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A fast, economical system for pesticide analysis.

oVineland, N.J. 08360

ance, fluorescence or transmission,
and measures density of migrated
spots against a reference value. It
uses a rugged, highly reliable optic
scanner to create outputs compatible
with existing chart recorders, digital
readout devices and other EDP hard
ware, including our new base line
corrector and calculating integrator.
Densitometer $3120.
The Kontes system can take you from
concentration to analysis quickly and
at low cost. For full information on the
system or any of its components,
contact your Kontes man or write
direct.
tPesticide Analytical Manual, Volume I, U.S. Dept.
HEW, Rev. January 1968 232.2-29 • Analytical Meth
ods for Pesticides and Plant Growth Regulators,
Volume VI; Zweig, G., and Sharma, J.; Academic
Press, N.Y. 1972-193
ttPa'ant #3,562,539
·Patent #3,496,068
··Patent pending.

KONTES

fungicides. Complete (except flow
meter) $550.
Tube Heater Concentrator. A com
pact unit with interchangeable heater
blocks allows better than ±0.5°C
control over a range of 30°C to 160°C.
Its movable base plate permits tubes
to protrude below heating zone to
prevent accidental evaporation of
samples. Complete, less tubes,
$210.43.
Chromaflex® TLC Spotter·-. This
unique device is specifically de
signed to enhance the accuracy of
densitometric analysis by precisely
controlling spot size. Up'to 2 ml of
solvent extract can be ,spotted in a
controlied diameter of 6 mm or less
with reproducibility ot ±2%. It is the
key to quantitative analysis, Spotter
$165.
Ko.1tes Densitometf:r+ t . For quan
li!ativ~ spot analyi;i5. this unique
K?ntss dHvelopm3nt· automatically
scans TLC plates by diffuse reflect-

Here is all the apparatus you need for
non-destructive pesticide analysis, at
a total cost lower than many single
analytical instruments.
Evaporative-Concentrator, Kuderna
Danish. This unit has wide applica
tion in pesticide analysis. Typical
solvents used are petroleum ether
and hexane. Heavier fractions reflux
until the final concentrate is collected
in the lower tube. Several sizes avail
able-complete 500 ml unit $63.54.
Sweep Co-Distil/ert -. Kontes offers
this patented apparatus for rapid
cleanup of samples prior to analysis.
The technique eliminates liquid col
umn use and reduces cleanup time
from hours to minutes. The Kontes
co-distiller is equally effective for
crop samples or fats and oils as evi
denced by their extensive use
throughout the world. Can be used
for organophosphates, PCB's and
chlorinated pesticides as well as
organic fumigants, herbicides, and
~Relistered lr.demark of Kontes Glass company

Exclusive Distributors: KONTES OF ILLINOIS, Evanston, illinois • KONTES OF CALIFORNIA, San Leandro, California
KONTES (U.K.) LTD., Carnforth, England
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Kemron.The answer to induslrys need for a 10lal syslem
of environmental analysis.

At Kemron lM environmental services.
we accurately assess the industrial
environment. Inside ... and out.
From ambient and emission air
monitoring ... to occupotionol heolth
and safety evoluotions. From woste
effluent onalysis ... to toxicological
determinotions. We have the highly
qualified personnel. the most
sensitive instrumentation and the
experience to meet industry's special
environmental requirements.
Thoroughly. Accurately. Confidentially.

This multi-faceted capability is
the result of our joining the foremost
laboratories in their respective fields
to give you a single source of expert
consultation and evaluation in
virtually every area of .environmental

quality.
And in a business where timely

results are critical. we can give you
the answers even before the question.
With Kemputer lM . A camputerized.
data monitoring networl~. Kemputer
has redefined the state of the art in
environmental monitoring technology.
[)esides the foil-safe capability for
accurate retrieval of all monitored
data. Kemputer can notify you when
excursions occur. Immediately.
Anytime of the day or night. And a
full report with all the information
you need for operating decisions is
reody in the morning.

You'll find that some l~ind of
thinl~in9 in all Kemron services. Well
planned. efficiently executed. [losed

KemRon

on clients' specific needs. Whether
it's determining air and water
quality ... helping industry evaluate
product safety ... or analyZing
employee exposures to hazardous
chemicals, dusts, mists and vapors,
Kemron does it precisely.

To find out more obout our total
system of measuring the quality of
the environment, call us at
614/374-2222, or write KEMRON,
235 Second Street, Dept. EST.
Marietta. Ohio 45750.

Kemron laboratories are located in Ooton
Rouge. Louisiana: Chicogo. Illinois:
Farmington Hills. Michigan; and Port
Neches. Texas.

5MKemron and Kempuler ore ~erv!Cemorks of
Oor9" Warner Corporotlon

Oorg·Worner Corporation
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Technetium-99 in the atmosphere. K.
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Levels of 99Tc and its decay product.
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origin of Tc from nuclear devices is
discussed.
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The calcining of copper concen
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lyzed.
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ter*. Tyler Hartwell. and K.J.C.
Smith

Theoretical predictions on exit gas
oxygen and S02 rcmoval arc con
firmed. Effects of other factors arc
investigated.
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dioxide in stack plumes. Stephen E.
Schwartz* and Leonard Newman

Factors governing the rale and ex
tenl of reactions in expanding plumes
arc examined for dilution and oxidant
or catalyst depletion.
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SUBSIDIARY Of MERCK &CO.. INC.

The Water Managers

<§~~~.

the exhausted carbon. We monitor
the treated effluent to be sure it
matches our agreed-on standards.
If your requirements change, we
can easily add modular units to
increase removal levels or volume
treated.

The best part is that, after feasi
bility tests are done and contract
terms settled, we can have a Calgon
Carbon Service system operating
at your plant within weeks instead
of months.

Get more details. Call:
(412) 923-2345 in Pittsburgh,
(201) 526-4646 in Bridgewater, NJ,
(713) 682-1301 in Houston,
(314) 863-3201 in St. Louis,
(415) 369-4684 in Redwood City, CA.
Or write for our brochure to
Calgon Environmental Systems
Division, Calgon Center,
Pittsburgh, PA 15230.

Concerned about
toxic organics in plant wastewater?

With the passing of the July I, 1977
deadline for the application of best
practicable pollution control technol
ogy, many companies are concerned
about the continued presence of
toxic organics in plant wastewater.

Granular activated carbon is the
.most effective and economical
process for removing these toxic
organics, including benzidine.

The Calgon Carbon Service
provides these additional benefits:
• No major capital investment

necessary
• No air pollution or sludge disposal

problems
• Minimal site requirement
• Improved performance of

subsequent biosystem
• Flexibility to grow with your needs.

We erect and maintain a compact
modular treatment system on your
plant site. We remove and replace
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GUEST EDITORIAL

Research in water reuse
The reclamation of wastewaters for reuse has

moved to center stage-stimulated by the increasing
demand for water and by the excellent quality of ef
fluents that are too valuable to discard.

Yet the direct reuse of wastewaters for water supply
is hardly new. Effluents have been used for industrial
purposes at a Bethlehem Steel plant in Baltimore and
for lawn watering and toilet flushing at Grand Canyon
Village for 40 years, and hundreds of other reuse
projects are serving a wide variety of nonpotable uses
throughout the country. What is new is the push for
direct reuse for potable purposes. This has culminated
in a bill in Congress, H R51 0 I, which would require
EPA to use almost 10% of its $263 million 1978 re
search budget for the development and demonstration
of the feasibility of direct reuse of wastewaters for
drinking.

Such an effort is misguided.
Research into the indirect reuse of wastewaters for

drinking deserves a far higher priority, as it would be
of immediate benefit to the many millions of people
who are now obliged to ingest waters drawn from
polluted rivers, where water-treatment facilities are
not now designed to remove the myriad synthetic or
ganic chemicals that are the contaminants at issue.
Such research would reveal their presence and con
centration, would develop monitoring and analytical
protocols, would establish the efficacy of treatment
processes to remove these contaminants, and would
attempt to identify the health significance of exposure
to these chemicals as we seek to reduce this expo
sure.

Research on direct reuse for drinking would do none
of these. A specific urban wastewater that is used to
demonstrate the feasibility of its conversion to
drinking water is likely to contain only a few of the
hundreds of chemicals that are troublesome, and a
demonstration that they can be removed would not be
applicable to other urban situations. Furthermore, the
standards against which to measure the performance
of the demonstration plant are not yet established, nor

are they likely to be available soon. Also, the fact that
a wastewater can be made to meet the "Drinking
Water Standards" is misleading, as the standards were
established on the assumption that the most desirable
sources would be used, not wastewater treatment plant
effluent.

The latency period for the diseases that are attrib
utable to chemical contaminants is on the order of
decades. A demonstration plant that would expose a
population needlessly is unconscionable. Meanwhile
it is unacceptable to conclude, as did the Corps of
Engineers in recommending that New York City ob
tain additional water supply from the Hudson, that
communities have already used the Hudson for
drinking "without ill-effects".

The proportion of our total water needs that is re
quired for drinking is small. If sufficient water from
protected sources is not available for all purposes,
water reuse is entirely appropriate for the many non
potable uses to which water is put. The UN Economic
and Social Council stated this philosophy well in 1958:
"No higher quality water, unless there is a surplus of
it, should be used for a purpose that can tolerate a
lower grade."

One wonders why agencies responsible for pro
moting the public health, such as EPA and AWWA,
press to foist wastewaters on the public for drinking.
Their efforts might better address improving the
quality of waters now being consumed, and identifying
the limited number of unpolluted sources in upland
tributaries and underground, and protecting them
against despoilation by uncontrolled urban and in
dustrial development.
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Oneof these Perkin-Elmer
Fluorescence Spectrophotometers

fits your need and your budget.

Whether you're looking for fluorescence for high-performance
research or routine analysis - start here.

Model 1000: Low priced, routine
quantitative analytical instrument. The

Model 1000 is designed to be
used primarily in laboratories

requiring a small,
convenient, precise and

stable instrument lor
performing routine

quantitative fluorimetric
analyses. Its capability

is due in part to a low
wattage stroboscopic

source of low ozone output,
coupled with electronics that

automatically integrate many signal
measurements, giving a fast, very

precise analytical result on built-in
digital readout.

a lower price, the Model 204A with meter should be con
sidered. For those who have the need

to record emission and excitation
spectral data at a reasonable
price, whether in the routine

situation such as in the
identification of morphine in

toxicology or for the more
general application of analytical

methods development, the Model
204A with recorder should be

considered. Circle No. 29

The Modell 000 should be
considered for clinical

chemistry, pharmaceutical quality
control, environmental pollution

control, and forensic and toxicology
laboratories where emphasis is on routine

quantitative analyses of a relatively large number
of samples. Circle No. 30

Get more details. Talk to your Perkin-Elmer representative
or write Instrument Division, Perkin-Elmer Corporation,

Main Avenue, Norwalk, CT 06856.

Model MPF·44A: Top-ol-the-line,
research quality, high
perlormance instrument. In
terms of basic performance,
the MPF-44A represents the
top-of-the-line in wavelength
range (200-1200 nm), wavelength
accuracy (±0.3 nm), resolution
(0.2 nm), sensitivity (in sub ppb's
of quinine sulfate) and range of
accessories (Corrected Spectra, TLC
Scanner, Polarizer, Solid Sample
Holder, Phosphorescence,
and more). Circle No. 27

Model 512A: First
combined double
beam fluorescence
and absorption
instrument available
at a moderate price.
The combination 01
performance, price, and
measurement versatility
makes it an extremely attractive
instrument for a large percentage
of uses. Included are routine
analytical or quality control work, the
need to cancel out fluorescent 204A
blanks, the capability of differentiating
very small differences between two
similar samples, and research work
requiring good performance. Circle No. 28

Mode1204A: Low priced, routine analytical
instrument. For laboratories requiring an instrument to
do routine quantitative analysis or quality control work at

Perkin-Elmer is the place to start when you're considering
a spectrophotometer. These four instruments give you
a fUll choice of operating features at prices to fit
every budget. And whichever you choose,
Perkin-Elmer back-up makes sure you
get the results you want.

PERKIN-ELMER
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INTERNATIONAL

"The hotter the sun, the cooler the
house," Gershon Grossman of the
Technion (Haifa, Israel) proves
with a new, spherical solar energy
device. The spherical device, unlike
many nat plates, essentially tracks
the sun, and heats a nuid to
200 0c. Grossman and his co
worker, the University of Colora
do's Frank Kreith, say that the col
lector can provide enough energy
for space heating and Rankine
cycle air conditioning, and even
to operate some home appliances.
It is made of steel, sprayed with
polyurethane, and machined into
its shape. Hot water is stored in
a pressure tank. The device works
best in a sunny climate, and can
be installed for $1200, on a mass
produced basis, in a 3-bedroom
home.

WASHINGTON

Toxic or carcinogenic chemicals
have been found in 14 major river
basins. The EPA findings, reported
in "Monitoring to Detect Previous
ly Unrecognized Pollutants in Sur
face Waters," are the results of 204
water sample analyses. The sam
ples were taken from industrialized
river basins including the Illinois,
Delaware, Mississippi, Tennessee
and Willamelle; and from the
Great Lakes and San Francisco
Bay. Among the organic chemicals
found, in concentrations generally
less than I ppb, were benzene, ace
tone, toluene and dichloromethane.

New amendments (P.l. 95-190) to
the Safe Drinking Water Act were
passed last month. Two significant
regulations are being considered by
the EPA. One would set the
upper limit on trihalomethanes at
100 ppb for communities with pop
ulations over 75000. Communities
with populations between 25 000
75000 would be required to moni
tor their potable water sources for
trihalomethanes. The second regu
lation would, for the first time, re
quire that communities with popu
lations over 75 000 modify their

CURRENTS

plants to include removal treat
ments such as carbon beds. If, how
ever, a city could show that its po
table water supply contained no or
ganics, it could apply for a vari
a'lce.

The EPA has issued new regula
tiolis implementing sections of the
1977 Clean Air Act Amendments.
Each state must classify clean air
areas as Class I (air quality re
mains unchanged), Class II (mod
erate industrial growth is allowed)
or Class III (intensive industrial
growth is allowed). One final rule
designates eertain areas--basically
national parks and wilderness
areas-as Class I areas that cannot
be redesignated into the other two
classes. Of the proposed rules, one
would require a preconstruct ion
permit for any of 28 major pollu
tion source categories; another rule
would require that a new source
use the best available pollution con
trol technology to obtain a con
struction permit. The fifth report
in EPA's series on air quality in
the U.S. is now available. The
shortened title is "Air Quality
Data-I975 Annual Statistics ..."
EPAj450j2-77-002.

OTA director Peterson

Russell W. Peterson becomes the
second director of the Congres
sional Office of Technology Assess
ment this month. Peterson will re
linquish his responsibilities as pres
ident of New Directions, a citizen's
lobby concerned with global issues.
Prior to assuming the presidency
of the 2-year-old lobbying group,
Peterson was chairman of the Pres
idcnt's Council on Environmental
Quality, and Governor of Delaware.

During fiscal 1978, TVA will invest
more than $600 million in construc
tion of water and air pollution con
trol projects at 12 of the Tennessee
Valley Authority's coal-burning
power plants. Construction plans
call for the upgrading of existing
control systems for water dis
charges at coal-burning plants and
cooling towers to reduce heated
water discharges at new nuclear
power plants. Air pollution control
measures call for the use of high
efficiency electrostatic precipita
tors for ny ash control and other
equipment to meet sulfur dioxide
emission standards. TVA plans to
implement a demonstration project
for nuidized-bed combustion of
coal.

A new molecule, dioxirane, may
playa role in smog formation says
NBS scientists, discoverers of this
three-membered ring compound
(HiXX». This simplest member
of a new class of organic com
pounds was detected by NBS phys
icists using low-temperature micro
wave spectroscopy, and confirmed
by NBS chemists using low-tem
perature mass spectrometry. Dioxi
rane is formed as an intermediate
in the reaction between ozone and
ethylene, a key reaction in the
chemistry of photochemical smog
formation.

PUBLISHER'S NOTE

To conform to provisions of U.S. copyright law ef
fective January 1, 1978. the American Chemical
Society is instituting new procedures.

Contributors and readers will notice two
changes:

(1) Authors will be required to transfer copyright
to ACS by means of a simple form. The relationship
between the Society and the author will remain un
changed, however, since under prior copyright law
ACS has in fact been the copyright owner of indi
vidual articles.

(2) Issues published after 1/1/78 will have a
multipllHligit code at the foot of the first page of
most articles. This code signifies ACS participation
in the not-for-profit Copyright Clearance Center.
Operation of the Center will permit libraries and
other institutions to reproduce legally and without
delay joornal articles beyond "fair use" as described
in the new law and accompanying guidelines.

Questions on the new copyright law or ACS pro
cedures may be addressed to the Office of the Di·
rector, Books and Journals Division, American
Chemical Society, 1155 16th Street, N.W., Wash
ington, DC 20036. Or call (202) 872-4556 or
4367.
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The NSF has awarded $527100
to a utility to study the use of ther
mal wastes from power plants as
an energy source in raising aquatic
foodstuff. The grant from the Na
tional Science Foundation to Pub
lic Service Electric and Gas Co.
is one of the largest grants awarded
under the foundation's Research
Applied to National Needs.

STATES

Colorado has new drinking water
regulations that are modeled after
federal regulations. Most of the
state's new regulations apply to
only 800 community water sys
tems. Among the new provisions is
one requiring that drinking water
not only be disinfected with chlo
rine but also filtered to remove
Giardia lamblia cysts. The new
regulations set limits for mercury
and nitrate and surface water qual
ity limits for several pesticides. All
community water systems must
begin to sample their water, at
least twice a month, for microbio
logical contamination; communi
ties that get their supply from sur
face sources must test for turbidity
daily. Annual analyses for inorgan
ic chemicals and triennal analyses
for organic chemicals must be per
formed by communities using sur
face-water sources.

Washington's 1977 Voluntary Ve
hicle Emission Checks found that
46% of the automobiles tested
failed to meet the standards set for
carbon monoxide and hydrocarbon
emissions. Some 907 cars were test
ed in Seattle and Spokane. In both
cities, four-cylinder cars made a
better showing than six- and eight
cylinder vehicles; and new cars
were found to fail at about the
same rate as older models because
these new cars must meet stricter
emissions standards. These volun
tary checks arc part of the state's
Dept. of Ecology's program to edu
cate the driving public to obtain
improved vehicle performance and
reduce air pollution.

