU/mL level, as well as all samples spiked
with tetracycline hydrochloride, were reported
to need confirmation in the screenlng run. At
the 0.005 and 0.006 IU/mL levels, 97.4% and
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98.9%, respectively, of all samples were con-
firmed positive for /3-lactam residue. At the
0.007 and 0.008 levels, all samples were con-
firmed as positive. All tetracycline-spiked
samples were confirmed and reported as nega-
tive for /3-lactam residue and all analysts reported
that further testing was needed to determine the
presence of other inhibitors.

The confirmed or reported results from Table
3 were statistically analyzed to (a) estimate the
lowest levels {pemmllm G) that have confidence
limits that include 100%correct identification for
each product and group gg and (b) to compare
the concentration where 50% correct identifica-
tion was estimated to a similar value constructed
from the current AOAC method (8).

The percent correct results for the identifica-
tion of penicillin are shown in Table 5. Samples
and concentrations are listed for the 2 groups of
collaborators (A and B?]. When the same samples
were analyzed by both groups, results appear in
each column. Values regqrtedasneedmgtobe
confirmed for other inhibitors were considered
negative for B-lactam residues. Laboratory ac-
cidents were not considered in the analysis, " The
estimates of percent difference significantly less
(a = 0.05) than 100 are indicated in the tables.

Table 6 shows the lowest concentration for
each product where percent positive results were
not significantly less than 100%. Because con-
centrations did not span the entire range of all
products, the level of detection could not be
compared for all products. The level of detec-
tion ranged from 0.005 to 0.007 IU penicillin
GimL.

An algorithm often used to obtain estimates is
based on the concentration where 50% (ED50) of
analysts observed a positive result. The Spear-
man-Karber &9) method was used to compute the
ED50 value of the controls, 0.0036 IU/mL, which
IS S|gn|f|cantlg less (a = 0.05) than the 0.005
[U/mL reported for the B. stearothermophilus
AOAC test (8)

Results and Discussion — Multitest

All 24 collaborators reported negative results
for the water and negative controls and 95.8%
reported their inhibitor-free milk control as
negatlve, Table 7. Results of the 0.002 and 0.004
IU/mL penicillin G standards were reported
66.7% and 95.8% positive, respectlvelg. Il an-
alysts reported the 0.006,0.008, and 0.010 IU/mL
penicillin standards asposmve.

Table 8 lists the results for all collaborators on
the screening run made on all samples and re-
ported as described in the screening procedure
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Table 5. Ampule method summary

Group
vonen,
Sample [U/mL AN=11)  B(«= 13)
Raw milk 0.000 0a 0a
0.004 363 -
0.005 - 92
0.006 100 92
e, 9
. et- - a
Skim milk 0.000 0a 0a
0.006 - 100
0.007 100 -
1% Low fat 0.000 0a 0a
0.004 - 55a
0.005 100 -
0.008 100 100
2% Low fat 0.000 0a 0a
0.005 — 100
0.006 100 -
0.007 — 100
H 0.008 100 T
omog- . 0a a
enged 8884 3ba —
0.006 100 100
0.007 - 100
Chocolate 0.000 0a 0a
skim 0.006 100 100
0.008 - 100
Tet-HCI 0a -
Half-and- 0.000 0a 0a
half 0.007 100 100

~asi nificantlg different from p = 100% correct identifica-
tion atthe a =0.05 level.

under method. All screening results listed as
needing confirmation were confirmed and re-
ported as either positive or negative for /3-lactam
residue as described in the confirmation Broce-
dure and are reported in Table 9. Tanle 10
summarizes the results in Tables 8 and 9 by
concentration of penicillin G, .

Table 10 illustrates that following the de-
scribed confirmation procedure eliminates the
reporting of doubtful results because all analysts
reported their results as either positive or nega-

Table 6.  Lowest /3-lactam concentration where percent
positive results were equal to 100 or were not su%mﬂcantly
lessthan 100 ata =0.05 level In ampule study

Sample Conen, IU/mL
Controls 0.006
Raw milk 0.005
Skim milk 0.006
1% Low fat 0.005
2% Low fat 0.005
Homogenized 0.006
Chocolate skim 0.006
Half-and-half 0.007a

a Lowest concentration used In study.
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Table 3. Collaborative results for analysis of frozen fluid milk samples by ampule method

Raw milk Skim 1% Low fat
1 A 1 9 3
Gl (ow00)  (0504) (0.‘6%5) (0.6be) (0,15’635) TetPl (0.000) (0.%%6) (0.%%7) boo)  OUY i (0.888)

1 _ + o" + + 0 _ 0 + _ + 0 +
+ 0 + + 0 0 4 - 0 +

+ 0 + + 0 0 + + 0 +

- 0 + + 0 0 4 + 0 +

- 0 + + 0 0 + + 0 +

? - 0 + + 0 0 + + 0 +
- 0 + + 0 0 + - 0 +

5 - 0 + + 0 0 + - 0 +
- 0 + + 0 0 + - 0 +

10 - - 0 + + 0 0 i - 0 +
Correc B ) ° ' ' ° B ° B ' ° '
TESUhS,gﬁ 100 b 100 100 100 100 100 55 100

0 + + 0 + 0 _ 0 + +

0 + 4 0 t 0 . 0 t t

0 + + 0 _ + 0 0 + +

0 + 4 0 - t 0 0 t t

0 + + 0 + 0 0 + +

0 + + 0 + 0 0 + +

0 + + 0 + 0 0 + +

0 + ¢ 0 t 0 0 + t

20 0 t 4 0 + 0 0 ¥ ¥
21 0 ' + 0 t 0 0 + LA
0 + + 0 + 0 0 + +

§ 0 + + 0 + 0 0 + +
e 0 + 4 0 — — + 0 — 0 + +
resuhs,@ﬁ 100 92 92 100 100 100 100 100 100
2% Low fat Homogenized Chocolate skim Half-and-half

o oy ol oy oftn oy ody @ ofty @ odo (0.886) offhy elbt ff (0.0967)
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3Reported as ne ative for /3 lactam inhibitor, all 11 analysts also reported that additional testing was needed to confirm that another inhibitor was present.

b Sample not ana zeéi y this rou%
clncorrectly reported as other inhibitor.

Table 4. Summary of collaborative results reported by penicillin concentration on frozen fluid milk products by ampule method

Screening test

Pencillin Total T?, be

conen, 1U/mL results Neg. confirmed % Neg.
0.000 168 164 4 97.6
0.004 33 10 23 303
100 5 0 i i
/A T T
TetHCI 2% 0 2 0.0

a Lincorrectly reported as other inhibitor.

61 Iaboratory accident.

¢ % [ab orator aggdgnts

d tory accidents

3AI’ Ia orators reported further testing needed to confirm other inhibitors.

100 100 100
+ + 0
+ + 0
+ + 0
+ + 0
+ + 0
+ + 0
+ + 0
+ + 0
+ + 0
+ LA 0
+ + 0
+ + 0
+ + 0
100 100
Confirmed or reported results
Neg. Pos. % Neg.
167 0 100 0
19 14 57.6
1 31 2.6
1 92 11
0 60 0.0
0 57 0.0
24e 100.0
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Table 7. Summary of results on controls used in multitest method

Screening test Confirmed or reported results
Total To be % %To be Total % %
Control results Neg. confirmed Neg. confirmed results Neg. Pos. Neg. Pos.
Water 24 24 0 100.0 0.0 24 24 0 100.0 0.0
IFM3 12 66 6 91.7 8.3 24 23 1 95.8 4.2
Ne (.)th ol 12 70 2 97.2 2.8 24 24 0 100.0 0.0
Pen. stds, lU/mL:
0.002 — 24 8 16 33.3 66.7
0.004 48 2 46 4.2 95.8 24 1 23 4.2 95.8
0.006 12 1 11 14 98.6 24 0 24 0.0 100.0
0.008 2 0 12 0.0 100.0 48 0 48 0.0 100.0
0.010 7 0 72 0.0 100.0 — — — - -
a Inhibitor-free. milk, supplied gycollaborator.
b Powdered skim milk, supplied by Associate Referee.
Table 8. Reported color results a of screening tests on frozen fluid milk products by multitest method
Rawmllk Skim 1% Lowfat
1 6A 6B 10 13A 13B 9 2B 2A 3 11A 11B 16
Call. (0.000) (0.004)  (0.005)  (0.006)  (0.008)  TetHCI  (0.000)  (0.006)  (0.007) (0.000) (0.004) (0.005)  (0.008)
1 Y/P Y/P 0* Y/P P 0 Y 0 P Y/P Y/P 0 P
2 Y P 0 P P 0 Y 0 P Y P 0 P
3 Y P 0 P P 0 Y 0 P Y Y/P 0 P
4 Y Y/P 0 P P 0 Y 0 P Y P 0 P
5 Y P 0 p p 0 Y 8 p Y P 0 P
6 Y P 0 p p 0 Y P Y P 0 P
7 Y P 0 P P 0 Y 0 P Y P 0 P
8 Y P 0 p p 0 Y 0 p Y Y/P 0 p
9 Y P 0 P p 0 Y 0 P Y Y/P 0 P
10 Y p 0 p P 0 Y 0 p Y Y[P 0 P
1 Y Y[P 0 P p 0 Y 0 P Y Y/P 0 P
12 Y Y/P 0 P P 0 Y 0 p Y P 0 P
13 Y Y/P 0 P P 0 Y 0 P Y Y/[P 0 P
f§1 %\lggne 92.3 0.0 0.0 0.0 100.0 0.0 92.3 0.0 0.0
0
confirmed 17 100.0 100.0 100.0 0.0 100.0 17 100.0 100.0
14 Y 0 Y/P 0 P Y P 0 Y 0 Y[P P
15 Y 0 P E 0 P Y P 0 Y 0 Y/P P
16 Y 0 P 0 P Y P 0 Y 0 P P
17 Y 0 P p 0 P Y P 0 Y 0 P P
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Collaborative results of analysis of frozen fluid milk samples by multitest method

Table 9.

1204
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1206 KELLEY:
Table 11.  Multitest summary
Group
Concn,
Sample [U/mL AV=11)  B(V=13
Raw milk 0.000 0a 03
0.004 92 -
0.005 — 91
0.006 100 100
0.008 100 -
o Tet-HCl - 0a
Skim milk 0.000 0a 0a
0.006 — 100
0.007 100 -
1% Low fat 0.000 0a 0a
0.004 100 —
0.005 — 100
0.008 100 100
2% Low fat 0.000 0a 0a
0.005 — 100
0.006 100 —
0.007 — 91
, 0.008 92 —
Homogenized 0.000 0a 0a
0.004 9 —
0.006 100 100
Chocolat 8885 N 10
ocolate . 0a
skim 0.006 45a 7%
0.008 — 73a
Tet-HCI 0a —
Half-and- 0.000 0a 0a
half 0.007 100 100

_ 3 Significantly different from P= 100% correct identifica-
tion at'the a = 0.05 level.

tive for 3-lactam residues. Of the 168 negative
results, 18 (10.7%) were determined to need
confirmation. After confirmation, all analysts
reported all samples to be negative for /3-lactam
residue. , N -

All samples spiked with either penicillin or
tetracycline hydrochloride were reported to need
confirmation after the screening test. All sam-
ples spiked with tetracycline were correctly re-
ported as negative for /3-lactam residue and as
needlng additional testing for other inhibitors.
Table 10 shows that 90.6-98.3% of all results were
confirmed as /3-lactam residues for all samples
spiked with penicillin. Several analysts re-
ported difficulty in r_eadlngi the color reaction
with the chocolate skim milk samples. This is
illustrated in Tables 8 and 9. Most collaborators
felt that the color diffusion from adjacent sample
cups, along with the natural color of the choco-
late material, caused the problem. If the results
of the chocolate samples are removed from the
calculations in Table 10, we find that the per-
centage of correctly reported positive results
increases to 94.9% at the 0.003 level and to 100.0%
at the 0.006 1U/mL level.

J. ASSOC. OFF. ANAL. CHFM. (VOL. 65, NO. 5, 1982)

Table 12.  Lowest (3-lactam concentration where percent
positive results were equal to_100 or were not significantly
less than 100 atthe a =0.05 level in the multitest study

Sample Conen, IU/mL

Eﬁmoqe?izel?
Im —
Haltand-hal

_“aNone determined due to numerous incorrect other in-
hibitors reported. ,
6 Lowest concentration used in study.

The confirmed or reported results from Table
9 were statistically analyzed (a) to estimate the
lowest levels ﬁpenmllln G) that have confidence
limits that include 100%correct identification for
each product and group (78, and (b) to compare
the concentration where 50% correct identifica-
tion was estimated to a similar value constructed
from the current AOAC method (8).

The percent correct results for the identifica-
tion of penicillin are shown in Table 11. Sam-
ples and concentrations are listed for the 2
groups of collaborators (A and B). When the
same samples were analyzed by both groups,
results appear in each column. Values reported
as needing to be confirmed for other inhibitors
were considered negative for /3-lactam residues.
Laboratory accidents were not considered in the
analysis. The estimates of percent differences
significantly less (a = 0.05) than 100 are indi-
cated in Table 11. .

Table' 12 shows the lowest concentration for
e_ach.Product where percent positive results were
significantly less than 100%. This concentration
could not he determined for chocolate skim milk
with this method. All negative results in Table
11 (chocolate skim milk) were due to incorrectly
reported ne%atlves needing further confirmation
for other inhibitors. The level of detection for
all other samples ranged from 0.004 to 0.007 IU
penicillin G/mL.

The Spearman-Karber (92 method was used to
compute the ED50 value of the controls, 0.0018
[U/mL, which |55|gn|f|cantl?/ less (a = 0.05) than
the 0.005 IU/mL reported for the B. stearother-
mophilus AOAC test (8).

Recommendation

A rapid, reliable, sensitive, and portable
method for detecting antibiotics in large num-
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bers of milk samples at the farm and rece_ivinP
station levels is needed. The results of this col-
laborative study show that the Delvotest®-P-
Multitest and Delvotest®-P-Ampule method can
fulfill these requirements on raw milk and on
processed fluid milk products. It is recom-
mended that, except for the multitest on choco-
late-flavored milk products, both techniques be
adopted official firstaction for the detection of
[3-lactam residues in milk and milk products.
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J.Barnettand J. E Leslie, Food and Drug Ad-
ministration, Cincinnati, OH _

L. Bartaand R. E. Ginn, Dairy Quality Control
Institute, Inc., St. Paul, MN
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R. Cyrand R N. Mullen, State Dept of Agri-
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E. L Dubs, C. Kaus, and J. Schmidt, AMPI
Dairy, Freeman, SD
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Bacillus stearothermophilus Disc Assay for Detection of Inhibitors in
Milk: Collaborative Study
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JAMES T. PEELER, and JERALD E. BARNETT o
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Collaborators: A. Appelt; E. Boone; H. Bryant; L. Burroughs; K. Coleman; M. Cupery;
R. Cyr; P. Dombrowski; P. Donahue; S. Farmer; R. Ginn; H. Grant, Jr; J. Hawkins;
J.Heady; D. Herbst; W. Kelley; M. Misup; L. Morris; R. Mullen; N. Ondrus; C. Payton;

D. Seiz; R.Share; M. Stern; R. Williams

A 2-part (A and B) collaborative study was conducted
onaBacillusstearothermophilus paperdisc (127 mm)
method to detect residual inhibitors in milk. The 18
participating collaborators assayed raw milk sanpes
spiked with abeta-lactam (penicillin G). Of the 18
collaborators, 14 participated in part A and 16in part
B Part A demonstrated that either Antibiotic Me-
dium No. 4 or PM Indicator Agar is suitable for use
in the assay. The lowest concentration detectable,
not significantly different from 100%at thea =006
level, was 0.008 unit/mL with either medium. Part
Bdemonstrated that the sensitivity of the method is
equal to that of the current AOAC method (16.131-
16.136). The concentration of beta-lactam detected
by 53%60f the analysts was 0.003-0.006 unit/mL in this
study, compared with 0.006 unit/mL reported in an
earlier collaborative study on the current AOAC
method. No false positive results were reported in
part A or part B All samples found positive by the
confirmatory testin part Bwere correctly identified
asabeta-lactam with commercial Peresediscs. The
lowest concentration detectable by the method, not
significantly different from 100%at thea = 006level,
was 0008 unit/mL. The method was adopted official
first action.

Since the late 1940s, antibiotics and drugs have
been widely used to control disease in dairy
cattle. Milk from treated animals that is not
withheld from the milk supply for the time re-
quired for excretion of the antibiotic or drug may
contain residual levels of inhibitors and may not
be sold (1). Several microbiological methods are
officially recognized to detect residual levels of
inhibitors (antibiotics and/or drugs) in milk (2,
3]. The method presented was designed as an
alternative equivalent to the official AOAC
method 16.131-16.136 (3).

eceived August 61981, Accepted er 26,1981,
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U Onl . .
e recom eﬁ tion ofdtheAsso_f;laIe Refereewasag) roved
B i

oo e ke O Are. chan (34 RSy

Collaborative Study

Ten frozen raw milk samples were prepared
with milk that had been previously tested for the
presence of inhibitors bi/ the Bacillus stearother-
mophilus method. A buffered stock solution of
penicillin G was prepared (1000 units/mL) and
diluted in the inhibitor-free milk to give 4 spiked
samples. One additional sample was used as a
negative control. The 5 samples were subdi-
vided to provide a blind duplicate. The 10
samples were packaged in 40 mL amounts in
sterile polystyrene bottles, divided into replicate
sets of 10 samples, and frozen. _ _

The collaborative study was carried out in 2
parts. Part A was designed to familiarize the
collaborators with the method and to determine
whether PM Indicator Agar would produce assay
results similar to those obtained with Antibiotic
Medium No. 4. Part Bwas designed to study the
use of the method at 2 incubation temperatures
and to determine whether commercial Penase
discs could be used to identify the residue as a
beta-lactam.

For each part of the study, 10 frozen samples,
essential materials, and instructions were pro-
vided to each collaborator. The identities of the
samples and blind duplicates were unknown to
the participants. The collaborators sent their
data forms to the Associate Referee who decoded
the data and had the statistical analysis (4-6)
performed. For purposes of comparison, the 50%
detectable level (ED50) was used (5).

Penicillins in Milk

Bacillusstearothermophilus Qualitative Disc
Method 11

Official First Action

Applicable to levels >0.008 IU penicillin
sinl] d

NANNA CICCIoONICCAE 19100 N7¢N1 NN



MESSER ET AL.. J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982) 1209

Table 1. Beta-lactam residues In heated milk detected by using Antibiotic Medium No. 4, incubated at 55 + 2°C
Penicillin G (unit/mL)

0.000/mL 0.002/mL 0.004/mL 0.008/mL o01z2/mL
sample sample sample sample sample

Coll, 1 9 2 5 7 8 3 . 6 10

1 _a - - _ +b _ 4 4 4 4

- - - — + + 4 4 4 +

3 - - - + - 4 ¥ 4 4

4 - - - - + 4 4 + 4 4

5 . . i . + 4 ¥ 4 4 4

b - 4 + 4 +

[ - + + 4 + L4

10 + 4 & + + 4

il - 4 4 4 4 4

k e A S

14 + + i + 4 +

15 - 4 + 4 4

18 — — 4 4 4 4
Correcl%
ults

E% 100 O C 54C 100 100

8- = negative test (zone < 14.0 mm).
6+ = positive test (zone > 14.0 mm).
¢ Significantly different from 100% at the a = 0.05 level.

16.C06 Culture Media  sorbate 80, 0.06 g bromcresol purple, and 15.0 g
_ agar in H20 and dil. to 1L. Adjust if necessary

ag Agar medium B.—See 42.196(h). so that after sterilization pH is 7.8 £ 0.2. (Difco

b) Agar medium P.—Dissolve 3.0 g beefext, 5.0  PM Indicator Agar has been found satisfac-

peptone, 1.7 g tryptone, 0.3 g soytone, 5259  tory.
%extrose, 059 NaCl, 0.25¢ K2IﬂPO4, 1.0 g poly- (‘X)) Agar medium M .—See 16.131(h).

Table2. Beta-lactam residues in heated milk detected by using PM Indicator Agar * incubated at 55+ 2“C

Penicillin G (unit/mL)

0.000/mL 0.002/mL 0.004/mL 0.008/mL 0.012/mL
sample sample sample sample sample

Coll, 1 9 2 5 7

+
L
(@]
S

H
o

N N NS e

R et al U )
N N N N N Y N N
NP RN N NS
N S N N N =2
SN N S

<%) 100 na 82>d 100 96

8 Prepared by heating to boiling.

b- =negative test (Zone < 14:0 mm).

C+ = positive test (zone > 14.0 mm).

d Significantly different from 100% at the a = 0.05 level.
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Table 3.
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Beta-lactam residues In heated milk detected by using PM Indicator Agar8 and incubated at 55 + 2°C

Penicillin G (unit/mL)

0.000/mL 0.002/mL
sample sample

Coll. 1 9 2 5
_® - - +C

+ +

(%) 100 14«

8 Prepared by autoclaving.

b- = negative test (zone < 14.0 mm).

¢ +.= poSitive test (zone > 14.0 mmg.

d Significantly difterent from 100% at the a = 0.05 level.

(d) Broth medium D.—Dissolve 17.0 g pancre-
atic dlgest of casein, 3.0 g papaic digest of soy-
bean, 5.0 g NaCl, and 2.5 ¢ K2HPO41in H20 and
dil. to 1L Adjust if necessaré so that after ster-
ilization pH is 7.3 £ 0.2. (BBL Trypticase Soy
Broth without Dextrose has been found satis-
factory.)

16.C07 Reagents and Apparatus

(@) Penicillin stock soln.—See 16.132a). (Difco
PM Positive Controls, Penicillin G, and Penicil-
lin Assays Inc. penicillin stds have been found
satisfactory.)

(b) Penicillinase  (beta-lactamase).— See
16.132(b). (Commercial Penase Discs (12.7 mm)
have been found satisfactory.)

(c) Filter paper disc, blank.—Use S&S 740 E, 12.7
mm, discs or discs of equiv. absorption perfor-
m qualities and purity. _

Control discs.—Preg, fresh daily from pos.
contfol milks contg 0.008 1U penicillin/mL.

(e) Petri dishes (plates).—See 42.198(b).

16.C08 Stock Culture of Test Organisms

Maintain B. stearothermophilus ATCC 10149 on
agar medium M (o), transferring to fresh slant
weekly. Inoculate slant of agar medium M with
test organism and incubate overnight at 55 £ 2°
or 64 £2°. Inoculate three 300 mL erlenmeyers,
each contg 150 mL broth medium D (d), with 1

0.004/mL 0.008/mL o.012/mL
sample sample sample

7 8 3 4 6 10
+ + 4 + 4 4
+ + + 4 4 4
+ - + + + 4
+ + + + 4 +
+ + 4 4 4 +
- - + + 4 +
+ + 4 + 4 4
+ + + 4 4 4
+ - + + 4 4
4 - + + 4 +
+ + 4 4 + 4
+ + + 4 4 +
. . + + + 4

+ 4 4 + 4

71« 100 100

loopful of test organism. Incubate at 55 + 2° or
64 + 2° and periodically make spore stains to det.
extent of sporulation. When ca 80%SPOruIat|on
has occurred _(usuallg in 72 h), centrf. cell sus-
pension 15 min at 5000 rpm. Decant supernate,
resuspend cells in saline solution, 42.197(r), and
recentrf. Repeat saline washing. Resuspend
washed cells in 30 mL saline and store at 4°.
Spore suspension will remain viable 6-8 months.
Check viability periodically by prepn of trial test
?Iates. (Com. prepd spore suspension has been
ound satisfactory.)

16.C09 Preparation of Plates

Inoculate aliquot of liquified agar medium B
(@) or P (b), cooled to 55° or 64° with previously
prepd spore suspensions. Adjust inoculum level
to provide clear, readable zones of inhibition
from penicillin-pos. control discs (d) after 3-4 h

Table 4. Comparison of assay media

Medium 50% Detection level (unit/mL)

Antibiotic Medium No. 4 0.00390¢
PM Ind|cator Agara 0.00351 «
PM Indicator Agar6 0.00312¢

8 Prepared by heating to boiling.
» Prepared by autoclaving.
¢ Not significantly different at the a = 0.05 level,
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incubation at 55 £ 2° or 2-3 h incubation at 64 *
2°. Pour 6 mL inoculated agar medium Bor P
into each plate, and let harden on flat, level sur-
face. Use within 5 days.

16.C10 Assay

Screening.—With clean, dry forceps, touch
paper disc to surface of well mixed milk and let
milk be absorbed by capillary action. Drain ex-
cess milk by touching disc to inside surface of
sample vessel. Immediately place disc on agar
surface, pressing gently to ensure good contact.
Identify each disc or section on which it is placed.
Place control disc contg 0.008 1U penicillin/mL
on plate. Invertplate and incubate at 55 £ 2° or
64 + 2° until well defined zones of inhibition
(17-20 mm) are obtained with the 0.008 1U/mL
control. Examine plate for clear zone of inhibi-
tion surrounding discs. Clear zone of >14 mm
indicates presence of inhibitory substances.
Zones of <14 mm are read as neg. Confirm
presence of inhibitor.

Confirming.—Heat test samples to 82° >2 min.
Cool promptly to room temp. With clean, dry
forceps, touch paper disc to surface of well mixed
milk and let milk be absorbed by capillary action.
Also fill penicillinase-impregnated disc or add
0.05 mL penicillinase to 5mL sample and fill disc.
Drain excess milk by touching disc to inside

Table 5.
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surface of sample vessel. Immediately place
each disc on agar surface, pressing gently to en-
sure good contact. Place control disc contg 0.008
[U/mL on plate. Invert Flate and incubate at 55
t 2°or 64 + 2° until well defined zones of inhi-
bition (17-20 mm) are obtained with 0.008
[U/mL control. Examine plate for clear zone of
inhibition (>14 _mm_z)_surrounding disc, indicat-
ing presence of inhibitory substance.

16.01 Interpretation

Assay of test milk in screening and confirma-
tory test may produce following results: _
~(3)  Nozonearound disc contg untreated milk
in screening test is neg. test for inhibitory sub-
stances.

(2) Zone around disc contg untreated milk but
no zone around disc contg penicillinase-treated
milk in confirmatory test 15 pos. test for /3-lactam
residue.

(3) Clear zone of equal size around both discs
in confirmatory test indicates presence of in-
hibitors other than /3-lactam residues.

_14) Clear zone around penicillinase-treated
milk substantially smaller than around untreated
milk disc in confirmatory test indicates presence
?f /3)-Iactam residues as well as another inhibi-
ors).

Penicillin-pos. control soln at 0.008 1U/mL

Screening tests for beta-lactam residues in unheated milk incubated at 55 = 2°C

Penicillin G (unit/mL)

0.000/mL 0.002/mL
sample sample
Call. 1 9 2 5
1 _a - - _
2 + -
3 -
4
5 + +
6 + +
7 - -
8 - -
g - -
10 - -
11 - -
+ +
+ +
Correc|tt
results
(%) 100 >

3- = negative test (zone < 14.0 mm).
b+ = positive test (zone > 14.0 mm).
¢ Significantly different from 100% at the a = 0.05 level.

0.004/mL 0.008/mL 0.012/mL
sample sample sample

7 8 3 4 6 10
+p + + + + +
+ + + + + +
+ + + + + +
- - + + + +
+ + + + + +
+ + + 4 + +
- - + + + +
+ + + 4 + 4
+ + + 4 + i
+ + + + +

+ + + .
of + i % + 4
- + + + +
+ + 4 4 + 4
+ + + + + "
+ + + + + 4

84c 100 100
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Table 6.
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Screening tests for beta-lactam residues In unheated milk incubated at 64 + 2°C

Penicillin G (unit/mL)

0.000/mL
sample

0.002/mL
sample

(%) 100 6C

5 - =negative test (zone < 14.0 mm).
6+ = positive test (zone > 14.0 mm),
¢ Significantly different from 100% at the a = 0.05 level.

should produce clear, well defined zones of in-
h|b|t|onél7-20 mm). Ifno zone of inhibition is
produced by penicillin-pos. control, test sensi-
tivity is not adequate and test should be re-
peated.