Virginia and the City of Hopewell
received $5.25 million from Allied
Chemical Corp. in payment for
damages resulting from the Kepone
disaster. The state's share, $4.6
million, will be used to assess the
feasibility of burning Kepone
wastes, and for designing the neces
sary incinerator. Hopewell's share,
$650000, will help defray the costs

8 Environmental Science & Technology

of repairs to the city's sewage col
lector and treatment system. Vir
ginia's toxic substance inventory
reporting program went into effect
this month; the program was the
state's response to the Kepone di
saster. Virginia's program requires
reporting from a broader range of
companies than docs the federal re
porting rules being drawn up under
the Toxic Substances Control Act.
Inventory reports, with provisions
for confidentiality, will be stored in
a computer to permit 16 different
state agencies access to the infor
mation.

N.J. governor Bryne

Newark, N.J., is the site of the
state's first resource recov('ry facili
ty. The si te was ded ica ted in 0

vember by Gov. Brendan T. Byrne
and Newark Mayor Kenneth A.
Gibson. The facility, valued at
$40-80 million, will initially pro
cess 1000 tpd of solid waste. The
facility will be owned and operated
by CEA/OXY Resourcc Recovery
Associates, a joint venture of Com
bustion Equipment Associates
(N.Y.) and Occidental Petroleum
Corp. (Calif.). Under the terms of
a 20-y contract with ewark,
CEA/OXY will recover ferrous
metals; non-ferrous metals and
glass as markets for these materials
develop; and a low-sulfur refuse
derived fuel called ECO-FUEL® II
developed by CEA and Arthur D.
Little. Under a sepa ra te 20-y con
tract, Public Service Electric and
Gas Co. will purchase the fossil
fuel substitute produced at the

ewark facility.

What is ew York's hydroelectric
potential? To find out, the state's
Energy Research and Development
Authority is conducting a I-y,
$168000 study to evaluate the po
tential for small hydropower plants
at old and new sites, where produc
tion potential is between 50-15 000
kW. Up to 20 sites with the poten-

tial for rapid development will be
selected; these sites will be selected
after all economic, institutional and
environmental factors arc consid
ered.

Kentucky's most acute ('nvironmen
tal problem according to Robert
Bell, secretary of the state's Dept.
of Natural Resources and Environ
mental Protection. is the lack of
"sufficient technically qualified,
highly motivated staff profession
als" to enforce federal and state en
vironmentallaws. Bell said that his
department would seck the neces
sary financial support to hire these
professiona Is.

MONITORI C

An early warning and organic mate
rials d('tection n('twork is being set
up on the Ohio River under a
$100000 EPA grant to the Ohio
River Valley Sanitation Commis
sion (ORSANCO). The Early Or
ganics Detection system, as the
network is called, is an adjunct to
ORSANCO's ongoing monitoring
programs. The initial system will
consist of weekday monitoring for
several organic substances at seven
sites on the Ohio River and its trib
utaries. The Commission and the
EPA arc seeking additional funds
to increase the monitoring sites to
II-the minimum number consid
ered necessary for early detec
tion-and to cxlend monitoring to
a daily basis. The system is to begin
operating late this month under the
dircction of Bill G. Razor.

Groundwat('r supply jpollution can
easily be traced with bromide ion
(Br-). According to William Jester
of The Pcnnsylvania State Univ.,
Br- docs not, itself, pollute. It stays
with the water to which it is added,
and is not removed by soil. It can
easily and cheaply be detected by
neutron irradiation.

Particulate emissions' molecular
identify at oil-fired power plant
stacks can be ascertained through
Raman spectra after collection on
sapphire substrates, according to
the ational Bureau of Standards.
Fly ash composition can be deter
mined, as can the presence of toxic
substances. such as vanadium pent
oxide.

Measurement accuracy of a chlo
rine gas analyzer is maintained by
heat exchanger. Measurements
made by the Du Pont 400 photo-
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metric analyzer help to control
chlorination reactions in several

. ways-measurement of the partial
pressure of chlorine in off-gas from
the reactor; measurement of con
centrations of dissolved chlorine in
the reaction mass or of one of the
reaction products. "If sample cell
temperature nuctuates more than
10 °C, as much as 10% error can
be introduced in differential gas
concentration measurements and
the entire reaction process suffers,"
says Du Pont Instruments' Glenn
Apple. "The spiral tube steam heat
exchanger easily maintains the
sample cell chamber to within ±2
°C to help keep the analyzer's
readings on target."

TECHNOLOGY ,

A 90% overall reduction in dust
emissions from grain elevators is
achieved with rotary-screw air
compressors made by Ingersoll
Rand (Woodcliff Lake, N.J.).
These compressors arc part of a
dust control system at the Sas
katchewan Wheat Pool (Thunder
Bay, Ont., Canada). Essential to
the cleanup operation is a rcliable
supply of compressed air, "c1oth"
filters, and properly-shaped fan
blades. Dust cakes on the outside of
the filters, blown off for collection
in hoppers, and conveyed away.
The collected dust is made into ani
mal food pellets.

Cooking with hydrogen gas

A home can be run on hydrogen
(Hz) instead of natural gas. To
prove this, Billings Energy Corp.
(Provo, Utah), The Tappan Co.
(Mansfield, Ohio), and other firms
cooperated in building a 6000-ft 2•

25-room, $200 000 home that was
dedicated in November. All nor
mally gas-fired appliances arc run
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on hydrogen stored in an iron-tita
nium hydride alloy, and extracted
through solar heat. The storage is
rechargeable. With the house is an
H2/gasoline dual-fucl Cadillac, an
H2-fueled mini-bus, and Hyfueled
tractor. The bus can carry 21 peo
ple. Initially, the hydrogen will be
made by breakdown of water by
electricity.

Air pollution-free sludge incinera
tion is accomplished at a wastewa
ter plant in Louisville, Ky. Siudge
burning ash at 600-800 ° F must be
cooled below 400 ° F to meet bag
house tolerances. This is done with
clinker grindcrs and holding hop
pcrs that arc water-coolcd. Thc
water does not touch the ash;
hence, no water pollution occurs.

Solar energy may be useful for cer
tain industrial process heat
supplies, But currcnt costs are pres
ently too high for widesprcad usc.
Elton Hall of Battclle Columbus
Laboratories (Ohio), noted. Solar
encrgy can cut some industrial fuel
bills, but system costs must be re
duced, or inccntives for its usc must
be established. Capital costs must
be reduced, in order to provide a
short payback period. Also, for cx
ample, fuel costs are tax-deducti
ble, whereas solar energy systems
are deductiblc only under specified
deprcciation schcdules. Thus. fossil
fuel remains more economical for
industry at this time, in general.

INDUSTRY

Recycling 100 Ib of aluminum can
save 200-300 gal of gasoline; thc
aluminum is from the average new
U.S. car; the "gas" saved is over
the car's lifetime. This is the view
of the Aluminum Association
(Washington, D.C.), which also
says that if, by 1985, aluminum
content rises to 325 Ib/car, each
new car driver would save almost
1000 gal of "gas." The recycling of
aluminum, itself, saves much ener
gy over smelting of aluminum from
ore, as the report, "Energy and the
Aluminum Industry," points out.

The paper industry's capital outlays
were $564 million for environmental
improvement in 1976, This repre
sented 29% of all such expendi
tures, Isaiah Gellman, executive
vice president of the ational
Council of the Paper Industry for
Air and Stream Improvement
(NCASI, Ncw York City), said.
For the same purposes, fixcd ad-

ministrativc/research costs are es
timated at $828 million for that
year, and tax-exempt bonds fi
nanced 44% of the environmental
protection capital construction pro
grams, Gellman noted. That was a
decline from the 54% level reported
for 1975. A survey of primary
paper plants generated these fig
urcs for NCASI.

RecentlY-llassed federal drinking
water standards could raise the av
erage family's water bill to
$1185/y, especially in a small
town, Duane owl in, of Ecodyne
Corp.'s Lindsay Division (St. Paul,
Minn.), warned. owlin believes
the crux of the problem to be the
requirement that all municipal
water must meet this standard. He
questioned the need for water, say
for toilets, or fire fighting, to meet
tight drinking water standards, and
suggested that it would be far
cheaper to have home purification
units to treat that water which is to
be used for drinking, cooking or
bath water. owlin feels that much
of the cost for upgrad ing wa ter
could then be sharply cut.

The .S. chemical wastes manage
ment industry is running at only
half capacity, while more than 3
million tons of such wastes arc
being dumped in inadequate dis
posal sites. This view was expressed
by Charles Johnson, technical di
rector of the National Solid Wastes
Management Association
(NSWMA, Washington, D.C.).
Johnson said that the industry has
the capacity to take care of all
chemical wastes, but noted that it
cannot compete in price with envi
ronmentally hazardous open
dumps, and non-secure landfills.
But he expects that tougher laws on
hazardous wastes will force proper
disposal, and reduce improper
landfilling, ocean dumping, and
perhaps, deep-well injection.
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Introducing ES &T's ...

. . . Advisory board

Dr. Christman has appointed two new
members and reappointed a third
member to the Environmental Science
& Technology advisory board. Mem
bers of the board are normally ap
pointed to a three-year term. Dates
(end of year of service) of the full
board are shown in the table. Bio
graphical information of earlier board
members appeared in the January
1977 ES& T. pages 16-17.

Charlson 1979 Sebastiall 1978
Levin 1978 Trussell 1980
Minear 1979 Tuesday 1980
Morel 1980 Wilsoll 1979

Ore/ll 1978

The members are drawn from the
ranks of those activc in thc fields of
environmental seience and technolugy.
They represent a wide variety of dis
ciplines and interests, and lend the

benefit of their experience to the con
tinuing effurt uf I~S& T to serve its
readers in thc must cumpetent fash
lun.

Through furmal meetings once or
twice a year. and informal communi
eatiun via the tclcphune and mails. the
buard mcmbers scrvc tu advise the
editur un content and subject matter
and to assist. when re4uested. in solv
ing problems tha t a rise.

Dr. Russell F. Christman,
editor

University of North Carolina

Dr. Roger A. Minear
University or Tennessee

Dr. Charles R. O'Melia,
associate editor

University or North Carolina

Mr. Sidney R. Orb"
Industrial Gas Cleaning

Institute

Dr. Robert J. Charlson
University ur Washinglon

Mr. Frank P. Sehastian
Envirotech Corporation

Dr. Arthur A. Le,in
Battclle Memorial Institute

Dr. Charles S. Tuesday,
reappointed

General Motors Research
Laboratories
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Or. William F:. Wilson, Jr.
Environmental Protection

Agency

Or. Fran~ois M. M. Morel, as
>ociate professor of civil engi
neering at the Massaehusells
Institute of Technology (M IT).
received his Liccnce-es-Sci·
enees (1966) from the Univ
ersitc de Grenoble (France).

and his M.S. (1968) and Ph. D.
(1971) from the California
Institute of Technology. He
joined the MIT faculty in 1973,
and was appointed to his
present position in 1976.

Dr. Morel was the recipient
of the Doherty Professorship in
Ocean tilization at MIT from

Morel

1974-77. He is a member of
the ACS, AAAS and the
American Society of Limnolo
gists and Oceanographers.

Dr. Morel has authored nu
merous technical papers and
reports. He is especially inter
ested in the interactions be
tween chemical pollutants and
microbiota in aquatic sys
tems.

Dr. R. Rhodes Trussell, vice
prcsidcnt of James M. Mont
gomery. Consulting Engineers.
Inc. (Pasadena. Calif.), re
ceived his B.S. (1966). M.S.
(1967) and Ph.D. (1972) in
sanitary engineering from the
University of California at
Berkeley. He joined J MM in
1972 and was appointed to his
present position in 1977.

Dr. Trussell is active in thc
AWWA Standard Methods
Commillee, and is preparing a
chapter on disinfection for the
new AWW A Water Treatment

Trussell

Plant Design Manual. Included
among his areas of special in
terest arc the control of micro
biota in water and the behavior
of trace organics in water.

He is the author of 28 arti
cles. and a member of ACS,
AAAS, IAWPR, AWWA,
WPCF, NACE, AIChE and
Sigma Xi.

... Washington editorial staff

Slanton S. Miller
managing I'ditur

Julian Josephson
a,fS()ciale editor

Lois R. Ember
associate editor

Biographical information on
the Washington editorial staff
appeared in the January 1977
J:.S&T. pages 17-18.

Manuscript reviewing staff

Katherine Biggs
manager

Sheila M. Kennedy, an editorial
assistant for J:.S& T. joined the
manuscript reviewing starr in
March 1977. She earned her
B.A. degree in chemistry and
English from the University of
San Diego. San Diego. Calif.
Ms. Kennedy is also an edito
rial assistant for the Juurnal oj
Agricultural and Food
Clll'mistrr, and the Juurnal oj
Chemical and I"'ngilleaing
Data.

Biographical information on
Kathcrinc Biggs appcarcd in
the January 1977 t"S&T. page
18,

Kennedy
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The chlorination quandary
On the one hand, water must be disinfected;

on the other hand, undesirable products can result.
How to resolve this dilemma was discussed in Tennessee

like), plus "precursors" will yield
chlorinated organics, for example.
Typical precursors could be naturally
occurring humic acids, such as
parahydroxybenzoic acid or vanillic
acid, or they could be various indus
trial waste components.

Whatever the precursors are, the
halogenated products that are formed
occur in parts-per-million (ppm), and
even much smaller, though detectable
quantities. Thcy can be determined by
gas chromatography/mass spectrom
etry (GC/MS), or similar advanced
methods. In this regard, M. Sonneborn
of the Federal Health Office (West
Berlin, Gcrmany) told the conference
that in his experience, chloroform is
the TH M in the largest concentration
in drinking water, but that fluorinated,
brominated, and iodinated species also
occur. These latter, Sonneborn said,
may originate from impurities in
chlorine used for disinfection, and
from organic precursors in raw
water.

Chlorine used as a cooling tower
biocide, which then may go out with
the "drift", or with effluent discharge,
might lead to trace halocarbon for
mation. ORN L's Jolley explained how
some of these showed up in cool ing
tower, and certain other waters in
Tennessee near a TVA power plant.
Among compounds found were chlo
roform, bromodichloromethane, and
bromoform.

However, more of the brominated
compounds may be found in a marine
area. Indeed, they seem to be what was
turned up by the University of Miami's
Rosensticl School of Marine and At-

Dlchlorobromomethane

~-- Chlorobenzene

Chloroform

define other health and bioaccumula
tion effects more completely. Jolley
also said that facts must be gathered
concerning effects of heavier molecu
lar-weight halogenated organics
(halocarbons), as well as THM, in the
environment.

In the foreseeable future, nation
wide regulations concerning abate
ment of undesirable halocarbons will
increasingly be on the books. But be
fore any rational regulations call be
drafted, the production, fate, and ef
fects of these undesirables must be far
better understood than they arc at
present, Jolley pointed out.

How they're made
The chemistry of THM and other

halocarbon production is complex. But
10 "boil things down:' one can say that
chlorine (or hypochlorites, and the

Dlbromochloromethane

Trichloroethylene

Bromoform

In late 1974, when Congress passed
the Safe Drinking Water Act, many
expected that then-President Gerald
Ford would veto it. But then came the
news from New Orleans, La., that the
city's drinking water contained pesti
cides, halogenated organics, and othcr
such compounds, some of which were
suspected to be powerful carcinogens.
The rest is history.

Against the risk of those com
pounds, however, one must weigh the
much greater risk of failure to disinfect
water altogether. As Guillermo H.
Davila of the Washington, D.C., office
of the World Health Organization
(WHO) reminded a dinner session of
the Conference on Water Chlorina
tion: Environmental Impact and
Health Effects, chlorination is still the
most known and acceptcd technology.
Davila also noted that this technology
is, at present, the best for the devel
oping countries, where disinfection is
a major need.

The conferencc was held in early
November at Gatlinburg, Tenn., and
was jointly sponsored by (DOE) and
Oak Ridge National Laboratory
(ORNL, opcrated by Union Carbide
for DOE), and hosted some 300 at
tendees. One of the principal organiz
ers, ORN L's Robert Jolley, told
ES& T that an aim was to present re
sults of research efforts accomplished
since the previous conference (ES& T.
January 1976, p 20). Another was to
shed more light on new problems.
These include getting a better "han
dle" on carcinogenicity/mutagenicity
of chlorination trace by-products, such
as trihalomethanes (TH M), and to
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mospheric Science (Fla.), where James
Carpenter and his colleagues came
across these chemicals in Miami's
Biscayne Bay. For instance, bromo
form was found in concentrations of
about 360 ppb by GCjMS techniques.
The chlorine that reacted with natural
and sewage-borne precursors, and
halogen ions in the water, is believed to
originate at nearby power plants.

Actual quantification of waterborne
halocarbons is in its infancy. But
progress is being made. For example,
James Symons of the U.S. EPA (Cin
cinnati, Ohio) observed that in West
Germany, there is now a classification
of "total organic chlorine" (TOCl). He
gave an example from the Ruhr River,
in which "TOCl" of 168 ppm was
found in one analysis, of which only 14
ppm consisted of TH M.

"So what!?"
"So what'?", one asks. "Why worry
about chemicals that exist in such
seemingly infinitesimal amounts')"
Why, indeed? Because these "trace
amounts" do some interesting things.
Just for openers, they may show mu
tagenic properties.

Vincent Simmon of SRI Interna
tional (Menlo Park. Calif.) told how
certain halocarbons-in this case.
alkyl halides~in trace quantities were
"Ames tested" at 37°C on a special
strain of the bacterium. Salmonella
typhimurium. This strain was depen
dent upon histidine in order to live. If

WHO's Davila
"One must weigh risks"

the Salmonella reverted 10 a natural,
non-histidine-dependent form at an
accelerated pace, the compound tested
was deemed to be mutagenic, and a
candidate for animal, or even human
autopsy tissue tests.

Bromoform, dibromochloro-
methane, and vinyl chloride, for in-

stance, were found to be mutagenic to
the Salmonella. Interestingly enough,
by contrast, chloroform and carbon
tetrachloride were essentially not
this could give rise to some arguments,
perhaps' But those compounds-and

ORNL's Jolley
a beller "handle" on by-products

Simmon listed many-which were
mutagenic should be considered "90%
effective in proving to be carcinogen
ic," he warned.