Results and Discussion

Fourteen collaborators particigated in part A
and 16 in part Bof the study. Tables 1-3 present
the collaborative data from part A, in which the
equivalency of the 2 agar media was tested. The
percentage of correct results is given for each pair
of samples. The lowest concentration not sig-
nificantly different from 100% at the a = 0.05
level was 0.008 unit/mL. For purposes of com-
parison, the ED50 was used. As demonstrated
In Table 4, the detectable concentration of the
beta-lactam inhibitor (penicillin G) did not differ
significantly at the a = 0.05 level for the Za(%ar
media; therefore, either medium is suitable for
use in the assay. Inaddition, no false positives
were reported when either medium was used.
Because of the equivalency of the assay media,
only one (PM Indicator Agar) was used in the
collaborative study. Tables 5-8 present the data
obtained by each collaborator in the screening
and confirmatory tests at 55 and 64°C. The
percentage of correct results is given for each pair

0.004/mL 0.008/mL 0.012/mL
sample sample sample

7 8 3 4 6 10
+h _ + + + +
- + + + + +
+ + + + + +
+ + + + + +
+ + + + + +
+ + + + +
- + + + + +

- + + + +

~ + + + +

- + + + +
+ + + + + +
+ + + + +
- + + + +
- — + + 4 +
+ + + + +
+ + + + +

50¢ 100 100

of samples. The lowest concentration not sig-
nificantly different from 100% at the a = 0.05
level was 0.008 unit/mL. No false positives were
reported at either incubation temperature. All
samples found positive by the confirmatory test
were correctly identified with a commercial
Penase disc as having a beta-lactam inhibitor.
Table 9 compares the concentration of beta-lac-
tam inhibitor detectable by the screening and
confirmatory tests at 55 and 64°C. Although
statistical analysis demonstrated S|?_n|f|cant
differences between screening and confirmatory
tests and assays, these small statistical differences
were not considered to be of practical signifi-
cance hecause the test was designed to be quali-
tative rather than quantitative. _

_The 50% concentration of beta-lactam (peni-
cillin G) calculated from the data presented in the
collaborative studg 5(,7) on the current official
method (3) was 0.005 unit/mL. The 50% con-
centrations demonstrated in this collaborative
study ranged from 0.003 to 0.005 unit/mL. Thus
the methods are of equal sensitivity.

Recommendation

These collaborative studies demonstrated that
the Bacillus stearothermophilus disc assay method
can be used to detect and identify a beta-lactam
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Table 7. Confirmatory tests for beta-lactam residues in heated milk incubated at 55 + 2°C

Penicillin G (units/mL)

0.000/mL 0.002/mL 0.004/mL 0.008/mL 0.012/mL
sample sample sample sample sample
Coll. 1 9 2 5 7 8 3 4 6 10
_a B B B +h - + + + +
2 NDC ND - - + + + + + +
3 ND ND - - + + + + + +
4 - - - - - - + + + +
5 - - + - + + + + + +
6 : - - : - ; + + + +
1 ND ND ND ND + + + + +
8 - - - - + + + + +
9 + + + + + +
10 + + + +
1 - + + + + + +
12 - - - - + + + + + +
13 ND ND ND ND + + + +
14 ND ND ND ND + + + +
15 - - - - + + + + + +
16 ND ND - + + + + + + +
Correct
results
(%) 100 54 59 100 100
3- =negative test (zone! < 14.0 mm).
b + = POSItive test (zone > 14.0 mm).
¢ ND = not done,
a Significantly different from 100% at the » = 0.05 level.
Table 8. Confirmatory tests for beta-lactam residues in heated milk incubated at 64 + 2°C
Penicillin G (units/mL)
0.000/mL 0.002/mL 0.004/m L 0.008/mL 0.012/mL
sample sample sample sample sample
Coll. 1 9 2 5 7 8 3 4 6 10
1 -a - - - - - +b + + 4
2 NDC ND ND ND + + + 4-
3 ND ND ND ND + + + + 4 4
4 - - - - + + + 4- 4-
5 _ - 4- + 4- 4-
6 - + + 4- 4-
7 ND ND ND ND + + 4- 4
8 - + + 4- 4
9 _ — + + 4-
- - - - - + +
i i i . . + + + + %
12 - + +
13 ND ND ND ND ND ND + + +
14 ND ND ND ND ND + + %
15 - - - - - t + 4
16 ND ND ND ND - ND + + 4
Correct
ze/g)“'ts 100 0d 26d 100 100
- = negative test (zone < 14.0 mm).
$= pogltlve test (gone > 14.0mm )

i

rﬁfﬂ:%%ﬁ?/naeffferent from 100% at the a =0.05 level.
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Table 9. 50% Detection level

Screening test Confirmatory test
Peniciin G~ 55°C  64°C  5°C  64°C
UnitmL  0.00263 0.00386 0.00356 0.0053c

we({iﬁ[ethe a=0.05 leve

iopiicay | I
SN e g5 <Flp

inhibitor rapidly, Erecise_ly, and accurately. It
is recommended that this method be adopted
official first action.
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VITAMINS AND OTHER NUTRIENTS

Determination of Tocopherols (Vitamin E) by Reduction of Cupric lon

EMILIQ S. CONTRERAS-GUZMAN and FREDERICK C. STRONG Il . _
Universidade Estadual de Campinas, Faculdade de Engenharia de Alimentos e Agricola, Caixa

Postal 6121,13100 Campinas, Féao Paulo, Brasil

This research details the principal characteristics of
anew chemical reaction for the determination of to-
copherols (vitamin E). The proposed technique is
based on the reduction of Cu(ll) to Cu_(ll) by the to-
copherols. The reduced ion is then availableé to form
a complex with 2,2'-biquinoline Scuprome) and with
2 9-dimethy| - 4,7-diphenyl-1,10-phenanthroline
(bathocuproine), which have maximum absgrbances
at 545 and 478'nm, respectively. One mole of to-
copherol reduces 2 moles of copper. When urea is
used as a catalyst in the reaction, a-tocopherol and
7-tocopherol react completely in 10 s; 5-tocopherol
reacts In 90s. _The reaction is not affected by exRo-
sure to light.  The method was compared with'2 other
methods: reduction of F_eél_ll) to Fe(Il) and com-
plexation with 2,2'-bipyridine (conventional Em-
merie-Engel method), and reduction of the free rad-
ical I,I'-diphenyl-2-picrylhydrazyl EDPF_’H) to the
corresponding “hydrazirie. ~ Absorptivities of the
complexes Cu(cuproine)d, Cu(bathocuproine>2, Fe-
(bipyridine)++,and DPPH, in terms of concentration
of tocopherol were: 30.89,61.87,39.91, and 4886Lg-1
cm-1, respectively.

The early work of Emmerie and Engel (1, 2) has
become a standard procedure for the determi-
nation of tocopherol (vitamin E), because it is
simple and rapid. In the original procedure,
ferric ion is reduced to ferrousion which then
complexes with 2,2"-bipyridine. The product
has astrong absorbance at 520 nm. Ferrous ion
can also be complexed with 4,7-diphenyl-I,10-
phenanthroline or 24 6-tripyridyl-5-tetrazine,
according to the modification by Tsen (?. .

The reaction with ferric ions is affected by in-
terferences due to traces of reductants or oxi-
dants, time of reaction, and e%peu_ally exposure
to light. The modification by Tsen improved the
sensitivity but did not overcome the suscepti-
bility of ferric ion to photoreduction.

The lower sensitivity with the original com-
Blex (2,2'-bipyridine) was not a major E)roblem

ecause vitamin E exists in relatively large

This work is a portion Qfatqﬁ's to be submitted by E. S.
onHer s-Guzmf in ar%lf [ rHento thgéequwe ents
rihe de rdeeé) dpct rof Philosophy in Food Science at the
niversidade Esta Ha qe Campinas.

Recelved November 6,1981." Accepted February 22,1982.

quantities in natural ﬁroduct_s. Many research-
ers continue to use the original reaction; how-
ever, they stabilize it with phosphoric acid as
recommended by Tsen. .

Another method was proposed by Glavind and

Holmer (4), following the suggestions of Blois
ﬁ)' They recommended the use of the radical
,_'-dlphenﬁI-Z-plcr lhydrazyl (DPPH) to oxi-
dize tocopherols. According to Pryor (6), the
free radical DPPH is reduced to the correspond-
ing hydrazine when it reacts with hydrogen
donors of the type found in tocopherols, phenals,
and synthetic antioxidants. Contreras (7) de-
scribed a method for determining ethoxyquin in
fish meal and showed that the principal inter-
ference was a-tocopherol in the tissues. Boguth
and Repges (8) also developed a method for to-
copherols with DPPH.

A variety of chemical compounds have been
used for detecting tocopherols by paper chro-
matography and thin layer chromatography
(TLC). Inhis 2 reviews, Bunnell (9,10%me.nt|_ons
the use of 2,6-dichloroquinone chlorimide,
phosphomolybdic acid, iodine, silver nitrate,
antimony pentachloride, and other compounds.
The same author reports that ceric sulfate was
used to determine purity of pharmaceutical
preparations.

Semenova and Kutnetsow (11) tested p-phe-
nylenediamine, chromotropic acid, and titanium
sulfate in sulfuric acid, and found that these re-
agents permitted distinguishing the different
tocopherols colorimetrically. _

The present work is based on the assumption
that, if the tocopherols are so active in reducing
ferric ions, they would also reduce other ions
which might not have the disadvantages of ferric
ions. Such substances should have the foIIowmg
characteristics: They should be raE|dIy reduce
by tocopherols, should be reasonably soluble in
organic solvents, and should permit the deter-
mination of the reduced ion simply and sensi-
tively. The cupric ion, as its nitrate or acetate,
was considered as possibly fulfilling all of these
re(iuweme_nts.

n the literature consulted, we found no re-

~ +0004:5756) 82/ 6505-1215-07101.00
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corded use of cupric ion in the qualitative or
quantitative evaluation of tocopherols. Pre-
liminary experiments indicated that acids in-
hibited and bases accelerated the reduction of
cupric ions by tocopherols; however, bases
caused precipitation.  Urea did not show this
inconvenience and therefore we investigated its
use as a catalyst. _
~ The reaction between tocopherols and cupric
lons was studied and compared with the or|g|nal
method of Emmerie and Engel (1,2) and with the
reduction of the free radical DPPH (5).

Experimental

Materials

() Complexing agents.—2,9-Dimethyl-4,7-
dipheny-1,10-phenanthroline (bathocuproine);
2,2"-biquinoline _(chrome); 2,2"-bipyridine;
[,1/-diphenyl-2-picrylhydrazyl (DPPH].

(b) Cupric and ferric reagents.—Cupric
nitrate, Cu(N0 3)2-3 H20; cupric acetate,
(CH3C00)2Cu-H20; ferric chloride, FeCl3-6
h2o.

.(c?] Tocopherols.—all-rac-a-Tocopherol for
biochemical use, 9%, Merck; D-7-tocopherol and
Dl-ld-tocopherol isolated from natural sources

(d) Toluene.—To purify, add 50 mL saturated
cuPrl_c acetate in ethanol to 1 L toluene and et
solution stand overnight. Wash solution twice
with distilled water and dry with anhydrous
Na2SC4. Distill and collect middle fraction of
750 mL. _

(e) Ethanol.—To purify, add 59 KOH to 1 L
absolute ethanol and let solution stand over-
nl[q_ht. Distill and collect middle fraction of 750
mL. To distillate, add 0.1 g CUFFIC acetate and
reflux mixture Lh. Then distill again.,

gf) 0.50% Cuproine in toluene.—Store in amber
bottle in freezer. _

(g) 0.25% Bathocuproine in toluene.—Store in
amber bottle in freezer.

(h) 2.5% Urea in absolute ethanol.

1) 0.1% Cupric nitrate in absolute ethanol.

|) DPPH solutions.—Stock solution:  0.04%
DPPH in ahsolute ethanol. Store in amber bottle
in freezer. Working solution: Dilute stock solu-
tion to(i)repare 0.004% DPPH in absolute ethanol.
Discard after analysis.

k) 0.5% Ferric chloride in absolute ethanol (12).

Iz 0.5% 2,2'-Bipyridine in absolute ethanol (12).
—Store in amber bottle in freezer.

T(m) Tocopherol solutions.—Stock solution:  0.1%
«-Tocopherol, D-7-t000[)hero|, and D-5-tocoph-
erol in absolute ethanol. Store in amber bottle
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in freezer. Working solution: Dilute 0.1% solu-
tions to prepare 0.005% solutions of tocopherols.
Discard after analysis.

(n) Complexing reagent—0.50% CuProine in
toluene-2.5% urea in absolute ethanol-0.1%cu-
BI’IC nitrate in absolute ethanol (0.5+ 25+ 1)or

25% bathocuproine in toluene-2.5% urea in
absolute ethanol-0.1%cupric nitrate in absolute
ethanol (0.5 + 2.5+1). Prepare fresh for each
determination.

gog Copger standard solutions.—Stock _solution:
0.125% (1.25mg Cu/mL). PreEarebydmsolvmg
electrolytic copperin HN03. Evaporate solution
to eliminate excess acid, dissolve residue in
water, and dilute to prepare solution containing
1.25 m_F Cu/mL. Working solution: 25 p.g Cu/
mL. Dilute 10 mL stock solution to 500 mL with
absolute ethanol. Discard working solution after
analysis.

Procedure

Reaction velocity experiments using cupric ion.—
Prepare mixture of 1 mL tocopherol working
solution and 3 mL co_mplexm? reagent. Quickly
place solution in Zeiss M4 QIII spectrophotom-
eter and read absorbance at 10 s intervals. For
uncatalyzed reaction, prepare complexing re-
agent by using 2.5 volumes of pure ethanol in-
stead of 2.5% urea solution.

Reaction between cupric ions and excess of a-toco-
pherol.—Dilute 0.1, 0.2, 0.4, 0.6, and 0.8 mL por-
tions of copper working solution to 1 mL with
ethanol. To each dilution, add 0.5 mL solution
(f?] or (g), 1.5 mL solution (), and 1 mL a-toco-
pherol stock solution. Shake tubes and read
absorbance after 10 min at 545 nm (cuproine) or
at 478 nm (bathocuproine).

Reaction between tocopherols and excess of cupric
ions.—Add 0.1,0.2,0.4,0.8, and 1 mL portions of
each of the 3 tocopherol working solutions to 3
mL complexing reagent. Adjustvolume of each
solution to 4 mL with ethanol. Measure ab-
sorbance within 2-15 min.

Reaction between tocopherols and free radical
DPPH.—Add 0.1,0.2, 0.4, 0.8, and 1 mL portions
of each of the 3 tocopherol working solutions to
3 mL DPPH working solution. Adjust volume
of each solution to 4 mL with ethanol. For re-
action velocity experiments, take readmgls every
10 s; take other measurements after 15 min.
Prepare reagent blank by substituting 1 mL pure
ethanol for tocopherol worklngi solution. Dif-
ference between readings for blank and sample
corlresponds to DPPH consumed by tocoph-
erol.

Reaction between tocopherols and ferric ions (Em-
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Figure 1. Reaction rate of tocopherols with cupric ion in presence of cuproine and bathocuproine.

merie-Engel method).—Use conditions recom-
mended by Muller Mulot (12), adjusting final
volume to 4 mL.

Results and Discussion

Reaction Rate Studies

Figures 1and 2 demonstrate the variation of
ahsorbance with time for the reaction with cop-
per; Figures 3 and 4 show the variation for reac-
tion with the ferric ion and DPPH, respectively.
Inall of the reactions, velocity was a function of
the number of methyl groups in the chroman
ring, and was a maximum for the 5,7 8-trimethyl
tocol (a-tocopherol) and a minimum for the 8-
methl_YI tocol (5-t0copher0|?. The reaction with
DPPH was the slowest of all, requiring more than
10 min for 5-tpcoPheroI to react completely.

The catalytic erfect of urea is clearly evident
when Figures 1 and 2 are compared. In the
presence of urea, using cuproine, a-tocopherol
and 7-tocopherol were evaluated in less than 10
s; 5-tocopherol could be evaluated in 90 s.

The curves for the complex with bathocu-
proine also showed a notable increase in reaction
velocity, allowing the 5-tocopherol to be deter-
mined after 120 s. _ .

During this research, it was not possible to
establish whether the urea acts as a proton ac-
ceptor, or forms a transitory complex with cupric
ions that favors their reduction by tocopheraols,
or if its function is of some other nature. Inany
case, urea is shown to be avery efficient catalyst
and was incorporated in all subsequent exPerl-
ments. A test showed that urea is without effect,
however, in the reaction of ferric ions with to-

coprherols. _

he fact that all tocopherols can be determined

after 2 min by the catalyzed reaction presented

here would be of great value in the analysis of

vegetable oils. Itis doubtful whether the anal-

ysis of oils by the Emmerie-Engel procedure re-

sults in complete reaction of 5-t0c0|oherol in the

25 min conventionally used. Miller Mulot (12)
and others have recommended that the time of

reaction be increased to 10 min.
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Figure 2. Reaction rate of tocopherols with cupricb ion in presence of cuproine and bathocuproine, catalyzed
y urea.

Experiments at Equilibrium Conditions

Absorbance data for various cupric ion con-
centrations reacting with excess a-tocopherol
and cuproine or hathocuproine are shown in
Table L. Calculating molar absorptivities on the
basis of copper gives 6590 (cuproine) and 13800
(bathocu_prome?, which are in accordance with
values cited by Schilt (13), 6450 and 14200, re-
spectively. Itshould be noted that the data col-
lected by Schilt were obtained by reducing the
cupric ion with hydroxylamine in buffered so-
lution at pH 5-7 and extracting the cuprous
complex with isoamyl or hexyl alcohol. ~ This
agreement of absorptivities demonstrates that
cupric ions can be reduced in an ethanolic me-
dium by a hydrophobic reductant like a-toco-
pherol.” Thesimilarity in the molar absorptivity
data also shows quantitative reduction.

Table 1. Variation of absorbance a with copper
concentration in presence of excess a-tocopherol and
complexing reagents
Concn, Cuproine, Bathocuproine,

gCut+imL a at545nm A at478 nm
0.625 0.065 0.133
0.066 0.138
125 0.129 0.273
0.133 0.274
2.50 0.257 0.541
0.259 0.542
5.00 0.518 1.085
0.522 1.090
10.00 1.035 -
1.040 —
£ 103. 2174
Jar 6590 13810

3 DuPIicate analyses were carried out with each complexing
reagent at each concentration.
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Table 2.
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In Table 2, columns 1and 2 give the results of
the complementary experiment in which various
measured quantities of a-tocopherol were
reacted with an excess of cupric ions (this corre-
sponds to the analytical application of the reac-
tion). In the other columns, the corresponding
data are tabulated for the reactions with ferric
ions-2,2,-bipyridine and with DPPH. .

When the molar absorptivities for cuproine
and bathocuproine, calculated on the basis of
a-tocopherol (MW 430.72), were compared with
those In Table 1, based on copper, we found a
molar reaction ratio for Cut++/a-T of 2/1:
13300/6590 = 2.02 and 25650/13800 = 1.93.
Goodhue and Risley (f14) showed that the prod-
uct of the oxidation of a-tocopherol by benzoyl
peroxide in alcoholic solutions is the hemiacetal
of the a-tocopheroxide. Because formation of
this product requires 2 electrons, which is also
shown above for our reaction, and the solvent
used in our procedure was absolute ethanol (plus
asmall amount of toluene), we propose that the
product is the same.

CHO
1~
L r
K
ch3 X, \ ch3
CH3 O0C2HS5

_ The _comﬁarison of the reactions using cupric
ions with the 2 optional reactions in the litera-

S

50
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Spectrophotometric data for four reactions for determination of a-tocopherol
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0 40

ture, as presented in Table 2, reveals that the
sensitivities are Cu(bathocuproine)J > DPPH >
Fe(bipyridine)++ > Cu(cuproine)2e AIthou?h
Cu(cuprome?_z is least in sensitivity, its more fa-
vorable coefficient of correlation and standard
error of estimate make it suitable for use in the
determination of total tocols in vegetable oils,
which usually have relatively large amounts of
tocopherols. ~ For lower concentrations, the
Cu(bathocuproine)d complex is recommended.
In these experiments, the reactions were carried
out under normal laboratory illumination, a
combination of daylight and artificial light, and
all glassware was colorless. Ahsorbances of so-
lutions of the copper complex remained constant
for hours. _

The application of the new reaction to the
study of tocopherols and tocotrienols in fresh
and mature corn has been reported in a prelimi-
nary form (XIV Congreso Latinoamericano de
Quimica, San José, Costa Rica, February 1981). A
more extensive publication on analysis of cereals
and vegetable oils is in preparation.
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Enzymatic Determination of Cholesterol in Egg Yolk

CHIH-SHANG J. SHEN, ISABEL S. CHEN, and ALAN J SHEPPARD
Food and Drug Administration, Division of Nutrition, Washington, DC 20204

The quantitative determination of cholesterol in e%g
olk bY using an enzymatic test kit is described.
>holesterol in the egg yolk is extracted with other

lipid components by methylene chloride-methanol

(2.+ 1)and is enzymatically determined after sapon-

Ification of the lipid extract. The method is relativel

rapid, simple, and accurate and gives results whic

aﬁree with those obtained by Using a gas-liquid
chromatographic (GLC) method. The mean choles-
terol content of egﬂ]yolk determined bg the enzy-
matic and GLC methods was 1237 and 1240 mg/100
g, respectively.

The increased need for a rapid, simple method
for determining cholesterol in foods has become
apparent in government regulatory and food
industry quality assurance laboratories with the
advent of voluntary food labeling regulations (1).
The cholesterol labeling requirement was
prompted primarily by the increasing concern
about the health implications of dietary choles-
terol (2-7). . _ _

A variety of methods, including chemical 58,
9), gas-liquid chromatographic (GLC) (10-14),
and high performance liquid chromatographic
(HPL_C()J (15), are presently available for the de-
termination of cholesterol in foods. Derivati-
zation of cholesterol is generally required for
GLC and HPLC. The choice of method usually
depends on the type of sample analyzed, the ac-
curacy and sensitivity required, and the avail-
ability of instrumentation. For egg and egg
products, the official AOAC method is a titri-
metric method using sodium thiosulfate (8).
However, this procedure is somewhat slow and
tedious, and lacks specificity. GLC, because of
its specificity, sensitivity, and accuracy, has been
the preferred method in recent years (9, 10?].

Several rapid, simple enzymatic methods
using cholestero| oxidase have been developed
for the determination of serum cholesterol
(16-21). These methods differ mainly in the
coupled indicator reaction used to measure the
hydrogen peroxide generated from the choles-
terol oxidase reaction. These methods have not
been applied to the determination of cholesterol

e
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in foods to any appreciable extent. An enzy-
matic method {18),_using atestkit, has been em-
ployed satisfactorily for the determination of
cholesterol in milk (ZZLand tissue (23). In the
present study, this method was evaluated to de-
termine its suitabilit?/_for quantitative determi-
nation of cholesterol in egg yolk. Cholesterol
was extracted along with other lipid components
by methylene chloride-methanol (2 + 1?] (24).
Atter saponification of the lipid extract, choles-
terol was measured by both the enzymatic
method and a GLC method (12), and the results
were compared.

METHODS

Apparatus and Reagents

Sa) Spectrophotometer. —Perkin-Elmer Model
402 ultraviolet-visible. _

(b) Enzymatic test kit—Obtained from
Boehringer-Mannheim Biochemicals, Indian-
apolis, IN. Contains 3 bottles of solution: so-
lution 1 consists of ammonium phosphate buffer
(0.8 mol/L, pH 7.0), methanol (2.6 mol/L), and
catalase (2.3 X 106 U/L); solution 2 consists of
acetylacetone (0.05 mol/L), methanol (0.3 mol/
L), and stabilizers; and solution 3 is a cholesterol
oxidase suspension (12 X 103U/L).

(c) Reagent mixture.—Thoroughly mix 3 parts
%olultion Land 2 parts solution 2. Store in brown

oftle.

(d) Cholesterol standard solutions.—Stock solu-
tion.—Accurately weigh 100 mg ﬁure_cholesterol
(Boehringer-Mannheim Biochemicals) and
quantitatively transfer to 100 mL volumetric flask
with isopropanol; dilute to volume with isopro-
panol. Prepare series of cholesterol standard
solutions of the following concentrations: 100,
200, z|100, 500, 600, 800, and 1000 jfg/mL isopro-

anol.
d (e) Trifluoride-methanol solution.—14% (w/v)
(Sulpelco Inc., Bellefonte, PA).

(f) Butyric anhydride and pyridine.—Eastman

Kodak Co., Rochester, NY.

Sample Preparation

Carefully separate egg yolk from egg white.
Take representative samPIe of egg yolk con-
taining ca 1 g fatand transfer to homogenization
vessel. Extract total lipid from sample, using

- 0004-5756/82/6505-1222-03901.00
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Table 1. Cholesterol content (mg/100 g) of egg yolk as measured by enzymatic and GLC methods

Sample No. Enzymatic3 GLCh
% 13.1};. . I +§Z§ .
21 11111 Ox3(.9 (3.
:zﬂl' : YRRk

4150 (1 S 3.
.12% . S310 ol

21 1741 12932 £20.

j 1?5; % b

QE279 (2 LS

0+34.4 (7 1179,

B vl o meenof§ deerminaions = D )

methylene chloride-methanol §2+ 1) (24). Sa-  ple solution (obtained from standard curve), DF
ponify |IEId extractand prepare fatty acid methgl = dilution factor, and S = sample weight, g.
esters (2 R The hexane solution obtained 2? -

contains free cholesterol and fatty acid methyl ~ Gas-Liquid Chromatography

esters. Take aliquot of hexane solution, dry  Prepare butyrate derivative of cholesterol,
under stream of nitrogen, and then dilute to  using portion of hexane solution containing free
original volume with ‘isopropanol. This iso- cholesterol, and determine cholesterol content
propanol solution, which contains free choles- by GLC method described by Sheppard et al.
terol, is used as the sample solution in the assay  (12).

rocedure. . )
P Results and Discussion

Enzymatic Assay The enzymatic method used in the present

Pipet 5 mL reagent mixture and 0.4 mL sample  study consists of 2 enzymatic reactions, catalyzed
solution or cholesterol standard solution into test It? cholesterol oxidase and catalase, and the
tube (20 X 150 mm). Thoroughly mix contents ~ Hantzsch reaction (18). Cholesterol is oxidized
of test tube. Pipet 2.5 mL solution into each of by cholesterol oxidase to cholesterone. The
2 screw-cap test tubes (13 X 100 mm). To first  hydrogen peroxide produced oxidizes methanol
test tube (blank), add 0.02 mL water and mix  to formaldehzde in the reaction catalyzed by
well. Tosecond test tube (sample), add 0.02 mL  catalase. In the presence of ammonium ion, the
cholesterol oxidase suspension and mix thor-  formaldehyde reacts with acetylacetone, forming
oughly. Cap test tubes and incubate 90 min in ayellow lutidine dye. The concentration of the
37°C water bath. Remove test tubes from water  lutidine dye formed is stoichiometric with the
bath and let cool to room temperature (ca 1 h).  amount of cholesterol and is measured by the
Transfer contents of test tubes to matched 1c¢cm  increase in absorbance at 405 nm. Optimization
(F{{uartz cells and place in spectrophotometer.  studies for each of the assay components of the

ead absorbance of sample against blank at405  method have been performed gl , 22, 23?.
nm to obtain absorbance (A). Determine cho- The cholesterol contents of 12 eqg yolk sam-
lesterol concentration of sample solution from  ples determined by the enzymatic and GLC
standard curve, which is constructed by graphi-  methods are presented in Table 1. The results
cally plotting A vs pg/mL for each level of cho-  obtained by the 2 methods were in excellent
lesterol standard solution. Linear range of agreement {P< 0.05). Linear regression analysis
standard curve obtained is similar to that re-  (X-axis, data for the enzymatic method; Y-axis,

ported by other workers (18, 22, 23). data for the GLC methodg gave a correlation of
: 0.963, with a slope of 1.05 and an intercept of
Calculation —55.6 mg/100 g. Precision of the enzymatic

Cholesterol content, mg/100 g product = C X method was excellent as indicated by the coef-
DF X 100/S, where C = pg cholesterol/mL sam-  ficient of variation (CV) obtained from 8 analyses



1224 SHEN ET AL.

of each sample, which ranged from 1.0 to 3.4%.
The mean cholesterol content of egg yolk de-
termined by the enzymatic and GLC methods
was 1237.2:and 1240.0 mg/100 g, respectively.
Many data are available on the ¢ olesterol con-
tentofegg yolk (9,10,26-29). Depending on the
er ofegg analyzed the extraction method, and

the determinative method used, a wide range of
values, from 1200 to 2400 mg/lOOg have been
reported GLC methods are usually more accu-
rate than either colorimetric or gravimetric
procedures for determining the cholesterol
contentofegg yolk (9,10) because of their greater
specificity.