What, then, can be done to mitigate
the halocarbon situation? Robert
Hoehn of Virginia Polytechnic Insti
tute (Blacksburg) described experi
ments being done with powder-acti
vated carbon (PAC) as a possible ad
sorbent for these compounds. Others
told the conference about granular
activated carbon (GAC), as well as
PAC; synthetic resins; and combina
tions of resins, GAC, and PAC. But
more data are needed, especially with
regard to the capacities of carbon and
resins to trap and hold the various of
fending compounds, and whether ab
sorption of certain compounds will
cause desorption of others.

Hoehn's data indicated that coag
ulation, Oocculation, and sedimenta
tion, followed by measured doses of
activated carbon, show promise for
effective precursor removal. And pre
cursor removal prior 10 chlorination is
probably the best way to reduce TH M
and other halocarbon content in
drinking water or waste efnuents.

On the other hand, Stephen Hubbs
of the Louisville (Ky.) Water Co., said
that his company's work shows sub
stantial TH M reduction by presettling
prior to chlorination. Hubbs also said
that post-ammoniation helped to cut
TH M by about 200/0 in the distribution
system. but that "excessive coagula
tion" does not reduce TH M produc
tion significantly. As for active carbon,

higher activity and smaller pore size
distribution enhanced THM removal
efficiency, Hubbs noted.

Alternatives
What about getting away from the

halocarbon problem by disinfecting
with a substance other than chlorine or
hypoehlorites? EPA's Symons said
that such a substance must

• be a good biocide; that is, knock
out bacteria, viruses, protozoa and
their cysts, and other pathogens

• be cost-effective
• produce fewer hazardous by

products than chlorine produces
• provide an easily measurable re

sidual.
Among chemical alternatives dis

cussed are ozone (0), which is coming
into increasing use; chlorine dioxide
(CI02); and, more recently, bromine
chloride (BrCI).

Ozone has been covered frequently
in ES& T. and appears to be the most
immediately promising alternative so
far. C102, from results of pilot-scale
work, seems to have good disinfection
potential without leaving possibly
harmful residues. And, according to
Ethyl Corp., BrCI disinfects rapidly
more so than does chlorine-is safer to
handle, and easier to store. But BrCI is
in the very earliest of experimentation
and development stages at this time.

Analysis. Determining trace
halocarbons

However, alternatives may not be
problem-free. For instance, Louisville's
Hubbs noted that although 0) will
reduce precursors in raw water, it is
not as effective on precursors after
coagulation. And he said that after
significant contact time, CI02 con
verted some existing non-precursors
into precursors.

For a long time, yet
Nevertheless, in many areas, as the

WHO's Davila pointed out, the risk of
epidemic far outweighs the halocarbon
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risk. And those areas' countries do not
have the time or funds to develop al
ternatives to chlorine, or precursor
handling systems; moreover, they need
disinfection now. Thus, good old
fashioned chlorination will be around
for a long time, yet, for that reason
alone.

That is not to say that halocarbon
problems and alternatives to chlorine
will always be ignored. On the con
trary, Davila said, these things will

come as world economic development
progresses.

But there is quite a way to go. For
instance, in many areas, water quality
surveillance is well-nigh non-existent.
There is no trained technician help
(ES&T. September 1977, p 851),
community participation, or compe
tent management for drinking water,
or wastewater treatment.

However, attention is being given to
problems of safe drinking water in

more areas of the world, Davila ob
served. Eventually, removal of unsafe
trace substances, and innovative ways
to treat water, will become practice in
many different countries. But one
should not expect fast action in this
regard when, even in a country as de
veloped as the U.S., knowledge of en
vironmental/health effects of chlo
rination, and experience with many
disinfectants other than chlorine, need
further development. JJ

SOx scrubbing:
clearing the air

A Florida symposium covered numerous FGD technologies.
But future emphasis may be on recoverable materials

and salable by-products, as well as air cleanup

Some praise the Clean Air Act and
its subsequent amendments. Others
condemn it. But all can agree that the
Act is a technology-pushing, if not
technology-forcing statute. That
statute is one stimulus for nue gas
desulfurization (FGD) scrubber de
velopment and evolution.

As of now, quite a variety of scrub
bers is developing. Some, for example,
do not regenerate the SOx reactant;
others aim at doing so. Some will
generate hopefully marketable by
products; others will not. A common
scrubber by-product is gypsum whose
manufacture by this means is not
deemed to be cost-effective in the U.S.
By contrast, FGD was a prime gypsum
source in Japan until recently, when
the market became glutted. The mat
ter of gypsum as a product of SOx
abatement was one topic discussed at
the Fourth Symposium on Flue Gas
Desulfurization, sponsored by EPA's
Industrial Environmental Research
Laboratory (Research Triangle Park,
N.C.). It was held at Hollywood, Fla.,
last November, and drew more than
800 attendees.

Third option

ES&T readers will recall the men
tion of three options with respect to the
firing of coal in a "cleal!" manner
(August 1977, p 750). Option No. I
involves pre-cleaning of coal. Option
No. 2 comprises nuidized-bed com
bustion (FBC). And Option No.3 calls
for FGD scrubbers, which the EPA
says-with a weather eye on the other

18 Environmental Science & Technology

two options-is still the most promis
ing technology, at least for the near
term, for meeting present and forth
coming clean air regulations.

Enforcement of these regulations for
existing and, especially, new stationary
sources "will not be timid," the key
note speaker, David Hutchins, EPA's
assistant administrator for air and
waste management, announced. He
characterized the Clean Air Act
Amendments of 1977 as a "mid-course
reaffirmation," rather than "correc
tion" of the clean air program. He
noted that Congress "did not intend
that energy and economic problems
should be allowed to degrade air
quality."

Hawkins said that by three years

EPA's Hutchins
enforcement will be bold

after the federal authorities declare
that mandatcd air quality standards
have been generally attained, all plants
that were previously granted exten
sions must be in compliance with SOx
and particulate guidelines. However,
up to five years would be allowed for
facilities working on, and installing
"innovative technology." He warned
that no extensions would be allowed
for "convenience," and that EPA "will
have the weapons to deprive violators
of all economic advantages that non
compliance might otherwise bestow."
The standards that will have to be met
are under draft, pursuant to the new
law. Hawkins reminded the sympo
sium that applicable regulations must
be finalized by August.

Hawkins also said that with some of
the new source performance standards
(NSPS) and "best available control
technology" (BACT) regulations en
visaged, even scrubbers might not help
to meet performance standards in the
case of high-sulfur coals. He noted,
however, that pre-cleaning of thest'
coals could mitigate such a situation.
Hawkins defined "new source" as a
facility that has not commenced con
struction as of the date of publication
of proposed regulations.

Megawattage

As of August, 29 FGD units to ser
vice 8914 MW were on line, and 28
more (II 810 MW) under construc
tion, Timothy Devitt and Bernard
Laseke of PEDCo Environmental, Inc.
(Cincinnati, Ohio), said. In addition.
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THE FLUE GAS DESULFURIZATION
SYSTEMS MARKET

S02 removal. Sulfur was produced,
and less than 1.5% of the S02 was
converted to sulfate. The system reacts
S02 and H2S in an aqueous citrate
mcdium.

In addition to sulfur, sulfuric
acid-less than 1.5%- is formed. This
is converted to sodium sulfate, which
can be used as a secondary chemical
feedstock. or disposed. Since the pro
cess can apply to very high-sulfur coal,
demonstration at St. Joe's G.F. Wea
ton electric station near Pillsburgh,
Pa., at 156000 scfm, is scheduled.

Bollom-line costs for a system are
estimated at less than $73 million
(capital), with a 2.73 mills/kWh op
erating cost at 1000 MWe, usc of
2.5%-S coal, a midwest location, and
1977 dollars. Gross energy consump
tion is put at 3.8%.

Other developments involve scrub
bers with other than lime or limestone.
For example, the Philadelphia Electric
Co. has been testing out a regenerable
magnesium oxide (MgO) system that
the company says is 93% efficient in
S02 removal, and produces a market
able n% sulfuric acid. MgO is regen
erated by nuidized-bed recalcining of
dried magnesium sulfite. However,
availability problems must be over
come.

At an Air Products and Chemicals,

These system have been undergoing
rigorous testing since 1975 by South
ern Co. Services, Inc. (Birmingham,
Ala.).

In the "regenerables" processes,
orthern Indiana Public Service Co.

(N IPSCO) completed acceptance
testing with 12 days at 320000 aefm,
or 92 MWe; and 83 h at 390 000 acfm,
or 110 MWeofa Davy Powergas.lnc.
(Wellman-Lord)/ Allied Chemical
S02 reduction process in September,
at Gary, Ind. A one-year long-term
reliability test cummenced that month.
The process by-produces sulfur with a
99.9%-reagent grade-purity. Re
moval efficiency comes to 91 %: parti
cle emissions to 0.04 Ib/ I06 Btu;
steam/electricity/gas cost to $43/h:
and sodium carbonate makeup to 6.2
tpd. In all cases, these figures bellered
performance criteria. The Allied
Chemical S02 reduction process has
even operated well for smelter appli
cations, according to NIPSCO and the
EPA, which shared costs.

Base metal smelters, incidentally,
have a very heavy SOx emissions
problem. Thus, at one, in Kellogg.
Idaho, Murrison-Kundsen Co., and SI.
Joe Minerals Corp. tested (100 scfm)
a citrate FGD prucess first developed
by the U.S. Bureau of Mines. Pilot
operation has shown more than 99%

68 systems (32 628 MW) were in
various stages of planning. These
numbers were 3291, 6777, and 27 768
MW, respectively, in 1974. PEDCo
spokesmen estimated that while FGD
in 1975 constituted about 3% of eoal
fired capacity, it was close to 4% today,
and could be 15% by 19S0.

By contrast, in Japan, there arc al
most 1000 FGD plants (about 31 000
MWequivalent) of all sizcs, which also
make marketable, mainly gypsum,
by-products, Jumpei Ando of Chuo
University (Tokyo) pointed out. Ando
docs not foresee too many more FGD
plants' being built in Japan because
stringent ambient or performance SOx
regulations arc "almost allained," and
by-products arc in oversupply.

On the other hand, a new air clean
up effort-simultaneous SOx/ Ox
removal- is being undertaken in
Japan, at about 40 plants. A catalytic
ammonia (NH1) process is presently
considered "most promising," with
85-95% nue gas NOxremoval with an
NH 3/NOx mole ralio of 1/1.2 at
300-400 dc. Nitrogen and water arc
the products.

Meanwhile. the federal authorities
in West Germany (I:S& T. PAT re
port, March 1977, p 226) arc "postu
lating" the equivalent of 0.3 Ib S02/
106 Btu. presumably for new sources.
initially. Some engineers consider this
standard to be "prohibitive." Rolf r----------------------------,
Holighaus of KFA-PLE (Jiilieh) pro
posed a two-pronged allack on this
severe technological problem-ad
vanced FG Ddevelopment, and FBe as
alternatives.

Forward pro:::ress
In any case, FGD technology is

making strides. For example, at the
Scholz Electric Generating Station
(Chattahoochee. Fla.) of Gulf Power
Co., of the Southern electric system,
two existing 40-MW Babcock &
Wilcox pulverized coal-fired boilers
were retrofitted with three prototype
FGD processes. These include:

• a concentrated-mode lime-re
generation sodium/calcium dual alkali
process (Combustion Equipment As
sociates, Inc., and Arthur D. Little,
Inc.); SOx is removed by sodium con
laet, and hydrated lime regenerates the
sodium. The system opera ted for more
than 17 months.

• an iron (II I)-catalyzed process
(Chiyoda "Thoroughbred 101") with
limestone, that leads tu formation of
high-grade gypsum

• a dry-adsorptiun prucess, using
activated carbun pellets, knuwn as
FW /BF, supplied by Foster Wheeler
Energy Corp., and pruducing eoncen
traled off-gases, and sulfur.

During the period 1976 to 1985, the number of FGD systems in
operation will more than triple, and the capacity served by these
units will be a minimum of seven-fold greater than in 1976.

The EPA has taken a strong hand on the position that flue gas de
sulfurization processes are the most suitable method to control sul
fur oxides emissions from power plants. There are over 50 com
panies that offer or have under development various FGD systems.
The largest number are offering the lime or limestone scrubbing
process.

Frost & Sullivan has completed a 160-page report on the FGD market
with analysis and sales forecasts through 1985 for complete sys
tems, equipments, chemicals and services. Market prospects are
indicated for both new and retrofit systems. An assessment is made
of the status and prospects for throwaway processes, recovery pro
cesses and other processes. Detailed statistics are provided on the
FGD system economics for systems in operation to develop cost
comparison data. The impact of government legislation and re
search and development programs is given. The competitive sit
uation is judged with sales volume and market share information
presented.

Price $650. Send your check or we will bill YQu. Forfree descriptive
literature, plus a detailed Table of Contents, please contact:

~ FROST & SULLIVAN, INC.
IC:::: 106 Fulton Street!5 New York, New York 10038

(212) 233-1080
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availability, in terms of boiler operat
ing time, has been as high as 97.8%
since April 1976. A working 700-MW
(1.67 million sd'm) system is to start
up in Germany early next year. It may
have to handle 5000-6500 ppm or
SO~. with 90- 95% capture.

The plant uscs limc/limestone. but
the scrubbcr reactant lil.juid is clear
becausc or a proprietary process that
uses a catalyst. and converts the lil.juid
to caleium chloride solution. An in
termediatc SO~ reaction product is
caleium bisulrite. which is readily ox
idized to marketable. or safely dis
posable gypsum. SHU estimatcs cap
ital costs for a turn-kcy plant at
$70 75/kW ror a commercial-scale
plant. but notcs that problems or sulfite
sludge, plugging/scaling_ and the like.
are "abolished."

More advances
Further advances in FGD technol

ogy will probably bring about a trcnd
to more markctable by-products. such
as gypsum or sulfur. regcncrable
rcactants. and pcrhaps deliberatc SO~
concentration. NO, and tracc pollu
tant problems will also havc to be in
creasingly addressed. Indced. the
"Advanccd Processes Scssion" of thc
symposium pointed up a coming ac
celeration of this trcnd. Thcse ad
vances. as wcll as those in coal prc
cleaning and FBC will bc vcry ncccs
sary if thc L.S. is to convcrt to 1110rc
coal use. as Prcsidcnt Cartcr wants.
and. at thc samc timc. "elcar thc air,"

.1.1

_Operating
I I
Under construction/design

Systems, Inc. (Philadelphia) told
ES&Tthat the rirm now has 10con
tracts with electric utilities for its
proprietary sludge stabilization pro
cess. On the other hand. at Saar
brueken. W. Germany. Saarberg
Holter Umweilleehnik GmbH (SH U).
the Holter process aims at gelling
away rrom the sludge problem entirely
by making high-grade gypsum.

Michael Esche, SH U copresident.
says that his company's system's

1000 2000

Atomics International
.':---:-::'::-::--c:-::'::-=--=-"=--:-::-'::-::--='::-::--c:-::'::-::-=::':-::-~

Research-Cottrell
Combustion Equipment

Associates
Babcock & Wi Icox

UOP Inc.

Peabody

Davy Powergas

Pullman-Kellogg

American Air Filter

United Engineers

Riley

TVA

FMC

Combustion Engineering

Chemico

•As of July 1977

"Where FGD stands*

Inc., plant at Calvert City, Ky" a
4000-efm Catalytic. Inc. (Philadel
phia, Pa.) pilot ammonia scrubber ror
a 20-MW boiler is in usc to handle
2.3%-S coal. A by-product or the
serubber's open-loop ammonia-sul
fur-brine system can be used as rertil
Izer.

Sludge or no sludge
There arc ways to handle scrubber

sludge. For instance. IU Conversion

Monitoring update
A report from the 4th Joint Conference
on Sensing of Environmental Pollutants

At the outset. when monitoring
came into vogue several years ago. it
was media specific. Data were ac
quired and analyzed for air pollutants
such as sulfur dioxide and water pol
lutants such as BOD. Now. there is a
perceptiblc move toward the acquisi
tion and usc of remotely-acquired data
from aircraft and satellitc.

There is no dearth of data, but there
i:; concern and doubt about the ade
quacy and interpretation of the data.
Overall. most data today arc inade
quate for their intended usc. "Envi
ronmental Monitoring." Volume IV of
the National Academy of Sciences'

study on the EPA decision-making role
recognized this inadel.juacy of data
because of the lack of l.juality assur
ance.

Until uniform methods are firmly
established for quality assurance the
data arc only marginally useful. Ob
viously. the continued collection of
unreliable data becomes questionable.
Their usefulness becomes doubtrul.

Nevertheless data arc collected at
considerablc expensc:

• Last year. the Federal Govern
ment spent $691 million on the col
lection of data and statistics. It has
been estimated that 43% or this ex-

penditure was madc in thc name of
environmental agcncics'

• This year. the United Nations will
spend $2 million for its Global Envi
ronmcntal Monitoring System.

Ilcld in New Orleans. in November.
the 4th conference was supported by a
half-dozen technical societics and eight
redcral agencies. The tcchnical so
cieties include the American Chcmical
Society. which hosted this conference.
the IEFE (Thc Institutc of Electrical
and Elcctronics Engincers). host ror
the prcvious session in Las Vegas. Nev.
(f.·S& T. Decembcr 1975. p I 109). and
the Amcrican Mctcorological Society.
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Whether you have one-afew - or a
few hundred gases to analyze,Wilks has
the right ambient air analyzer for you!

Foxboro/Wilks, Inc.

MIRAN·10l: Calibrated
at factory to measure
one specific gas or
vapor. MIRAN·101
measures lower
concentrations;
MIRAN·101S
measures higher
concentrations.
Economical price
permits the purchase
of several to cover all
your air monitoring
req uirements.

• Registered trademark of Fo'borolWilks. Inc.

/ \:>\
~\.

MIRAN·103:
"Modular" conceptof
quickly·changeable
fi Iter/scale sets
permits measuring
any of more than 300
OSHA·defined gases
and vapors without reo
calibration. Excellent
choice for plant
engineers, OSHA or
insurance inspectors.