A recovery experiment was carried out by
addrng 500 pg cholesterol to 1 mL samFIe solu-
tion obtained from each eg%yolk sample before
enzymatic determination. ~Eight determinations
were performed on each sample. A mean re-
coveroy of 97.4% with a standard deviation (SD)
0f 1.6% (CV L1.6) was obtained. Recovery studies
of the methylene chloride-methanol method for
extracting cholesterol from a variety of foods
have been previously reported (242) In these
studies, the average recovery was 99.1 + 2.2%
whend cholesterol” was gravimetrically deter-
mine

The enzymatic method has been widely used
in clinical laboratories for the determination of
serum cholesterol because of its simplicity, reli-
ability, and relatively high sgecrfrcrty (16- l) It
has proven to be useful in the determination of
milk (22) and tissue (23) cholesterol aswell. Data
obtained in the present study demonstrate that
the enzymatic method is suitable for the quan-
titative determination of cholesterol in egg yolk
and provides results comﬁarable to those ob-
tained by the GLC method. Whether this
method can be aﬁplred to the determination of
cholesterol in other foods requires further in-

vestigation.
References
(1) Code fFederaI Regulatrons (19802 Title 21, Chapt
1Subh Government Printing Office

\{%as mgt%n DC, Part 101, secs. 101:25 and

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

2

A
~

ézgzzw

rown H. B. (1968) }. Am. Diet. Assoc. 52, 279-

ann GV 1977 N Engl ]CMed 297, 644-650
cGill, H. c 19 Am.’J. Clin, Nutr. '12, 2632-

30
cNutt, K. (1980) Nutr. Rev. 38, 353-360
., 6t aI (1981) . Am. Med. Assoc. 245,

S U1

—_— —=

|II|ams R

1-25

emelle R B, etal. (1981) N. Engl. J. Med. 304,
icial Methods of Analysis (719802) 13th Ed., AOAC,
rIrngton VA secs, 17.017-17.022

weeney, J erhrauch J. L (1976) Crit. Rev.
00dSc; Nutr 131-15

U, C5 owr|6eOéN D,, &Fennema, O. (1970) ]. Food
war J K (1976) /. Assoc. Off. Anal. Chem. 59,

/.
pard,A J, Newkirk, D. R, Hubbard, W. D
g100d6’T (1977)] Assoc. Off. Anal. Chem. 60

ova on W. E. &Ackman, R
979)] Food Sc. 44 99-1301

fficial Method of Anal srs (&980 ) 13th Ed., ACAC,

Irngton VA, secs.

wkirk, D. R, &Sh epgard A J (1981)/ Assoc

f AnaI hem, 64, 54

H. 51973) Ann. Clrn Bro hem. 10, 79-83

C “Poon, L. S , C.SG,R |chmond

.C. (197%) Clrn m. 20, 470-475

Bernt rub L (1974) Z Klin.

Irn. Brochem _

con, A. C,, &Dawson,J . (1979) Clin. Chem.

ckel, R S ntag, 0., Rulpm

[dmann, U 7) Clin, Che

SO0

—J
SO
<J1:—-l>

o
:g:

8

—_

— = =B = = —

N e o ©o
—|'|'|Cf):|>

(%)

w

=
G)xn—\;zom-b-u

— =

(&3] =
e Te & B2
3—.
I—‘<

C');UE:D'I'I

—
oo

_OH§J>O
'U'UOgC‘)

= e e s
—
©

[}
(=)

&
I Brochem 17,

[NS1N)
N
—_—

O
=~
=~
<< w
~
(@ p}

[NS)
w

[NSR N\ &)
(S =S

— = =
=

\CN—
o3
rD

99-

,W.D,, &Prosser AR
ogy Instructions No. 2
00

ol
.1, Food and Drug Admin-
|strat|0n Washrn ton, DC
(26) Composrtron 0fFoo s|(19 3 Agrrrc ulture Handbook
as

=
|_\

Z:
=
—
(D
3
=
D
—
=

oo
o

8, Agricultural Reséarch Service, US. De-
EartmentongrrcuItu e, Washington, DC
(27) Feel eﬁ Brown, M. L (1972) J’Am. Diet. Assc.

28 Cunnrn ham L. Krue e, .F. Fanquy,R.C,,
& &Bradge JW (1974 BPguI 53 61301
(29) Es(r)tlrgand23 & Wood, D. L. (1980) Poult. Sci. 59,



BORSJE ET AL.

Chromatogra
Milkpow erlp

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5 1982)

1225

Analysis of Faﬁ_SqubIeVi_tam_ins. XXVI. High Performance Liquid
ic Determination of Vitamin

In Fortified Milk and

BEN BORSJE, ELLEN J. de VRIES, JAKOB ZEEMAN, and FRITS J. MULDER
Duphar B. V.., Research Laboratories, Weesp, The Netherlands

Vitamin D is determined by high performance liquid
chromatoPraphy (I_-IPLC)rln samples containing other
fat-soluble vitdmins. The vitamin D in the unsa-
ponifiable residue is extracted and separated from
Interferences by straight phase chroma og_raph}f, and
the fraction corresponding to vitamin D31s collected
and quantitated using the AQAC official final action
HPLC method for vitamin D3. Analysis of a syn-
thetic mixture gave reasonable recoveries. The
method measures potential vitamin D3 content in
mllkpowdersam?les containing 2 IU vitamin D/g in
the presence of all known vitamin D3isomers, vita-
min A, and vitamin E

The determination of vitamin D at low levels,
such as the levels in fortified milk, 35-50 1U/ 100
mL, is a time-consuming and tedious procedure.
Several methods have been devised previously
&1-4)., each having its limitations and drawhacks.
articular attention has been given to the gas-
liquid chromatographic determination of vita-
min D in milk, but precollaborative testing
proved unsatisfactory. _ .
~However, general interest in the determina-
tion of vitamin D in milk is increasing. For ex-
ample, the Associate Referee on vitamin D was
requested by the Northern Dairy Practices
Council (5) to study the Henderson method (4)
for its suitability as an official method, but a
particular problem is encountered with previ-
tamin D formation, a property of vitamin D.
Verification of the Henderson method (4) re-
sulted in recoveries of vitamin D of 43 and 68%
Study of the chromatographic system showed a
peak with the same retention time as vitamin D
to be a vitamin A isomer. The Thompson
method (3) depends on labeled vitamin D to
verify column performance. S
An analytical procedure for determining vi-
tamin D can be considerably shortened by mak-
ing certain assumptions. First, potency, which
is usually expressed in International Units in

1For Part XXV, see dF \ries, E. J.. Mulder, F.J., & Borsje, B.
(19%1)/. ssoc. ?ﬁ Anal. Chem’ 64, 61- 70,

This report of the Associate Referee, F.). Mulder (present
Assom?e

te R ). de Vries), ted at the 93rd
é E nual M eeetfﬁaegf tFHe AOeACTI(%Sc)t. ‘iVSaslngS% gt V\?asmengtorn,

relation to bioactivity, is the sum of the biopo-
tencies of both previtamin D and vitamin D (6,
7). This potency is determined by a physical
method which separates vitamin D from previ-
tamin D (8). However, previtamin D in low
potency samples is difficult to separate from
Impurities; therefore, potency must be derived
from the vitamin D peak only, allowing a cor-
rection for previtamin D. This correction can be
calculated, dependent on the selected procedure,
time, and temperature. ~ Corrections under
practical conditions will be about +20%of the
vitamin D potency. _

The second assumption concerns the quality
of vitamin D used for milk fortification. In Eu-
rope, milk is enriched mainly by adding phar-
maceutical grade vitamin D3 (cholecalciferol).
By definition, no inactive vitamin D isomers are
present, aswould be expected in mixtures of vi-
tamin D isomers, so-called vitamin D resins, or
vitamin D resin-containing products.

In the United States, however, no conditions
are given for vitamin D in milk fortification, so
vitamin D must be separated from its inactive
isomers, such as tachrstero!, trans-vitamin D (9),
isotachysterol, and luministerol as present in
irradiated 7-dehydrocholesterol or irradiated
ergosterol. _ o

rom previous high performance liquid
chromatographic (HPLC) work for the determi-
nation of vitamin D in concentrates and multi-
vitamins (10-13), we learned that an analytical
column is needed to separate vitamin D from its
isomers and that acleanup column is required to
isolate the vitamin D family in one peak from the
other fat-soluble vitamins and impurities, Dif-
ferent tzpes of chemically bonded stationary
phases (C8, C18, etc.) were examined and optimal
results were obtained with a nitrile stationary
phase in the straight phase mode. We had suc-
ceeded in using the standardizing analytical
column (adopted in the AOAC HPLC methad for
vitamin D) both for concentrates and multivi-
tamins, so it was collaboratively studied twice.
In this study, we maintained this technique, and
studied the cleanup procedure and isolation of

- 0004-5756/82/6505-1225-03901.00 =
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Table 1. Recovery of vitamin D at 2 levels from skimmed
milkpowder samples (2 and 5 IU/g) as determined with
external standard (cholecalciferol)

21U/g samples 51U/g samples

Day Eli B2 B3 Cl C2
1 1229a 1094a 6L1b 1001 909
2 985 92.9 95.6 959 901
3 1051 1078 1011 91.3 95.1
4 1095 10860 1119 1019 1022
5 1132 1154 1140 1068 1047
Mean of Sample B 106.1% Mean of Sample C  97.9%
Repeatabl_llt¥_ SD . 25% Repeatabl_Im{_ D 38%
Reproducibility SDi~ 8.3% Reproducibility SO 6.3%

aThese recoveries were eliminated.
» Elminated by the Dixon test.

th_elkunsaponifiable residue for vitamin D from
milk.

METHOD

See part XXVII, E. J. de Vries & B. Borsje (1982)
J. Assoc. Off. Anal. Chem. 65, 1228-1224.

Results and Discussion

Milk contains about 10% dry substances and
the content of vitamin D in fortified milk is about
200 1U/L (21U vitamin D/g in the dried sampIeL.
To check the proposed HPLC method, we too
unfortified, skimmed milkpowder containing no
vitamin D3and mixed it with a known amount
(21U) of vitamin D3/g and 201U vitamin A/g. A
second powder sample was mixed with aknown
amount (5 IU) of vitamin D3/g and 50 1U vitamin
Alg. Two levels of vitamin D are required to
verify whether a systematical error is present.

We also studied the use of internal and exter-
nal standards. S

At these low levels of fortification in
milkpowder, it is impossible to determine the
Brewtamm D peak. A 45min saponification at

0°C provides a constant ratio of vitamin D/
previtamin D, from which the vitamin D potenc
content can be calculated using a factor.
cholecalciferol standard subjected to the entire
p[rocedure gave 80% cholecalciferol on analysis.

herefore, results of the HPLC method should
be multiplied by the factor 1.25 to determine vi-
tamin D potency.

Blank skimmed milkpowder containing only

50 IU vitamin A/g was studied to determine in-

terfering substances, calculated as vitamin D in
the vitamin D3 fraction. This blank sample

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

Table 2.
milkpowder samples (2 and 5 1U/g) as determined with

Recovery of vitamin D at 2 levels from skimmed

internal standard (A 4,6-cholestadienol)

21lllg samples 51U/g samples

% 1O

3
3
X
1
an of Sample B 103.6% Mean of Samp
eaéathgH.SD 3.0% Repeatablllt¥
roducibllity SD

6.1% Reproducibi
aThese recoveries were eliminated.
bEliminated by the Dixon test.

2020
D D

(containing no vitamin D) showed <0.2 IU
cholecalciferol/g. _

~Two samples containing, respectively, 2 1U
vitamin D with 20 [U vitamin Aand 5 IU vitamin
D with 50 IU vitamin A were analyzed daily in
random sequence (Tables Land 2). Recoveries
were determined with the internal standard (A
4,6-cholestadienol) and an external standard.
For the statistical analysis, one determination in
Sample B on the first day was eliminated (ac-
cording to the Dixon test) asasignificant outlier.
We also eliminated (14), for simplifying the cal-
culation, the replicates of Sample B from that da
in Tables 1and 2. Recoveries from Samples
and C are, respectively, 84.9% and 78.3% for ex-
ternal standard calculation, and 82.9% and 77.6%
for internal standard calculation. The differ-
ences in recovery between Sample B (2 IU vita-
min D/%) and Sample C (5 IU vitamin D/g) in
Tables 1'and 2 are nearly significant. Appar-
ently, recoveries at lower concentrations are
more influenced by interfering substances.

For potential vitamin D content, all recoveries

must be multiplied with a factor to be deter-
mined at the same time. There is no significant
difference between calculations using an internal
standard or an external standard. The internal
standard procedure gives anonsignificant better
reproducibility of the standard deviation; how-
ever, the external standard is generally available
and is therefore preferred. Tests with whole
milkpowder gave similar results.

Recommendation

It is recommended that the proposed HPLC
method be collaboratively studied for fortified
%kgnm_e”((i milkpowder, milkpowder, and forti-
ied milk.
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Analysis of FaF_Squ_bIe Vitamins, XXVII. High Performance Liquid
ic and Gas-Liquid Chromatogr
In"Fortified Milk and Milkpowder:

phi¢c Determination of
Collaborative Studyl

Duphar B. VResearch Laboratories, Weesp, The Netherlands
Collaborators: L. Ameika; N. T. Baillies; N. Delano; E. J. de Vries; W. Egtberts;

G. A. Fischer; E. George, Jr; P. J. Gillingham; W. Hancoc

J. F. Muniz: G. NedelKovitch: G. Nicolaux:

k: A
E. Oelrich: G. F. Phillips; R. Polman:

H. Knapstein; A. Monard;

G
E. F Richter: H. Scholz; P. Schwarze; H. Steuerle; U. Thiele; V. A. Thorpe; C. Weaver;

H. M. Wehr

A collaborative study of the h|%h performance |I%U!d
chrqmatog_raphlcé PLC) method for vitamin D in
fortified milkpowder (skimmed and whole milk) and
a milkpowder preparation was carried out on 182
samples distributed to 26 laboratories. Thirteen
laboratories submitted results. The level of vitamin
D was 2-71U vitamin D3/g milkpowder. All samples
also contained vitamin A, Three laboratories were
excluded from the statistical evaluation because of
incomplete results or deviation from the analytical
procedure.  Other laboratories reported acceptable
results. At the same time, 63 samples were distrib-
uted to 9 laboratories which used a gas-liquid chro-
matographic method for determining vitamin D in
mllkﬁowder. Only one laboratory reported results.
Thte PLC method has been adopted official first
action.

The high performance liquid chromatographic
#HP!__C()1 method for determining vitamin D2in
ortified milk and milkpowder, presented in
1979 (1&, was recommended for collaborative
study. A vitamin D roundtable discussion was
organized during the 93rd AOAC meeting to
invite and instruct future collaborators for the
study. At that time, it was requested that for
those laboratories which have gas chromato-
graphic equipment only, a E)_arallel study be
conducted using an unpublished %as-llqmd
chromatographic (GLC) procedure (2) on the
same samples. A comparison with the AOAC
biological method (3) for vitamin D was consid-
ered superfluous, because this HPLC method was
tested on synthetic mixtures with a known
amount of vitamin D, so the systematic error
could be calculated. o
The HPLC method is based on saponification

i P TR SR O el el 4550 4Dy &
%;f]}ﬁgmg\%ggg%ﬁfo%ﬁ@agf° A

The recommepdation of the Associate Referee was approved
e et e o Gt

and extraction of the unsaponifiable residue
followed by an HPLC cleanup on a nitrile col-
umn to separate vitamin D and its isomers from
interfering substances; the fraction corre-
sponding to vitamin D is collected and quanti-
tated using the AOAC HPLC method for vitamin
D (4). The GLC method is based on saponifica-
tion and extraction of the unsaponifiable residue
followed by adigitonin precipitation of choles-
terol, cleanup by Florisil chromatography, and,
after silylation, GLC quantitation of the pyro-
calciferols.

Collaborative Study

Samples

In this study, 5 fortified milkpowder prepa-
rations of different composition (Table 1§)were
assayed. Three samples contained pure chole-
calciferol, in coated form (microbeadlets).
Samples 1 and 2 were based on skimmed
mllkf)ow_der, whereas Sample 3 was based on
whole mllkf)owder. The vitamin D3 content of
these samples was calculated on aweiglit basis:
Single detertninations were carried out in these
coded samples. Preparations 4 (containing vi-
tamin D3 resin) and 5 (containing cholecalciferol)
were commercially available fortified milk-
powder preparations, feed and food grade, re-
spectively, from different manufacturers. From
each of the Preparations 4 and 5, 2 differently
coded samples were assayed, thus yielding in-
dependent duplicate determinations for each of
these preparations.

Collaborators

For this collaborative study, we distributed 245
samples to 26 collaborators (HPLC) and 9 col-

2Vitamin D.is used here as a genegic term for.vitamin D
‘ergocamerol)[% DsD(gho?ecaIcﬁeroIS; pre\Wtamin Dr|ns use
orprevitamin’D2or D3,

NNNA-E7RA/QYIRRENR-129R.07¢N1 NN
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Table 1. Composition of collaborative samples

Vit. d3, Vit A ,
Sample IUlg IUlg Preparation
1 exactly20 + 20 skimmed milkpowder
2 exactly50 + 50 skimmed milkpowder
3 exacty50 £ 50 whole mikpowder
4 declared 7.6 +112  skimmed milkpowder3
5  declared 5.0 £ 50 skimmed milkpowder”

.3 Dogfood preparation, so-called "bitch milk,” also con-
taining Vitamins B}, B, niacin, pantothenic acid, choline
chioride, and biotin ‘and trace elements.

» Fortified skimmed milkpowder, for the World Food Pro-
%aomd containing 5000 U vitamin A and 500 1U vitamin D3/

laborators (GLC). The HPLC collaborators were
asked to test their equipment for separation of
trans-vitamin D/previtamin D on the analytical
column. If the peak resolution was better than
1, the column performance was satisfactory. The
GLC collaborators were asked to (a) determine
the presence of#)ossmle interfering materials in
Florisil; (b) verify elution patterns on Florisil; (c)
determine recoveries of spiked samples. If the
recovery exceeded 85%, the column performance
was satisfactory.

METHODS

Gas-Liquid Chromatographic Method

See ref, 2.

Vitamin D in Fortified Milk and
Milkpowder

High Performance (Pressure) Liquid
Chromatographic Method

Official First Action

(Applicable to fluid milk and milkpowder
contg >1 U vitamin D/g)
(Caution: See 51.039)

43.809 N Principle
Samples are saponified and extd. Vitamin D
and isomers are sepd from interfering substances
on cleanup column. Second column seps vita-
min D from impurities. Vitamin D is corrected
for amt previtamin D formed during saponifi-

cation. Vitamin D is sum of vitamin D and
previtamin D.
43.B10 Apparatus

J. ASSOC. OFF.
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~ (b) Cleanup column.—Stainless steel, 250 X 4.6
gl_d mm, packed with 10 ¢im particle size
i160D-10CN.  Typical operating conditions:
chart speed, 1cm/min; eluant flow rate, 1 mL/
min; detector sensitivity, 0.128 AUFS; temp.,
ambient; valve injection vol., 200 pL; mobile
phase, «-hexane contg 0.35% «-amyl alcohol.
_(c) Analytical column.—Stainless steel, 250 X 4.6
(id) mm, packed with 5 pm particle size Partisil,
passing system suitability test. Typical operat-
Ing conditions: chart speed, 1 cm/min; eluant
flow rate, 2.5 mL/min; detector sensitivity, 0.008
AUFS; temp., ambient; valve injection vol., 500
plL; rr?olblle phase, «-hexane contg 0.35% «-amyl
alcohol.

43.B11

(a) N-Hexane.—See 43.081(a).

(b) Antioxidant so/«.—0.1% butylated hydrox-
ytoluene (BHT) in «-hexane.

() Vitamin D std so/«.—USP Ref. Std Ergocal-
ciferol (if sample labeled as contg vitamin D2) or
Cholecalciferol (if labeled as contg vitamin D or
D3). Accurately weigih ca 12.5 mg vitamin D std
in 100 mL amber vol. flask. Dissolve without
heat in toluene and dil. to vol. with toluene. Dil.
10 mL of this soln to 100 mL with mobile Fhase.
Dil. 25 mL of this soln to 100 mL with toluene-
mobile phase (5 + 95) for vitamin D std (3.125
pg/mL, 125 IU/mL). "Prep, fresh daily.

(d) System suitability std soln.—Prep, soln contg
2mg vitamin D3and 0.2 mg trans-vitamin D3/g
in vegetable oil. Peaks of trans-vitamin D3and
previtamin D3 must have ca same peak hts. If
necessary, increase previtamin D3 content by
\évoarmlng oil soln at 90° ca 45 min. Store soln at

Reagents

43.B12

System SuitabjlitY Test for
Analytical Column

Dissolve 0.1 g system suitability std soln in 100
mL toluene-mobile phase (5 + 95) and chroma-
tograph 200 pL. Det. peak resolution between
previtamin D3 and trans-vitamin D3 as: R =
2D1(B+ C): where D = distance between peak
max. of previtamin D3and trans-vitamin D3;B =
peak width of previtamin D3; and C = peak
width of trans-vitamin D3. Performance is sat-
isfactory if R > 1.0.

43.B13 Calibration

Inject 200 pL vitamin D std soln onto cleanup
column thru sampling valve, and proceed as in

@  Liquid chromatograph.—Hewlett Packard Determination, . .. adjust operating conditions

1010A, or equiv., with 254 nm UV detector with
2 columns: cleanup and anal.

.. Det. retention time of vitamin D on anal,
and cleanup columns and peak ht of vitamin D
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on anal, column. Retention time of vitamin D
on cleanup column should be between 10 and 20
min; adjust amyl alcohol content of mobile phas,
if necessary to achieve this situation.

43,814 Preparation of Sample

(@) lsolation of unsaponifiable matter from pow-
der.—Accurately weigh ca 50 g milkpowder into
saponification flask. Add 100 mL alcohol, 25 mL
25% ac(]). Na ascorbate soln, and 25 mL 50% (w/w)
aq. KOH _soln. Reflux 45 min on steam bath.
Cool rapidly under runnlnE H20. Transfer lig
to separator with two 75 mL portions H20, two
25 mL portions alcohol, and two 100 mL portions
ether. “Shake vu%orousl 30 sand let stand until
both layers are clear. Transfer ag. phase to sec-
ond separator and shake with mixt. of 25 mL al-
cohol and 100 mL pentane. Letsep.,and transfer
aq. phase to third separator and pentane phase
to first separator, washing second separator with
two 10 mL portions pentane, adding washings
to first separator. Shake a(i. phase with 100 mL
P_entane and 25 mL alcohol and add pentane to
irst separator. Wash combined pentane exts
with three 100 mL portions freshly prepd 3%soln
of KOH in 10% alcohol, shaking vigorously.
Then wash with 100 mL portions H20 until last
washln% is neutral to phthin. Drain last few
drops of H20, add 4 sheets 9 cm filter paper in
strips to separator, and shake.

_Transfer dried pentane ext to 500 mL r-b flask,
rinsing separator and paper with pentane, and
add 1 mL antioxidant soln. Evap. to dryness
under vac. by swirling in H20 bath at <40°.
Cool under running H20 and restore atm. pres-
sure with N. Dissolve residue immediately in
2-3 mL toluene-mobile phase &5 + 95).

Transfer ext to 10 mL r-b flask, rinsing 500 mL
r-b flask with pentane. Evap. under N stream at
room temp. Dissolve residue immediately in 2.0
mL toluene-mobile phase (5 + 95). Use this soln
asworking sample soln for injection.

(b) Isolation of unsaponifiable matter from fluid
miIk.—PléJet 200 mL milk into 1L saponification
flask. Add 300 mL alcohol, 5 g Na ascorbate, and
50 mL 50% ag. KOH. Proceed as in (a), begin-
ning, "Reflux 45 min .. "

43.B15 Determination

(a) CIeanup.—InHect 200 pL working sample in «-hexane, instead 0

soln onto cleanup column thru sampling valve
and adjust operating conditions of detector to
%we largest possible on-scale peaks for vitamin

. Collect fraction between 2 min before and 2
min after vitamin D peak, in 10 mL vol. flask.
Add 1mL antioxidantsoln and evap. to dryness
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under N stream. Dissolve residue immediately
in 2 mL toluene-«-hexane ﬁ5 + 95). Use this soln
for injection onto anal, column.

Note:  To regenerate cleanug column, wash
with amyl alcohol-n-hexane (10 + 90) at 6 mL/
min until detector response returns to 0 (ca 15
mlng. Switch to mobile phase, hexane contg
0.35% amyl alcohol. Column is ready for
reuse.

(b) Assay.—Inject 500 ph soln, (531 onto anal,
column thru sampling valve, and adjust operat-
ing conditions of detector to give largest possible
on-scale peaks of vitamin D. Repeat injections
of sample and stds to verify that response re-
mains const. Measure peak ht of vitamin D in
sample and external std solns.

505 Calculation.—Vitamin D otengg, [Ulg =
(125 XPXW'XVX 40 0005/(P' WXV
where 1.25 = correction factor for previtamin
formed durln% refluxing for saponification; P
and P' = peak ht of vitamin D in sample and ref.
std, resp.; Wand W = Psample and mq ref. std,
resp.; V and V' = total mL sample and ref. std
sodlns, resp.; 40 000 = 1U vitamin D/m g USP ref.
sta.

Results

Tables 2 and 3 summarize the various columns
and f)a(_:kmgs used and the retention times and
resolutions obtained in the collaborative study.
El([;ht collaborators gave their comments. Two
collaborators stated that the method is time
consumm%. Four collaborators encountered
some problems with the saponification step,
which the}/ solved themselves by increasing the
amount of “saponification liquid" and/or by
using a magnetic stirrer with heating plate. One
collaborator had difficulty in thamlng the
cleanup column. Moreover, he indicated that
this cleanup column showed poor separation and
recommended that this method be further stud-
ied with possible modifications. Another col-
laborator stated that the cleanup step appeared
to work well, but a detector with a high noise
level created problems with the analytical col-
umn. One collaborator suggested re%eneratlng
the cIeanuE column by injection o ap,oroxr
mately 2mL (5 X400PL) of 10% «-amyl alcohol
washing the column with
the same mixture. Some collaborators had no
comments, or stated that the method works well
and may be asound basis for the development of
]EhedHPLC assay of vitamin D in foods and
eeds.

The collaborative results are given in Table 4.
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Table 2. Columns and packing used for cleanup column
Particle Mobile phas, ,
Column, _ size, % amyl Flow rate, Ret. time,

labh. cmXm Packing fim alcohdl mL/min min

1 30X39 g Bo,ndagak CN 10 0.35 15 7

2 BX4b Parisil PAC 10 01 1 3

3 25X2.6 Sph,fnsorb Nitrile 5 05 15 18

L 25 X 4.6 R-SICN 10 16 1.0 14

5 25X4.6 Spherisorb CN 5 0.35 15 19-20

6 25X4.0 Lichrasorb CN 10 0.35 15 9

7 25X 4.6 SIL-60D-10 CN 10 0.35 1 22

8 30X4.0 /xBondapak CN 10 0.35 3.0 5

9 25X 4.6 IL-60D-10 10 0.35 10 12
10 30X39 SIOH 10 0.53 2.0 144
il 22X4.0 Polygosil 60-10 CN 10 0.35 2 il
12 30X39 IrBondapak CN 10 0.35 1.0 8
13 25X4.6 SIL-60D-10 CN 10 0.35 1 -
BA  25X4.6 juBondapak Cis — _d 1 -

3 Acetonitrile-methanol-water (50 + 50 + 5).

Fourteen Iaboratoriesg)articipated in this study,
of which 10 performed the method according to
the instructions. Laboratory 8 used a Qg instead
of a silica column in the analytical procedure.
Laboratory 10 used asilica column in the cleanup
procedure instead of the prescribed one. Labo-
ratories 8 and 10 reported an incomplete set of
results and were excluded from the statistical
evaluation. Laboratory 12 analyzed Sample 4
biologically by the double level rat bioassay and
reported under number 12A. Laboratory 13,
meeting difficulties with the extraction Froce-
dure, modified the procedure substantially, by
replacing the isolation procedure by his own
laboratory method. Furthermore, he applied his
own laboratory method for vitamin D in feeds to
the samples and reported these results under
13A. Laboratory 14 anaIKAzed.the samples by
using the GLC method of Muniz and Wehr (2).

Table 3.

Particle

Column, _ size,

Lab. cmxm Packing 5
1 25X4.6 Partisil 5
2 25X4.6 Partisil 5
3 25X 4.0 Lichrosorb SI 60 5
4 25X4.6 R-Sil | 5
5 25X4.6 Parisi! 5
6 25X 4.0 Lichrgsorb SI 60 5
I 25X 4.6 Partisil ) 5
8 0X40 luBondapak Cis 10
9 25X 4.6 Partisil 5
10 30X3.9 SiOH 10
il 22 X 4.0 Partisil 5
12 30X456 UPorasil 10
13 20X 4.6 artisil 5
13A 20X 4.6 Partisil 5

Statistical Evaluation

Table 1gives the composition of the different
preparations; Samples 1 and 2 were identical
except for the difference in vitamin D and vita-
min A levels. For the 5|mFIest statistical analy-
sis, equal numbers of reP icate determinations
per sample must be available. In this context,
single determinations of different samples,
which only differ in vitamin D content, may be
considered as replicates. o

Hence, for purposes of simplicity, the statisti-
cal analysis, according to Steiner (5) is, in the first
instance, confined to the results of Samples 1+
2,4, and 5. To detect laboratories which show
consistently high or low values, the ranking test
described by Youden (5) was applied to sums of
paired observations. The pairs are Samples 1
and 2, and the duplicates of Samples 4 and 5. No

Columns, packings, and resolution obtained with analytical column

obile

J%ase, Flow Ret. ,

O amy| rafe,. time, Resolution,

alcohol  mL/min min pre/trans
0.35 3 25 3
0.35 2.5 26.4 17
05 25 17 25
0.6 2.5 17 1.66
0.35 25 26.5 11
0.35 1.9 29 1.85
0.35 25 21 114
0.35 2.5 9.5 »1
0.35 2.5 14 18
0.53 2.0 144 _
1.0 2 13 2
0.35 25 18 —
0.7 2.5 10 —
10 25 10 —
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Table 4.

Lab. i 2

1 0.54 45
2 0C 5.70
3 3.92 8.16
4 4.3 6.5
5 3.4 6.3
6 33 6.3
7 40 6.3
8* 4.24 10.04
9 26 6.2
10» 3.2 6.6
u 2.6 8.2
12 1.49 1.72
%ﬁ 18 23
13A» 20 6.4
14e 25 6.0
Mean 2.62 6.59

a See text for description of methods.

» Excluded from statistical analysis; see text.
¢ Not detectable.

o Double level rat assay; see text.

e GLC results; see text:

outl_yin_?. laboratories were found at the 5% level
of significance. _ o

Next, the data were examined for incidental
outlying results per sample by means of Dixon's
test on sums of paired observations, and were
significant (at the 5% level) on Sample 4 from

Laboratory 11. Because only one of the dupli-

cates is apparently wrong (poor saponification),
itwas decided to exclude that particular value (19
[U/g) from statistical analysis. .
~One of the requirements underlying the sta-
tistical analysis ?analysw of variance) 1S homo-
geneity of variation between- and within-labo-
ratories. The test described by Steiner (5) was
performed in order to check these assumptions,
and did not reveal heterogeneity at the 5% level
of significance (Table 5). _
The mean square for laboratory X sample in-
teraction was compared with the replicates mean
square by means of the F-test, and was significant
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Collaborative results (IU/g) for determination of vitamin D3 in milkpowder '

Sample
3 4 5
10.3» 44 35
46 2.5
5.70 519 3.67
6.20 5.36
6.40 0.22 5.66
8.13 5.45
6.5 48 51
6.2 5.1
74 59 54
1.8 4.6
6.0 1.3 55
7.0 7.0
7.0 4.2 54
3.7 91
- — 16.47
7.83 8.10
5.7 8.1 51
8.5 6.0
9.98 70.3 9.2
— 15.3
54 6.9 5.0
19.0» 6.1
3.01» 3.22 7.98
3.56 414
7.6»
43 2.2 3.4
2.4 3.2
2.0 45 6.2
55 50
42 45 1.1
5.6 2.5
6.26 5.89 541

at the 5% level, indicating that differences be-
tween laboratories are not the same for the 3
samples.

Table 5. Analysis of variance of collaborative results
(lU/g) (Samples 1 + 2,4,and 5) for HPLC determination
of vitamin D in milkpowder
Source of Degrees of Mean
variation freedom square
Laboratories (L) 9 5.1691
Samples (S) 2 9.1182
L X S interaction 18 24776
1vs 2 1 79.2020
Replicates 28 12126

Estimate of repeatability standard deviation, So = 1.10
Ulg (CV = VAU y 28?

Estimate of reproducibility standard deviation, sx = 1.51
IUn)g(CV = 88%; 3fa:¥%9)

aApproximated by Satterthwaite’s formula (6).
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Table 6. Means of 2 replicates of Samples 1 + 2, 4, and 5
and single determinations on Sample 3 (IU/g) for HPLC
determination of vitamin D in milkpowder

Sample
Lab.3 1+2 3 4 5
1 2.52 1076 4.50 3.00
2 2.85 5.7 5.70 4.52
3 6.04 6.4 7.18 5.56
4 5.40 6.5 5.50 5.40
5 4.85 7.4 6.85 5.00
6 4.80 6.0 7.15 6.25
7 5.15 7.0 3.95 7.25
9 4.40 5.7 8.30 5.55
1 5.40 5.4 6.90 5.55
12 4.60 3.06 3.39 6.06

aData from Laboratories 8, 10, 12A, 13, 13A, and 14 ex-

cluded from statistical analysis; see text.
b Rejected by Dixon’'stest at the 5% level.

The bias of the method for Sample 1 can be
obtained, because the difference in vitamin D
content between Samples 1and 2 is accuratel
known (3.000 IU//g). The estimate of the dif-
ference 15 3.97 1U/g. Hence the bias with 9%
confidence limits is estimated by

mean bias = 0.97 (—0.04 to +1.97) IU/g

For statistical analysis of all samples, the un-
replicated data on Sample 3 can be incorporated
by analysis of variance of the means of Samples
1+ 2,4 and 5, together with the single deter-
minations on Sample 3 (see Table 6). The anal-
ysis is based on the following mathematical
model:

lj=p+ U+ S+ Xj+ C (1)
where p = general mean; L = stochastic (error)
term for labs, E(L) = 0, V (L) = al; § = comi)o-
nent for samples 2*=1§ = 0,j= 1,2,3,4 samples;
)QJ_: stochastic interaction term, E (X_,,%_: 0,V
E 8: al; Cij = stochastic (error) term within labs,

z N=0V (CY=g\forj=17223=a2forj=4
The various stochastic terms can be considered
?s ndormally distributed and mutually uncorre-
ated.

The analysis of variance yields mean squares
for laboratories and for samples and an interac-
tion mean square (see Table 7). Using the pos-
tulated model, the expectations of the mean
squares can be obtained after some straightfor-
ward but tedious alg7ebra. These expectations are
disolayed in Table 7. The reproducibility stan-
dard deviation, \/ a2+ al + a\, can now be esti-
mated by the following linear combination of
mean squares:
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Table 7. Analysis of variance of collaborative results
(1U/g) of all samples for HPLC determination of vitamin D
in milkpowder

Mean
square

Source of
variation

Degrees of
freedom

Expectation of
mean square

3.0236
3.9940
1.0779

% a2+ ax + 4of
not relevant
% a2+ Ox

Laboratories (L) 9
Samples (S) 3
L X Sinteraction 25

Estimate of reproducibility standard deviation, Sx= 1.42 |U/g
(CV = 26%; df3=42)

3 Approximated by Satterthwaite's formula (6).

Sx=\2v/MSi + 3MS2+ 1.5MS3, (2

where MSi = mean square between labs (Table
7); MS2 = interaction mean square (Table 7); ATS3
= replicates mean square (Table 5).

Before the analysis of variance was Rerform_ed,
the data in Table 6 were subjected to the ranking
test for outlying laboratories; there was no sta-
tistical significance at the 5% level. Further-
more, Dixon's test was applied to the data of
Sample 3. The result of Laboratory 1for Sample
3(10.31U/g) was significant at the 5% level. This
resultwas regarded as an outlier and was omitted
in the subsequent analysis of variance. The low
result of Laboratory 12 (3.01 1U/g) was also sig-
nificant, and this value was also excluded from
statistical analysis. The resulting missing value
was dealt with by the missing value technique.
As a consequence, the expectation of the mean
square between laboratories given in Table 7
must now be regarded as a close approximation.
The estimate of the reproducibility standard
deviation according to formula 2 is Sx= 1.421U/g
(CV = 26%), in close agreement with the estimate
based on the analysis of the data for Samples 1 +
2,4, and5only. The estimate of the repeatability
is, of course, the same by both analyses.

Discussion

_ The saponification and extraction procedure
is a rather complicated method for instrument-
minded people. Some practice is needed to use
this procedure. Too gentle shaking in the ex-
traction, and evaporation at an increased tem-
perature, ma¥ give negative systematic errors in
the range of 10-25%. Analysts inexperienced in
the HPLC determination of vitamin D, especially
at this low level, usually encounter many prob-
lems in the chemical part of the procedure, and
attempts should be made to simplify the sapon-
ification.

The fact that the mean values for Samples 1
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and 2 (skimmed miIkPowder) exceed the level of
the added amount of vitamin D should not be
contributed to recoverﬁ/ only, but to the presence
of various sterols in this natural nutrient. The
biological result of 7.6 1U/g reported by Labo-
ratory 12A confirms the declared potency.

Study of GLC procedure for vitamin D in
milkpowder seems to be stalled: Of 9 collabo-
rators, one gave no response, 2 did not report
their results, another 2 had problems with the
Florisil recoveries (40-60%), and one did not
collaborate for other reasons. Four of the 9 col-
laborators are either interested in or converted
to the HPLC procedure. One collaborator did
report results (Laboratory 14, in Table 4). Itis
clear that no recommendation can be made on
the GLC procedure.

Recommendations

Itis recommended (2) that the HPLC method
for the determination of vitamin D in fortified
milk and milkpowder be adopted as official first
action; (2) that the HPLC study be continued to
simplify the method.

Acknowledgments

The Associate Referee thanks the following col-
laborators:

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982)

liche Untersuchungs- und Forschungsanstalt,
Kiel, GFR

G.  Nedelkovitch and A. Monard, Assoc.
Pharm. Belg., Bruxelles, Belgium

G.  Nicolaux, Société AE.C, Commentry,
France

J. F. Muniz and H. M. Wehr, State Dept of
Agriculture, Salem, OR

E.  Oelrich and P. Schwarze, E. Merck A. G,
Darmstadt, GFR

G.  F. Phillips and W. Hancock, Laboratory of
the Government Chemist, London, UK _

U. Thiele and H. Steuerle, BASF., Ludwig-
shafen, GFR

V. A. Thorpe, State Dept of Agriculture, East
Lansing, Ml

We are grateful to the following companies for
supplzmg materials used in the study: Borden
Inc., Columbus, OH, and affiliates; Melkunie
Gouda, The Netherlands; Melkfabriek Zeven-
bergsche Hoek, The Netherlands; Duphar B.V.,
Weesp, The Netherlands. We also thank P. van
Bemmel](StatlstlcaI Department, Duphar B. V.,
Weesp, The Netherlands) for performing the
statistical analysis. Furthermore, we gratefully
thank Frits J. Mulder, consultant to Duphar B. V.,
for his stimulating interest and helpful sugges-
tions for this study.

References

N.  T.Baillies and E. F. Richter, Raltech Scien-(1) Borsd'e, B. de Vries, E. J., Zeeman, J., & Mulder, F.

tific Services, Madison, WI

N. Delanoand L. Ameika, Diamond Shamrock

Corp., Harrison, NJ

W. Egtberts, Duphar B. V., Weesp, The Neth-
erlands

G. A. Fischer and C. Weaver, Borden Inc., Co-
lumbus, OH

E.  George, Jrand R. Pollman, Dept of Agri-

culture, State Food Laboratory, Albany, NY
P. J Gillingham, Peboc Ltd, Llangefni, UK
H. Knapstemn and H. Scholz, Landwirtschaft-

J.(1982) J. Assoc. Off. Anal, Chem. ‘65, 1225-1227

(2) Muniz, J, &Wehr, H. M. (1979) GLC Procedure for
the Determination of Vitamin D2and Dsin Milk,
Oregon DeFartment of Agriculture, Laboratory
Services, Salem, OR (unp,ubhshedf

(3) Official Methods of Analysis (1980) £3th Ed., AOAC,
Arlington, VA, secs. 43.195-43.208

(4) Official Methods ofAnaI3y5|s (1980) 13th Ed., AOAC,
Arlington, VA, secs. 43.079-43,086 .

(5) Youden, W. J., & Steiner, E. H. (1975) Statistical
Manual of the AOAC, AOAC, Arlington, VA

(6) ?%Ltlterthwalte, F. E. (1946) Biometric Bull. 2, 110—



DUSOLD: J. ASSOC. OFF. ANAL. CHEM. (VOL. 65 NO. 5, 1982) 1235

SYMPOSIUM ON COMPUTERS IN
THE LABORATORY

This symposium was held on October 20,1981, at the 95th Annual Meeting of the Association of
Official Analytical Chemists. Nine papers were presented by speakers representing
government, industry, and university laboratories. The purpose of the symposium was to
?resent to the analytical chemist an overview of how the computer can be used as a tool or aid
for many different-applications in today's laboratory. The papers were de_suined to be tutorial
in nature, or to present specific applications of the computer in the analytical laboratory.
~ The real impact of the computer and the microprocessor is now being felt and seen both in the
instrumentation and in the way that analyses are performed in the laboratory. If today one
Eur_chases a mass spectrometer, Fourier transform (FT) nuclear magnetic resonance spectrometer,
T-infrared spectrometer, gas chromatograph, high pressure liqui chroma_tograph, scintillation
counter, or any one of many instruments too numerous to list, one would find that each
incorporates acomplete m|n|com|outer system and/or one or more microprocessors to run and
control the instrument. The analyst can view the computer or microprocessor as merely one
additional tool to be used to accomplish the required analytical task. We hoBe that these
symposium papers will serve to illustrate why and how automation in the laboratory can be
carried out successfully. Computers in the laboratory can free the analyst from tedious,
repetitious, time consuming activities of the past, and increase his or her productivity.
Laurence R.Dusold
Symposium Chairman
Food and Drug Administration
Washington, DC 20204
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Transfer of Reports from an Automated Gas Chromatographic System
toalarge Computer for Final Processing

MARION CLOWER, Jr

Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

An automated gas chromatographic system consisting
of a Hewlett-Packard 5710 gas chromatograph, a
Varian 8000 autosampler, and a Spectra-Physics 4000
laboratory data system has been interfaced to FDA's
large, central computer facility by using a Tektronix
4923-01 digital cartridge tape recorder. The auto-
sam Ierprowdessingleormultip_leinjectionsofup
to 60 samples. The data system is preprogrammed
with appropriate sample and standard information
inaddition to parameters for proper peak integration.
A chromato?ram istraced and areport of integration
area counts for each peak detected is Erepared by the
data system after each chromatographic analysis. A
duplicate of each report is recorded on the data car-
tridge. After analysis of all samples, the(1uality of
chromatography is examined for acceptability. The
chromatographic reports contained on the data car-
tridge may then be entered into the comFuter via a
terminal equipped with a similar digital cartridge
ta#)e recorder. Translation of the reports, correlation
0 reslpo_nses from sample and standard solutions, all
calculations, and a complete report of each sample
analysis are obtained by using the computer pro-
gramming language APL. The data system-cartridge
tape recorder interface, aswell as data reduction using
the large computer, is discussed.

The Spectra-Physics 4000 laboratory data system
(1) isamultichannel microprocessor-based data
system specifically designed for use with gas
and/or liquid chromatographs. The installation
described here is used by Food and Drug Ad-
ministration §FDA? analysts conducting research
in the area of analytical methodology for pesti-
cide residues in food and feeds. This system is
used to process data from recovery studies in
which residue identities are known, aswell asin
the analysis of samples containing unknown
pesticide residues. In its currentconflﬁuratlon,
the sKstem_ is interfaced with 1liquid chromato-
grap equipped with a fluorescence detector and
gas chromatographs equipped with electron
capture, electrolytic conductivity, or flame
photometric detectors. _ _
The system was purchased to increase reli-
ability and efficiency in processing the relatively
large'amount of data obtained from overnight

R R R 5 W

use of autosampler-equipped chromatographs.
These goals were readily achieved once the an-
alysts became familiar with the organization and
operation of the data system. _

The introduction to automated data processing
provided through use of the system clearly
demonstrated the benefits that automated data
processing techniques offer to the laboratory
analyst. The availability of the FDA's large
central computer facility, the Parklawn Com-
puter Center, su ?ested that minimal effort
would be required for further application of au-
tomated data processing to pesticide residue
analysis. Additional data reduction, advanced
statistical analysis, graphllc representation, and
archival storage and retrieval of data would all
be possible once the data were transferred to the
computer system. Although manual entry into
the computer of results of chromatographic
analyses is possible, it is extremely time-con-
suming and error-prone. Direct transfer of data
in digital form to a magnetic tape and subsequent
entry into the computer from the taﬁe eliminates
these difficulties. Ataminimum, the taped data
provide a duplicate copy of analytical results and
a hlﬂhly compact form of data storage.

This paper describes the operational structure
of the automated gas chromatographic system.
An interface for addition of a digital cartridge
tape recorder to the data system and the me-
chanics of transfer of chromato%ra hic rePorts
to the tape are presented in detall. Examples of
computer processing of the data via user-written
computer programs are given to illustrate current
and potential use of the entire computer-assisted
laboratory data processing system.

The Data System

The SP 4000 laboratory data system is a mod-
ular, multichannel data reduction system de-
signed to monitor a chromatographic detector
signal, integrate detected peaks, and prepare an
analytical report of all information pertaining to
the chromato%raphlc analysis. Data from 16
chromatographs can be accommodated by the
central processor unit (CPU), the hub of the
system.  The CPU contains memory for storage
of operational parameters as well as for all cal-

0004-5756/82/6505-1236-13%01.00
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dilations required for data processing. Each
chromatograph in the system is connected to a
data interface module (DIM). All DIMs are
linked to each other and to the CPU, thereby
forming a communication network for the entire
system. The DIM monitors and digitizes the
output and then transmits this information to the
CPU for processing. When the chromatographic
run is comBIeted, an analytical report is preﬁared
by the CPU and sent back to the DIM.  The re-
Fort is then printed at a specified outFut device.
n most cases, this is the printer-plotter con-
nected to the DIM. The DIM also has control
signals available for operation of autosampler
and/or chromatograph relays. Hence, each DIM
with its chromatograph and printer-plotter
constitutes a single data acquisition unit (i.e.,
channel) within the data system.

Data acquisition and processmF are controlled
by SP 4000 parameter files. A file, composed of
6 sub-files, is set up for a given type of chroma-
tographic analysis and controls peak integration
sensitivity, baseline correction, and area alloca-
tion. Pertinent sample information, the desired
post-run calculations, and the format of the re-
ﬂort are also controlled by the file. Once a file

as heen created, it contains default values for all
parameters necessary for use of the file in asim-
ple chromatographic analysis. Most users of the
SP 4000, however, prefer to tailor the file pa-
rameters to the specific task at hand. Although
a file must be used to acquire and process data
each time a sample is analyzed, in most cases a
single file may be used repeatedly for any num-
ber of samples to be analyzed under identical
chromato?raphlc conditions. Addition of an
autosampler to the chromatograph-SP 4000 sys-
tem permits alarge number of samples to be an-
alyzed automatically without assistance by the
analyst.

Operation of the system can be controlled by
programs.  This limited programmability is
provided by sets of instructions, called Broce-
dures, which are executed by the CPU. Proce-
dures are used to control the timing of data ac-
quisition, data storage, report functions, and
output of messages. Direct control over data
acquisition through the ability to manipulate
files and other procedures is also available.
Under procedure control, for example, any file
parameter can be automatically set to the value
desired for the next analysis. The increased
flexibility of automatic control of the SP 4000
?rowded by aprocedure gives the analyst greater

reedom of operation of the system in the unat-
tended mode.
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Figure 1. Typical SP 4000 chromatogram recorded
b?/ ?.rmter-gplotter of solution containing (in order of
elution) 4.91 ng parathion, 9.75 ng dieldrin, 1.85 ng
endrin, 8.35 ng methoxychlor, and 7.4 n% mirex
chromatographed on 5% OV-101 liquid phase on
Chromosorh W(HP) Wltt.h electron capture detec-
ion.

A procedure is composed of a series of steps,
or directions. Each of the Bthes of steps avail-
able is named according to the function it per-
forms: acquire, report, wait, message, command,
jump, number, and halt, The order, number,
and type of steps contained in a procedure is
determined bry_ the user and is based on the task
to be accomplished by the procedure. A ﬁroce-
dure may contain from 1to 255 steps. Each step,
regardless of overall function, is composed of
eight 1-d|g|tfla? registers and nine 3-digit work
registers. The flag registers turn on or off spe-
cific software switches that are related to the
function of the step.  The work registers contain
numbers used by the CPU to define the precise
manner of execution of the step. Two proce-
dures for transfer of SP 4000 reports to a magnetlc
tape cartridge are included in the Appendixes.
Application of these procedures is discussed in
the section describing the interface between the
SP 4000 and the tape unit.

The printer-plotter is a digital recorder that
uses z-fold thermal paper. A'5 X 7 dot matrix is
used for printing characters. An eighth element
in the print head is used for tracing chromato-
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FISH EXTRACT COMPARISON

1981 JUL 13 18:14:08

CHAMNEL 5 RN 2 FILE 5 MMHD 5

VIA 2 TRAY 2

INDEX 4  SAWLE 2-2 STID NfF *A

S. A=

NAVE QNC RT AREA KF
P 8
5 i

TOTALS 294500 294506

Figure 2. Typical SP 4000 report. Data correspond to chromatogram shown in Figure 1.

grams. A typical chromatogram recorded on a
printer-plotter after injection of a solution of
reference standards is given in Figure 1. Re-
tention times (in secondsgi are printed on the
backside of each peak. Because peak area is
being mte?rated by the system, off-scale peaks
will not affect quantitation, provided that the
response is within the linear range of the detec-
tor being used. _

When the run is completed, data are retrieved
from storage and calculations are completed as
specified in the file. An analytical report, such
as that shown in Figure 2, is then sent to the
output device specified in the file used to collect
the data. This may be any printer-plotter in the
system, or some other output device such as a
teletypewriter or tape recorder.

The report contains information from the
chromatographlc analysis and documentation of
the SP 4000 routines used in processing the
chromatographic data, The name of the file and
time of injection are given in the first line of the
report. Line 2 contains pertinent SP 4000 doc-
umentation. A listing offile 5, for example, will
document all parameters that controlled inte-
gration of peaks durlnrq the run. Line 3gives the
position of the sample vial in the autosampler
rack from which the injection was made. The
name of this vial can be compared with the
sample name entered into the file and printed on
the next line of the report. 1f these names do not
match, the wrong vial was injected or incorrect
sample information was entered into the file.
Therefore, any sample information used by the
SP 4000 in these calculations will not necessarily
correspond to the actual sample injected. To

facilitate this comparison, the position of the
sample vial in the autosampler tray has been in-
cluded as part of the sample name which was
entered into the file. _

~ Data from peaks detected during the run are
listed in the second half of the report. Peak re-
tention time and raw area are printed in most
report formats available. All peaks meeting
detection criteria in the file are listed in order of
increasing retention time and are assqned an
identification number. In this report, all peaks
fall within a retention window specified In the
file  Consequently, the peak identification
numbers are replaced by the names corre-
sponding to these retention windows. Values
of unity were entered for all calculation factors
so that the reported concentrations represent the
raw area counts “rounded” to a maximum of 4
non-zero digits. The SP 4000 uses concentration
values, not raw area counts, for any additional
calculations it performs. _

The chromato?_raph, of course, is the center of
the instrumentation and the reason for the exis-
tence of the data system. The autosampler used
with the chromatograph occupies a critical po-
sition within the entire system. The autosam-
pler is the source of unattended operation for the
chromatographic system. Itsoperation isinde-
pendent of the SP 4000. The chromatographic
system, controlled by the autosampler, and the
SP 4000 are synchronized through the autosam-
pler's internal clock. The autosampler's analysis
time ;between injections) is adjusted to include
time for the chromatographic analysis and time
for the SP 4000 to print the report. The auto-
sampler signals the SP 4000 to begin the run at
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the moment of injection. If this signal is re-
ceived while a re(s)ort is being printed, the run
will not be started until after comP!et_lon_ofthe
report. In this case the moment of injection for
the SP 4000 (and all peak retention windows)
will not correspond to the actual time of injec-
tions. Several extra minutes are usually added
to the autosampler's anaIsz time to accommo-
date reports of longer than expected length.
Wlthé)roper synchronization of autosampler and
SP 4000 operation, the injection-integration-
report sequence will be repeated for each sample.

Digital Tape Unit Interface

Addition of adigital cartridge tape recorder to
the SP 4000 provides a means of.obtalnlnﬂ almost
unlimited additional processing of the data
contained in the analytical reports produced by
the data system. The data cartridge unit becomes
acomponent of the SP 4000 and appears to the
CPU as another output device available to all
users of the system. The CPU transmits the re-
port to the output device specified bY the file; the
nature of that device is immaterial. After the
reportis printed at the printer-plotter containing
the chromatogram, the file output device is
changed. A second, duplicate report is then sent
to the data cartridge unit. (File and procedure
listings can also be output to the data cartridge.)
Once on the data cartridge, the reports may be
entered into a computer throth a computer
terminal interfaced with a similar digital data
cartndé;e unit. A single data cartridge unit may
be used if it is compatible with both the SP 4000
and the computer terminal. In this work, the
computer extracts selected information from a
series of reports. These data are then used to
prepare comprehensive reports of sample anal-
yses and Festlmde residue quantitations as dis-
cussed below. A Tektronix Model 4923-01 dl?-
ital data cartnd?_e recorder (_22 Is an acceptable
unit for this application. Digital data cartridges,
certified 100% error-free on receipt according to
American National Standards Institute specifi-
cationslare readily available for this type of data
cartridge unit. . _

The interface between the data cartridge unit
and the CPU of the SP 4000 is composed of an
interface cable and a computer/teletype interface
board. Both components are available from
Spectra-Physics and can be installed by the user.
The RS-232-C interface cable (part number
A0640) connects the data cartridge unit to the

3I\)r C Forexample DC-?OOtA\CGr'[Ierd; DC-300XL certified from

ompany or equivalen
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interface board (part number A649-010) installed
in the CPU. The CPU has a capacity for 2 inter-
face boards, each of which may have 2 channels
(output devices in this application). Only one
channel in this sYstem is_currently in use.
Transfer of a typica reﬁort (Figure 2) to the data
cartridge requires less than 3sat 2400 baud. This
is very fast relative to printer-plotter speed (less
than 100 baud), for which several minutes are
required. Therefore, the data cartridge unit is
rarely busy. For these reasons, it appears that
only a verY heavy user load or extremely large
sample volumes from several users would re-
quire addition of another interface cable and data
cartridge unit. _ o

One modification must be made in the wiring
of the interface board connector of the interface
cable. Inthisinstallation the data cartridge unit
is always ready to receive asignal and transmits
no “clear to send" signal to the CPU.  The CPU,
however, must receive such asignal before it will
transmit data. A wire installed between pins A4
and B2 of the interface board connector uses the
+5V signal at pin A4 to continuously provide the
required "clear to send" signal for the data car-
tridge unit. Table 1contains a description of the
wiring in the modified interface cable.

Successful data transfer requires that both
transmitter and receiver use the same transfer
rate and data format. The rate of data transfer for
each channel is determined by 2 mdegendent
rotary switches. Transfer rates of 110, 300, 600,
1200, and 2400 baud are available. The fastest
rate available that is also compatible with the data
cartridge unit, 2400 baud, is selected. Five slide
switches control parity bltT(on),lword length (8
bit), and stop bit (on). The interface board
switches must be set to the proper positions be-
fore the board is installed in the CPU circuit
board cage. The 2 channels on the board are
given outﬁut device numbers based on the po-
sition of the channel slide switch.