Fast help for toxic gas problems!
CALL THE FOXBORO/WILKS TOXIC GAS
ACTION CENTER at (203) 853-1616.

If you have a toxic gas problem requiring
immediate attention, call us. You'll get
the advice you need fast. We'll help you
select the right measw-ing instrument, give
you applications information and, when

required, send a specialist to yow-
facility for immediate direct
assistance.

MIRAN·80:
Built·in microprocessor
automatically computes
concentration of each
component in amixture of
vapors, prints out concentra
tions on apermanent paper
tape. Accuracy to 1% relative.

CIRCLE 26 ON READER SERVICE CARD

MIRAN·104: Slightly
less sensitive but also
lighter in weight and
less expensive than
the MIRAN·1A.
Oesigned for rugged
field use.

Wilks portable MlRAN·Ambient Air
Analyzers offer significant advantages for
laboratory, plant and field applications.

Samples can be collected as far away as
100 feet. Measurements are accurate,
response time is a few seconds, and moni
toring is continuous. The instruments are
lightweight for use anywhere required;
they're simple to use: no routine recalibra
tion is required, as is true of OIR analyzers.
MIRAN analyzers are rugged: there are no
columns to change - or break- as with GC
portables, and no gas supplies are needed.

There's a MIRAN Portable Ambient Air
Analyzer just right for you. Let us prove
it. Send for ow' new brochw·e.
FoxborolWilks, Inc., PO Box 449,
S. orwalk, CT 06856.

MIRAN·1A: The
ultimate instrument
for measurement of
trace (less than I
ppm) to percentage
concentrations of
more than 300 OSHA·
defined gases and
vapors, as well as
hundreds of others.
Fast, accurate,
portable, rugged,
easy to operate.
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the upcoming host for the next con
ference in another two years.

The New Orleans conference drew
about 235 technical papers, more than
600 attendees, and 20 exhibitors. The
conference proceedings are being
published by ACS and should be
available in March from ACS Special
Issues Sales. Meanwhile, the ES& T
reprint book, "Environmental Moni
toring," also available from Special
Issues Sales, covers a collection of ar
ticles, books, and news leads on the
su bject.

The global view

Plenary speakcr Lcon de Rosen of
the UNEP office in Paris told the at
tendees about the monitoring and in
formation exchange activities of
Earthwatch of the United Nations
Environment Program. In this global
environmental assessment, relevant
issues are identified; then necessary
data are collected and evaluated to
provide a basis for effective environ
mental management.

De Rosen did not talk about other
Earthwatch concerns such as the
evaluation of the data; that is, the
two-stage process for first, validating
the environmental data (a form of
quality control), and secondly inter
preting the data to recognize signifi
cant trends as a basic input to envi
ronmental management.

The plenary speaker pointed out
tha t to most people the word mon i
toring immediately leads them to think
of pollution and pollutants. Indeed this
was the state of affairs when, in 1974,
governments met in Nairobi for an
Intergovernmental Meeting on Mon
itoring. This lead to the formation of
the Global Environmental Monitoring
System. GEMS is a part of the UNEP
Earthwatch program.

For the years 1978 and 1979,
Earthwatch will have an operating
capital of $8.96 million. Less than half
will go to GEMS. This GEMS money,
about $2 million each year, is chan
neled through specialized agencies to
encourage national action. For exam
ple, with such funding 12 regional
stations in 10 developing countries
have been equipped with instruments.
Indeed, GEMS is considering the es
tablishment of a baseline station at
Mount Kenya.

"It is abundantly clear that if the
GEMS system is to work properly,
national efforts and expenditures will
have to be many times the catalytic
expenditure of the United Nations" de
Rosen said. "One cannot hope to
monitor the world with $2 million a
year

Now, he noted, one can look back on

20 Environmental Science & Technology

this activity with a new eye; one that
has seen the Sahel disaster, the energy
crisis, and in the technology field the
wide applicability of the results of the
two Landsat satellites. Today, a bal
ance has been struck between pollutant
monitoring and natural resource
monitoring.

In de Rosen's view, the Landsat
program "gives immense hope to the
developing world, especially in their
concern for their natural resourees-

UNEP's de Rosen
the global view

the mainstay of their economics and
livelihood." Also, "This satellite
monitoring is the means by which vast
areas of natural resources in the de
veloping world can be economically
monitored."

Information exchange

Another activity of the Earthwatch
is the IRS, the Information Referral
Service. Its central computer unit is in
Nairobi, Kenya, site of the first UN
agency in a developing country of the
world. Referral is the key-informa
tion exchange between those who have
the data and those who need the
data.

Another aspect of the IRS is de
centralization; there arc both national
and regional focal points in the IRS.
To date, IRS partnerships have been
established in 76 countries. In the U.S.,
EPA is the focal point. Carol Alexan
der heads the IRS activity at EPA
headquarters in Washington, D.C.

A main tool of the IRS is an Inter
national Directory of Sources that is
updated each quarter. The August
1977 edition of this directory contained
3500 sources covering 900 different
environmental topics'

Data on chemicals
Although IRPTC (the International

Registry of Potentially Toxic Chemi-

eals) started in Nairobi in 1976, it was
transferred to the World Health Or
ganization headquarters in Geneva on
January 8,1977. Data arc being col
lected and stored in a computcrized
data bank, in Geneva, from which data
concerning potentially toxic chemicals
can be retrieved for dissemination.

Here, there arc two noteworthy de
velopments. NIOSH has made avail
able to the IRPTC, free of charge, its
complete file on mammalian toxicity
of 21 000 chemicals. In addition, a
pilot project is underway to collect in
formation on seven groups of chemi
cals involving more than 300 individual
compounds. The purpose of the latter
project is to gain experience in the
collection, storage, retrieval and
eventual dissemination of data on
chemicals. IRPTC also plans to pub
lish a newsletter.

A practical example of pollution
monitoring, according to de Rosen,
would be the UNEP industry program
of pollution monitoring and assess
ment.ln this case the UNEPGovern
ing Council, the intergovernmental
body of states that serves as a poli
cyma ki ng and priori ty-sett ing mech
anism, has directed that each major
section of industry be studied in order
to assess its impact upon the environ
ment. Then each major industrial
sector would evolve appropriate cor
rective guidelines that might be of help
to developi ng as well as developed
countries.

The regional view
The newly appointed EPA Assistant

Administrator for R&D, Stephen
Gage, a panelist at the Las Vegas
Conferencc, mentioned the new chal
lenges in environmental monitoring.
He recognized that the monitoring
data arc the essential building blocks
for environmental management poli
cies.

This EPA spokesman noted that
remote sensing from aerial platforms
produced useful and promising results.
He noted that one of the most eost
effective uses of aerial remote sensing
is to locate and screen possible targets
for future contact monitoring and
compliance inspections. Gage said,
"remote sensing techniques will un
doubtedly be of increasing importance
in the field of environmental sensing."
And continued, "Their widespread use
should be encouraged to save time and
money and to gain perspective. Per
spective is critical in understanding the
true nature of an environmental
problem."

To accomplish this aircraft sensing,
small prototype self-contained scnsor
modulcs-so-called Enviropods-have
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been developed recently by the U.S.
Air Force Avionics Laboratory. As
presently configured, the Enviropods
contain two identical panoramic
cameras. One is mounted in the con
ventional vertical mode and the second
in an oblique mode looking 45 0 for
ward of the aircraft, according to
Gage.

Gage foresees widespread use of the
Enviropods in enforcement, episodic,
and emergency monitoring activities
of his agency. The Enviropods have
been certified by the Federal Aviation
Administration for use on light com
mercial aircraft. Also, they have been
successfully demonstrated in the

EPA's Gage
the regional view

Washington, D.C. area and in the
Boston, Atlanta, Philadelphia and
New York EPA regions.

Gage mentioned a number of
L1DAR (Light Detection and Rang
ing) techniques which have been re
ported earlier (£5& T. January 1977,
p 36). First used by EPA in 1974, these
techniques are especially useful in es
timating dispersion coefficients for
aerosols, for example.

The use of coal in this country is
projected to increase by two-thirds,
from a present usage of 700 million
tons to 1.2 billion tons by 1985, ac
cording to this EPA spokesman. In
order to predict the impact of this new
energy development, especially in the
West, a major monitoring effort has
been undertaken to integrate air,
water, and land-quality monitoring
data. Known as the Western Energy
Environmental Monitoring Study, it is
described elsewhere in this issue.

Another concern of the EPA, for
some time, is the development of an
integrated, total system approach to
environmental monitoring. EPA is still

22 Environmental Science & Technology

grappling with a monitoring strategy
that will bridge media lines-air,
water, and food. This strategy requires
a focus on the most important sources
and pathways of exposure to critical
receptors, where adverse effects appear
even at low exposure levels. It also re
quires the development of models that
link the sources, transport, transfor
mations, exposure dose, and effects in
quantifiable ways.

The local view
Montana, the fourth largest of the

states in land area and 43rd in popu
lation, looks forward to the develop
ment of its lush coal reserve. One-third
of the nalion's coal base lies in Mon
tana. With such a resource it is not
hard to see why Montanans have been
referred to as the "blue-eyed arabs."

Montana lieutenant governor Ted
Schwinden said, "In excess of 1.5
million tons of coal are estimated to lie
within the Northern Great Plains Re
gion. Of this amount 160 billion tons
of coal are mineable and presently
represent 37% of the nation's coal re
serve basis. These vast quantities,
combined with the relatively low cost
of its extraction, plus its low sulfur
content, are what attracts the coal in
dustry to the West."

Montana has responded to the en
vironmental ethic. The state has taken
steps to protect the environment even
though pressured on development. For
example, Montana has a strong in
dustrial siting law, mining and recla
mation laws, and, as of the meeting
time in New Orleans, was the only
state to adopt a state NEPA, similar to
the federal National Environmental
Policy Act, which requires thc prepa
ration of environmcntal impact state
ments before starting projects.

Schwinden noted that in order for
environmental sensing 10 be useful to
policymakers, the sensing procedures
must allow an opportunity to coordi
nate plans for problems before they
happen. "The luxury of a leisurely re
view of the effectiveness of past control
procedures is not with us to a great
extent any longer," he said.

Schwinden said that a substantial
portion of Montana's air quality bud
get goes toward the operation of highly
sophisticated monitoring devices that
require expensive, frequent, and dif
ficult maintenance. When breakdowns
occur. information on which 10 base
judgments is lost and the way is opened
for legal challenge of the entire pro
cedure.

Three years ago, the state Air
Quality Bureau gathered some striking
mortality statistics that indicated that
the Montana death rate for asthma,

emphysema, and bronchitis was more
than 50% higher than the national rate.
The Bureau study also found that
death rates from respiratory diseases,
lung cancer, and cardiovascular dis
ease in the mining and smelting area of
southwestern Montana are 50-120%
higher in that area than in other re
gions in Montana, Schwinden relat
ed.

Now, Montana is gathering infor
mation on which to take whatever
measures arc necessary to ensure that
emissions from coal development ac
tivities do not exacerbate health
problems for Montana's residents.
Currently, the Air Quality Bureau of

Montana Lt Gov Schwinden
the local view

Montana's Department of Health and
Environmental Sciences is engaged in
a project called the Montana Air Pol
lution Study.

MAPS hopes 10 find a correlation
between air pollution and human
health in selected areas of the state,
areas that experience frequent inver
sions and those that contain numerous
industrial sources. Measurable pa
rameters inelude sulfur oxides, nitro
gen oxides, hydrocarbons, ozone,
nuorides, total suspended particulates,
and respirable dust.

The state is also concerned about its
water quality. Its water quality moni
toring program encompasses regular
physical, chemical, biological, and
sediment sampling at 101 fixed sta
tions distributed over the state's 16
major drainage basins. Last year, the
Water Quality Bureau monitored 16
stations for chemical and physical
parameters and 46 stations for bio
logical parameters.

Montana is also concerned with ef
nuent monitoring, the objective being
compliance with waste discharge per-



mils condilions. I Ills year. Montana
will compliance monitor I.' major in
dust ria I and 10 major munici pa I dis
charges.

Schwindcn also noted a reliance on
remotely acquired data. lie reported
that remote sensing will be a key inte
~rative element in the Montana
C.'oal-Fired Power Plant Project.
"High resolution camera systems in
stalled in both high-altitudc and in

low-tlymg ~lIrcralt should prOVide an
excellent permanent control record or
the study area" he said.

I.ooking ahead

Iloperully. today's rad or environ
mental monitoring will not beeome
tomorrow's blab. With our amazing
analytical detection capabilities it is
important to avoid a total technical
excellence in monitoring. The tools ror

sensmg must be Simple, reliable and
rar less costly then they now arc.

We continue to need reliably good
data obtained at a low. yet arrordable.
cost. We should never increase that
cost at the loss or errieieney. But it is
also important to address the evalua
tion and assessment or the data. The
evaluation or data is or grave eoneern.
Certainly. it will vic ror discussion at
the next eonrerenee. SSM

Aquatic toxicology
comes of age

ASTM conferees heard the recent developments
in this emerging discipline

o

o••

o
•o

o

Did you know that fish can cough')
That this coughing rellex can be
measured') And that the measure of
this renex is an index of aquatic pol
lution') If your answers to these ques
tions arc no's. read on. II'. however. you
alhwered aflirtnatively. you have some
knowledge of aquatic toxicology. the
not-"J-widely recogni/ed stepchild of
mammalian toxicology.

The fish is Ihe Ihing

To dissem ina te some of the cu rrent
thinking in this exotic field. the
American Society lor Testing and
,\1aterials (ASTM) held its second
Symposium on Aquatic Toxicology
last N'lVember. More !han 225 people
came to hear sessions on applications
and principb of physiological toxi
cology. methodogy and data. biocon
cent ration and the fale of chemicals in
the environment.

Two things rapidly became evident.
First. mammalian toxicologists ex
trapolate data back to man. while
aquatic toxicologists extrapolate data
back to whole ecosystcms. And second.
thc fish is to aquatic toxicology what
the guinea pig and rat arc to Inam-

malian toxicology. Thus. while other
aquatic organisms may be used to
nlllnitor for toxicity. it is the fish that
is most widely used as the test
model.

Among the parameters measured to
estimate toxicity arc the cardiac. op
ercular (breathing) and cough rates in
fish. These parameters orfer two ad
vantages: they arc easy to measure and
they can be measured on site. In ract.
fish monitored ror these parameters
Gin be turned into biological moni
toring systems for the industrialmon
itoring of sublethal concentrations of
toxicants.

W. S. G. Morgan. a memberorthe
National Institute ror Water Re
search. Republic or South Arrica. has
reported on an automaled rish
biomoniloring system that he designed
for usc by industry and municipalities
to test for water quality and to control
efnuents entering a water system.

A hiomonilnring syslem

At this conrerence. John Strange or
the National Center for Toxicological
Research (.Ierferson. Ark.) described
Morgan's automated system in some

detail. Morgan's system. according to
Strange. uses 12 rish "sensors." an
alarm system and a mechanism ror
diverting a toxic diluent.

The fish sensor exposed to an er
nuent containing a toxic material
usually reacts by increasing its
breathing rate. Irthe breathing rate is
signiricantly greater than a predeter
mined level. and thus indicative or a
toxic slate. the alarm is triggered. and
an electrical voltage is induced at the
rear panel output. This output signal
can electrically close valves to divert
the polluted water to a holding tank ror
rurther analysis.

Morgan's system has been moni
toring the emuents rrom a municipal
waste treatment plant in Pretoria.
South Arrica. since 1975. Closer to
home. a system. similar to Morgan's
bUI including an on-line computer. will
be installed at the Army's Radford
(Va.) Ammunitions Plant on the New
River this month. This system will
monitor ror industrial munitions er
nuents containing TNT. nitroglycerine
and rocket propellants.

The Army's system was designed by
John Cairns. the rather or the bio-
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Biomonitoring. Bluegill in air-lift electrode chamber

monitoring concept, and Kenneth
Dickson, both at Virginia Polytechnic
Institute (V PI). This system was de
signed to be totally automated, in
cluding the data analyses, and totally
compatible with automated physico
chemical monitors. Dickson put the
cost of the physical system at
$50000.

Morgan, and Cairns and Dickson,
state that their biomonitoring setups
can act as early-warning systems.
Strange, in some of his original re
search, has verified these claims. [n
experiments in which channel catfish
were exposed to sulfate concentrations
ranging from 0-3200 mg/L, Strange
found that the cough rate increased
with increasing concentrations of sul
fate, and that the increases preceded
any other sign ofstress. [n fact, the fish
showed elevated cardiac rates only at
the two highest sulfate concentra
tions.

Robert Drummond, an aquatic re
search biologist with EPA in Duluth,
Minn., also found that cough reflex
changes, or what he calls "gill purges,"
usually occurred before breathing or
cardiac changes, and that the fre
quency of coughing was directly pro
portional to the concentration of the
toxicant (heavy metals).

Drummond told ES& T that the
cough reflex is probably a "more sen
sitive indicator" of toxicity than other
physiological parameter, and that the
reflex not only alerts for immediate
acute effects, but is also a good indi
cator of potential long-term effects.

A mechanism of action?
Bern.ice Katz of the Florida Institute

of Technology postulates that the wide
variance in species tolerance and even
mortality to toxicants can be related to

24 Environmental Science & Technology

membrane permeability. For fresh
water fish, the fragile gills, the site for
water uptake and waste (ammonia)
excretion, may be the initial target
organ or, at least, the first step in a
chain of cellular events that lead to
illness or death.

Katz has, in a prcliminary fashion,
tested her permeability theory using
low concentrations of inorganic sub
stances such as chlorine and the heavy
metals silver, copper, cadmium and
zinc. She postulates that the culprits
are not the chlorine or heavy metals
themselves, but rather these substances
complexed with the excreted metabolic
waste product ammonia.

For example, chlorine may react
with ammonia to form chloramine,
which then re-enters the gill mem
brane changing its permeability and
eventually disrupting its structural
integrity. This change in membrane
permeability causes sodium to leave
the fish and water to be taken up pas
sively by the fish. In short, Katz pos
tulates that a complex of ammonia and
toxicant causes membrane perme
ability changes that resull in an ernux
of sodium coupled with a passive influx
of water, and that these osmotic
changes lead to gill damagc and fish
morbidity or mortality.

Switched-off bacteria
Beckman Instrumcnts (Carlsbad,

Calif.) has developed a rapid watcr
toxicity biomonitoring systcm that uscs
lyophilized luminescent bacteria as the
sensors and the bacteria's light output
as the measure of the toxicant.

Beckman's Anthony A. Bulich told
the ASTM confercnce that certain
strains of bacteria emit light as a by
product of their metabolism. But, in
the presence of a toxicant (pesticides,

for cxample) their light output di
minishes in proportion to thc concen
tration of thc pollutant.

In trials that tcsted a chcmical
plant's crnucnt, this biomonitoring
system was found to compare favor
ably in scnsitivity with a more tradi
tional 96-h acutc fish toxicity test. But,
Bulich claims, thc bacterial test was
more rcproducible and simpler to
run.

According to Bulich, this bacterial
toxicity tcst has "cxccllcnt potential as
a rapid and reliablc indicator of tox
icity in aquatic samplcs."

Decisionmaking
A Pcsticidc Task Group, coordi

natcd by thc Amcrican Institute of
Biological Scicnccs (A IBS), was
formcd in Octobcr 1976 to aid the
EPA in its dccisionmaking proccdures.
This task group dcvelopcd criteria for
thc basic test data; idcntified condi
tional tcst protocols; and idcntified
mcthods to cvaluate thc effects of
pcsticidcs in the aquatic environ
mcnt.

Thc task group has not released its
final report. but its chairman. Calvin
Ward of Ricc University, plans to
submit thc final version to AIBS this
month. AIBS will then transmit it to
EPA.

Kenneth Dickson of VPI and State
University summarized some of the
criteria that would trigger additional
testing and listed some of the condi
tional tests for the ASTM meeting.
Dickson said that at a minimum the
report would recommend:

• that the basic data required for
pesticide registration inelude an esti
mate of the maximum acceptable
toxicant concentration (MATC)

• that a task group be formed to
asscss the fate of pesticides in the
aquatic environment.

Dickson said that while the criteria
for hazard assessment were developed
for pesticides, the task group sees no
reason why these cannot be used for
other toxic substances. [n fact, the task
group successfully applied the proce
dure to some heavy metals and organic
chemicals such as surfactants.

Growing up
Ann Spacie, an aquatic toxicologist

at Purdue University but formerly
with Union Carbide, told ES& T that
her discipline, like the environmental
era, began with Rachel Carson and
Silent Spring. Although the discipline
is now in its infancy, Spacie is certain
that the principles of mammalian
toxicology will be found applicable to
aquatic toxicology, thus speeding up its
maturation process. LRE
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THIRD EDITION

AIR POLLUTION
Edited by ARTHUR C. STERN

Volumes in the ENVIRONMENTAL SCIENCES Series
The Ihird edition of this standard reference work has

grown to keep pace with our expanding knowledge of
air pollution, and will now consist of five volumes. Most
chapters which appeared in the second edition have been
revised. New chapters concern themselves chiefly with
aspects of air quality managemenl such as data handling,
emission inventory, mathemafical modeling, and control
strategy analysis; global pollution and its monitoring; and
more delailed attention to pollution from automobiles and
incinerators.

Volume 1/AIR POLLUTANTS, THEIR TRANSFORMA
TION AND TRANSPORT
Volume 1 covers two major areas; the nalure of air pollu
tion and the mechanism of its dispersal by meteorologi
cal faclors and from stacks.
1976,752 pp., $43.501£30.90 ISBN: 0-12-666601-6

Volume 21THE EFFECTS OF AIR POLLUTION
Volume 2 delails Ihe effects of air pollution on plants,
animals, humans, matenals, and the almosphere.
1977,704 pp., $43.501£30.90 ISBN: 0-12-666602-4

Volume 31 MEASURING, MONITORING, AND
SURVEILLANCE OF AIR POLLUTION
Volume 3 describes the sampling, analysis, measurement,
and monitoring of air pollution.
1976,824 pp., $42.501£30.15 ISBN 0-12-666603-2

Volume 4/ENGINEERING CONTROL OF AIR
POLLUTION
Volume 4 also reports on two principal areas: the atmos
pheric emissions from the principal air pollution sources;
and the conlrol techniques and equipment to minimize
them.
1977, 976 pp., $49.501£35.15 ISBN: 0-12-666604-0

Volume 51 AIR QUALITY MANAGEMENT
Volume 5 deals with laws, regulations, and slandards per
taining to air pollution; the slrategies, procedures, and
organizational forms lor administering them;, and the en
ergy and economic ramilications 01 air pollution controls.
1977, 720 pp., $39.501£28.05 ISBN: 0-12-666605-9
AI( Pollullon, Third Edlilon, Volumes 1-5 are available at
a special Sel Pnce. For information, please write to the
publisher.

ENVIRONMENT AND MAN
General Editors: JOHN LENIHAN and WILLIAM W. FLETCHER
Volume 5/THE MARINE ENVIRONMENT

CONTENTS: P. Tett, Marine Production. A. Nelson-Smith,
Biological Consequences of Oil Spills. E. J. Perkins, In
organic Wastes. D. I. H. Barr, Power from the Tides and
Waves. R. S. Silver and W. S. McCarlney, Desalinalion.
1977,184 pp., $14.50 ISBN: 0-12-443505-X
Distributed 10 the United States, Canada, and Central and
South America by Academic Press, Inc.

ENVIRONMENTAL ANALYSIS
Edited by GALEN W. EWING

This book contains the papers presented at the 1976
meeting of FACSS-the Federation of Analytical Chem
istry and Spectroscopy Societies-held in Philadelphia
November 15-19, 1976. These papers were selecled from
Ihe 400 total presentations, because they cover the anal
ysis of air and water and other areas of the environment.
All methods of such analysis are presented, including
chromatography, atomic absorption and emission, elec
trochemical methods, and other pertinent areas. Some of
the papers represent a review of the state 01 the art with
respect 10 a particular technique others describe a spe
cial application; a few describe new techniques.
1977,368 pp., $18.501£13.15 ISBN: 0-12-245250-X

Send payment with order and save postage plus 50~ han
dling charge. Orders under $15.00 must be accompanied
by payment.
Prices are sub;ect to change withoul nollce.

ACADEMIC PRESS, INC.
A Subsidiary 01 Harcourt Brace Jovanovich, Publishers
111 FIFTH AVENUE, NEW YORK, N.Y. 10003
24-28 OVAL ROAD, LONDON NWI lOX
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Martek
measures up

with water quality
instrumentation
The rugged low-cost Martek MarkVI Water
Quality Monitoring System is the ideal por
table system for recording of multiparameter
data-temperature, conductivity, salinity or
temperature-corrected conductivity, depth, dis
solved oxygen, pH, and specific ions - in fresh
or salt water to a depth of 300 meters. Accurate
to within ± 1.0%, the system features digital
readout, AC/DC operation, and integral
recharging unit.

Add a Model EDP Environmental Data
Printer and you can record up to 15 analog
inputs as well as time of day and channel
identification on both a digital magnetic tape
cassette and digital paper printer. You can also
record, accumulate, and subsequently process
data through computers or other external data
processors, Complementing the MarkVI are
the Model DLS Data Logger and the Model
PEW Portable Winch. The versatile MarkVI
System can be utilized in profiling, onshore and
shipboard installations, pumped sample sys
tems, and industrial monitoring applications.

Martek-developed systems are designed
to provide you, the user, with simple-to-use,
reliable instrumentation. For the full story on
our full line of water quality instrumentation,
write to: • •

~
MARTEK INSTRUMENTS, INC.
17302 Daimler SI. PO. Box 16487. Irvine, CA 92713 (714) 540-4435

Manufacrurers of Environmental Ins/rumentalton
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Providing data
to the power industry

NUS Corp.'s designed computer system is an integral part of
data gathering, information and analysis, and services used in

environmental impact studies and monitoring programs

The design, location, construction
and continued safe operation of nu
clear power plants, fossil-fuel power
generating plants, mining operations
and other large-scale energy-related
installations depends on pulling to
gether almost unimaginable masses of
raw data into coherent, understand
able, useful information.

NUS Corp. (Pittsburgh, Pa.) sup
ports this important work by providing
consulting and engineering services. Its
Ecological Services Division provides
scientific expertise, management
support and documentation for more
than 200 such data collection projects
annually.

Then NUS clients utilize the resul
tant information in a wide variety of
planning, construction and environ
mental monitoring projects including
oil-shale operations, coal exploration,
deepwater tanker ports, nuclear power
plants and many others.

These projects involve the collection
and processing of data related to
everything from hydrology and seis
mology to physics and microbiology.
The statisticians and data processing
personnel at the NUS division handle
from 390 000 to 780000 data records
each year.

The voluminous reports that are the
result of extensive field sampling, lab
analysis, and statistical evaluation arc
used by client's design and operations
engineers, in court records, in public
hearings and as resource materials by
governmental regulatory agencies such
as the Environmental Protection
Agency and the Nuclear Regulatory
Commission.

These reports, both their content
and the procedures used to prepare
them, affect the investment of billions

26 Environmental Science & Technology

of dollars and man-hours. They may be
audited at any time; therefore, com
plete documentation and data accu
racy are crucial.

The cost of any given NUS project
averages from $1-2 million, for ex
ample, or, about 2-3% of the total cost
for building a nuclear power plant.
Data entry and data preparation ac
count for about 10% of the total budget
for an environmental impact study or
monitoring program.

The computer system

The NUS division utilizes a Mo
hawk Data Sciences (MDS) System
2409 key-disk data energy system.
NUS manager of data analysis and
biostatistical studies Henry Hess says
that the company's major reasons for
implementing the MDS System 2409
three years ago were its ability:

NUS Corp.'s Hess
200 data collection projects

annually

• to achieve the data entry accuracy
and productivity rates essential to valid
statistical evaluation

• to provide data management and
entry system

• to keep researchers abreast of
current publications in their fields.

"These areas continue to be our
mosl important areas of usage," Hess
says. "At NUS, our job is to apply the
skills and discipline of modern tech
nology, at all levels, to maintaining the
complex balance betwecn the envi
ronment and man's need for energy.
We feel that the MDS System 2409 is
a small, but important, tool in helping
us to aecomplish that task."

Thc MDS configuration was im
plemented on September I, 1974 to
replace old IBM 129 keypunch
equipmcnt. It includes a 65K MDS
System 2409 used for data entry, val
idation, editing and concurrent re
mote-batch communications with an
IBM 370/168 and 370/158 located at
an outside services vendor in Pitts
burgh and CDC 6400 in McLean, Va.
The specifics: the communications
links are 4800 baud dialups. The sys
tem also includes fivc keystations; four
nine-track, 800 bpi tape drives; a 400
cpm card readcr; a teletype console;
and a dual disk system with a com
bined storage capacity of 4056000
bytes.

For data manal:cmcnt

This application, implemented last
May, is the first stage in a project to
gather and organize data on which
EPA can base ernuent guidelines for
the iron and steel industry. Working
with thc Cyrus Wm. Rice Division of
NUS, the Ecological Sciences Division
created such a data entry and man-



1730 First St., San Fernando, Ca. 91340
(213) 361-7185
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The new HeatlLine Self-Limiting (SL) Hose
operates in all types of weather without
requiring any temperature control or voltage
limiting devices_ It will maintain the mini
mum operating temperature desired by the
custome, in a sub-zero ambient, while not
exceeding the design limits of the hose in a
125"F ambient. It is thus ideal tor gas
sampling where the sole aim is to prevent
the temperature from dropping below the
dew point

The "SL" Hose is available as a version of
anyone of the following high-heat hoses:
Model 212, Model LP212 (low-pressure),
or Model 700 (for hazardous locations)_
All "SL" Hoses are supplied with 'Ii'
thermal insulation and come in lengths
trom 35' to 300', depending on the operating
volfage specifications.

Want more data? Write for full details!

Designed for users who
are concerned only
about their minimum
temperature needs!

~~[Go[mumTI~ mrn
HOSE maintains
minimum heat

without
any
controller!
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to keep them current. Hess cites tne
ease of code generation with MDLas
a factor in designing the system to run
on the System 2409.

For aquatic information
The first use of the System 2409,

involving a unique state-of-the-art
enhancement of MDS' Key-Disk Op
erating System (KDOS), was created
to handle the highly specialized data
entry requirements of the NUS divi
sion. Called EDVAL (Ecological Data
Validation System). the system allows
keystation operators to enter the tax
onomic classifications of biological
samples with a minimum number of
keystrokes and, therefore, a reduced
risk of error.

Essentially, the purpose of EDVAL
was to reduce the long and complex
Latin names to the shortest possible
unique form, and to provide operators
with no special training in the sciences
with a means of looking up correct
phylogenetic classifications.

The number of biological entities
occurring in a given aquatic sample,
for example, are posted on taxonomic
lab sheets, which become source doc
uments for data entry. These entities
may includes fish, ichthyoplankton
(fish eggs, larvae and post-larvae),
phytoplankton (microscopic aquatic
plants), zooplankton (miscroscopic
aquatic animals), and benthic ma
croinvertebrates (organisms that live
in the substrates of lakes, rivers or
streams).

A given entry may require as many
as two or three fields to uniquely clas
sify it. In order to meet this require
ment, Hess' staff replaced a standard
MDS table handler with a larger res
ident disk table handler. Using
EDVAL, the operator has only to
key-in a minimum number of charac
ters; usually the first four or five are
sufficient. At that point, the EDVAL
software takes over and displays the
entire name and phylogenetic classi
fication. EDVAL also displays the
number of fields required to classify
the biological entity. If family, genus,
species and variety are needed, these
too may be accessed quickly from the
data stored on disk.

Hess explains, "EDVAL and the
editing and validation capabilities of
the MDS System 2409 have reduced
our data entry error rate from 30% to
1-2%. Further, we have the ability to
go back and update, delete or change
data stored on the disk. The ability is
especially important in light of the fact
that new scientific discoveries and
sampling methods sometimes create
the need for new or modified for
mats."

agement system to run on the MOS
2409.

Responses to inch-thick question
naires sent out to management per
sonnel in this industry are being key
ed-in on the System 2409. validated,
edited and batched for data manage
ment on the IBM 370/168 in Pitts-

[nterin!: data. Operator assures the
required data accuracy with a key
disk system-a Mohawk Data Sci
ences 2409 System

burgh. To date, more than 400 ques
tionnaires have been received and en
tered, and 150000 records have been
produced.

For information retrieval
In 1975, Hess's staff addressed the

problem of keeping pace with new de
velopments in the ecological sciences
by creating an information retrieval
system on the MDS System 2409. The
application, written in MDL (Mohawk
Data Language), provides an easily
accessible and current bibliography of
publication for the scientific personnel
at Pittsburgh.

More than 8.3 million docu
ments-reprints of journal articles.
abstract sheets and technical materi
als-can be listed on two disks. A re
searcher who needs to review a speci lic
subject area may reference as many as
20000 key words that are included in
the lile and which may be modified by
as many as 50 operands. The system
automatically examines 2000 docu
ments per second.

For example, one might key in
"FISH. 1974. OH 10" and get back a
complete list of all publications rclative
to ecological studies on lish in the state
of Ohio either performed or published
in 1974. The list includes title. author,
publication and publication data. The
files are updated periodically in order
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ENVIRONMENTAL
EDUCATION TODAY
A nascent discipline that "is beginning to work in small yet significant ways"

Clay Schoenfeld
University of Wisconsin-Madison

Madison. Wis. 53706

John Disinger
The Ohio State University

Columbus, Ohio 43210

It is imperative at the outset to agree
on a working definition of "cnviron
mental education." There is by no
means a consensus. The latest defini
tive book on the subject offers "no
clear, single answer" to "what makes
education environmentaL"

The definition that would probably
get as many votes as any among pro
fessional environmental educators is
that which evolved from a recent Bel
grade conference under UN ESCO
auspices.

There are a number of "loaded"
terms in that definition that help ac-

count for both the problems and the
potentials of environmental educa
tion.

Defining the discipline
First, environmental education is

"life-long." Some of our environmcntal
problems cannot wait the arrival of a
new generation with a surer ecological
conscicnce. Some environmental
problems the next generation will face
are now not in our ken. So environ
mental education programs have to
encompass all ages continually. Be
cause environmental education is not
just what happens in the conventional
sixth-grade sciencc unit on conserva
tion, it has not bccn possible to
"package" it as wc have been able to
do with driver education, for example.
Nor has it been possible to work
through only one echelon of the coun
try's educational apparatus, or only

one set of local, sta te, or federal bu
reaus, or only onc Icvel of parcnt
teacher associations.

Second, environmental education is
"multidisciplinary." While the bio
logical and physical sciences enable us
to discover and understand the basic
operations of the biosphere, it is thc
social scienccs and thc humanitics that
enable us to discover and dcal with
human perceptions of and interactions
with natural ecosystcms. Even more
fundamcntally, cnvironmental edu
cation is concerned with the interre
lationships among thc fields of
knowledgc, if only in response to the
basic ecologica I pri nci pie tha t evcry
thing is connected to everything else.
The multidisciplinary nature of envi
ronmcntal education again has made
it difficult to penctrate thc established
organization of our educational sys
tem.

28 Environmental Science & Technology 0013-936XI78/0912-0028$01.0010 ©1978 American Chemical Society



Environmental education ...

... a life.'-lonJ(. multidisciplinary
approach to te.'achinJ(. mass com
munication, community participa
tion, or some other activitv aime.'d at
the del'elopme.'nt of a worid popula
tion that is aware of, and concerned
about, the.' e.'01 ironme.'nt and its as
sociate.'d problems and that has the
knowledJ(e. skills. attitudes. moti
I'ations, and commitme.'nt to work
indil'iduallv and colle.'ctileh' toward
solutions of curre.'nt probiems and
the prelention of ne.'w ones.

Third. environmental educatiun is
multi-process. What might be called
the environmental edueatiun system
includes all media or communicatiuns.
government agencies. voluntary assu
ciatiuns. business and labur. and a wide
range ur inrormal educational organi
zations. as well as schools and colleges.
There can be nu single envirunmental
educatiun curriculum. instructiunal
met hod or lea rn ing mode.