The Tektronix 4923-01 functions as a data re-
ceiver only. The on-line switch must be off and
the local-test-computer switch must be in the
local position. The modem cable supplied with
the unit is not used. For simplicity, both the
receive and transmit rate switches are set to 2400
baud. The unit can function at data transfer rates
of up to 9600 baud. To record data on a data
cartridge, power is applied, a data cartridge is
installed, and the unit is placed in the "write"
mode. Data will be recorded when received.
Once the chromatographic run is complete, the
unit is stopped, the data cartridge is removed,
and the power is turned off.
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Table 1. Wiring of modified Spectra-Physics RS-232-C interface table (A0640)

Interface board connector

Pin Purpose Wire

Bl ground blue/orange
B6 transmit yellow

B3 receive green

B4 request to send violet

B2a  clearto send brown

A43 data terminal ready red

Tape unit connector

Pin Purpose
1,7 ground

2 receive

3 transmit

4 request to send
5 clear to send
20 data set ready

3 SP cable modified by wiring +5V of pin A4 to pin B2 to provide "clear to send” signal to SP 4000 CPU.

Recording Reports on Tape

Normal use of the SP 4000 requires 3 steps for
each sample to be analyzed: (1) mgectlon.o_f the
sample into the chromatograph, (2) acquisition
of integration data, and (35J processing and
printing of the analytical report according to file
parameters. Reports are sent to the data car-
tndg_e if its output device number is entered into
the file. In most instances, the analyst will want
a copy of the report attached to the chromato-
?ram so that both pieces of chromatographic in-

ormation about the sample may be examined
together. The report on data cartridge then be-
comes aduplicate and an additional task for the
SP 4000 to accomplish before beginning the next
run. Intheory, obtaining a duplicate report re-
quires only the change in output device, which
is reset to the initial value after the duplicate re-
port is completed. In practice, the process is
somewhat more involved. For completely un-
attended operation, this changie requires using
aprocedure. Because of the algorithm used by
the SP 4000 to process data and print reports,
each set of data must be processed according to
the file before each report is generated.2

The procedural sequence used to obtain du-
plicate reports is built around the basic analytical
sequence described above. A flow chart for this
gype of procedure is given in Figure 3. Sample

ata are acquired, saved in procedure storage,
;%rocessed, and reported to the printer-plotter.

he output device is reset to that of the data car-
tridge. The data from procedure storage are then
processed through the file asecond time and the
duplicate report is recorded on the data cartridge.
The entire sequence is repeated for each sample
to be analyzed. The procedure is also used to
initial all file parameters at the beginning of the

: The SP 4000 provides a command (RE) far re-calculation
el T

report is often used by gnalysts usig the system, jt was ex-
tcjﬁrg?sefgrirom all'use nYﬂwe roce urgs eveloped #or report

‘ START )

ALIZE

)

UIRE STORE
DATA

PROCESS PRINTER
PLOTTER
REPORT

RESET
STORED
OUTPUT DATA
DEVICE

PROCESS
and
ORT

{ HALT )

Figure 3. Flow
digital cartridge

cha
of

r
d

t of procedure for transfer to
uplicate reports for series of
samples.
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MLT INJ TAPE TEST 1960 DEC 22 10:00:19
CHANNEL 5 RN 3 FILE 5 MEHD 5
INDEX 3 SAVPLE 1-1 SID NMBR 1
NAVE ABRAE REL D% SDDEV  VARIANCE

ACLCR 73370 335 245.5 60070

IN

,PL-DDT

Figure 4. Typical statistical report prepared by using data from abbreviated report.

sequence. Having this chore done automatically
under procedure control not only saves time but
eliminates a potential source of operator error.
Once this procedure has been entered into the SP
4000, only one change is usually required for its
use in any subsequent run. The number of
samples to be analyzed in the run must be
respecified if it is different from the number of
samJ)Ies analyzed when the Brocedure was last
used. A sample procedure based on this flow
chart is reproduced and discussed in more detail
in Appendix A.

The SP 4000 can be programmed to correlate
multiple sets of injection data from rei)llcate in-
jections of a single sample into asingle "abbre-
viated" report. Inatypical abbreviated report,
some information documenting system param-
eters is omitted. In addition, only concentration
data from peaks identified b% retention window
names are given. After each injection, the new
set of integration data is processed by the file and
included in the report. The index number given
in the report corresponds to the injection se-
quence number of the current set of data. Con-
centration data such as these may be further
processed to produce a "statistical” report such
asthatgiven in Figure 4. An abbreviated report
may be obtained without the corresponding
statistical report if desired. The combined report
Frowdes asecondary advantage of an automated
aboratory data system. Information relating to
the precision of the determinative step of an
analytical method, as well as the individual
quantitation, ma¥ be obtained with no additional
work by the analyst. o

A combined abbreviated-statistical report, or
any other type, may be further consolidated
without loss of critical information by using a
procedure to control data acquisition. A proce-

dure's ACQUIRE step may be set up to inhibit all
but the last report for a sequence of multiple in-
jections of asample. Three chromatograms, for
example, followed by asingle abbreviated and
statistical report avoid repetitious reports and
conserve the re_IatlveIY expensive thermal paper
used by the printer-plotter. o

Transfer of an abbreviated-statistical report to
the data cartridge requires that each set of data
be stored, then sequentially processed by the file
for areport to anyoutﬁutdevme. Intermediate
reports are output to the cathode ray tube ;CRT)
of the CPU to allow proper termination of each
chromatographic run.3 A flow chart showing
the required procedural sequence for triplicate
injection reportsis given in Figure 5. After ini-
tialization of file parameters, the next sample
number is checked. When all samples have been
analyzed, the procedure halts. In all other cases
the system accepts the next injection as the first
of 3 injections of the sample. _
~The sample number is stored for use in the
final report. After each injection, integration
data are stored in a selected procedure storage
location and processed by the file, and a number
of reports are output to the CRT. The file output
device is then set for the printer-plotter and the
first 2 sets of data are retrieved and processed.
No reports are generated. The third set of data
is then retrieved and processed, and a report is
outgutt_othe printer-plotter. Following acheck
of the file output device to determine the desti-
nation of the last report, the report sequence is
repeated for the data cartridge, or the entire
procedure sequence is repeated for the next
sample. A typical procedure based on this flow

3 dix B contai detailed description of th
ey I B3I g e estion o v
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Flow chart of procedure to transfer abbreviated-statistical reports of triplicate analyses of sample
to any 2 output devices.

chartis given and discussed in greater detail in  analyses. Reading of the reports on the data
Appendix B. cartrigge usually reqlulires a second digital _datla
cartridge unit, as well as a computer terminal.
Recovery and Use of Taped Reports However, the data cartridge unitinterfaced to the

Reports recorded on a data cartridge can serve  SP 4000 may be used, provided that it is com-
as a compact duplicate record of chromatographic  patible with the terminal. In either case, no
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FISH EXTRACT COMPARISON

CHANNEL 5 RUN 7
VIAL 7 TRAY 2
INDEX 14 SAMPLE
S_AMT=
NAME CONC
1
2
PARATHION 15470
DIELDRIN 134800
ENDRIN 27480
6
MOXYCHLOR 1758
TOTALS 179500
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1981 JUL 13 22:05:48

FILE 5 METHOD 5

*B

RT AREA KF
69 1878
269 1017
296 15468 1
549 134804 1
613 27477 1
892 4395
1344 1758 1

Figure s. Typical reportasitappearsin ASCII characters on printer-plotter or transferred from data cartridge
to computer terminal.

computer is required; reports are transferred
from the data cartridge to the terminal in the
local mode. For all practical purposes, the ap-
pearance of the report at the terminal will be
virtually identical to the report printed at the
printer-plotter. Some minor characters may be
different if the terminal character set does not
precisely match the upper case ASCII character
set used by the SP 4000. Terminals with an au-
tomatic line feed feature will add an extra blank
line after each line of the report unless this fea-
tureis turned off. A typical reportasit appears
at the printer-plotter and after transfer from the
gata cartridge to a terminal is shown in Figure
More important, the data cartridge provides
a convenient medium for error-free transfer of
reports to a more powerful computer than the SP
4000. Once entered into that computer, unlim-
ited additional processing and data reduction
become available. The data cartridge reﬁorts are
entered into the computer in much the same
manner as used for reading at a terminal. The
data cartridge unit and terminal must be on-line
with the computer. A computer program en-
tering the reports into the computer is executed
before the data cartridge is read. .
In thisa Bllcanon the computer programmin
language APL (A Programming Lan uage,6-8%
running on one of 2 1BM 370/168 Model 3 central
processor units at the Parklawn Computer Center
Is used to process the reports. APL is a conver-
sational, time-sharing language capable of pro-
cessing numeric or alphabetic data. Ithasa large

set of primitive operators and a powerful array
of processing capability to simplify matrix op-
erations. An unusual s¥ntax and character set,
aswell asunderstandable error messages, make
program construction and use a relatively simple
task. A large variety of graphics and statistical
software packages are also available.

The SP'4000 reports are composed entirely of
character data—letters, dl%lts, and punctuation.
Before data contained in the reports can be pro-
cessed by the computer they must be translated
into APL language. This translation4is carried
out by the computer as the reports are read from
the data cartridge. Each ASCII character is re-
El_aced by its corresponding APL character.

igure 7 shows the SP 4000 report as it appears
in APL characters before translation into the
computer language. The same report after
translation, except for the italicized alphabet,
aﬁpears_ identical to the 0”%'”.&1' ASCII version
shown in Figure 6. All of the information con-
tained in the reports is now available to the
computer. Character digits can be converted to
numeric dataand used in calculations. Chemical
and sample names can be stored for correlation
with integration data produced by the SP 4000.
In addition, the translated reports, as well as all
reduced data, can be saved in computer memory
for future reference or recorded on magnetic tape
at the computer center or a data cartridge in a

é Fo adetailed_disu#s ion of the ASC Ito_APLtransIatAon
and similar processing ot data from an Inductively Cou;iJIe
Efli%sstlnrg,see apar, S.G.; & Dusola, LR. (1978) Am. Lab. 10,17-27
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Figure 7. Typical report as it appears in APL characters before translation into APL.

laboratory for archival storage. Computer pro-
grams have been written in APL to process in-
tegration data for both the single and the ab-
breviated-statistical report formats. Specifically,
the programs are designed to produce detailed
reports of sample analyses for pesticide residues
from chromatography of solutions containing
sample extracts in series with solutions con-
taining the corresponding reference standards.
~Sample information is entered into a SP 4000
file which contains proper parameters for inte-
gration of peaks detected in the type of chroma-
tography to be used for the analysis. Autosam-
pler tray position and a quantitation code are
coded into the sample name. The quantitation
code consists of an asterisk followed Y a specific
letter. Allinjections of agiven sample solution
and the standard solution to be used for quanti-
tation of residues found in that sample are given
the same quantitation code. The code is used by
the programs to correlate injections of 2 or more
solutions. After the run is completed, the re-
ports are transferred from the data cartridge to
the computer, translated into APL, and stored.
Autosampler tray position for each vial is com-
pared with that given in the sample name. Re-
Borts containing codes that do not match are

rought to the attention of the analyst who may
keep or discard the data. All pertinent infor-
mation available in the reports is extracted,
?_rouped according to type, and stored. Separate
ists of sample names, pesticide names, and de-
tector response to sample and standard solutions
are compiled for use in the programs, but are also
readily accessible for other purposes.

~ Several types of information required for res-
idue quantitation cannot be entered into the SP
4000.  This information is readily entered into
the computer through the interactive nature of
the APL language. Pesticide concentrations in
standard solutions, weights of pesticides used for
fortification of samples, and some sample data
(e.0., analysis weight and final volume) are en-
tered in response to prompting by the computer.
Recundant checks of the accuracy of information
entered by the analyst have been included
throughout the programs to avoid errors that
otherwise may go unnoticed. The analyst is
asked if the samples were fortified before forti-
fication data are requested. After entry, the data
are displayed so that a check of the accuracy may
be made. "Any errors detected are corrected he-
fore proceeding to the next operation.

~The data necessary for quantitative calcula-
tions of the concentrations of all residues de-
tected in all samples are now stored in the com-
puter. All calculations are completed in a matter
of several seconds. A title for all analysesisen-
tered, and the comprehensive analytical reports
generated by the computer are printed at the
terminal.  Figure 8 contains a typical com-
Pu_ter-generated r_eﬁort of sample analysis. In
his example, a fish sample was analyzed for
fortified and blologlcallr Incorporated pesticide
residues by the method for nonfatty foods in the
Pesticide Analytical Manual (?. The report con-
tains all numeric data rounded to 3 significant
figures. The analyst-entered sample informa-
tion is followed by 2 sections containing sample
and standard data. The analyst must determine
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Figures. Comprehensive APL repor
by additional

if response data for peaks detected in the sample
solution correspond to maximum and minimum
or standard deviation (SD) and coefficient of
variation (CV) values. This determination can
normally be made by comparison of the orders
of magnitude of these data with the mean re-
sponse. In this report, equal orders of magni-
tude imply that 2 |nfect|ons of the sample solu-
tion were made. Allother information does not

require interpretation beyond that normally re- -

quired for this type ofanalgsis. A report similar
in format to that given in Figure 8 is printed for
samplesanal?/ze by any other method. In this
more general case, the only sample information

pam 212 /lxmLYSES

14 juLy

PARATHION

169-1 NEF *A .

1 ggé NFF *B 94.1
-) NFF *C -

1 -2 NFF *D 91.6
MIRE
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.

ofanalysis generated from data in taged SP 4000 reports supplemented
al information entered into computer

FISH EXTRACTION COMPARISON-=---- WHITE PERCH

y analyst.

required is the analytical sample weight and
corresponding final volume.

In many series of analyses the analyst must
compare selected data from each of the reports.
Extraction and tabulation from comprehensive
computer-generated reports is a time-consuming
task for the analyst. A supplemental computer
program has therefore been written to carry out
this chore. A typical computer summary report
of percent recovery is given in Figure 9. " Any of
the 8 items listed in the sample solution data
section of a report of analysis FF| ure 8) may he
tabulated in asummary report of this type.

The entire computer-assisted laboratory data

.00
CHROI?/IUA'\'/II"\C/)léRRXPSED—. 13 ?LIJE EOY5§ 1(
DIELDRIN ENDRIN Moxvfé-!lLOR
100 08 4
101 .

. Typical computer-generated summary of data selected from series of analyses.
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F_rocessing system has been used with little dif-
iculty by anumber of analysts in this laboratory.
The minimal knowledge of computer programs
and operations required for utilization of this
system makes it ideal for laboratory data man-
agement.
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APPENDIX A

Procedure for Transfer of Single Injection
Reports to Magnetic Tape

This procedure has been used to transfer a
duplicate report to ma%netlc tape. File5, outgut
device 5, and channel 5 are original SP 4000
components. The tape unitis output device 50.
All commands are echoed at the CPU's CRT
(output device 54) because of the slow print rate
of the printer-plotter with respect to CPU oper-
ations. Several WAIT steps in the procedure
ensure that each device is not busy before it is
used. Several COMMAND steps are used to
execute 2 commands each bg entering the step
with a blank between the 2 commands. The
number 13 (hexadecimal equivalent for "enter")
is then entered into the work register corre-
sponding to the blank space. When printed at
any output device other than the CRT, the second
command will appear on a separate line from the
first command in the step (e.g., Step 3).

Step 1is extra and has been used asa COM-
MAND step to execute a procedure listing chro-
matographic conditions before beginning a run.
Steps 2-6 set up the file for the first sample
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analysis. Instep 7, dataare acquired and stored
in procedure storage location 1(W2), and a report
is printed at output device 5 (the printer-plotter)
aspart of the file's normal operation. Steps 8and
9 reset the output device for the report to the tape
made in Step 11. Step 13 enters the file in
Ereparatl_on for changing the output device.

tep 14 jumps directly to Step 5 (W5), incre-
menting the jump counter (W2) in the process.
Since the file' was entered before theAump, Step
5 can chan%e the output device for the next in-
jection. This sequence is continued until the
value ofthedump counter (W2) of Step 14 is the
same as the desired number of jJumps (samples).
At this point, no jump is made. The file output
device is reset to Its original value (5) in Step 15,
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since most runs not under procedure control

require a report at the printer-plotter. The

message "STOP" that is used by the computer
Programs is recorded on the tape (W1 = 50) in the
inal step of the procedure.

APPENDIX B

Procedure for Transfer of Duplicate
Abbreviated and Statistical Reports to
Magnetic Tape

This procedure has been used to transfer du-
plicate combined abbreviated and statistical re-
ports to magnetic tape. The same data system
components and general comments given in
Appendix A apply here. _

_Steps Lthrough 4 initial the file. Only a few
file parameters must be set initially, because
many are forced to the desired values by steps
used to accomplish other tasks later in the pro-
cedure. Each run is begun by the autosampler
S|ﬂnal to the "run set" screw terminal at the DIM.
The run is ended by using the T6 time function
to signal the "run re-set" screw terminal. In the
time file, T6 is set to turn on to end the run, then
turn off 1 s later during the report. If T6 is not
turned off, each new run.be?un by the auto-
sampler 5|_ginal is immediately ended by T6,
which isstill on. All samﬁleswﬂl be injected by
the autosampler but no chromatograms or data
will be processed. This is exact!r what occurs
when no report is made by the file for an indi-
vidual injection made under control of an AC-
QUIRE step as used in this procedure. The T6
time function will not turn off unless a report is
being made at the same time. This problem is
easHi; avoided by output of a relatively large
num er(§20) of reports to the CRT message line
g)ut ut device 5_4f. In spite of the speed of the

PU, this operation requires several seconds and
allows enough time for T6 to be turned off dur-
ing areport. _

Step bis used as asample counter. A jump to
Step 8 is made until the counter (W2) equals the
W4 value, the number of samples plus 1. At this
time, the procedure passes through the JUMP
and stops at Step 7. Otherwise, Step 8 stores the
sample number %WZ of Step 6) in Step 18. Steps
9,10, and 11 each acquire data from asingle in-
jection and store it in the procedure storage lo-
cation specified in W2 of each step. Steps 12 and
13 reset the file output device for the report to the
printer-plotter. An abbreviated report with
statistics requires that each set of data be pro-
cessed through the file individually. Steps 14
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and 15 retrieve data from procedure storage (W5)

and process it while forcing file indexing pa-

rameters to the proper values with flag register
entries. In both cases no report is made (W2 =
0). TheP_ropersampIe number is then entered
into the tile by Steps 16-19.

The final reportis prepared in Step 20. The
third set of data is retrieved from storage location
3 (W5) and processed with appropriate file pa-
rameters, and 1chy (W2) is output to the device
specified in the file (the printer-plotter).

JUMP Step 21 makes a logical comparison of

J. ASSOC. OFF. ANAL. CKEM. (VOL. 65, NO. 5, 1982)

the value in W8 and the current file outﬁut de-
vice number. Since the file value is less than the
W8 value, a report to the tape has not been made.
The file is then entered, the output device is reset
to 50, and adlrectjum{) to the beginning of the
report sequence ﬁStep 4) ismade in Steps 22-24.
When the file value (50) is greater than or equal
to the W8 value (50), a jump to Step 2 is made.
Reports to both the tage &ewce 50) and the
printer-plotter (device 5) have heen made and
the cycle begins for the next sample.
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Development ofaChemical Information System

G. 'W. A MILNE

National Cancer Institute, Information Technology Branch, Bethesda, MD 20205

The 10-year history of the development of the NIH-
EPA Chemical Information System is described. The
System grew from the cooperative efforts of several
agencies of the federal government and now is pub-
licly available on a fee-for-service basis on computers
in the private sector,

Mass Spectral Search System (MSSS)

By 1969, the Laboratory of Chemistry of the Na-
tional Heart and Lung Institute of the National
Institutes of Health (NIH) had become very
heavily involved in the application of mass
spectrometry to problems in biochemistry and
medicine. A major capability of mass spec-
trometry in this and other areas is its ability to
identify chemical substances from the mass
spectra they produce. Asmore and more refer-
ence spectra became available, it became in-
creasm?IY_ clear that the establishment of a mass
spectral library together with computer pro-
grams that can search it efficiently could be very
useful as an aid in the identification of unknown
chemicals, . . _
Accordingly, in a collaborative effort with the
NIH Division of Computer Research and Tech-
nology (DCRT), a pilot "Mass Spectral Search
System™ (MS Sg was developed and made
available for use JNlH_SCIent_IS_tS (1). This pilot
system Permltte_ the identification of com-
pounds from their mass spectra. An example of
such aprocedure isshown in Figure 1. Here the
user asks first to retrieve all spectra with a peak
at m/z 207 having an intensity in the range be-
tween 100% and 100%, i.e., the intensity must
equal 100%; this must be the "base peak" of the
spectrum. In response, the system identifies 59
library spectra that meet this condition and they
are stored in a temporary file No. 1. Searching
with asecond peak, m/z 209, intensity between
95% and 100%, reduces this number to 3, The
third peak entered, m/z 224 with intensity be-
tween 70% and 100%, leads to the single com-
pound in the library, 2,3,6-trichlorobenzoic acid,
whose spectrum meets all 3 of these conditions.
This reference SEectrum can be retrieved in bar
graph form, as shown in Figure 2, which can be

o AP O B

Washington, DC.

used for direct comparisons of the unknown and
reference spectra, _ N

In addition to this interactive search capability,
MSSS has a batch search program and also a re-
verse search feature. The former is based on
algorithms of Hertz et al. (2) and the latter on
programs from McLafferty's group (3). Both
batch searches can be run on-line ("while you
wait") or in an overnight procedure. In addition
to the basic search programs, MSSS has a wide
variety of other search capabilities, ranging from
a proton affinity search system to programs
which can calculate formulas from accurate
masses.

The programs in MSSS are all conversational
and the computation necessary for the various
search and display functions was accomplished
in real time on a DEC System 10 computer at
DCRT. T
_During the decade since this project was ini-
tiated, the search system has been used by several
hundred analytical chemists in many countries
around the world. The applications of the sys-
tem are numerous and include emergency toxi-
cology, quality control, pollutant monitoring,
anld studies in biological disposition of chemi-
cals.

Structure and Nomenclature Searching

As use of the Mass Spectral Search System in-
creased, it soon hecame clear that although
identification of a compound from its mass
spectrum, as shown in Figures 1 and 2, was a
useful function, the reverse task, identification
and retrieval of the mass spectrum from a given
structure, was also important. It was therefore
decided to provide this capability as an adjunct
to MSSS. _

_Richard Feldmann had been working at NIH
since 1972 on the design of computer programs
for retrieval of chemical structures (45) and the
Chemical Information System (CIS) sought to
capitalize on this achievement by the adoption
of many of the techniques that had emerged from
his work. Any chemical structure can be ex-
pressed in a purely alphanumeric form by using
one of avariety of conventions (52. Computer
programs have been written (6) for the inter-
conversion of conventional structure diagrams
and many of the alphanumeric equivalents.

0004-5756/82/6505-1249-10%$01.00



1250 MILNE:

Option? PEAK

Type peak, min
CR to

int, max int
exit, 1 for CAS RN, Ql, MW, MF and Name

User: 207,100,100
File 1 contains 59 references to m/z 207
request: 209,95,100

File 2 contains 3 references to m/z 207 209
request: 224,70,100
File 3 contains 1 reference

to m/z 207 209 224

Next request

CAS RN Ql
50-31-7

MW Formula, Names
507 224 C7H3C1302
- (8cioc)

Figure L. Interactive search through mass spectral
data base.

Typically, such a record contains, for each atom
in the structure, a string of digital information
which identifies the atom type, its neighbors,
and the types of bonds between it and its
neighbors. A collection of such data for every
non-hydrogen atom in the molecule is called a
connection table and is equivalent to the struc-
ture of the molecule, a subset of the connection
table of course being equivalent to a substructure.
It follows that connection tables can be searched
on a line-hy-line basis and that herein lies a
method of structure or substructure searching.
This fact was exploited by the Feldmann pro-

a8 f

ent:tM AT CHS5

224 CTHICT.

ic acid, 2,3,6-trichloro-

Instrum ; Inlet:DIRECT
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grams, which were successfully merged into CIS
In 1976 (7). This original version of the Structure
and Nomenclature Search System _g_SANSS)
subsequentlr underwent various modifications
(8) as 1t evolved into the system which is cur-
rently in generaluse.

~ Every chemical in CIS is identified in terms of
its Chemical Abstracts Service (CAS) Regmtrg
number. This task has been carried out by CA
under contract to the government and is done by
searching the files of the CAS Registry using the
name or the structure of the chemical. Once the
correct entry is located, the Registry number is
retrieved and is used in turn to retrieve the con-
nection table and the nomenclature information.
All these data are used by CIS to build the files
which support the Structure and Nomenclature
Search System. This effort, in addition to mak-
ing possible the use of the CAS_Reglstr¥ number
and structure for all chemicals in CIS, also serves
asacheck on the quality and accuracy of the no-
menclature used in the files. As such, it has
proved to be aworthwhile task, as it has allowed
the resolution of numerous errors in the data
base (9). _

It 1s ﬁossmle, by using these programs, to
search the data base for any full structure or any
partial structure, defined as one or more atoms
and their neighbors and bonds. The structure
or substructure being sought must be entered
into the computer, as shown in Figure 3, and
then specific search requests may be made. In
Figure 3, an m-dichlorobenzene moiety is de-
fined by the user with the help of simple com-
mands such as RING, ALTBD, and so on, which
the computer interprets and uses to build a con-

MW MF.N%\S

(8cioct)

; Source temp.. 200 C; eV 70

Contributor:=CATALOGUE OF MASS SPECTRA OF PESTICIDES, APRIL 1975;

0 20 40 60 80 100 20 40

60 8 20 20 4 6 8

Figure 2. Display of mass spectrum retrieved from mass spectral data base.
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Option? RING

Option? ALTBD 12

Option? ABRAN 1 AT 1 1AT 3
Option? SATOM 7 8

Specify element symbol = CL
Option?_D

7CL1 3778CL
Option? FPROB 1 3

Fragment:

2C

Required occurrences for hit: 2
This fragment occurs in 3258 compounds

File = 1, 3258 compounds contain this fragment

Option? RPROBE

Conditions of search
Characteristics to be matched Type of match

Type of ring or nucleus EXACT
No heteroatoms EXACT
Substituents IMBED

This ring/nucleus occurs in 21844 compounds

File = 2, 21844 compounds contain this ring/nucleus

Figure 3. Atom-centered fragmentand ring search
for m-dichlorophenyl moiety.

nection table. Once the "query structure” is
complete, the user displays it asin Figure 3 and
then asks (FPROBE 13) to retrieve all compounds
which contain an atom identical to atom 1 and

also an atom identical to atom 3. Stated differ-

ently, the se/stem is being asked to find in the
data base all compounds containing 2 or more
chlorine atoms attached to aromatic rings. This
isaccomplished in a matter of seconds, and 3258
compounds are retrieved and stored in tempo-
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Option? #1 AND #2
File: 3 Count: 2269
Option? SUBSS 3

Doing sub structure search
Type E to Exit

File entry
File entry
File entry

20, Hits so far 13
40, Hits so far 28
60, Hits so far 39

File entry 2240, Hits so far 1346
File entry 2260, Hits so far 1356

File = 4 Successful sub structures = 1361
Option? SSHOW 4

How many (E to Exit)? 2

Type E to terminate display.

Entry CAS RN 50-30-6

CL*C C
0% %C**C C

%

% [ [

0 C

CL

Entry CAS RN 50-31-7

CL*C

0% %C**C C**CL

CL

Figure 4. Substructure search for m-dichlorophenyl
moiety.
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Option? 1DENT
File 5, This structure is contained in 1 compounds.
Option? SSHOW 5

Entry 1 CAS RN 541-73-1
CIS Sources Of Information

2 - CIS, El Mass Spectrometry
3 - CIS, Carbon-13 NMR Spectrometry
115 - EPA/CIS, WaterDROP

Non-CIS References

1- EPA, TSCA Inventory List

7 - Merck Index: 3028

11 - EPA, AEROS SOTDAT: 5806

17 - NBS/NIH, lonization Potential

19 - FDA/EPA, Pesticides Ref. Standards: 244
21 - U.S. International Trade Commission P&I Statistics:

IMP/T03-77,PROD/TO03

25 - EPA, Effluent Guidelines Priority Pollutants

26 - EPA, Organic Chemical Producers: 1215

30 - EROICA, Organic Properties

35 - ORNL, EMIC

53 - APIfTRC, Thermodynamics and Spectroscopy

77 - NLM, CHEMLINE: TOXLINE,TDB,TOXBACK
112 - Aldrich Catalog/Handbook: 113808

C6H4C12

c

CL*C C**CL

(o}

Benzene, 1,3,-dichloro- (9CII
Benzene, m-dichloro- (8Cl)
m-Dichlorobenzene
m-Dichlorobenzol
m-Phenylene dichloride
1,3-Dichlorobenzene

Figure 5. Full structure search for m-dichloro-
benzene.

rary file No. 1. The only property common to
these 3258 compounds is that they all must pos-
sess 2 chlorines attached to aromatic rings; the
position of these atoms is not specified. In a
second search (RPROBE), the user seeks all
compounds that contain a 1,3-disubstituted aro-
matic ring. Extra substituents are allowed and
the system finds 21 844 compounds meeting this
condition. These are stored in file No. 2. When
the contents of file No. 1 are combined with
those of file No. 2,as shown in Figure 4, file No.
3 is created, containing 2269 compounds that
each contain 2 chlorophenyl fragments and a
1,3-disubstituted ring. Some but not necessarily
all of these compounds will contain a 1,3-di-
chloro aromatic system.