Finally. environmental educatiun
assumes a certain consensus on "cur
rent prublems" and un their "sulu
tiuns." The ract that environmental
educatiun has a public problem-sulving
stance renders it a vulatile prupusition
fur buth public schuul teachers and
college professors. mure eumrurt
able and safer in the antiseptic
cunrines of the classroum. Try at
tacking blatant water pullutiun in a
papermill town. or excessive air cun
ditiuning in the Sun Belt'

II is from its complicated nature.
however. that environmental education
oilers the greatest possibilities for
progress. Its multidisciplinary nature
is exerting significant impact on
teaching. research. and public service.
Its multi-prucess characteristic capi
talizes un the manirold communication
avenues that exist in a democracy. And
the fueus or environmental education
un a search ror solutions to public
problems stimulates that ever-needed
link between learning and life.

EIII'ironmental e.'ducation act

Environmental education was nut
born with the Envirunmental Eduea
tiunal Act ur 1970. All P.L. 91-51 (, did
was provide token rederal institu
tiunalization. As we have derined the
term. the routs or environmental edu
cation go back to the nineteenth cen
tury. Environmental action in modern
rorm may be said to date from 1954
when an unprecedented consortium of
conserva tiun gruu ps suecessru lIy
blocked a major dam that would have
nooded Dinosaur National Monu
ment.

What came to be callcd environ
mental cummunication hit full stride
in 1902 with the publication of Rachel
Carsun's Sile.'nt SprinJ(. This was fol
lowed in rapid order by Stewart
Udall's Quie.'t Crisis. a paperback edi
tion of Aldo Leopold's Sand County
Almanac, and Robert and Leona Rie
nuws' Mome.'nt in the.' Sun, Barry
Commoner's The Closing Circle.', and
Paul Ehrlich's Population Bomb.

The term "environmental educa
tion" was cui ned in 19(,.+. and a 1')(,X

issue of Educatioll Record carried an
article on "The University and Envi
ronmental Educatiun." A 1969 issue
uf the Pennsylvania Education Assu
ciation's journal was devuted to envi
ronmental education. and the same
yea r sa II' the appea ra nce uf The
Jlll/ma! oj't:llrirolllllellta! Fducatioll.
On the crest or E-Day in the Spring or
1970. every general circulation mag
azine in the country carried a cover
story un environmental issues. Today
there arc 93 specialized environmental
publications with significant reader
ships.

So thc Environmental Education
Act or 1970 was the expression or a
movement. not its progenitor. The Act
called ror an investment ur $,+ million
in 1971 and increasing amuunts
therearter. but only $2 million a year
has ever been appropriated. In 1971.
uut or 1925 proposals only 71 were
runded. and 37 or those were ror less
than $10000 each. The next year. the
U.S. Olliee or Education "lust" the
annual appropriation in its bookkeep
ing system. A posture orbenign neglect
continues to characterize the admin
istration or the Act. It is currently in a
"lame duck" vear.

But the A:t has had symbolic im
portance exceeding its uw'n substance...
As an expression of the will or Cun
gress. it has opened up tu environ
mental education prugrams other
sources or federal runds. such as the
Water Resource Research Act or
1%.+. the Elementary and Secundary
Education Act or 1965. thc Highcr
Education Act or 1965. the Vocational
Edueatiun Amendments or 196~L and

I'

All components of any system are, in varying degrees,
interconnected and interdependent. The integrity of the
biosphere, and of humankind as a resident, is dependent
upon the intricate balance of many subsystems-bio
physical and socioeconomic.

No social system is immutable. All natural systems have
a limited tolerance for perturbation. The rate and extent
at which physical and social degradation is introduced
into the environment as well as to the rate and extent at
which energy is dissipated, and natural and human re
sources are exploited or manipulated, must be consid
ered.

I

Long-term biological and sociological evolutionary
processes invariably move toward increased complexity
and higher levels of organization. By virtue of their di
versity, mature natural and built ecosystems are adaptive

enough to withstand a variety of traumas without loss
of identity. But the cultural intrusions of modern man
have reduced ecological variety and have threatened loss
of stability to various ecosystems and ultimately to the
total biosphere.

I

Once seemingly efficient technologies and cultures have
proven counter-productive in that they fail to function
symbiotically with natural systems and human nature.
If an environment capable of fulfilling humankind's
higher-order aesthetic and humanistic needs is to be
restored and maintained, certain value reorientations,
some difficult tradeoffs, and some changes in life-style
are in order.

Environmental protection calls for a public decision
making process equipped for surveillance of the total
environment and capable of imposing long-range eco
nomic, social, or legal sanctions against those elements
presenting a threat to the public interest.
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life-styles of high environmental in
tegrity, the consequences of main
taining such life-styles are not gener
ally well communicated.

Where do such concerns fit within
a departmentalized, compartmental
ized curriculum') They are not among
the "basics," in the sense of the three
R's, nor arc they solely the conccrn of
scicnce, or social studics, or thc lan
guage arts, or the humanities, or vo
cational education. Arc students in
tellectually equipped to deal with such
complex problems on the primary
level') If so, they arc one-up on their
elders. In which of the 45-minute "pi
geonholes" docs environmental edu
cation belong? If it bclongs in more
than one, how should it be coordinated
between/among them'l Should it be a

separate "subject"? If so, who would
teach it') And in all cases, at what ex
pense in terms of time and space for
the remainder of the curriculum, in
cluding those items that have been
there traditionally and those others
that press for curricular consider
ation')

These questions arc easier to ask
than 10 answer: no attempts at re
sponses are made here. But a few
simple facts arc evident. There are,
have been, and will continue to be
heavy pressures on the schools to ex
pand their roles as social agencies as
well as to include more and more spe
cialized subject matters in response to
a multiplicity of spccialized concerns.
There is, has been, and will continue to
be strong interest in returning to the
basics. Concurrently, there is, has
been, and will continue to be massive
criticism of a perceived lack of effec-

While environmental education
programs may differ greatly in their
details, most of them thus share certain
common characteristics. First, a rec
ognition of environmental problems on
a scale transcending yesterday's con
cerns. Second, a hard core of ecological
content, presented with varying de
grees of rigor. Third, a component of
conscience, of a value system. Fourth,
a commitment to private and public
action. And fifth, a focus on a com
prehensive rather than compartmen
talized approach to change in man
environment rclationships.

What is not being taught?
Environmental education has not

been accorded a primary place, even a :
clear place, in the curricula of the·

~~/

IP.!"-'

Freshwater biology. These students are getting a practical exercise atthe
National Wildlife Federation's Conservation Summit

schools. Much lip service has been
rendered within the educational com
munity to the environmental cause,
particularly in the present decade, but
concomitant outpouring of coordi
nated support has been lacking. There
has been no environmental equivalent
to the educational space race of the
1950's, no NSF-style (and level) of
support for environmental education.

Certainly, there has been no lack of
recognition of environmental problems
in the classroom, but such recognition
often surfaces on a simplistic, emo
tional level. The idea of "punishing"
industry for its participation in envi
ronmental degradation is easy to es
pouse, but the question of how to
chastise the perpetrator and correct the
problem without massive negative so
cietal effects is tougher and not so
readily addressed. While it is not dif
ficult to preach the "morality" of

What's being taught?
In a country where local control of

public education is an article of faith
and fact, it is very difficult to gener
alize about the current nature of en
vironmental education, particularly in
the absence of any current national
survey. The U.S. Office of Education
has yet to render a meaningful report
on what federal monies have produced
under the modest programs funded. In
a recently published book, Environ
mental Education in Action, the au
thors have tried to identify and de
scribe some representative public
school activities today.

In essence, environmental education
in the elementary and secondary
schools is a relatively new approach to
teaching about our relationship to our
environment, an integrated process
dealing with our natural and man
made surroundings, aimed toward
developing behavior patterns that will
enhance our survival in a world of fi
nite resources. Environmental educa
tion is not simple nature study or out
door resource management, although
they are properly included; it is not a
cumbersome new program requiring
big outlays of funds or a self-contained
course to be added to an already
crowded curriculum.

the continuing appropriations to the
Cooperative Extension Service, the
National Science Foundation, and the
Sea Grant Program.

All told, however, the U.S.'s in
vestment in environmental education
has not been in keeping with the mag- .
nitude of the task. By and large, the
cost of environmental education has
been assumed by local and state edu
cational systems, and by voluntary
associations that have been in the
vanguard of environmental action.

One federal act, however, has made
a major impact on public environ
mental education. The National En
vironmental Policy Act of 1969 pro
nounced environmental quality an of
ficial American goal and, to that end,
required that any major expenditures
of federal funds be accompanied by an
environmental impact statement
(EIS). Many states followed suit.

The EIS requirement gave sub
stance to cross-disciplinary instruction
in public schools, lent focus to curri
cular innovations in colleges and uni
versities, gave the news media an im
portant point of entry to environmental
coverage, energized the campaigns of
voluntary associations, and confronted
government agencies and private in
dustries with the realities of the envi
ronmental decade.
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organizational patterns or curricular
concerns; neither have the admonitions
of others who support integrated views
or decry the separatism of the natural
and social sciences.

Perhaps the greatest contribution
that might be made by science and
technology in fundamental environ
mental education is in communicating
its content and the social, political, and
economic implications of its content,
in language intelligible to the oft-tar
geted but elusive "intelligent layman."
If environmental education is essential
for everyone, as its proponents would
insist, it follows that it must be pre
sented in ways that are readily under
standable. Science and technology are
not the proper decision-makers here,
any more than are politics, economics,
or sociology. Educators must make the
decisions of what to teach, how, and
when, bringing into full play their ex
pertise in how learning is properly and
most appropriately facilitated. But
they need help, and desperately, in
knowing the truths of the complexities
of the environment, the tradeoffs, the
potential outcomes.

Getting ill\'olved, earlier
The "pollution mess" that scientists

and engineers arc called upon to elean
up is often a mess they had a hand in
making. As Eric Hirst, an Oak Ridge
research engincer, has written,
"Technology is one of the basic causes
of our current environmental prob
lems; engineers and scientists must
share in the blame." The U.S. De
partment of Agriculture entomologists
who refined DDT as an insecticide at
Orlando, Florida, in 1942 had no idea,
of course, that they were putting at
eventual hazard the lives of eagles and
humans; they were making Pacific
swamps safe for soldiers. The physi
cists who unleased the power of the
atom at Los Alamos in 1945 were
likewise bent on winning a war. Yet, as
historian Roderick Nash says, "The
conelusion cannot be avoided: science,
undiluted with ethical and humani
tarian innuenecs, can be humankind's
greatest problem rather than its
greatest blessing."

Clearly, environmental education
has a role to play in the education of
future scientists and engineers. Envi
ronmental science is not a synonym for
environmental education. The sci
ences, of course, playa major role in
any program of environmental edu
cation, but only one role. To address
any environmental problem at its roots
is to deal with the fundamental
cause-man and his ideas, as Nash
emphasizes. The undergraduate edu
cation of scientists and engineers that

clues for useful, functional approach
es.

The role of science and technology
One of the most significant features

of the science curriculum reforms of
the 1950's and 60's, as evidenced by
many SF-supported preuniversity
educational efforts, was the involve
ment of professional scientists in the
orientation, selection, and development
of teaching materials for preuniversity
science instruction. At least at the
outset, scientists insisted that the
"what" was less important than the
"why."

We will stipulate that primary and
secondary school science subjects arc
better taught today than before the
days of PSSC, CHEMS, CBA, BSCS,

ESCP, IPS, HPP, ISCS,SAPA, ESS,
and their siblings, though some may
not accept this viewpoint. One of the
costs, however, has been less attention
to "practical" conccrns, to societal
nccds, and to rcal-life problems than is
appropriate to environmental educa
tion.

Education in the social sciences,
both primary and secondary, has his
torically not been concerned with
contemporary problems though we will
again stipulate that the "modern"
K-12 social studies have made giant
strides from the older-style political
histories. What attention has been di
rected toward the contemporary scene
has not focused on inherent scientific
and technologic realities. Unfortu
nately, C. P. Snow's delineation of "the
two cultures" has not created an im
pact sufficient to generate action in
elosing that gap with respect to either

tiveness on the part of the schools in
performing such functions. Again
concurrently, tightening public monies
has made it increasingly difficult for
the schools to respond to new demands,
to cope with multiphased criticisms,
even to determine what priorities arc
appropriate, or at least acceptable. It
might be easier if the schools were to
tell the public what the schools can and
cannot do, but taking a strong stand
when the school budget comes up for
public approval annually is not easy.

Many of its proponents sec envi
ronmental education as a process
rather than a body of content. The
common denominators we have listed
above imply a marriage of content and
process. They demand a real-world
context rather than a set of abstrac-

Oldsters participate, There is I/O age barrier to enuirOl/melllal educatiol/ as this
New York state program illustrates

tions and a elean set of acadcmic ex
ercises. At the sa me time, however,
these denominators require solid con
ceptual bases in both the natural and
social sciences plus development of an
environmental conscience. Above all,
they arc predicated on an integrated
view of the world, what it really is, how
it all fits together, how the resolution
of one set of problems may initiate
another set.

It seems reasonable to say that
schools deal effectively with environ
mental education to the extent that
they are successful in integrating those
common denominators. nfortunate
ly, it is not easy; it is not frequently
accomplished. Those somewhat suc
cessful environmental educational
problems have no rigid commonality
of approach, no sacred set of subject
matter. At best, such programs can
serve as imperfect models that furnish
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Some current public school activities

• A New Jersey computer-based resource information
font for teachers wishing to confront their students with
environmental concepts, problems, issues, and op
tions.
• A Maine network of local programs tied to a central
demonstration program to heighten public awareness in
maintaining and improving the quality of the total en
vironment.
• An Indiana program built around 5-day visits by fifth
graders to a nature center. .
• An Ohio applied science learning unit for secondary
school students with a community action concern.
• A Montana project featuring cooperation between the
Bureau of Land Management and local schools.
• An Iowa program involving active student participa
tion in the political processes necessary to implement
solutions to environmental problems.

• A Pennsylvania curriculum aimed at developing at
titudes and undcrstandings rather than strictly the ex
posure to information.
• The outreach work of the TVA with Tennessee Valley.
schools.
• A computerized urban planning game focused on an
air pollution control exercise.
• Florida's state-funded environmental education ap·
paratus.
• An Alabama curriculum that confronts pupils with
issues and options.
• A California schoolyard classroom devoted to the
discussion of an ecological life-style and "appropriate"
technology.
• A well-tested Wisconsin curriculum materials de·
velopment system.

does not include such a departure is an
anachronism today.

At the level of the professional
master's degree, environmental edu
cation is increasingly represented by a
program composed of equal incre·
ments of science and technology,
public decision-making processes,
analytical and design tools, and syn
thesis and integration.

Research training leading to the
Ph.D: likewise is increasingly recog·
nizing the legitimacy of team investi
gations that break out of the straight
jackets of conventional disciplines.
Many universities in their extension
programs are offering refresher
courses for practicing scientists and
engineers in the political and ethical
dimensions of technology.

In turn, scientists and engineers can
and should make significant contri
butions to environmental education
programs. Objective by nature, scien
tists can replace with ecological data
the emotional tenor of many environ
mental debates. Pragmatic by training,
engineers can serve to keep discussions
on a real-world level. Both can help
identify technological solutions that
violate the first or second laws of
thermodynamics and both can indicate
what technologies are available yet
underutilized.

That environmental education is
headed in the right direction is con
firmed by one very simple test. At one
representative state university, we
compared the course offerings in the
years 1965-66 and 1975-76 in terms
of how many course titles included the
words ecology, ecological, environ
ment, enVironmental, or energy. Dis
counting the shortcomings of this test,
the net figure is still striking: a 443%
increase in course offerings in the 10
years. The engineering school alone
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had a 338% increase. The summer
term by itself had a 900% increase.
Hopefully, academia's new environ
mental cast will produce a citizenry
with an ecological conscience at last.

What is needed?
What important questions regard

ing environmental education ought
. educational researchers be formulat
ing? An answer might include these
queries.

What modes of learning are best
adapted to environmental education?
What is the role of concept under
standing in attitude formation, or vice
versa? What is the nature of values as
they affect behavior change, if they
do? How can environmental education
(EE) concepts be integrated into ex
isting curricula? At what grade levels
should specific concepts be taught?
Does knowledge of EE concepts nec
essarily affect behavior? Can we ac
curately measure values with current
methods?

At the post-secondary level, should
general environmental studies precede,
follow, or be taken concurrently with
professional environmental regimens?
How can we best determine the worth
of an agency or method in meeting the
over-all goals of EE? How does the
determination and dissemination of
relevant facts and the classification of
values innuence environmental atti
tudes? How can we maintain the dis
tinction between teaching and
preaching, between education and in
doctri nation?

Imposed values are not lasting
guides for behavior. Accepting and
implementing this simple rule may
well be the single most difficult aspect
of environmental education at all lev
els. That some of these issues, and
others, are increasingly being ad-

dressed is evidenced by representative
papers presented by educators at the
1977 convention of the National As
sociation for Environmental Educa
tion.

When all is said and done, however,
there are no Nielsen ratings for mea
suring public participation in envi
ronmental education or any environ
m'ental IQ tests to measure our na
tional level of ecological literacy. It
would not make any difference if there
were.

The payoff in environmental edu
cation is in individual and collective
action for an environment capable of
sustaining life processes and fit for
sanative living. On that score, the
record is surely mixed. The authors are
inclined to believe. however, that en
vironmental education is beginning to
work in small yet significant ways.
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Pest Management with Insect Sex
Attractants
Morton Beroza, Ed.

This latest research explores the use of non
toxic behavior chemicals for pest control. Nine
papers discuss: multicomponent pheromones.
air-permeation with gossyplure. control of
lepidopterous pests, and EPA registration re
quirements. Included also is a comprehensive
listing from insect behavior-controlling chem
icals. many of which may be useful in pest man
agement.

192 pages. Cloth. (7976) $7 7.75

Arsenical Pesticides
E. A. Woolson, Ed.

Ten papers discuss current research on the
analysis. soil behavior, biotransformations. ac
cumulations. cycling. and modeling of arsenate
and arsenical pesticides in nature. Specific
topics include determination of traces of arse
nic, behavior and phytotoxicity of arsenicals in
soils, bioaccumulation. arsenic cycle, micro
biological methylation, and arsenicals in
animals.

.. an excellenl, up-Io-date, and valuable re
view 01 the literature..
"Highly recommended lor libraries serving
graduate programs or research scientists in
volved in pesticide research. "
Choice (1975) Julyl Aug., 363

176 pages. Cloth. (1975) $12.50

Chlorodioxins-Origln and Fate
Etcyl H. Blair, Ed.

Fourteen papers discuss the latest research on
radio labeling, crystal isolation, thermal stability,
electron spin resonances and visible absorption
spectra. photochemistry. and toxicology. peri
natal effects. lethality, biological distribution of
toxin. environmental significance. incidence.
and mechanisms.

140 pages. Cloth. (1973) $10.50

Pesticidal Formulations Research.
Physical and Colloidal Chemical Aspects
J. W. Van Valkenburg, Ed.

Fifteen papers survey critical surface tension of
fibers. transport of a water-insoluble substance
through a membrane, contact angle of surface
active agents, vapor pressure of pesticides, role
of surfactants in sprays. biological activity.
evaporation. spray formation and drift. and
several studies on specific pests and pesticides.

212 pages. Cloth. (7969) $73.95

Pesticides Identification at the Residue
Level
Francis J. Biros. Ed.

Is our environment really becoming more toxic,
or are pesticides falsely condemned by instru
ments designed as quantitative rather than
qualitative tools? Eleven papers discuss philo
sophical aspects of ultramicroanalysis, instru
mental techniques. microchemical methods,
and biological assay.

182 pages. Cloth. (1971) $12. 95

Organic Pesticides in the Environment
Aaron A. Rosen and H. F. KraybiJl, Eds.

Twenty-three papers give a clear perspective of
environmental hazards in soil. water, and air;
surveys effects of mammal enzyme systems.
residues in human body tissues. effects of
chronic poisoning by organophosphorus insec
ticides. Methods of sampling and analysis are
included such as IA identification of chlorinated
insecticides and electron capture chroma
tography to determine organic insecticides in
water.

309 pages. Cloth. (1966)$79.50

Natural Pest Control Agents
Donald G. Crosby, Ed.

Plants and animals produce agents which can
control life processes in insects or other plants.
Twelve papers survey such known agents as
repellents in arthropods; insecticides in pyre
thrum and cruciferous crops; insect toxicants in
bacteria; virus and growth regulators in plants.

746 pages. Cloth. (7966) $70.50

New Approaches to Pest Control and
Eradication
Stanley A. Hall, Ed.

Eight chapters survey the "silver bullet" ap
proaches in insect eradication, including male
annihilation, chemosterilants. anti-feeding
agents, bacterial disease, and sex attractants.

74 pages. Paper. (7963) $6.25

Air Pollution Damage to Vegetation
John A. Naegele, Ed.

Ten papers cover the chemical basis of the air
pollution problem; damage from ozone, photo
chemical smog. PAN. and oxides of nitrogen
and sulfur; acute and chronic responses of
horticultural and agronomic crops; biochemical
effects; plant toxicology; population shifts.
and the future of crop production.

"The subject is well-treated, in a short but quite
informative manner. The problems are depicted
clearly." (Agro-Ecosystems (7975) 2, 95-97)

137pages. Cloth. (1973)$10.75
137 pages. Paper. (1973) $6.25

Removal 01 Trace Contaminants Irom
the Air
Victor R. Deitz, Ed.

Sixteen chapters provide critical and in-depth
coverage of air pollution characterization and
removal. The collection stresses interactions
among particulates and gas phase contami
nants; pesticides; occupational contaminants;
cigarette smoke and aerosol filtration; sulfur
dioxide; trace gas adsorption; nitrogen oxides;
and high ozone concentrations.

207 pages. Cloth. (7975) $77.25

Mechanism 01 Pesticide Action
G. K. Kahn, Ed.

Fourteen papers take a three-faceted approach
in discussing current research on the mecha
nism and metabolism of broad groups of pesti
cides, activity relationships of specific pesti
cides. and analysis of cellular and model
systems. Specific aspects include insecticide
metabolism. fungicides, acaricides. herbicides,
and insect chemosterilants.

180 pages. Cloth. (7974) $72.50

Fate 01 Organic Pesticides in the
Aquatic Environment
Samuel D. Faust. Ed.

Occurrence, recovery by extraction, con
firmation by mass spectrometry and NMR,
interaction with particulates, sorption by or
ganic clays. herbicidal residues, photodecom
position of picloram, chemical hydrolysis and
oxidation of diazinon, parathion and paraoxon.
persistence of carbamates, and degradation of
chlorinated hydrocarbons.

280pages. Cloth. (1972)$77.75

Air Pollution Effects on Plant Growth
Mack Dugger, Ed.

Eleven papers present new avenues of research
on the interaction of air pollution oxidants with
biological systems. Topics include ozone effects
on cell permeability; alterations in metabolite
pools; pigmentation and physiology of plant
injury; plant bioenergetics; and sites of ozone
damage.

750pages. Cloth. (1974)$70.50



Energy resource development:
the monitoring components

At the same time that this nation is developing its coal
resources in the western part of the u.s., it is developing air

& water instrumentation and monitoring techniques to
ensure adequate surveillance and safeguards protective of
health and welfare. George Morgan, director of the EPA
Environmental Monitoring and Surveillance Laboratory,

tells ES&T readers of the activities ofeight different
federal agencies to determine the source, the transport, and

fate ofenvironmental pollutants.

George B. Morgan
EPA Environmental Monitorin~and

Support Laboratory
Las' Vegas. Nev. 89114

It is necessary that adequate control technology be im
posed upon cnergy resource development so that environ
mental pollutants are kept to an acceptable level. The ob
jective of environmental pollution control is to prevent ad
verse effects of the pollutants. In order to achieve this ob
jective we must know several types of information. First,
wc must establish the relationship between the exposure to
and effccts from the pollutants on the critical receptor.
Second, we must know the relationship of the total exposure
to which the receptors are subjected and the sources. And,
finally once controls are implemented, we must evaluate
their effectiveness in maintaining the exposure levels at an
acceptable concentration.

Monitoring and measurements systems and techniques
are essential in determining the types of information nec
essary. The information presented in this report covcrs 18
papers from eight different Federal agencies. This is truly
a multimedia, interdisciplinary approach toward evaluating
the total effects of energy development upon our environ
ment. Through such an interagency effort, it is possible to
develop a compatible data base to determine the source,
transport and fate of environmental pollutants. It is only
from such a compatible data base that logical decisions can
be made as to the types of strategies for energy resource
development.

The Western Air Quality Monitoring and Western
Water Quality Data Integration Projects conducted by
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EPA are designed to providc integrated and validated
monitoring data (baselinc and trend) and assessment re
ports for the western areas of the U.S. that are or will be the
most seriously impacted by present or projected energy
related development activities. In the air monitoring area,
emphasis is placed on fine particulates, NOx, SOx, reactive
hydrocarbons, toxic substances and visibility. The geo
graphical coverage of studies to be conducted under this
project includes the Northern Great Plains. the Four Cor
ners area, oil shale areas of Colorado and Utah, the Black
Mcsa arca of Arizona and areas of New Mexico. It is quite
obvious that thc continued and acceleratcd development of
the various cnergy resources in thc West potcntially impact
the environmental quality of these regions.

The air quality monitoring network in the Western En
crgy Resource Development Area (WERDA) now consists
of 474 stations. Depending on the analysis desired, these
stations are stratificd according to the surveillance classi
fications of the sampling site, that is: population, source,
or background. Less than half of thcse stations arc locatcd
in rural areas and related to latter category of background
monitoring sites.

Under the Intcragency Energy Program significant
progrcss has been made to idcntify and expand the air
quality monitoring networks; for example, 77 sitcs have
been added throughout the 8 state-rcgion for sulfate and
nitrate analyses. The nctwork of thc Ute Rcsearch Labo
ratory is also being used to collect samples for trace element
analysis, that is: iron, cadmium, chromium, copper. lead,
cobalt, mangancse, nickel and molybdcnum.

Visibility deterioration, probably the first observable
impact on air quality from cnergy development and related
activities, is nol prcsently being quantitatively measured.



Low sulfur coal reserves ys. steam electric power generation

Hawaii: Negligible reserves and consumption
Alaska: Potentially large reserves, minimal consumption

We are proposing a network of visibility monitoring sta
tions, and tentative sites have been selected.

A major advancement following the air quality moni
toring data to be used for the regional scale assessments has
been made through the initiation of a quality assurance
program. Seventeen participating laboratories, including
Federal, State, private and contraetor, are involved in a
uniformally applied audited, cross-check program that
permits all data to be entered into a SAROAD data base
(ES& T, November 1970, p 902).

The accelerated energy development in WERDA is in
direct competition with other users for the limited available
water resources. The extraction of raw materials, fuel re
finement, transport and utilization and the accompanying
demographic changes will place additional demands on
available water. Loss of water through evaporation, ad
sorption into process waste streams and exportation to other
regions is only one area where water resources will poten
tially be affected by the increased development activities.

In response to the need for baseline data with which the
impact of energy development activities can be assessed, the
U.S. Environmental Protection Agency has initiated a water
quality data integration program. Participating with the
EPA are elements of the U.S. Geological Survey. Several
other Federal, State, and local agencies are cooperating in
the study.

The specific objective of the program is 10 establish a base
of biological, chemical, and physical information which will
serve:

• as a baseline upon which alterations to water quality
can be assessed

• as a basis for relating pollutants and/or effects to
specific activities

Key: Steam electric power generation

~ > 1.5 Million KwH per square mile
Wt*i;¥~r~~1 0.5-1.5 Million KwH per square mile
t7ZZZJ 0-0.5 Million KwH per square mile

• as a basis to provide input 10 the energy and environ
mental planning process.

Energy resource development scenario information and
data regarding existing facilities together with existing and
anticipated pollutant speciation, locations and concentra
tions data were used to identify a network of water quality
monitoring stations in the WERDA. Over 200 currently
active, data-rich (25 or more parameters monitored for a
period of at least two years) surface water monitoring sta
tions were selected for this network. Other stations and
those of special studies are incorporated when and as nec~

essary to fill specific data gaps. Data gathered are coded
into STORET, EPA's water quality data base (ES& T,
February 1971, P 115) and are retrieved for statistical
analyses, listings and summarizations.

A quality assurance program has also recently been ini
tiated that includes site visits to participating laboratories
and performance audits, using periodic check samples.

There is a problem with the relatively large amount of
data to be reviewed and assessed. This problem is com
pounded by the ephemeral nature of the western water re
sources. Many tributary streams to the major waterways
are seasonally intermittent and now in others is intermit
tently surface and subsurface.

USGS: The agency concerned in a big way
with water monitoring

The Water Resources Division of the U.S. Geological
Survey operates a network of 6200 water quality monitoring
stations nationwide. Of these, 590 are in the Rocky
Mountains and Northern Great Plains States of Colorado,
Montana, North Dakota, New Mexico, Utah, and
Wyoming, of which 73 are funded partially from EPA
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funds. EPA funds provide for the collection and analysis of
a broader set of water quality parameters than that nor
mally obtained by the USGS. These data are used to es
tablish baseline water quality, sediment, and flow conditions
against which future assessments of impact can be made.
The report submitted by USGS gives reports obtained from
three of the 22 projects involved in the interagency pro
gram.

One of the projects is to determine the quality of water
at the Chaco River Basin of New Mexico. Located in this
area is the Four Corners power plant (ES& T, June 1974,
p 516) and its associated avajo Coal Mines, as well as the
San Juan power plant (ES& T, June 1976, p 532). Both are
considering expansion. The proposed Western Gasification
Company's gasification plant and the proposed EI Paso
Company's gasirication plants will also operate in this
area.

The major water users will derive their water supplies
from the San Juan river system. As much as 500 000 acre
feet of the annual average total of the 1.6 million acre feet
as measured on the San Juan River at Shiprock may be
diverted for these projects. Available data on the quantity
and quality of the water resource at the Chaco River Basin
are very sparse. The impact of the energy development
particularly on water quality in the Chaco Basin and ulti
mately downstream in the San Juan River and Colorado
River must be assessed. Data collected to date represent
baseline and present water quality conditions of both sur
face and groundwater resources that will help to determine
the effects of proposed energy development in the area. Both
sources of water are extremely hard; the hardness is derived
from calcium sulfate.

Another USGS project is studying the effects of acid

mine drainage in southeastern Ohio. The rirst phase of this
study was a reconnaissance of water quality at 162 sites to
document the severity of the acid mine drainage problem
and to pinpoint affected streams. The second phase involves
a more comprehensive water quality sampling program.
Phase II objectives include determination of source and
chemical quality of water in each tributary, evaluation of
influence of tributary conditions on mainstream water
quality, and determination of material loading of streams
and tributaries. Data to date indicate that the contrast in
the data for an area of abandoned mines, and an area where
reclamation had been practiced, is noticeable. The absence
of acid drainage from reclaimed and working strip mines
emphasizes the importance of rapid reclamation in the
prevention of acid drainage.

A third USGS project is to determine water quality in
the oil shale areas of western Colorado. The latest devel
opments in oil shale industry indicate increased interest in
the modified in situ approach. The objective of the basic
data collection program is to obtain water quality data
needed to define predevelopment conditions and to monitor
the effects of construction and operation of oil shale mines,
retorts and spent shale disposal areas. Data have been col
lected and summarized from 22 wells penetrating the three
geological units likely to be involved in any in situ devel
opment.

An important concern of the EPA is impact of western
coal and oil shale developments on groundwater, and the
manner in which these impacts should be monitored. An
EPA project to provide these answers is currently underway.
The areas for study were selected where extensive devel
opment was being projected, that is: Campbell County
Wyoming and the oil shale tract UA and UBin northeast
ern Utah.

Naughton
Il IlBridgerOLaramie river

Fossil fueled power plants
greater than 300MW
(Named plants-capacity greater than 1000 MW)

• Il

Groundwater: EPA has developed a predictive
methodology for monitoring its quality

Groundwater availability and usage can usually be de
termined without much difficulty. Impacts on groundwater
quality from mining, however, are much more difficult to
assess. A typical misconception is that the baseline or
background monitoring systems can also be used to assess
the impact of man's various activities on groundwater
quality. This is not true in most cases of subsurface pollu
tion. Many years and even decades may pass before change
in groundwater quality is observed. Once degradation of the
subsurface regime has taken place, it is extremely difficult
and costly to remedy. The EPA approach to this problem
is to systematically monitor potential sources of pollutants
before they enter the subsurface or the less accessible water
itself. Over the next year, EPA plans to collect, organize,
and interpret the background data for each potential pol
lution source.

At the end of the first year, a pollutant source prioriti
zation report will be completed for each project area to
identify the pollution sources needing the most detailed
monitoring. Also at the end of the first year, another report
will be completed that details oil shale mining approaches:
Keregen recovery processes and hydro-generation processes.
Following this report by three to six months will be a
monitoring program designed for the coal mining aspects.
A similar monitoring program design for the oil shale
mining and processing operations is expected in 18 to 24
months. We expect to have operational monitoring networks
established for oil and coal within 24 to 30 months.
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Western energy environmental monitoring studies
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An additional research need that concerns the oil shale
aspect of the project has been identified. The oil companies,
operating in tract CA, which is near tract CB in Colorado,
have announced plans for oil shale development. Also, oil
companies in tract CB have announced that they have de
veloped an in situ process for the processing of oil shale.
Monitoring for potential groundwater quality impact as
sociated with in situ oil shale development will be difficult.
A proposal for expanding the EPA monitoring program has
lieen prepared.

Remote sensing: NASA and EPA are processing digital
data acquired by Landsat and aircraft over coal strip
mines while TVA is looking at S02 vegetation damage

In the summer of 1975, NASA and EPA entered into a
5-y program entitled Western Energy Overhead Monitoring
Project for the purpose of transferring hardware and soft
ware techniques for processing remotely sensed digital data.
The project has been divided into three phases. Phase I was
an 18-month period during which time NASA capabilities
were applied to processing digital data acquired by both
Landsat and aircraft over coal strip mines in the Western
United States. Following the evaluations of the hardware
and software for this capability, a data processing system
was developed, assembled, and transferred to EPA/
EMSL-LV in January 1977. The system has been installed
and key EPA personnel have been trained in the useofthe
data processing system during November/December
1976.

Recommended analysis procedures and multispectral
data applications were documented in the NASA/ERL
Report entitled: "Western Energy Related Overhead
Monitoring Project Phase I Summary of Activities July I,
1975 through December 31, 1976." The report is presently
being reviewed by EPA to determine the application and

effectiveness of the suggested procedures. During Phase II
of the project, recommended procedures will be applied,
verified, and evaluated using current data sets as well as
future data sets made available through an intensive field
program now underway. Research and development ac
tivities continue in parallel with objectives to evaluate new
procedures for solving complexities associated with strip
mining activities data processing. These procedures, which
are now being tested by pilot studies, will result in the
state-of-the-art procedures converging into a final set of
recommendations and future requirements.

A project underway in the Air Quality Branch of the
TVA is entitled: "Remote Sensing of Sulfur Dioxide Effects
on Vegetation." The objective of this project is to test, re
fine, and develop remote-sensing instrumentation and
techniques for surveillance of S02 erfects on vegetation in
the vicinity of power plants. The work involves gathering
and analyzing spectral reflectance data using imaging and
non-imaging sensors and an array of instrument platforms
including cherry pickers, helicopters, and airplanes. Prog
ress to date has been primarily in the area of establishing
procedures based upon past experimentation and deter
mining plant damage following S02 exposure.

During 1977, selected crops and trees were subjected to
fumigation ofS02under controlled conditions. These plants
were examined by photographic recording and image
analysis, spectroradiometry, and image acquisition from
airborne sensors and cherry pickers with subsequent image
analysis. The laboratory fumigation and photography of
the affected plants have been completed. The field spec
troradiometer operations and over-flights occurred in
mid-summer 1977 when crops and trees were most sus
ceptible to the effects of S02. Future work during the
post-I 977 period will concentrate upon remote sensing using
satellite data. Currently available satellite imagery does not
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Proposed visibility monitoring sites
(At national parks. national monuments and national recreation areas)
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Occupational: NIOSH is involved in half-dozen
projects including personal monitors

The Measurement Systems Section of N IOSH is pres
ently conducting a project entitled: "Energy Related Re
search Program in the Measurements Research Branch."
The six areas in this energy project are described.