To eliminate those compounds that meet the
search criteria but are not 1,3-dichloro aromatic
compounds, a "substructure search” through this
set 0f 2269 compounds must be carried out as in
Figure 4. This leads to 1361 compounds in file
No. 4which areall in fact 1,3-dichloro aromatic

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

compounds. The first 3 retrieved structures are
shown in Figure 4.

CIS Chemical Locator Function (CLF)

The exact structure of acompound is a special
case of asubstructure and thus the addition of a
substructural searching capability to the system
met the immediate requirement in that com-
pounds could be retrieved from the data base by
structure. Substructure searching is, however,
a relatively inefficient way to retrieve an exact
match to a chemical structure and so a different
approach to full structure searching was adopted.
In‘this method, the full query structure is hash-
encoded and the resulting code is passed against
acopy of the structure file in which every entry
has been similarly hash-encoded (10). This
procedure finds and retrieves the correct struc-
ture reliably and rapidly with a smgle pass
through the data base, as may he seen from the
example in Figure 5, in which a full structure
search for m-dichlorobenzene is carried out and
leads only to that exact structure, whose record,
beginning with the Registry number 541-73-1,
is then printed at the terminal. The Chemical
Locator Function of SANSS displays the files
which carry data on the compound, and the re-
mainder of the record contains the compound
molecular and structural formulas and all its
names, which include 2 systematic names, the
CAS Ninth Collective Index (9CI) and Eighth
Collective Index names, and 4 srnonym_s.

A second additional capability which was
growded was that of nomenclature searchmgi.

earching for chemicals by name has some well
known deficiencies which stem from ambiguities
in the rules for chemical nomenclature.” Oth-
erwise, it is a_convenient means of locating
complex chemicals rapidly. As an example,
handling complex structures, such as those of
natural products, on a computer is far more dif-
ficult and time-consuming than searching with
trivial names such as "morphine™ or "choles-
terol." Consequently, name searching ai)pears
to complement structure searching nicely and
this has been clearly evidentin CIS, which, since
1978, has been the only public system in the
world to offer both name searching and structure
searching (11). A useful nomenclature search
capability must be able to handle complete or
partial names, e.g., "benzyl chloride” or "benzyl"
with or without “chloride." Truncation of a
word, either on the left ":enzyl," or the right
"benz:" must also be possible. .

All of these variations may be used in CIS, an
example of whose name searching capability is
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Option? NPROBE
Fragment or whole name search (F/W) (F)?W
Specify name (CR to exit): TCDD

File 1, 1 compounds having name: TCDD
Specify name (CR to exit):

Option? SSHOW 1

Entry 1 CAS RN 1746-01-6
CIS sources of Information

- CIS Mass Spectrometry
6- Cambridge Xray Crystal: 1746-01-6.01
23 - EPA Effluent Guidelines
32 - NIOSH RTECS: HP35000

Non-CIS References

34 - ORNL ETIC
77 - NLM CHEMLINE: TOXUNE, MEDLINE

C12H4C1402

c 0 % C
[} [}
(] # *

Dibenzo|b,ell1,4|dioxin, 2,3,7(8-tetrachloro-(9Cl)
Dibenzo-p-dioxin, 2,3,7,8-tetrachloro- (80)
Dioxin (herbicide contaminant)

TCDBD

TCDD

2,3,7,8-Tetrachlorodibenzo-p-dioxin
2,3,7,8Tetrachlorodibenzo-1,4-dioxin

Figure 6. Name search for TCDD.

given in Figure 6. Here asearch is made for the
acronym TCDD. This is identified bY] the user
as a complete or "whole" name and the system
retrieves one cpmp[ound,_ Registry number
1746-01-6, for which TCDD is asynonym. From
the record for that compound, printed in Figure
6, it may be seen that use of either the 9CI or 8Cl
names presumes some familiarity with nomen-
clature rules. For this reason, it is important that
name search programs be able to search for syn-
orr]lyms and name fragments in the manner
shown.

Other Data Bases

Aswork proceeded on the development of the
structure searching capability, new data bases
were being added to the system. The biomedical
research community had been supporting the
development of search systems based on car-
bon-13 NMR (12) and x-ray diffraction data (13);

at the same time, the environmental and requ-

latory community, particularly EPA and FDA,
had taken the lead in the development of systems
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such as the Oil and Hazardous Materials Tech-
nical Assistance Data System, the Federal Reg-
ister Search System (14), and the NIH-EPA Tox-
|cologz| Search System (15), which is based on the

NIOSH Registry of Toxic Effects of Chemical
Substances%RT cs).
In each of these cases, it was necessary to be

able to search the data base with numerical data.
For e_xami)le, just as a chemist might wish to
identify all chemicals with a%lven NMR shift, a
regulator may wish to learn of all chemicals that
have been regulated by a specific agency or
under a particular law. For this reason, each of
these systems was equipped with its own search
programs. Some programs were used in com-
mon by more than one system, but much of the
code is, by its nature, unique to asingle compo-
nent. Itis also necessary in every case, however,
to be able to search the data base by structure, as
was true with the mass spectral file. Rather than
re-install the structure searchlng(Programs in
each system, asingle Structure and Nomencla-
ture Search System was created which searches
a single master file. This master file contains
structure and nomenclature records for all
chemical compounds in CIS. Every chemical
carries in its record the identity of the files which
have information on it. The files which are re-
ferred to in this way include all CIS data bases
and also awide variety of external files. Once
achemical is identified by SANSS, it is possible
for the system to provide the Registry number of
the compound, its molecular and structural for-
mulas and chemical and trivial names and all
files, CIS and other, which contain data on the
compound. An example of this is shown in
Figure 5.

Chemical Information System

The integrated Chemical Information System
that emerged from these efforts is in fact a star-
shaped network of search systems, as shown in
Figure 7. The Structure and Nomenclature
Search System is the "hub™ or "center" of the
network and provides name and structure search
capability for any or all of the numeric data
comﬁonent files. “Searching with numeric data,
on the other hand, must be carried out in the
appropriate component. Thus searching with
mass spectral data as described in Figure 1 must
be done in the Mass Spectral Search System.
Compounds retrieved in this way are Browded
in the form of their CAS Registry numbers, and
these can be used in SANSS to obtain the struc-
tures and names of the compounds or in MSSS to
display the appropriate mass spectrum.
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CIS COMPONENTS
FALL, 1980

MASS
SPECTRA X-RAY
MSSS)

OIL AND
HAZARDOUS
MATERIALS
(OHMTADS)

ACUTE
TOXICITY
{RTECS)

WATER
POLLUTANTS
(WDROP]

CONSUMER

PRODUCTS

CHEMICALS
cTCP)

FEDERAL
REGISTER
{FRSS)

LOCKHEED
DIALOG

MATH
MODELLING
{MLAB)

Figure 7.

The possible uses of the entire CIS in either of
these senses is depicted in Figure 8. As can he
seen from this schematic diagram, any of a
number of parameters such as name, structure,
and molecular formula can be entered into
SANSS. This returns Registry numbers which
can be used to retrieve data such as spectra or
toxicity information. Conversely, numeric data

STRUCTURE

NOMENCLATURE
SEARCH SYSTEM
(SANSS)

POWDER
DIFFRACTION
(PDSM}

X-RAY
STRUCTURE
DATA
{CRYST)

X-RAY
SINGLE
CRYSTAL
(XTAL}

CNMR
SPECTRA
(CNMR)

NMR
LITERATURE
INMRLIT}

CONFOR-
MATIONAL

ANALYSIS
(CHEMLAB)

NIH-EPA Chemical Information System.

of this sort may be used to identify the Registry
numbers of candidate compounds.  The Registry
numbers can then be used in turn to lead to
chemical name and structure information. In
this way, the CIS fulfills its goal of retrieving
compounds on the basis of either structure or
numeric data and is used frequently by those
seeking to identify a compound from data and

THE NIH-EPA CHEMICAL INFORMATION SYSTEM

Figure 8. Structure and Nomenclature Search System (SANSS)and Chemical Locator Function (CLF).
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TSCA CANDIDATE LIST IN THE CIS AND CHEMLINE

CHEMLINE

/ (226,381)

CIS UDB (110,640

TSCA Candidate List (33,574)

Figure 9. Chemicals common to TSCA Candidate
Listand CHEM-LINE or SANSS.

also those wishing to retrieve data pertaining to
aspecific compound.

File Management

SANSS is organized in terms of a number of
files or "collections™ of chemicals and each
chemical is assigned its un_|(1ue CAS _RegwtrK
number. Itis therefore possible to consider eac

file of chemicals as merely a list of Registry
numbers; comparison of 2 such lists is, for a
computer, a trivial exercise. When, in 1976, the
TSCA Candidate List was assembled, it was quite
simple to show the overlaps between this and
CHEMLINE, NLM's chemical dictionary, and
CISISANSS, as in Figure 9. Only 41% of the
Candidate List appeared in CHEMLINE, while

EPA pesticides - analytical
reference standards (473)

EPA restricted use
pesticides (22}

MSSS (25,560)

EPA pesticides - registered
inert ingredients (825)

FDA-EPA pesticides - reference
standards (613)

Figure 10. "Mass spectra of pesticides.
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100%'of the list was in CIS/SANSS. In fact, the
Candidate List, and later, the actual TSCA In-
ventory, were subsequentlr merged into hoth
systems. In another application of this ap-
Eroach, the number of pesticides presentin the

PA-FDA Collection of Reference Standards but
absent from the mass spectral data base was es-
tablished, as seen in Figure 10. T_hose_r_mssmg
from mass spectral data base were identified an
samples of them were provided to a contractor
who measured their mass spectra. The new
spectrawere added to the mass spectral data base
which, asaresult is more nearly exhaustive as far
as registered pesticides are concerned. This
should presumably make the file much more
useful from the point of view of analysis of en-
vironmental samples.

Environmental Pollution

CISis used extensively by EPA regional labo-
ratories in dealing with chemical pollution.
Depending on the problem, the agency uses
various components of the system to retrieve and
review data pertaining to identity, toxicity, reg-
ulation, and so on. Ina tgpmal example, EPA
was called in to assist the State of Maryland in
assessing the potential hazard associated with the
cleanup of an abandoned tank farm in Sharp-
town, MD (16). Using gas chromatography-mass
spectrometry (GC- .S% Jinconjunction’ with
MSSS, agency scientists identified a number of
organic materials present in the dump.

A tg@)lcal contaminant was isophorone, whose
SANSS record is given here shown in Figure 11.
This revealed that there was a considerable
amount of information available for the com-
pound. Ithasan entry in RTECS, for example,
review of which suggested that the compound
is not highly toxic butis an eye irritant. Further
exploration of CIS for entries dealing with iso-
phorone provided information concerning the
potential of the material on public health in case
of aspill. Prior history as awater pollutant was
found by using the Distribution Register of Organic
Pollutants in Water and, finally, the regulatory
status of isophorone was reviewed. Retrieval of
all of these data for each compound required
only a few minutes; when the task was com-
pleted, it was concluded that removal of the
chemicals to a distant disposal site did not entail
any intolerable risk. Accordingly, all the dis-
carded chemicals were removed from the site and
shipped uneventfully to a disposal facility in
Baltimore, where they were destroyed.



CAS RN 78-59-1
CIS Sources Of Informat
CIS, El Mass Spectrometry
ClIs, Carbon-13 NMR Spectrometry: 78-59-1.01 to 78-59-1.03
EPA/CIS, OHM/TADS: 72T16766
NIOSH/CIS, RTECS: GW 77000
EPA/CIS, WaterDROP
13 Non-Cls References Available
C9H140

en-1-one, 3,55-trimethyl- (8CI9CI)

Trimethyl-2-cyclohexene-1-one
Trimethyl-2'Cyclohexeno

Figure 11, CLF record for isophorone.

Identification of Toxic Chemicals

~ Many products that can re_adil?/ be purchased
in the United States are simple mixtures of
chemicals which are toxic alone or in mixtures.
A wide variety of household products are in this
category, and some of them are ;ne\(ltabI?/ in-
volved in cases of accidental intoxication. Inan
effort to ameliorate this problem, Hodge, Gos-
selin, and their coworkers have, over anumber
of years, compiled a data base (17) which contains
the composition of many commercial products
and the tOXICItP]/ of the chemical constituents.
This data base, the Clinical Tox.icolo? of Commercial
Products, has been installed in CIS. Itis linked
to SANSS, as described above, and the resulting
system permits answering avariety of interesting
questions. .

A search for the entire SANSS data hase for all
compounds containing a pyridine ring leads to
6555 retrievals. 1f the CTCP file is examined to
locate decongestants containing any of these
compounds, a total of 127 currently available
products are found, and further analysis of all the
components of these 127 commercial products
reveals that only 6 different pyridine derivatives
are involved. Three of these, pyribenzamine,
pyrilamine, and methapyrilene, are, as shown in
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PYRIBENZAMINE
RN =154-69-8

@ @
/
N TN—cCH,

ch2ch2nich3i2

OCH:
X 3 PYRILAMINE MALEATE
I QHCOOH  eN=50336
P> CH COOH
N N —CH,

ch2ch2nich32

CH2 ebb N ICHab

L, C

CH2 OBJ N ICH3b

METHAPYRILENE
RN = 135-23-9

PHENIRAMINE
RN-85-21-5

a
I A GH CooH
= CH COOH
N CIH
ch2ch2n ich3i2

CONH,
X

|

CHLOROPHENIRAMINE
RN -113-92-8

NICOTINAMIDE
RN -98-92-0

4
N

Figure 12. Derivative of pyridine found in

decongestants.

Figure 12, in the pyribenzamine family. A fur-
ther two, pheniramine and chloropheniramine,
are congeners and the last one is nicotinamide.

An analysis of this sort shows how much may
be learned from fra?mentar evidence if asystem
such as CIS is available. In this fictional case,
that the material was sold as a decongestant and
that it contained a pyridine derivative were the
only known facts, but thei/] prompted a fairly
exhaustive review of over-the-counter products
which led to the reasonable conclusion thatonly
afew such compounds are used in this way. Had
this been an overdose case, an attending physi-
cian might be quite confident that one of these
6 compounds was involved in the patient's con-
dition and treatment might be embarked upon
with this in mind.

Applications of Artificial Intelligence

The most obvious shortcoming of a system,
such as CIS, which seeks to identify chemicals by
searching libraries of data is that if the unknown
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Option? PEAK

Type peak, min int, max int
CR to exit, 1 for CAS RN. QI, MW, MF and Name

User: 85,100,100

File 1 contains 167 references to mIZ 85

Next request: 100,0,10

File 2 contains 18 references to nvz 85 100
Next request: 128,0,10

File 3 contains 4 references to m/z 85 100 128
Next request: 198,0,10

There are no spectra in the file
with that combination of m/z peaks and intensities

Peak of 198 disregarded.
Next request: J_
How many (E to Exit)? 4

Type E to terminate display.
CAS RN Q' MW Formula, Names

104-61-0 656 156 C9H1602
2(3H)-Furanone, dihydro-5-pentyl- (8CI9CI)
.delta.-n-Amylbutyrolactone
.gamma.-n-Amylbutyrolactone
.gamma.-Amyl-.gamma.-butyrolactone
.gamma.-Amylbutyrolactone
C11H2002
2{3H)-Furanone, 5-heptyldihydro- (8CI9CI)
.delta.-Undecalactone
.gamma.-n-Heptylbutyrolactone
.gamma.-Heptyl-,gamma.-butyrolactone
.gamma.-Heptylbutyrolactone
C7H1202
2(3H)-Furanone, dihydro-5-propyl- (8CI9CII
.gamma.-Heptalactone
.gamma.-Heptanolactone
.gamma.-Propiobutyrolactone
.gamma.-Propyl-.gamma.-butyrolactone
C7H1202
Ethanone, 1 (1-hydroxycyclopentyl)- (9Cl)

[dentification in MSSS of a beetle

Figure 13.
pheromone.

is not represented in the library, the approach
will fail. " In Eractlce, however, itis often possible
in cases of this sort to extract considerable in-

formation from the data bank and use it to com-

p[lete the identification of the unknown material.
he trial pheromone from a beetle (18), after

CAS RN Q MW MF, Name
53957- 23- 6 664 134 C6H11CIO
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GC-MS, was shown to have a major component
with gromment mass spectral peaks at m/z 85,
100,128, and 198. When these data were used in
an MSSS search as shown in Figure 13, 4 com-
pounds were found with peaks at m/z 85, 100,
and 128, but none of these also had a peak atm/z
198. Review of the structures of the 4 retrieved
compounds, however, showed that 3 were all
?amma-lactones with side chains of varying
ength. The gamma-lactone derived from 3-
hydroxy-n-dodecanoic acid would have a mo-
lecular weight of 198 and should give peaks at
m/z 85,100, and 128, in its mass spectrum. This,
therefore, is a logical candidate for the phero-
mone, and subsequent synthesis and testing of
the material showed that it is, in fact, the correct
compound.

Subsequently, attempts have been made to
systematize approaches of this sort to problems
in structure determination. The general tech-
nique has been to use statistical analysis of the
mass spectral file in an effort to identify rules
which can reliably lead to structural information.
Thus anumber of rules were established in this
way which permit a determination as to whether
or not the molecule whose mass spectrum is at
hand contains chlorine (19). In the spectrum
shown in Figure 14, the program first attempts
an estimate of the molecular weight of the un-
known. Itis atonce deduced that neither the
base peak at m/z 99 nor the minor ion atm/z 105
can be the molecular ion because if either is the
molecular ion, the other is inexplicable. In fact,
the program concludes that 134 is the most
probable molecular weight and if that is correct,
the probability is 100% that the molecule contains
chlorine. It then proceeds to present other, less
likely combinations of molecular weight and
probability of presence of chlorine but, as can be
seen from Figure 14, the compound in question
is |-chloro-4-ethoxy-but-2-ene, with a molecular
weight of 134, just as the program forecast.

2— Butene, 1- chloro—4— ethoxy— 19Cl)

Instrument ATLAS CH4 ,

Inlet .
Contributor R. . HUDSON UNIVERSITY OF KENT, CANTERBURY

Source temp. 270C, ev. 70

0 20 40 60
Figure 14,

i n ki
LAY LLALY RAAL RLAALY LARL LALS LLLR) LARL) RALLE AL

100 20 40

Mass spectrum of I-chloro-4-ethoxy-but-2-ene.
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Detection of the presence of chlorine in a
molecule from its mass spectrum is relatively
simple in some 90% of all spectra but in the re-
maining 10%, the difficulty is considerable. This
program appears to handle many of the difficult
SEectra, and over the whole data base it reaches
the correct result in about 96% of all cases. Per-
haps the most interesting facet of this approach
is that it is quite %ener_al. Because of this it has
proved possible, by using the same approach, to
generate rules which permit determination of
the presence or absence in a molecule of bro-
mine, nitrogen, and a phenyl ring.

Use of CIS

As has been mentioned previously, the entire
CIS resides on computers in the private sector
where it is publicly accessible on a fee-for-service
basis.L The U.S. government does not subsidize
the use of the system and, indeed, must pay to
use it just like any other user. There is con-
tinuing government support for various aspects
of the development of the system. In the past,
much of this support went for software devel-
opment. Currentlgl, however, the CIS software
is fairly stable and a larger proportion of the
government support is used for data collection
and validation. _

The computers used by CIS have, since 1972,
been linked to international networks such as
GE, Tymnet, and GTE-Telenet. Asaresult, there
is @ considerahle amount of use of CIS from over
20 countries other than the United States. About
25% of all CIS usage originates from countries
other than the United States.

About 30 000 transactions per month are now
logged by the system and the number of users is
approximately 1000. The cost of using CIS de-
pends on which component is being used and
varies between $45 and $90 per connect hour.
The time required for a search in CIS may be
anywhere between Land 10 min, and the costs
therefore lie between $1 and §15. Network and,
in countries outside the United States, PTT
charges, are additional. The network charges are
on the order of $10 per hour and the PTT charges,
wralch vary with country, are on the same
order.

v, ST SR A G B2
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Interfacing an ICAP System to Food and Drug Adm inistration's Large

Computer Facility

STEPHEN G. CAPAR and LAURENCE R. DUSOLD?% _
Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

An inductively coupled arqon qusma (ICAP) emis-
sion spectrometer is capable of simultaneously de-
termining the concentrations of many elements. The
Jarrell-Ash ICAP systems at FDA have dedicated
minicomputers which control the analysis via ter-
minal commands. The standard ICAP terminal in-
terface has been changed to enable logging of ICAP
data onto a magnetic tape data cartridge. This tape
issubsequently processed through the programming
language APL into a Iar?e computer system. The
transfer of data into the large computer system en-
ables additional statistical processing, report writing,
archival storage, and magnenc reel tape generation
for transferring processed data to computer systems
of other agencies. Three of FDA's ICAP systems use
these data Brocessmg procedures. The ICAP termi-
nals have been upgraded or replaced from current
loop 110-300 baud to RS-232-C 1200 baud and
equipped with magnetic tape data cartridge units.
Separate graphics display terminals with magnetic
tape data cartridge units are used to read the data into
the large computer system at 1200 or 4800 baud.

The Food and Drug Administration (FDA) has a
number of minicomputer-controlled inductively
coupled argon plasma (ICAP) emission spec-
trometers which perform simultaneous multi-
element determinations. Most of these instru-
ments provide /xg/mL oruglg results in less than
L min. The instruments are primarily used for
studies in which alarge number of samples must
be analyzed for many elements. Examples of
such studies are surveys of processed foods or
raw a?rlcultural products, research on new ana-
lytical methods, and tissue anaIYms_ of animals
involved in nutritional or toxicological feeding
studies. The ICAP multi-element capabilities are
also used to investigate a product suspected of
containing dangerously high levels of an ele-
ment (such as lead or cadmium).

The large amount of data generated by the

ICAP is usually statistically evaluated and con-

densed before final reporting. The statistical
analysis (i.e., correlation, frequency plot, and/or
percentile) is performed on a large IBM 3033
computer system. Older model ICAPs provide

Presented at the Symposium on Computers in the L abora-
o 9_§tq1tAnnr[1)%al VPSSP S 10 05 fppre:
1S[§I]VPSI%H’ of Chemistry and Physics.

results only in units ofdjag/mL._ These results
must be further processed to obtain a/xg/'g result.
This relatively simple calculation becomes very
tedious when it must be done for all the ele-
mental results of each sample. The large com-
puter stys_tem could perform this computation
very efficiently. Therefore, it was advantageous
to enter the data into the computer system to
perform the simple yet redundant calculations
and still have access to many different statistical
routines. Because of the time involved and the
potential for errors, keying the data into the
comguter_system was to be avoided.

FDA's first ICAP system used a Teletype ASR
38 terminal with paper tape reader/punch to
enter the ICAP operating programs. By acti-
vating the paper tape punch while the ICAP re-
sults were printing on the terminal, a com-
puter-readable record wascg)r_oduced. The paper
tape record was then read into our large com-
puter system via the programming language APL
(1). Forconvenience, the paper tape was copied
onto amagnetic tape data cartridge before it was
processed on the large computer.  The problems
Inherent with paper tape were overcome by re-
placing the reader/punch with a magnetic tape
data cartridge. This device was also incorpo-
rated into our other 2 ICAP systems, which used
floppy disks instead of paper tape to enter and
store 1CAP operating programs. At the same
time, the ICAP terminals were upgraded from
current loop 110-300 baud to RS-232-C 1200
baud. The ICAP system whose paper taBe
reader/punch was replaced also had to be
ugg\raded to a floppy disk system so that the
ICAP operating programs could be entered and
stored. This totally eliminated use of paper tape
for either input or output and made the entire
ICAP system approximately 10 times faster than
that originally supplied by the vendor.

The ICAP Instrument

Three of FDA's ICAP systems have been
upgraded to high speed terminals and magnetic
tape data cartridge Iodgglnv(el devices. Two of
these ICAPs are located in Washington, DC and
oneisin Cincinnati, OH. All 3instruments are
Jarrell-Ash Model 975 Plasma Atom Comp, 0.75

NNNARB7RRIQIIRENG.1950-NEENT NN
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EGGAC
BURN # 1 FDAl 9:06  22JUL8l
BURN # 2 FDAI 9:06  22JuL8l
AVERAGE ~ FDAL 9:07  22JuLsl
IS
2843
AL AS B BE CA CA CD co CR cu
1526 .0584 3412 < 0 2474 25.88 < 0 .0079 0072 < 0
FE GE MG MN MO NI NI P PB SB
9.907 .0532 19.53 .1580 .0302 .0376 .0459 37.39 < 0 < 0
SE SN TE Tl TL Vv N K
< 0 .0585 .2183 .0088 .0523 0 .2380 129.3
Figure . Output from ICAP with PDP-8 minicomputer. Elemental results in units of pg/mL.

mdirect.readin%.splectrome_ters. They incorpo-
rate dedicated Digital Equipment Corp. (DEC)
minicomputers which control the analysis via
terminal commands. Two of the ICAPs have
PDP-8/E or PDP-8/M minicomputers, whereas
the third ICAP has a more 8owerful PDP-11
minicomputer. Each of the ICAPs is capable of
determining about 30 elements simultaneously.
The minicomputer performs the quantitation by
first preprogramming the concentration of aset
of standard solutions. The solutions are then
analyzed to obtain and store the response mea-
surements. Two different concentrations for
each element are used for calibration. Linearity
is assumed. Sample solution responses are
compared to the calibration data to obtain ele-
ment concentrations.

The 2 PDP-8 ICAP systems report results in
units of ;iig/mL. The PDP-11 ICAP system uses
a dilution factor obtained from the entered
welqhtandvolume ofasample to compute Mglg
results. All 3s%/stems allow comment statements

to be typed at the ICAP terminal. This comment
EIA Converter
Cable
ICP
Model
PDP-8/M 975
KL-8-JA

facility is used to flag Information to be ﬁrocessed
by an APL program. An example of the output
from an ICAP with a PDP-8 minicomputer is
given in Figure 1. _

Different types of solutions are analyzed, such
as sample, reagent blank, and ci_uallty control
solutions. The sample and quality control so-
lutions must be corrected for the concentration
of the elements in their respective reagent blank
solutions. This correction is automatically per-
formed by the ICAP with the PDP-11. The other
ICAPs, however, require the correction to be
made apart from the ICAP system.

ICAP Hardware Interface

A diagram of the hardware interface of the
high speed printer and data cartridge is given in
Figure 2. The following hardware is required
but was not part of the original ICAP system.

@  Printer terminal. —Capable of 1200 baud
RS-232-C (DEC LS-120 HE, or LA-120 with RS-
232-C, or equivalent). This replaced a teletype

Null Modem
Cable

Car-
tridge
Unit

Prinyer
Terminal

Keyboard

(LS-120 or
Decwriter 1l)

Figure 2. Hardware interface of high speed printer and data cartridge to ICAP.
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1200 Baud
Dial-Up
Capability
Vadic
Asynch-
bisynch
l ——— l Converter
Hard Copy Car- Tektronix DSU-
Unit tridge 4013 or 4015-1 4800
4611 or 4631 Unit APL Graphics DDS
4923-0 Terminal Service
Options:
(1) Dual I/F PCC

(2) 2741 Correspondence I/F
(M-6800 Microprocessor
with 2K Buffer)

Figure 3. Configuration of communication equipment to IBM computer.

ASR-33 on one of our instruments and a LA-36
on the others. _

(b) Data cartridge unit.—Capable of line con-
nection. A Tektronix No. 4923-01 was used with
DC 300A certified tapes.

(c) Terminal interface board.—The DEC PDP-
8/M required that its KL8-E asynchronous data
control board be replaced with a KL8JA asyn-
chronous data 1/0 board. The PDP-8/Ealready
had a KL8JA board. The PDP-11 had its asyn-
chronous data control board reBIaced with a
DL1IWB asynchronous data I/0 board.

(d) Cables.—Null modem (DEC No. BCO3M-
ZS}Tand EIA converter cable (DEC No. BCO1V-

25

here are 5 functions on the 4923-01 Data
Cartridge Unit: on-line, reverse, write, run, and
forward. In order for the terminal to interact
with the ICAP, the power switch of the cartridge
unit must be on and the "on-line" switch must
be depressed. When no other switches are ac-
tivated, the data cartridge unit is transparent to
the system. When the "on-line" and "write"
switches are activated, the data cartridge unit
records all information passing between the
terminal and the ICAP. The information will
still be printed at the terminal. Data already
recorded on a cartridge can be printed at the
terminal by turning the "on-line™ switch off and
activating the "run" switch.

Interfaces

Large Computer Interface

All'3 ICAP facilities have equipment available
to access FDA's 1BM 3033 computer system lo-
cated at the Parklawn Computer Center in

Rockville, MD. Two of the ICAP facilities have
this equipment in the laboratory near the ICAP.
The equipment includes a Tektronix 4013 or
4015-1 graphics display terminal with the APL
character set, a Tektronix 4923-0 data cartridge
unit, and a Tektronix 4610 or 4631 hard copy
unit. Telecommunications for the terminals are
provided by either a Bell 212A modem used at
1200 baud or Bell 500A with Dataphone Digital
Service at 4800 baud. Figure 3 shows the con-
figuration of this equipment. The equipment is
not dedicated to ICAP data reduction but is used
bg anumber of chemists for other projects. The
ICAP data reduction is performed by the chemist,
providing the ana!}/st with the opportunity to
review the data and ensure its integrity.

ICAP Software Interface

Elemental data can be obtained for different
types of solutions such as a sample, sample re-
agent blank, quality control, calibration standard,
or standard reagent blank. Not all information
coming from the ICAP is useful; therefore, once
information to be processed b?/ the large com-
puter is distinctly identified, all the excess data
can be ignored simply by using the comment
statement with keywords. A list of keywords
used with the PDP-8 ICAPs is given in Table 1.
The keyword identifies the ICAP data that are
next to the keyword or that immediately follow
it in a fixed sequence. The weightand volume
of the sample are also entered; keywords are used
for the 2 ICAPs which provide only gg/mL re-
sults. The location of the elemental results is
identified by the first elemental symbol. The
rigid structure of the ICAP output enables all the
elemental results to be located in relation to the
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Table 1. ICAP keyword phrases

Keyword Definition

*/ID= Characters after “ =" are sample identification.
Next ICAP elemental data is analysis of
sample. Weight and volume data expected
before elemental data.

*WGT= Sample weight follows “=".

¢/VOL= Sample volume follows “=".
XX Elemental data are on next few lines (number of
lines depends on ICAP system). XX is symbol
of first element listed by ICAP.

Elemental data that follow are for sample
reagent blank.

*BLK

*/STD  Elemental data that follow are for standard
*/ID= solution. Characters after "=" are standard
identification.

*/STD
*/BLK
*/END

Elemental data that follow are for standard
reagent blank.
End of analytical session.

*/ID=VEGETABLE JUICE 41

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5, 1982)

first line of elemental symbols.  An example of
asample and standard analytical printout from
aPDP-8 ICAPisgiven in Figure4. The PDP-11
ICAP, which provides p%/g results, also lists the
weight and volume of the sample. These data
are presented in a strict format and can be easily
located for use by the large computer.

APL Software Interface

The ICAP data are made available to the large
computer system through the interactive com-
puter language APL (2). Our computer system
runs APL.SV version 3.1 in atime sharing envi-
ronment under the operating system MVS/SE2
Release 3.8. Programs have been written in APL
which perform avariety of functions (1). The

*VOL= 50
*IWGT=10.00
*
EGGAC
BURN # 1 FDAL 9:06  22JuL8l
BURN # 2 FDAL 9:06  22JUL81
AVEI?S/:\GE FDA1 9:07  22]uLs81
2843
AL AS B BE CA CA cD CO CR cu
1526 . 0584 3412 < 0 24.74 2588 < 0 0079 0072 < 0
FE GE MG MN MO NI NI P PB SB
9.907 0532 19.53 .1580 .0302 .0376 .0459 37.39 < 0 < 0
SE SN TE Tl TL v N K
< 0 .0585 2183 .0088 .0523 < 0 2380 1293
*ISTD
*[ID= QC37
*
EGGAC
BURN # 1 FDAL 9:08 220UL81
BURN # 2 FDAL 9:09  22JuL81
AVEF|QSAGE FDA1 9:09 220UL81
2841
AL AS B BE CA CA CD co CR CU
1466 2178 5.026 < 0 4913 5.200 1.008 .0001 .0334 5.128
FE E MN M NI P PB SB

< 0 566 0MG3
.0?55 5.%’8%2< %0 0005 5.132

0
0 ]]0 .00[%7

NI
1.({/24 .99268 .1%61 < 0 < 0
0 0

009 <
Figure 4. Qutput from ICAP with PDP-8 minicomputer including sample and standard identification.
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initial program used on an ICAP data cartridge
translates the upper case ASCII ICAP characters
into the appropriate APL characters. These
translated raw data are temporarily stored in an
N X 80 matrix, which is an image of the ICAP
terminal output (excluding blank lines). This
matrix is then sequentially scanned for keywords
that cause the appropriate action to be taken on
the data. The elemental results, identifications,
weights, volumes, etc., are all stored in individ-
ual variables to await further processing. The
time and date stamp of each analysis is also saved.
The pdg_/g calculation can now be easily per-
formedin the APL workspace. At this point, the
data are available for any APL program sup-

orted by the computer center or written by an
Individual. The data can also be transferred to
computer disk files and then through APL batch
submit to be used by other programs supported
by the computer facility.

Benefits of Large Computer Systems

~ Having our data on a Iarge computer system
in APL has many added advantages. Tabular
listing of analytical results in avariety of formats
is available through programs written in APL.
This output can be produced immediately on the
g_raph_lcs display terminal or, through the aid of

isk file storage, on either microfiche or ahigh
speed line printer. Both the microfiche and high
Weed line printer can furnish multiple copies.

e are also able to produce microfiche of the
unprocessed ICAP data. This medium takes qF
much less space for archival storage but still
fulfills the requirements of the federal regula-
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tions on Good Laboratory Practices (3), which
require that duplicate copies of all analytical data
be maintained for a number of years.

Selected ICAP data can be put on disk files
through APL and submitted to system-supported
statistical packages such as SAS (Statistical
Analysis System, SAS Institute, Inc.). Changes
can he made to the files as well as additions of
elemental data from sources other than the ICAP
(i.e., atomic ahsorption spectroscopy or anodic
stripping voltammetry).

Conclusion

The integration of the ICAP system to a large
computer facility has been extremely successful
in terms of efficiency and versatility. The rela-
tively inexpensive and simple interface makes
it possible to take full advantage of data reduc-
tion routines available on alarge computer sYs-
tem. The APL language has proved to be fully
capable of managing the ICAP data. The nature
of this computer language has permitted the
rapid development of specifically requested data
reduction procedures. The data logging and
computer processing of ICAP data has become
standard practice for all 3 FDA ICAP facilities.
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Anetwork of computers is being used to support the
Food and Drug Administration's Bureau of Foods
mass spectrometry facility. Five mass spectrometers
are each interfaced to at least 2 of the 6 dedicated
minicomputers in the laboratory. Thismultiple in-
terfacing provides data acquisition and processing
backup, reducing the overall down-time. Selected
data from all of the minicomputers can he sent to
FDA's main computers via a digital cartridge tape
recorder or paper tape. The digital cartridge tape
recorder records data that are output from a mini-
computer terminal and then plays it back on a ter-
minal which is on-line with the main computer.
This main computer stores and edits data; plots
spectra for reports, data banks, and publications; and
carries out some data processing. Multiple inter-
facing also serves to supplement the capabilities of
the 8-year-old Finnigan MAT (formerly Varian MAT)
§S-100 data system (SperrY-U.mv.ac/VJG) with the
newer and more powerful Finnigan MAT INCOS
(Data General/Nova 3) data system. The SS-100 data
system is also enhanced by the substitution of the 110
baud paper tape with a 9600 baud cartridge tape re-
corder for 1/0 of system bootstraps, BASIC programs,
and raw data.

The advance of computers and the development
of mass spectral software have contributed much
to mass spectrometry (MS) in the last decade (1).
The dedicated minicomputer has made it possi-
ble to manage the extremely large quanntr_ of MS
data which can be generated. ~This ability has
proved to be especially valuable for the analysis
of complex mixtures by gas chromatography
(GC)/MS.  The much larger time-shared com-
Rﬂuter systems run user-written programs, store

S data, and search large libraries of MS data.

The Food and Drug Administration's Bureau
of Foods (BF) MS lahoratory first used a digital
device for the acquisition of data in 1971. " An
Infotronix digital data acquisition device was
used to acquire time/intensity data and record
it on mehgnetlc tape. This magnetic tape was
then read by the FDA central computer, which
could recreate the mass spectrum. Since that
time, mass spectrometer and computer instru-
mentation has increased from 2 mass spectrom-

AR OIE 087

eters and the Infotronix device to 7 mass spec-
trometers, 7 mini-computers, and additional
terminals for communication with much larger
time-shared computer sgstems. The intention
of this paper is to describe the network of com-
Rﬂuters which has been implemented in the BF

S laboratory and the enhancements that have
been made, which broaden the field of MS ap-
plications but minimize mass spectrometer de-
pendence on any single data system.

Mass Spectrometry Computer Network

~ Table 11ists the data systems currently in use
in the BF MS laboratory and the mass spectrom-
eters to which each is interfaced. Pertinent
hardware and the means employed to transmit
data to FDA's central computer system are also
included. Not included in the table is a Hew-
lett-Packard 9825A calculator with dual ropr
discs, which is an inherent part of a Hewlett
Packard 5992A GC/MS system and therefore not
gﬁ)art of the network of computers described
elow.

Figure 1depicts the organization of the BF MS
computer network. The network is mainly
comprised of the 6 data systems described in
Table 1 which are interfaced to 6 mass spec-
trometers. In this network, 5 of the mass spec-
trometers are each interfaced or can be interfaced
to at least 2 data systems. This multiple inter-
facing minimizes mass spectrometer dependence
on any single data system. Itallows an alterna-
tive data system for 5 of the mass spectrometers
if the data system normally used should require
service or periodic maintenance. Italso permits
an operator to choose the data system which will
provide the best software for a particular analg-
sis. The Finnigan MAT 1015SL (purchased 1970)
is currently interfaced to only one data system.
An alternative data system was deemed to be
unnecessary because of its limited use.

FDA's large central computer facility, known
as the Parklawn Computer Center (PCC{, consists
of two 1BM 3033 computers. Asshown in Figure
1,itis also considered part of the computer net-
work. Data from any minicomputer in the lab-
oratory can be easng transferred to PCC. Two
Tektronix Model 4923-0 digital cartridge tape

0004-5756/82/6505-1264-04%$01.00
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Figure 1. Computer hardware interconnection and
data transmission routes in BF MS network.

Solid lines depict connections most frequently
used. Broken lines indicate that a cable must be
moved from its normal Posmon to establish

~connection. The 3300 Cl and El are actually 2
mdePendent mass spectrometers. The top row are
“all mass spectrometers. The second row are
minicomputer data systems. The third row are all
computer terminals: Tektronix Models 4010-1,
Tektronix Model 4010, and ASR33 teletypes (TTY).
The respective interfaces to the Tektronix Model
4015-1 terminal and PCC are depicted at bottom.

recorders (DCTRs) are used to record ASCII
representation of MS data from 2 Tektronix
4010-1 terminals at 9600 baud. Data can be ob-
tained in this fashion from 4 minicomputers,
Data from the Finnigan MAT 6000 and 6100
comButers are punched on paper tape through
110 baud ASR33 teletypes. A Tektronix 4015-1
terminal, which can communicate directly with
PCC, is interfaced to both a DCTR and an optical
pafer tape reader/perforator. By using these
4015-1 terminal peripheral devices, the mini-
computer data recorded on DCTR tape cartrldge
or pager tage can be transmitted to PCC at 4800
and 2000 baud, respectively. Currently this
method is used to transmit individual spectra for
storage or graphics plotting.

Network Components

The Finnigan MAT (formerly Varian MAT)
$5-100 data sgstem is used only with the Finni-
gan MAT CH5-DF mass spectrometer. It has the
standard capabilities of other data systems but
lacks certain desirable features of software (mass
spectral addition, deconvolution of GC/MS
peaks, real time data processing) and hardware
Lautomatw operating system reloading). We

ave compensated for the lack of sophistication
of the SS-100 data system by enhancing the per-
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formance with a DCTR or by using the INCOS
data system as an alternative when required.

A DCTR interfaced into the minibus of the
Tektronix 4010-1 terminal resulted in the com-
plete elimination of the ﬁ)ape_r tapes normally
employed for system reloading and mainte-
nance, and for reading in user-written BASIC
routines such as mass spectral addition (2).
Bootstraps and programs are read in from a
DC-300A or DC-300XL data cartridge at 9600
baud instead of 110 baud from a teletype paper
tape reader. These procedures only require a
few seconds at this higher speed. ~

The DCTR interfaced to this terminal is also
used for data transfer of one spectrum at a time
to and from PCC, as described above. Onewir-
mlg modification was made to the terminal to
allow switch-selectable insertion of mark parity
regardless of the parity on the tape. Mark parity
is required only for the re-entry of spectral data
to the SS-100 data system. _

An INCOS 2300 data system was purchased in
1978 primarily for the acquisition of data from
the Finnigan MAT 3300 electron ionization (EI)
and/or chemical ionization (CI) mass spectrom-
eters. The INCOS could be interfaced to 2 mass
spectrometers and 2 terminals simultaneously.

his permitted an interface to the CH5-DF and
the Tektronix 4010-1 terminal normally used
with the CH5-DF/SS-100 system. However, to
permit the terminal to be used with both data
systems without changing cables and straloEabIe
options in the terminal each time, several hard-
ware modifications were made (see Figure 2).
First, a T-bar switch was installed to permit
simple data system selection. Second, since the
$S-100 and INCOS data systems use opposite data
transmission formats, the modem/computer
strappable option connection was changed from
$S-100 orientation (direct computer connection)
to the INCOS orientation (modem connection-
normal position (3). Third, the SS-100 data
transmission format was re-established at an
RS-232 connection between the T-bar switch and
the SS-100. The wires on pins 2 and 3were in-
terchanged and the wire on pin 20 was relocated
to pin 5. Fourth, since the INCOS data system
required a carriage return graphic input termi-
nator, the graphic input terminator strappable
option on card TC-2 was changed to the middle
position 5carr|age return onlyg. These modifi-
cations allowed both data systems to perform
normally with a Tektronix 4010-1 terminal
equipped for use with an SS-100 data system.

The state-of-the-art software of the INCOS
2300 has been beneficial for data acquisition and
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Table 1. Data systems in Bureau of Foods MS facility
Disc storage Data out-
Memory. Peripheral capacity, put to
System  Vendor CPU bytes disc drive bytes IBM via Interfaced to
INCOS Finnigan Data General 64K CDC Model 32M DCTR Finnigan MAT 3300EI
2300 MAT Nova 3/12 9448 Finnigan MAT 3300ClI
(Phoenix type Finnigan MATCH5DF
disc) Finnigan MAT 4023T
INCOS Finnigan Data General 64K CDC Model 32M DCTR Finnigan MAT 4023T
2300 MAT Nova 3/12 9448 VG Analytical ZAB-2F
(Phoenix type
disc)
SS-100 Finnigan Sperry-Univac 128K CDC Model 12.5M DCTR Finnigan MAT CH5DF
MAT V-76 (32K in 9427H
use) (IBM 5440 type
disc)
2250 VG Analyt- DEC 48K + Systems Indus- 12.5M DCTR VG Analytical ZAB-2F
ical PDP 8A (2) 48K tries (IBM 5440
type disc)
6100 Finnigan Computer Auto- 32K Diablo Model 3M paper Finnigan MAT 3300EI
MAT mation 31 tape Finnigan MAT 3300CI
Alpha 16
6000  Finnigan Computer Auto- 32K Diablo Model 3M paper Finnigan MAT 1015SL
MAT mation 31 tape Finnigan MAT 3300EI
Alpha 16 Finnigan MAT 3300CI

processing with the Finnigan MAT 3300 El, 3300
Cl, and CH5-DF mass spectrometers. SW|tch|n(I1
INCOS data acquisition between the 3300 EI
3300 positive ion Cl, or 3300 negative ion Clin-
volves the connection of the appropriate external
mass set and signal cables to the INCOS. The
3300 Cl'is modified to perform pulsed positive
negative ion chemical ionization MS (4). With
this dual acquisition, no other acquisition may
take place simultaneously, because both inter-
faces are used. However, data from the 3300 El
and CH5-DF may be acquired and processed on
the Finnigan MAT 6100 (or 6000) and the SS-100
data systems, respectively. Data acquired from
the 6000 or 6100 data systems may be transferred
to PCC by paper tape as described above. Data
acquired on the INCOS data system may be
transferred to PCC by displaying the data of in-
terest on the 4010-1 terminal interfaced to the
DCTR and recording the data on the tape car-
tridge. These data can then be transferred to
PCC in the same fashion as described for the
§S-100 data. _ o

A Tektronix dual interface option is installed
on the Tektronix 4010-1 terminal, which is used
W‘!mal’ﬂy for the ZAB-2F mass spectrometer.

ith 2 external switches on the dual interface of
the terminal, the operator can switch-select be-
tween the 2250 or INCOS data system. A 4923-0

DCTR, which is interfaced to the 4010-1 terminal,
can record single spectra from either data system.
These data can then be transmitted to PCC for
plotting or storage as described previously.

PCC Interface

Adjacent to the MS laboratory is a comBIete
graphlcs terminal installation with a 4800 baud

ataphone Digital Service hardwired to PCC.
The graphics terminal hardware consists of a
Tektronix 4015-1 terminal with enhanced
graﬁhlcs, dual interface, M-6800 microprocessor
with 2K RAM buffer, 4923-0 DCTR, 4662-AA
plotter with 8K buffer option, 4911 high speed
reader/perforator for paper tape, and a 4631 hard
copy unit. The dual interface allows 1200 baud
communication with a Bell 212-A Dataphone in
addition to the 4800 baud line to PCC. This
Fermlts easy access to the NIH/EPA Chemical

nformation System ﬁ Searches may be per-

formed by using the Mass Spectrometry Search
System option of the Chemical Information
System to aid in the interpretation of an un-
known compound.

The procedure to eliminate paper tape boot-
straps with the SS-100 data system involved
reading the paper tape bootstraps with the 4911
optical paper tape reader/punch. This was done
in an "off-line" mode, and a data cartridge copy
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of the paper tape bootstraps was made. In this
manner bootstraps for memory reload, system
generation, and certain diagnostic programs
were recorded. This process had to be done only
once. All of the bootstraps were separated by
file marks on the tape cartridge, so that the cor-
rect one could easily be selected.

The DCTR of the 4015-1 terminal is used as a
data transfer medium between the MS laboratory
and PCC. A data cartridge with data from the
$5-100,2250, or the 2 INCOS data systems is then
Bhyswally transferred to the 4015-1 terminal's

CTR and read into an APL ﬁrogram at PCC.
Paper tapes of MS data from the 6000 and 6100
data systems are read at 2000 haud with the 4911
readerl}r)erforator on-line to an APLProgram at
PCC. The program reformats data from paFer
tape or tape cartridge so that they can be reﬁ_ot-
ted in one of many formats to produce high
quality ink plots of the mass spectra. If the data,
for example, concerned a mycotoxin, they could
be added to the data base of over 100 mycotoxins
available "on line" in APL at PCC (2, 6). Other
data bases of interest to FDA are presently under
development. All of the data bases use APL
sof_twhare to permit search by name or molecular
weight.

Summary

~ The use of computers in the BF MS laboratory
is designed to maximize the benefits derived
from computers and minimize dependence on
any single computer. A mass spectrometer in-
terfaced to asingle data system effectively suffers
costlr down-time when the data system is inop-
erable. The BF MS laboratory network of data
systems is capable of significantly reducing
overall instrumental down-time by providing

J. ASSOC. OFF. ANAL. CHEM. (VOL. 65, NO. 5 1982)

Connector

1267

$S5-100

|._X-Y Graphics
Cable (undisturbed)

Hardware modifications to allow Tektroni

2) Modem/Computer
Option

4) Graphics Input
Terminator Option

Model 4010-1 terminal communication to Finnigan

X
0S 2300 data systems.

data acquisition and ﬁroces_sing backup. Italso
provides the analyst the option to choose the best
data system for a particular analysis.

DCTRs provide a rapid method to transfer data
from a minicomputer to another computer.
They are presently used in the BF MS laboratory
to transfer data to the 1BM 3033 computers for
storing and editing data and creating gra|oh|cs
reproductions. They are also used to completely
replace the much slower paper tapes on the
Finnigan MAT SS-100 data system.

The computer network of the BF MS labora-
tory has evolved to improve the utilization of the
growmg number of data systems. As the num-

er of individual minicomputers increases, a
system to interconnect them or substitute one for
another becomes increasingly important (7). We
are presently working on the transmission of
entire files of data between computers by using
existing hardware. This ability will provide
additional flexibility to deal with the huge
quantities of data that can be produced by mod-
ern analytical instrumentation.
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The Bureau of Foods has developed the Scientific
Information Retrieval and Exchange Network
(SIREN) to provide a modem method of records
management and an automated cross-referenced
subject index for accurate and comprehensive infor-
mation retrieval. Authorized Bureau personnel may
access SIREN's 200 000 references directly on dis-
tributed, interactive on-line terminals or indirectly
through searches conducted by the SIREN Document
Control Center.

The Bureau of Foods (BF) of the Food and Drug
Administration (FDA) bases its regulatory decl-
sions and actions regarding the safety and
wholesomeness of the nation's food supply on
the results of scientific research performed by its
own staff and by other scientists. However, the
rapid expansion of scientific and technical lit-
erature has made traditional methods of identi-
fylnq, storing, and accessing this information
obsolete. Although specialized filing systems
adequately met the individual needs of BF sci-
entists, they were virtually useless to other per-
sonnel and often led to a redundancy of data and
a duplication of scientific effort. In response to
the Agency's need for an integrated information
system, an in-depth study was made to determine
how BF could improve its method of handllng
scientific information. The internally generate
and individually stored scientific information
was viewed as an organizational resource, with
costs controlled and benefits maximized, and a
management strategy was formulated to estab-
lish an automated data hase for scientific infor-
mation storage and retrieval.

SIREN

Records Management

The Scientific Information Retrieval and Ex-
change Network (SIREN) was developed to
provide a means for modern records manage-
ment through strict control of the arrangement
microfilming, and accession of documents, and
an automated, cross-referenced subject index.

kR

on

Although SIREN does not abstract, compare, or
evaluate documents, it is valuable as an index
which lists the precise locations of the informa-
tion requested. As acentral source of scientific
information, SIREN makes the specialized, in-
dependently maintained research files easily
available toall authorized BF personnel.
SIREN's approach to information processing,
storage, and retrieval involves 4 major steps:
document consolidation, microfilming, docu-
ment control, and automated subject indexing.
The first 3 steps relate to records management
and are the foundation of SIREN; the fourth en-
sures consistency in entermH and retrieving in-
formation through a controlled vocabulary.

Consolidation

Hard copies of files are gathered and(i)urged
of all duplication. Material is arranged, pa%l-
nated, and bound in a standard manner. The
new page numbers become the reference point
for locating information on the microfilm or the
ha.rd_cop%/ and make it obvious when material is
missing from the file. Although pages lost be-
fore consolidation can no longer be restored, any
Eages orwhole files lost after consolidation can
e re-created from the existing microfiche,
Recent consolidation of the Food Additives
Information System (FAIS), amodule of SIREN,
included all significant internal files related to
food additive research and re%ulatlon. More
than 20 separate food additives files, containing
about 3.5 million pages, had been orlgmallh/
maintained in triplicate, with one copy of eac
located in a different functional group in the
Bureau. However, when a comprehensive re-
view of all available safety information was
needed for the food additives cyclic review
Frogra_m, retrieval of information from the trip-
licate files was virtually impossible. Some of the
information had been lost, and the remalnlng
material had to be reorganized and consolidate
into a meaningful arrangement. After duplicate
material was purged, FAIS files were reduced by
1.75million pages and 600 linear feet of storage
space, redundant files were eliminated, and a
comprehensive file was established.
In‘atypical example, 3 copies of a petition file
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were found in separate BF areas. The most
complete copy contained 1000 pages (80% of the
ongma(l}; the others each had 700 and 800 pages.
After duplicate material was purged, pages
containing additional information were taken
from the smaller files and added to the most
com})lete file, bringing it to 1200 pages, almost
100% of its original complement. The 1500
;%ages of the 2 small files were then eliminated.

hus the original 2500 pages were reduced to
1200, the stored information in the most com-
plete file was increased by about 20%, and the
g%gjl number of pages was reduced by about

0.

Microfilming

All documents in the SIREN system are pho-
tographed on microfilm, the hard co gls stored
inits appropriate functional area, ana 6 copies of
the microfiche are distributed to various BF areas.
The master microfiche copy, which serves as
"backup™ in the unlikelr event that the original
hard copy would be totally or partially destroyed,
is stored separately in aremotely located vault.

DocumentControl

Document control ensures central storage of
files, updating of information accordln?. to spe-
cific quidelines, and limited access to files. A
main document control center, which supports
all modules of SIREN, is available to the entire
Bureau, and satellite centers are located in the
appropriate BF branches.

SubjectIndexing

Indexing terms used in SIREN are controlled
by a thesaurus, which lists all terms or codes used
for indexing and retrieving information from a
?artlcular file. The thesaurus designates pre-
erred terms, the relationships between terms,
and a hierarchical pattern, if appropriate. Paired
relationships known as broader and narrower
terms (BT and NT) express different levels of

enerality (e.g., BT plastic and NT polyethylene).
wo preferred entries may simply be related
terms (RT); if one is indexed, the other should
also be considered (e.g., data processing, RT
computers). SIREN uses codes to represent
index terms (e.g., CAS registry numbers replace
chemical names). . _

An alphabetic list of chemical names, a glos-
sary of name sources, and a tree structure as-
sembled from logical combinations of broader
and narrower terms can be displayed and used
for searching. Individual records are flagged
and printed in subgroups or microthesauri, of
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which there are 18 in SIREN. These subsets in-
clude petitions, monographs, types of chemicals,
routes of administration, dosage forms, subjects
of experimental work, and chemistry and toxi-
cology topics. When multiple codes are selected,
a larger group such as the entire chemical au-
thority list, is printed. In SIREN, this list
amounts to more than one-half the thesaurus.

Chemical Names

The total number of thesaurus entries is 65 000,
with about 37 000 Rrefer_red terms. Chemical
names with their CAS registry numbers account
for nearly 19 000. Drug names once accounted
for the largest group, followed by cosmetic in-
gredient names and food additives. However,
the general chemical dictionary, which lists
possible degradation products, contaminants,
metabolites, or manufacturing intermediates of
petitioned food additives, is now the fastest
growing section of the chemical file. _

Preferred names for chemical substances in-
clude common or established names asugned to
direct or indirect additives, cosmetics, and drugs
under legislative and regulatory directives,
Common or trivial names are assigned to natural
products, e.g., resins. Natural substances, such
as algae, rice bran oil, and Salmonella are all
treated as chemical substances; however, they
have no CAS registry numbers. Some general
or collective names, for which the exact chemical
designation may have been lost or may never
have existed, are not always precise, asin C 13-16
isoparaffins, carrageenan, and salts. Others, like
fatty acid esters and fatty acid salts, are actually
defined in the Code of Federal Regulations.

Asachemical name authority list, the thesau-
rus supplies the following: preferred chemical
name; current CAS registry number; internal
number when there is no CAS number; alterna-
tive names; and designator or flag, indicating the
FDA program interest of the compound, such as
direct food additive, indirect additive, flavor.

Vocabulary Control

~When an index record is added to the SIREN

file, the computer checks the code agalnst the
thesaurus vocabulary. When records are re-
trieved, the codes are again comﬁared with the
thesaurus table, translated into chemical names
or mddex terms, and printed on the index
record.

Indexing Levels

SIREN indexing is provided at 2 different
levels. Level 1dataelements describe the doc-
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umentasawhole (e.g., the name of a submitter
of apetition, the petitioned chemical, or another
chemical with a specified relationship to the
previous one). Level 2 data elements describe
specific toxicology information, chemistry or
manufacturing information, and memoranda
within petitions and other documents. A de-
tailed indexing guide ensures consistent in-
dexing.

Discussion

SIREN operates at the Parklawn Computer
Center (PCC) in Rockville, MD, on an IBM 3033
central processor. The database is managed by
Model 204, which is supplied by Computer
Corporation of America. In the past, hard cowes
of BF documents, previously stored in more than
25 individually maintained files, could not be
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cross-referenced; now, however, SIREN provides
concurrent on-line and batch access to approxi-
mately 300000 references simultaneously to
many users throughout FDA. Throu?h 986,
more than 65 000 references are scheduled to be
added yearly to the system. Because of SIREN's
success, additional Bureau files are being con-
sidered for placement in the network. ~
Because of the need to protect the confidenti-
allt% of information stored in SIREN, only those
authorized within FDA are permitted direct ac-
cess to the system. Persons outside FDA may use
SIREN indirectly through groper FDA channels.
Access privileges must be determined on a
case-hy-case hasis. For further information on
the possible use of SIREN, please contact:
Hamilton Parran, Deputy Director, Division of
Food and Color Additives, 200 C St, SW EHFF-
330), Washington, DC 20204. (202) 472-5676.
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Data System and Software for a Fourier Transform Infrared

Spectrometer
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The computer described has as its primary purﬁose
the control of an FTIR spectrometer. This task re-
quires enough power to handle the ratherhigh peak
load of this instrument. Software has been written
to flexihly shift the system resources to meet this task,
and to make these resources available to the spec-
troscopist for other jobs as required. Clearly these
jobs include the routines of collecting, transforming,
storing, and displaying the spectra of interest. The
capabilities described go beyond that, to include the
ability to handle an automatic sample changer, to
vary the measurements made on samples within that
sample changer as required, and to annotate the re-
sulting plots with much of the routine hookkeeping
data required in an analytical laboratory. This sys-
tem has the ability to multitask —to perform up to 3
tasks atatime, orto pipeline —to automatically pass
data from one region to another. Both of these pro-
vide enhanced productivity. The system supports
high level lan uaFe,fortheuser's own analyses. It
has facilities for library searchin%, to help identify
the unknown samples. Finally, it has text processing,
to allow the userto prepare reports and papers in a
modern way. In short, the line between an instru-
ment computerand a laboratory comguter has been
?Iurred by the growth of the capabilities of the
ormer.

The basic job of a laboratory computer is to make
its user more productive by handling some or all
of the data handling faced by a scientist in a
laboratory (1). These include:

i Bookkeeping—Keeping track of samples and
ata.

Instrument control—Setting key instrument
parameters, monitoring instrument condition,
and controlling operation.

Data acquisition—Acquiring raw data from a
sample during analysis. _

Data analysis—Converting raw data into a
more meaningful form. .

Data interpretation—Converting analyzed
data into an answer.

Storage—Placing the data and the answer iijto
an easily recovered file. _ _

Report generation—Presenting the data in a

Presented at the Symposium on Computers in the Labora-
tory SR e R pesIam, on, COMPYTS 10 05 £apee:
W{shmgton, DC. _

IBMCorp., Poughkeepsie, NY 12602.

fashion that helps the scientist's organization or
science in general, S

The computer(s) used by the scientist in his/
her job should impose minimum requirements
on the scientist, in terms of making the analyst
learn new procedures or restricting the way the
data can be stored, manipulated, or presented.
Asmuch as possible of the job should be handled
in ways which are transparent to the user—file
management and data movement for instance
should be all but invisible.

_Usmg this brief list, laboratory computers
might be divided according to the tasks they
handle. Instrumentation computers are those
which handle data acquisition and perhaps data
analysis and/or instrument control. General
purpose laboratory computers might be seen as
those which handle the bookkeeping, storage,
and data interpretation part of the job. The re-
port generation part is largely omitted in labo-
ratory computing, yet as avid users of text pro-
cessing, we feel that such omission is a serious
oversight.

In this paper, we will consider the distinction
between general purpose laboratory computers
and specialized instrumentation computers, and
describe how the growing Fower of instrumen-
tation computers in particular is leading them to
reach into the domain previously handled by
larger machines. We will focus on the data sys-
tem in a Fourier transform infrared spectrometer
(FTIR) as an example of an instrumentation
computer.

Laboratory Computers

Computers first appeared in laboratories either
to perform calculations, or to manage data bases.
The latter is gartlcularly |m€0rtant in clinical
laboratories (2), and has not been as widely de-
veloped in analytical laboratories (3). Later,
these computers began to actually connect to
instruments.  This function fell away as dedi-
cated minicomputers appeared under the covers
in instruments. It has gradually been restored
asmid-sized lab computers giamed the ability to
handle more than one problem atatime. Cur-
rently, the line between the instrumentation
computer and the laboratory computer may blur,

0004-5756/82/6505T 271-08%01.00
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with the dividing line being determined by
where the data are actually digitized.

More commonly, the larger laboratory com-
puters are supporting multiple users, each with
the ability to access and manipulate his own set
of data, and yet with each having the ability to
contribute or access data in a larger data base.
These larger machines ma{_ be used for library
searching, for large theoretical calculations, for
archival storage of data, and for text processing
of reports. We are not advocating that scientists
become typists, but if the keym%process is part
of the creative Process, why not have the author
produce legible output using the extensive
power of word processing?  Watching the
number of people who are using home comput-
ers to write letters, papers, and books suggests
that this capabllltr IS going to be in more and
more demand on laboratory systems.

The data hase management caﬁablllty IS an-
other under-utilized feature. Why have dusty
notebooks full of data, or rolls of spectra stuffed
away in boxes, when a computer can store tre-
mendous volumes of data for almost instant ac-
cess? All that is _reaII?{ needed is a catalogumg
system, and th_e_dlsulq ine to use it. Thisshoul
include the ability to link textual files, containing
material describing the sample's history and the
details of the analysis, with the numerical data
resulting from the analysis. _

Finally, networking is important. This paper
was written with little direct contact between the
2 authors. One of us (JWP) keyed his contribu-
tions on a terminal located in Connecticut and
connected to acomEuter in Yorktown Heights,
NY. The other (WFH) keyed his data on a ter-
minal in one building in a large complex, con-
nected to a computer located close to a mile awa
in another building, both in Poughkeepsie, NY.
The data were transmitted from one machine to
another through a network of perhaps 5 other
computers. The reader maygudge whether or
not the quality of the work suffered; certainly it
was a very convenient way to work.

Instrumentation Computers

An instrumentation computer could do as little
as collect and analyze the data_éhowever Iarﬁe
this job may be), or it could provide control of the
basic instrument. For instance, a chromato-
?raphlc integrator may simply acquire and per-
orm a preliminary analysis on"data which would
otherwise be presented on astrip chart recorder.
A more sophisticated chromatographic controller
might also control the mixture of the carrier
gasses or liquids being used, or might control
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column temperature. In either or both of these
cases, these variations could be preset and
changed in atime-dependent fashion, allowing
mere sophisticated analyses to be run in ashorter
time.  These control functions could be per-
formed manually, depending on the times in-
vo.ved, or could be performed with analog in-
strumentation if needed.

Some instruments require the computer for
data analysis. NMR spectrometers may require
signal averaging to obtain reasonable signal to
noise values. Pulsed or Fourier transform NMR
spectrometers require the computer to make
sense of the data—interpretation of the mag-
netization decay is difficult in the frequency
domain, but may be done in amore straightfor-
ward fashion in the time domain. _

The computer in a Fourier transform infrared
spectrometer was originally placed there to
convert the data into a comprehensible form (4).
The retardation data have direct meaning in only
avery few cases—thin film measurement is one
BOSSIbIlI’[y. Even there, more information can

e extracted from the interferogram, or the data
may be more accurately interpreted if they are
transformed into the more familiar frequency
domain. . _ _

Once the computer was included in the in-
strument, additional functions were added.
Signal avera?mg was present from the start.
Control of a plotter was a necessity—we are used
to seeing spectral information displayed graph-
ically. Some additional capabilities remained
wi:hin the domain of the traditional instru-
mentation computer, like controlling various
features of the instrument, e.g., sample changers,
beam splitters, sources, and detectors. Others
meved more into the realm of the general labo-
ratory computer. File management, as larger
disks and as tape drives were added, was neces-
sary. Additional analysis, moving towards in-
terpretation, was another. This can take the
form of spectral comparison, either simple sub-
traction of one spectrum from another to elimi-
nate an unwanted comﬁonent, or the more
complex c_omFarlson of the spectrum of an un-
known with those stored in a library. Greater
analysis flexibility was added br including the
ability to write software in high level languages,
ratner than the assembly code used at the start.
Thus, the user could tailor at least the analysis
and interpretation of his data to match his own
needs.

FTIR Data System Tasks .
The data system for an FTIR must provide for
rapid data collection; Fourier transform support;
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mass stora%e; flexible control system; high level
language; hard copy output (gra_F_hJcs and text?;
productivity/automation capabilities. We will
discuss the first 3 of these here; the others will be
amplified below.

he data collection job of an FTIR computer is
really quite impressive. At high mirror veloci-
ties, the analog to digital converter (ADC) must
samé)le at speeds up to 100 KHz. With a 16 bit
ADC, this is a bit rate of 1.6 Mb/s. While the
actual duty cycle may be about 50% (data may be
acquired only while the mirror is moving in one
direction), this still requires rapid movement of
the data. The data areacquired into memory or
to disk, depending on the resolution and hence
the number of data points being acquired. The
new data are then correlated with the previously
ac%uwed data, and may be rejected if they appear
to have been shifted with respect to the earlier
data, perhaps due to amechanical jolt to the in-
strument or due to an electronic noise spike. If
accepted, the new data are then added to the data
already stored in memory or on disk. All of this
must be done on an interrupt-driven fashion,
because the computer must be ready to repeat the
digitization, acquisition, signal averaging, and
storage cycle as soon as the mirror returns to its
start position.

The transformation itself is a complex com-
putation, which has been massively studied and
documented (5). Briefly, it can be broken down
into 3 separate computations—phase correction,
apodization, and transformation. The first 2
correct for the difference between the theoretical
infinite, complex mathematical domain of the
Fourier transformation, and the real, finite nature
of the data actually being acquired. The trans-
formation itself involves the use of an array of
sine values, which are most conveniently looked
up from the values stored in read-only memory
in the computer. The density of these tables (the
number of values stored there?l IS important in
ensuring the accuracy of the final calculation.
These 3 operations involve multiplications and
additions of each point in the initial interfero-
gram, or anumber of operations of the order of

000 for a 2 wavenumber, mid-IR spectrum.
Clearly, all of these calculations must be per-
formed rapidly for the instrument to be suffi-
ciently responsive to allow the chemist to do his
job without being delayed by instrumental fac-
tors.

There never seems to be enough memory, ei-
ther on-line or in mass storage. While a 2-
wavenumber mid-IR spectrum may use only 8K
data words, higher resolution spectra require
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proportionately more room: 0.5 wavenumber
spectra require 32K data words; 0.05 wavenum-
ber spectra require 320K words. Clearly, high
resolution demands either large memory or the
abl_llpll to swap data in and out of memory
quickly. :

A reasonable library of spectra can also bulk up
quite cjumkly: 5000 2 wavenumber spectra re-
quire 40,000 data points. Since disk and tape
sizes are measured in 8 bit brv)tes, and FTIR com-
puters work in 16, 20, or 24 bit words, that 5000
spectra library can require up to 120 KB on adisk
or tape. .

The volume of data which can be generated by
techniques as gas chromatograp Y/lnfrared
spectrometry (GC/IR) or time-resolved spec-
troscoFFg_(T S) iseven more massive. InGC/IR,
the FTIR is used as the detector, taking advantage
of the spectrometer’s ability to acquire several
spectra per second. A 4 wavenumber spectra
yields 4K data points per spectra. Even co-add-
Ing spectra to yield one per second, a run of
slightly over an hour can accumulate 16M data
points, or 48MB of data. Clearly, either a large
disk or some technique for selectively storing
data is required. _

The resources the computer can bring to bear
(in these and its other jobs are shown in Figure

Figure 1shows the computer and its associated
peripheral devices, with the instrument itself
shown only as a collection of input/output de-
vices. Note that the software is sufficiently
powerful to allow several things to happen at
once. There isasupervisory system, which in-
teracts with the various peripherals including the
terminals, the disk, the diskette drive, the in-
strument interface, and the plotting devices. In
the ASPECT computer, used on the 1BM IR/90
and IR/80 series of instruments, the supervisor
is known as ADAKQS. Given enough memory,
ADAKOS can run 2 memory partitions. Typi-
cally, one partition would be used to operate the
instrument, and a second might be used for
program creation or off-line data analysis, using
a second terminal. The instrument operating
system, ATS on the ASPECT, may in turn be di-
vided into 3 regions as shown in'this figure, for
additional operating efficiency. All of this will
be illustrated below.

Computer Usage

Perhaps an easy way of illustrating the de-
mands made on a computer system, and the
power such a system provides Its user, can be
given by following a typical working session for
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Instrumentation Computers
Floppy
Diskette
Terminal =
u_ Supervisor :} DO{
= |= £y
Terminal % 3 :} o { %
Application | Application | Application g E} Al{ g
Disk @ = 2
Drive g} AO{
Plotter
Computer
==f-= |gtruments

Figure 1. Schematic diagram of computer system foran FTIR spectrometer.

a spectroscopist. In this example, many of the
details will ‘be drawn from the ASPECT data
system using ADAKOS and ATS. In addition,
some comments will be made about additional
facilities which might be desirable.

Instrument Check and Verification

Instrument Check

At the start of a session with an instrument, the
chemist needs to check and verify the instrument
performance, then set it up to do the job he
needs. Some systems require an Initial Program
Load (IPL) from some external medium. Older
instruments use paper tape; more recent systems
will load from a floppy diskette, ROM, or will
have the_progirams and data stored on a disk.

Traditionally, spectroscopists check an IR
spectrophotometer by running the 100% line, the
Plot of the instrument's response to a perfectly

ransparent or null sample.” This is as valid on

an FTIRas on adlsPerswe instrument. The 100%
line check uses almost all of the system: the
keyboard, the data system, the optics, and the
display. 1t really uses a complex array of com-
mands and parameters, but can be invoked with
a single command, as shown below. The
meaning and function of the individual com-
mands 15 beyond the scope of this pa?er; the
important point is that one command, defined by
the user, can recall 8 primitive commands, and
that one of those primitive commands in turn can
recall some 39 instrument parameters. .

The ATS program allows the user to define,
store, and recall complex operations very easily.
User-defined commands and parameter sets may

be specified in the normal sequence of opera-
tions. The sequence of commands is entered,
and the parameters are set. If the resulting op-
eration meets the user's pbdectlves, the command
sequence ma?]/_be identified and saved, using one
command which saves the information under a
name entered in response to a prompt.

HPL: Commands for 100% line check

Param-
Invoked eters
Command Meaning Used
RUP UDP = restore user 39
PARAMHPL  parameters
SBS single beam
“calibrate, sample
SBR single beam
calibrate,
reference
CLR collect reference 19
CLS collect sample 2
CPR compute reference 10
CPS compute sample 2
PLT POP = DSC plot 8

Polymer Film Verification Run

The next step is to check the instrumenton a
test sample. Traditionally, a polymer film has
been used. This run uses many of the same
commands and Earameters used for the 100%
line, and could be set up by simply changing
some of the parameters stored in a data file
named PARMHPL. Because these data may be
retained as part of an on%om record of instru-
ment performance, the plot should be sent ini-
tially to the display scope for verification, and
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Figure 2.

then to the digital plotter for permanent record.
The commands to do this are shown below.

VPF: Commands for verification run on polymer

film
Param-
Invoked eters
Command Meaning Used
RUP UDP = restore user 39
PARMVPS  parameters
SBS single beam
calibrate,
“sample
SBR single beam
calibrate,
reference
CLD collect dual 21
CPD compute dual 12
PLT plot to scope (9
RUP UPD =  restore user 2
PARMVPP  parameters
PLT plot to plotter (8

Again, one user-defined command invokes a
series of actions, including invoking more com-
prlex commands and recalling preset parameters.

he parameters recalled from PARMVPP change
the plotter output from the scope to the plotter,
and add certain labeling to make the plota Ber-
manent record. Three 16 character variables
may be specified by the user, included in the data
file itself, and listed on the plot. The results are
shown in Figures 2 and 3. The computer was
programmed to automatically label the plot, and
toinclude both the date and'time of the run. It
also included an independent sequence check:

Uncorrected polymer film spectrum.

The number "6109" on both plots shows the total
number of scans made by the instrument since
the computer was powered up. This running
scan number is of great assistance in reordering
aset of plots after having been removed from the
plotter and shuffled on the chemist's desk. The
Information on number of scans, resolution, and
zerofilling, among other acquisition parameters,
is also stored along with the actual data: The
system is operating automatically like a labora-
tor1ynotebook. _ o

he difference between Figures 2 and 3 i in-
structive. Figure 2isan uncorrected plot of the
polymer film transmission, with sloping baseline
due to the light scattering within the film. Fig-
ure 3 has had the slope corrected, using some
built-in software routines. It has also had the
various peaks picked out, stored in a separate file,
and labeled on the plot.

While all of this annotation is in one sense
trivial (person can easily make a couple of notes
on the Faperwhlle the plotter is running) it is an
example of the WaK the computer can take over
the trivia, ensure that it is handled, and free the
analyst to do the creative work that is in fact that
person’s realgob. _

Note that the particular command sequence
shown above included no commands for file
movement. The system automatically handles
this for the user. ~An additional capability is
shown on the top of Fig. 2, where FLR and FLS
call out the names under which the reference and
sample 4ata are stored. Up to 8 alphanumerics
may be used for these names, for easy recognition
by the chemist later. Note that the system can
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also increment the file names, as shown here, if
sequential samples are to be measured.

Multitasking and Pipelining

M ultitasking

Figure 1 indicates that the instrument com-
puter can perform multitasking. In essence, this
means that the user can assign it up to 3 separate
jobs at once. The software will then go ahead
and work on each of these tasks, sharing the re-
sources and improving productivity by working
on each task as the required resources become
available. For instance, while one region is
coIIec_tln(%, it needs to have immediate access to
the disk for data storage, but it ,mak/ only need
this access 50% of the time. While the interfer-
ometer mirror is moving back to its start position,
the disk is largely available for another job.
Multitasking takes advantage of these time-
varying requirements on system resources to
?_pparently accomplish more than one job at a
ime.

Pipelining
A more sophisticated variation on multitask-
ing is called pipelining. This mode requires
communication between the various tasks, In the
form of (a) data movement from one region to
another, and (b) setting and reading of flags such
that one region can notify another about the
availability or the consumption of the data. A
tprlcaI operation using pipelining is shown in
igure 4. This figure assumes that a series of
samples are available to be measured. The actual

Baseline-corrected polymer film spectrum.

data are collected in region 1. Assoon as the data
are collected on a given sample, region 2 is not-
ified via a system of flags. This region can then
transform and analyze the datawhile region 1is
collecting data on another sample. If the user
assigns subtasks of about equal time duration to
each region, time savings approaching 50% can
be achieved.

Flandling Multiple Samples

Typically, more than one sample will be han-
dled by a spectroscopist at a time. Indeed, he
may have a whole rack of them. Some of the
FTIR instruments now have automatic sample
changers with software selection of the specific
sample to be measured. Itisstraightforward to
use Identical measurements on all'of those sam-

Sl 2 3
Collect 1 Collect 2 Collect 3

Andyze 1 Anelyze 2 Adlyze 3
* Benefit of Pipelining

| Straight Lire Operation Tirre |

1 Pipelining Operation Tire | Savings |
Figure 4. Pipelining operation and benefits.
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pies. Of more value is the ability to select the
measurement conditions appropriate for each
individual sample. Dense samples may get more
scans to improve the signal-to-noise ratio; rela-
tively transparent samples may he measured
more quickly. It may be known in advance that
some samples will require peak plckm%a_nd la-
beling; some chemists may want to see their data
presented in one format or at one resolution;
others with other variations. Software which
allows this flexibility offers the possibility of
unattended measurements and hence a highly
B_rt_)ductlve way of running. ATS has the capa-

ility of not only Frowdlng individualized
measurements, but also of providing individu-
ally annotated plots. Thus atcompletion ofa run
of a series of samples, there is an array of plots
sitting on the plotter, each labeled and ready to
be handled back to the requester. Furthermore,
since the ASPECT can intermix files of different
sizes automatically, each specimen may be mea-
sured at an appropriate resolution.

Library Searching

A fundamental job of the analytical chemist is
the identification of the specimens presented to
him. Infrared spectroscopy provides a powerful
tool for this purpose, because it looks at the very
electronic interactions and bondings which cause
acompound to exist and hehave as it does. This
information appears in the familiar form of ab-
sorption bands of various strengths and
frequencies in an infrared spectrum.” Clearly,
comparison of the unknown spectrum with that
of spectra from various known compounds can
aid in identification. Alternatively, knowing
that various functional groups typically create
absorption bands at characteristic frequencies
may enable the spectroscopist to do some detec-
tive work to identify the unknown. In either
case, the .s#)_ectr_oscoplst must ultimately confirm
the identitication based on a visual comparison
of the unknown and candidate spectra.

This process can be accelerated if the computer
can do some of the winnowing for the spectros-
copist. There are man%/ ways of doing this,
trading off the speed of the search with accuracy
of the ultimate identification. Using more of the
points in the various spectra may yield a closer
match than using fewer, but it may also take
longer. One long accepted approach is the
coding scheme used in the Sadtler Spec-finder®
in which a reduced form of the spectrum is
created and searched against similarly reduced
data in the library. This reduction allows storage
of all 60 000 spectra to be on line at once to be

J. ASSOC. OFF.

ANAL. CHEM. (VOL. 65, NO. 5, 1982) 1277

searched within 10-20 s. The candidates may
then be confirmed by comparison with pub-
lished and catalogued data, or with data auto-
matically retrieved using a microfiche system.
ATS software also allows the user to add sgectra
from samples of his own choosing to the library,
to meet particular requirements of his own or-
gamzatlon. ~Other searching techniques are

eing studied in the industry, including
searching on the full spectrum, or searching on
aportion of the interferogram.

High Level Languages

While instrument manufacturers use consul-
tants and their own staff of experienced spec-
troscopists to define and write the software for
their instruments, many spectroscopists have
their own particular requirements and want the
ability to tailor the data analysis and instrument
operation accordingly. The instrument manu-
facturer frequently writes his software in the
assembly Ian%uage peculiar to his own computer,
for speed of execution. The spectroscopist
would prefer towork in s_omethl_n% more familiar
and, preferably, something which already has a
I|bra’r\rofuseful programs. PASCAL and FOR-
TRAN meet both of these requirements.

PASCAL is a structured language, which is
easy to learn and currently quite poFPuIar on
campuses and on home computers. Programs
written in this Ian_(};uage are easy to read, and
hence easy to modify and to maintain.

FORTRAN has the advantage that many
practicing scientists learned it during their ca-
reers. Further, a considerable library of pro-
?rams has been created in this Ian?ua_ge. Un-
ortunately, there are a number of dialects of
FORTRAN: hence not all of those pro?rams are
immediately available to the user of a given
version.

Text Processing

A rather neglected area of comﬁut_er usage in
laboratories is text processing.  This is probably
one which isgoing to have rapidly growing im-
ﬁortanpe. Itisintriguing to note the number of

obbyist computers appearing on the desks of
faculty on college campuses. These are not
being used for computation, but instead are
being used to write books or papers.

That capability is provided as part of our sys-
tem, usmg programs initially written by James
Cooper of Bruker Instruments, Inc. They were
initially written to provide his scientists and
programmers an easy way to write the manuals
and document the programs on the instruments
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being offered by that firm. This facility offers
the user the ability to format and justify text;
operate on files created with the normal system
editor; create indices; automatically number
pages and chapters; create subscripts and super-
scripts, depending on the printer; conditionally
include or exclude text; indent, center, underline,
and print boldface text.
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A Distributed Processing Laboratory Data System
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Distributed data Proc_essmg has been accomplished
by acomputer system in which laboratory instrument
data are collected on a PEAK-11 system for prelimi-
nary processing and generation ‘of initial reports.
When further processing is required, or when archi-
val stora?e of raw or processed data is desired, data
are transferred over telephone lines to an IBM 3033;
an IBM 7406 Device Coupler is used to handle pro-
tocol conversion and "handshaking.” User-written
programs in APL.SV on the IBM machine and in As-
sembly Language on the PEAK-11 system effect the
transfer of bidirectional data. The distributed pro-
cessing apf)roach_ allows efficient use of expensive
F_ﬁnrégs)heras while maintaining short response
imes.

A PEAK-11®Lahoratory Data System and an |BM
3033 remote mainframe have been connected for
use in distributed rE),roces,smg of data in_the Food
and Drug Administration (FDA?. The tofal
system ISbeing used to collect data from 16 in-
struments physmallz located on 2 floors of FDA's
Bureau of Foods laboratory facility. The types
of data being collected coricern food packaging,
various types of food additives, electrochemistry,
and radiochemical detection.

The laboratory data system is a PDP-11/34A
that utilizes PEAK-11 applications programs
(Figure 1) These are divided into 2 major
roups: (1) dataacquisition and processing, and

?2) report generation and parameter set-Up and

change,

Th% foreground J'Qb runs in real time under the
RT-11 Version 38 Foreground/Background op-
e,ratln%system. |t is anassembly language rou-
tine wnich schedules collection of analo? data
from up to 16 channels "simultaneously” at
speeds of 20 Hz per channel. The same routine
processes the raw data for peaks, and stores raw
data, peak data, or hoth on'a disk.

The background job, in our version of RT-11
runs durl%the CPU idle time. In the PEAK-1]
system, MU-BASIC, a multi-user version of

ASIC, runs as the background task. "Canned”
programs running under MU-BASIC handle all
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communication between the usersand the fore-
ground task, as well as reporting of processed
Deak data. =~ _
_This configuration offers a great deal of flexi-
bility, because several userscan be changing
analysis parameters gettmg reports, Or pro-
Fra,mm In BASIC concurrent with'data col-
ection and processing of up to 16 analqg data
signals. It does, howgver, have qne major dis-
advantage over a true multitasking operatin
system |gure 2). Under this monitor, only
0bs or tasks are allowed at any one time, dnd
oth of the Peak-11 tasks must bé running for the
user to ?et reports, change analysis or acquisition
ggr%rir}gders, or program in BASIC while data are

The other computer facility available to us
Figure 3) was the Parklawn Computer Center
PCC), located approximately 30 miles away,
which provides services to the Food and Drugi
Administration as well as several other federa
agencles.
gAs Figure 3 illustrates, the hardware available
at PCC Included (but was not limited to) dual
CPUs with parallel access to disks, magnetic tape
drives, mass store units, etc. These Iar%e devices
althou?h desirable, are uneconomical for a small
laborafory system.

In addition to the hardware, several software
advanta%es were available at PCC. FORTRAN,
BASIC, COBOL, ALGOL, PL1, RPG, SNOBAL,
and APL were among the Ianfguage choices. We
chose to use APL for most ofour programming
at PCC because of its ease of use ang IS ability to
hand_l?]varlable length strings easj]y.

With these systems already configured as de-
scribed, our mast serious problem in‘establishing
a (listributed processm%s stem was to find @
sultable method for information Interchange
begv'e'etnltge soms t Corporation (DEC) sol

qital Equipment Corporation sold a
comk%nat,loﬁ, tPar(?ware/sg?tware %ack_gge ?or
communication between a PDP-11 serieS CPU
and an IBM 370 mainframe. Their 2780 Remote
Job Entry Subsystem transfers entire files be-
tween processors.  However, the particular
version suitable for use with our operating sys-
tem could reqyire 90 of each 100 milliseconds of
CPU time to hanale time-dependent protocol
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Figure 1. Laboratory data system.

requirements. The PEAK-11 foreground job
could regmre under certain circumstances, as
much as 50 of each 100 milliseconds of CPU time.
Thus we would be re%uwed ) suspend data ac-
quisition to ensure data transfer. "This was not
an acceptable solution in our laboratory where
samples frequently were automatically injected
around the clock.

We were therefore limited to con3|der|n% [)
Broaches that would allow transfer while hoth
EAK-11 tasks were running on the laboratory
comﬁuter We considered and discarded notions
of pnysical transfer of disks or magnetic tape
between sites because we desired essenti