A portable, battery-operated fibrous aerosol monitor has
been successfully developed. The instrument counts indi
vidual fibers of asbestos or fibrous glass in real time and
gives the concentration of fibers per cubic centimeter in less

• Theodore Roosevelt

• Rocky Mountains

• Custer
National Monument

Badlands
• Mt. Rushmore

Yellowstone

••Grand Tetons

Dinosaur

•

been developed. The standards are being developed by
thermally evaporating thin metallic films onto polycarbo
nate filters and by sputtering glasses containing known
quantities of trace elements with an argon ion beam onto
polycarbonate filters. Another approach is the use of fully
characterized glass microbeads to simulate real particles.

Two measurement methods have been developed for
particulate monitoring. The first is an instrument for
measuring the size distribution of particles of known den
sity. This instrument will be used to characterize aerosol
generators. The second instrument is for the measurement
of sulfur in particulate matter. The principle of operation
is the combination of an electrostatic precipitator with a
name photometric detector.

Another method is being developed to distinguish the
sulfur compounds in particulates by thermally evaporating
the compounds. This procedure takes advantage of the fact
that different compounds vaporize at different tempera
tures.

Work is underway to provide standard reference mate
rials for elemental analysis of fuels and raw materials, for
example, western and eastern coal.

show promise for detecting subtle S02 effects on vegetation
because of the limitation in image resolution. It is too soon
to draw conclusions on the value of ongoing laboratory
fumigation, chamber photographic experiments, color
image enhancements and spectroradiometric measure
ments. By late 1977, these experiments should be completed
and several remote-sensing overnights should have been
conducted.

A prime emphasis is concerned with
pollutants associated with the burning ofcoal

EPA is conducting a project for pollutant measurement
methods development. These pollutants from coal burning
include sulfur oxides, or acid. The organic products of coal
combustion that may be described as carcinogens or more
broadly materials of high physiologic impact are included.
Existing methods for the measurement of sulfates in air
borne particulates has long been known to be subject to
interference.

Because sulfuric acid is known to be extremely reactive,
its successful measurement must be accompanied in
something approaching real time. Collection on a highly
inert filter followed by rapid analysis has been selected as
the potentially feasible approach. The separation, identi
fication and eventual quantification of desired individual
compounds from the incredibly complex mixture of organic
materials generated by the combustion of coal is being at
tempted by combining in a synergistic fashion the separative
resolution of gas chromatography, the analytic capability
of mass spectrometry, and the recognitive skills of the
computer. This appears the only feasible technique in to
day's state-of-the-art measurement.

One aspect of the ongoing research is leading toward
developing a hypersensitive S02 instrument that has the
sensitivity of approximately 0.1 ppb. This name photo
metric analyzer, capable of operating aboard a small air
craft, is expected to be available this month.

A method developed for the microdetermination of sul
fate and of strong acid has been modified and further im
proved. A technique has also been developed for collecting
small particles on a nuorocarbon membrane filter followed
by subsequent analysis by x-ray nuorescence spectrometry.
This method has the advantage that it maintains separation
of sulfuric acid from other particulate matter, therefore
permitting selective analysis.

Tenax GC, a thermostable porous polymer, has been
demonstrated to be capable of retaining the vapors of
nonpolar substances very efficiently and of releasing them
upon heating. This has become the favored method of
sampling for organic vapors in the atmosphere. Samples
collected by this method are thermally transferred to a gas
chromatography column and the column efnuent passed
into a mass spectrometer for resolution.

Because of the importance of particulates relative to
chronic health effects, several projects are underway in
particulate methodology. Prototype standard reference
materials for x-ray nuorescence analysis of particulates has
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than three minutes. The instrument is presently undergoing
laboratory and field testing.

A miniature gas chromatograph has been greatly im
proved where column gas-handling valves and detector are
etched onto the surface of a silicon wafer. The size of the
entire gas chromatograph assembly makes it compatible
to the data handling integrated circuitry so that the entire
gas chromatographic instrument can be packaged in a
volume not much larger than a pocket calculator. Some of
the improvements that have been made on this system in
clude:

• chemical bonding uf the polyethylene glycol and
Apiezon L lining matcrial to the capillary column sur
face

• development of a thermistor detector compatible with
the column size and volume

• develupment of miniature solenoid valves with nickel
parylene membranes for carrier gas and sample gas han
dling. Sensitivity uf previous versions of this GC at room
temperature with a one microliter per second carrier gas
now rate and a sample volume uf about 25 nanoliters have
been on the urder uf 50 parts per million with good sepa
ration of peaks.

Initial work has begun on developing a purtable micro
wave spectrometric analyzer. No significant progress has
been made as yet.

Design criteria for an autumated, personal sample fiber
counter has been received and evaluated. This instrument
will be based on light-scattering principles and is intended
to complement the fibrous aerosol monitor mentioned
above. It will be capable of counting fibers uf asbestos and
fibrous glass that have been collected on filters. This ob
viates the need for tedious human counting as presently
required by the regulations.

Commercially available personal sampling devices for
cold environments have been evaluated for their perfor-

mance at temperature down to -50 0c. Various aspects of
low temperature use have been considered, such as battery
type, lubricant properties and physical damage. The results
thus far indicate the primary limitation in all the pumps is
the battery.

Work is currently underway to develop a specific personal
sampling and analytical methods for hydrogen sulfide, H2S,
using a solid sorbenl.

Nuclear and radiological: TVA intends to evaluate and
refine the models used to predict the radiological impact
of releases to the atmosphere from nuclear power

A study being conducted by TVA entitled: "Development
and Evaluation of Improved Radiological Assessment
Capabilities," is designed to improve radiological surveil
lance procedures regarding both sampling and radio
chemical analyses of samples. The primary objective of this
project is the development of an optimum radiological
monitoring program. Studies leading to the attainment of
this objective have been divided into three major sub
areas:

• development of a model intraorganization quality
assurance program for radiological surveillance that will
include all TVA environmental and nuclear plant labora
tories

• improvement of radiological monitoring techniques
with emphasis on gamma spectroscopy methodologies,
which are among thc most frequently employed analytical
tools

• evaluation of presently used environmental radiological
surveillance programs. The end product will be a surveil
lance program capable of meeting required analytical
sensitivities and of providing adequate assessment infor
mation in a cost-effective manner.

A quality assurance program is being developed that will
assist in demonstrating the accuracy and reliability of
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output empirical data and could serve as a model for the
nuelear industry. During this fiscal year, it is envisioned that
a manual entitled: "Handbook for Analytical Quality
Control in Radiological Laboratories for TV A Laborato
ries" will be prepared and distributed nationwide.

Another report that will be forthcoming from this project
will result from the studies of gamma spectroscopy
methodologies. Interested organizations will have docu
mented information regarding the resolution of complex
gamma spectra and the assignment of lower levels of de
tection.

To supplement the ongoing work, additional studies
should be performed in the following areas:

• Environmental radiological surveillance programs.
Field testing of surveillance programs proposed in the
ongoing study and the evaluation of exposure pathways not
considered in detail in the present study should be conductcd
to ensure proper measurement of environmental impact.

• Analytical model refinement. Additional work will be
necessary regarding the collection of radionuclides specific
data around large nuelear facilities.

A main concern is to find the
composition ofeffluents from coal and

oil shale gaSification projects

The EPA supervises a contract to determine the com
position of efnuents from coal and oil shale gasification
projects. More specifically, the objective of this project is
to identify and measure chemical constituents in liquid and
solid waste from several energy-related industries, with coal
conversion and oil shale processes being studied first. To
avoid or minimize unnecessary duplication in this area, all
pertinent scientific and governmental literature has been
reviewed in this area. The investigators have identified in
formation gaps, sampled efnuents at appropriate energy
projects presently in operation and performed chemical
analyses for chemical elements and volatile organic com
pounds. This report covers the six types of energy activities
and produces tables of all elements and all organic com
pounds identified in the reports reviewed; for example, 41
chemical elements and 61 organic compounds were found
in efnuents from coal conversion and oil shale processing.
This report also covers the methods for elemental and or
ganic analyses.

Forty-five samples have been analyzed from in situ coal
gasification at Hannah and Gillette, Wyoming, from a low
Btu coal gasification plant at Morgantown, West Virginia,
and from an in situ oil shale gasification project at
DeBeque, Colorado and Laramie, Wyoming.

Examples of reported data jllustrate the complexity of
some of the analyzed samples. In some of the samples more
than 74 elements and 200 organic compounds were re
ported. These analyses provide specific information that was
not previously available for these energy processes.

Another EPA contract that was recently awarded will
provide analogous information about efnuents from several
energy activities including coal gasification and liquefac-
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tlon, oil shale processing, coal mining copper and coal-fired
power plant operations.

A U.S Geological Survey project is primarily in the area
of development. testing and application of methods. tech
niques and instruments for measuring water and water
related constituents and characteristics. More specifically.
the four areas of this project arc:

• developmcnt of methods for dwracteri/ing and
monitoring levels of chronic toxicity

• development of instrumentation of high volume
analysis of petrochemicals and associated compounds

• development of bedload samplers for measuring stream
sediments

• development of Ilumes and weirs and other device, and
techniques for measuring ,cdiment-Iadcn stream nOlI". /\
major cont ribution of this st udy has been the development
of methods permitting clucidation of thc role of physico
chemical factors on bio-availability of sediment-bound trace
metals.

In order to meet the requirement for the large amount
of data. this project is also developing criteria by which
laboratory managers can determine the most e1Tective
methods and best instruments for analY/ing large volume,
of samples from petroehemie:i1s and associated com
pounds.

This project is developing one or more samplers for ac
curately mcasuring the discharge of bedload in natural
streams. This will be done by testing and calibrating existing
samplers to define the oper:tting charactcristic, and ef
ficiencies in sampling difrcrent si/es of sediment undcr
various hydraulic conditions. Based upon this information.
sampler designs will be modified :lnd new bedload samplers
wi II be designed.

Investigations arc underway into alternative technique,
of measuring stream 11011' in open channels. Presently. three
methods of measuring discharge or velocity arc being
considered. all of which require little or no contact "ith the
water: nuorometric: photometric or video: and micro
wave.

The Office of Marine Technology of NOAA has a pro
gram which is directed at devcloping appropriate mecha
nisms whereby the measurement uncertaintics associated
with environmental data can be defined and controlled
within prescribed limits. Thcse data quality provisions when
applied to environmental monitoring programs result in
qualified data: that is. data with known error bands a de
fined relation to accepted standards.

Development of a laboratory dissolved oxygen standard
is currently in progress. This standard will serve as a sub
stitute for the Winkler method, which is currently used as
a reference method for calibration of dissolved oxygen
measurements systcms. This standard will operate in a test
bath overa rangeof-~ to .,5 °C and from Ot040 parts pcr
thousand in salinity. The dissolved oxygen range will span
o to 15 parts per million.

The development of a dynamic test apparatus for labo
ratory testing of now sensors is nearing completion. This
apparatus will generate controlled dynamics superimposed
on steady noli's to determine mea,urements capabilitie, of
now sensors in a nonsteady noll' environment. This test
apparatus is being designed and fabricated by the !\aval
Ship Research and Development Center. The capability to

stimulate field conditions will provide more re:i1istie defi
nition of sensor charactcristics and limitation.

Transfer standards arc utili/ed to assess the compara-
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bility of results obtained between different laboratories
performing similar calibrations. A conductivity/tempera
ture/depth system has been selected as one of the transfer
standards developmcnt areas. This system is presently
undergoing a laboratory evaluation ovcr a 6-month time
interval to verify its measurcment capability. Subsequently
the system will be shipped to another laboratory for cali
bration. The uncertainity goal for this calibration technique
is ±0.01% of the reading.

Using data from Landsat and aircraft.
EPA and NASA will be characterizing

power plant and other emissions

A joint EPA/NASA project is being conducted to develop
and apply an advanced elcctro-optical technique to the
measurement and characterization of power plants and
other sourcc ernuents. There arc five tasks in this
project.

A first task is to cvaluate Raman lidar for remote mea
surement of the concentration of S02 at power, plant stack
plumes. An existing system at NASA l.angely has been
modified and improved and is now in the stage of being
calibrated. Preliminary results show that at a range of 500
meters and night background light levels. the Raman lidar
system can measure SOl concentrations of 1000 parts per
million with 10%.

A second task is to apply aerosol scattering lidar tech
niques to the study of plume dispersion under various at
mospheric conditions. This project involves modifying an
existing lidar technique dcveloped by NASA for dispersion
studies of plumes from rocket launches. This task was
originally scheduled for completion in 1976; however, no

funds were allocated to this task during the second year
because of severe budget constraints. Funds have been al
located for this task during the third year and work will be
resumed subject to approval by the EPA Project Orficer.

A third task is to develop and apply the tunable infrared
differential absorption lidar technique to the remote mea
surements of molecular plume ernuents. It employs the
principle of differential absorption technique where se
quential measurements are made first on an absorption line
and then at a nearby wavelength off the absorption line,
thereby providing information on range-resolved data for
particular gases. The contract has been let for the tunable
IR laser, which was delivered last year. This task is sched
uled for eompletion in late ealendar year 1978.

A fourth task is to develop the use of a laser hetrodyne
deteetor as a means to increase the sensitivity of long path
continuous wave absorption measurements using diffuse
denectors. The infrared heterodyne radiometer is scheduled
for completion in December 1977, at which time a technical
report on evaluation of this system will be furnished to
EPA.

The objective of task 5 is to develop and deliver to EPA
an improved in situ HCI chemiluminescent monitor eval
uated at concentrations as low as 5 ppb of HCI in ambient
and polluted air. The instrument has been evaluated in the
laboratory to determine the operational characteristics.

NOAA is tracking particulate pollutants and
measuring their transport by Doppler LI DAR

The Wave Propagation Laboratory, NOAA, is investi
gating lidar techniques for analyzing and tracing particulate
pollutants from energy production. Improvement of lidar
techniques is required to increase accuracy of identification
and measurement of size distribution, shape factors and
concentration. Two steps have been taken to improve re
mote detection and measuring methods for particular pol
lutants.

The depolarization technique has proven useful in
studying plume dispersion in impact assessment programs
and in distinguishing plumes from natural background
aerosols. Preliminary results on two wavelength techniques
have indicated potential for improved identification of
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Particulate sampling in WERDA
(1976)

Dept. of Energy seeks information on air emissions and
water effluents useful in guiding control technology

The objectivc or DOL's Divi,ion or Biomcdical and En
vironmental Research program is to providc inrormation
on potentially troubles\ltllC cl'llucnts or emissions that would
be useful in guiding control technology considerations and
that is needed in order to develop a com[lrehensive assess
ment or environmenLl1 and health elTeets. The speeiric
projects within this [lrogram arc as rollows:

The Argonne National Lahoratory is dcveloping methods
1'01' the chemieal characterization and analysis or airborne
particulate material as a runction ol'the particulate size and

particles. Theroretical studies have resulted in improvcd
idcntirication or [larticles. and also in im[lroved application
or mathematical inversion algorithms to deduce thc [lrop
erties or [larticles rrom their electromagnetic signatures.

J The dC[lolarization technique in im[lact assessment
studies has been successrully uscd at Colstri[l. Montana.
Initial tests or the dual wavelength system arc encouraging
1'01' estimating mean [larticles sizes. In the immediate ruture.
field tests will be conducted on the de[lolari/ation technique
and the two wavelength techniques. Plans arc being ror
mulated 1'01' the study 01' dilTerential absor[ltion and inelastic
scatter techniques.

The Wave Pro[lagation I.aboratory (NOAA) is also
carrying out a project entitled Doppler lidar ror measure
ments or [lollutant transport. Doppler lidar measures thc
small-scale bound'iry layer wind rield by rrequeney ana
lyzing the sign,i1 backscatlercd rrom aerosok The purpose
or this research [lrogram is to devclop and tcst operational
techniques 1'01' the high-resolution measurement or atmo
spheric wind. turbulencc. and aerosol backscatter aspects
or pollutant transport.

Results include both technique rcl'inement and rield
measurements such as wind proriles to 'I r'lnge or I kilo
meter and a height or 200 meiers, velocity spect ra or vor
tices. FM-CW lidar r'lnging. three-com[lonent velocity
measurements, and plume bal'bcattcr. Planncd research
includes aerosol proriling. r'lnge extcnsion and more elTi
cient data processing. The rcsearch task is two years into
a rive year program. Milestl)nes arc on schedule.

An EPA study is evaluating airborne active remote
sensing or pollutants associ'lted II' ith energy production. All
or these systems utili/.e I'lsers to producc the interrogating
signal and all ol'the systems operate in a duwnward l1lode
from airborne [llatrorms.

The rirst system is a downward-luoking lidar that ranges
aerosol scattering in the atmosphere below thc [llane. An
operational system has bcen tcstcd that features a real-time
dis[llay or lidar return signals.

Ground and Ilight testing ora prototype eartht-rellccted
dirrerential absorption sySlem I'or o/.onc monitoring has
been completed and suggests great utility in studying
long-range oxidant transport problems. A system 1'01'

monitoring sulrur dioxide is being designcd and a computer
simulationl1lodel has been crcated to optimilc component
selection system response and display o[ltions.

Laser fluorescence tcchniqucs arc prcscntly being cval
uated 1'01' usc in monitoring the prcsence or cl'rects or envi
ronmental pollutants in waleI'. Thc concentration or surrace
water chiorphylill in algac is prcsently bcing monitored
using thc helicopler-borne laser f1uoroscnsor. A similar
system is also bcing dcsigncd which will map and quantiry
surrace watcr total organic carbons .
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New sulfate-nitrate monitoring sites
Sulfate-nitrate monitoring stations added during 1977 (79)
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time. This technique is based on the infrared spectroscopic
analysis of particulate samples. Samples are collected with
a Lundgren impactor. The extract of these samples is then
analyzed using infrared spectroscopy. During August and
September of 1975 a field comparison study was conducted
in the St. Louis Region, comparing the Lundgren impactors
and the EPA sampling method. Sulfates were found in the
fine fraction as expected. Overall good agreement was found
between the two methods.

A project being conducted at the Brookhaven National
Laboratory is to determine the primary emissions of sulfate
species from various types of fossil-fueled combustion
sources and relate the magnitude of these emissions to·
variables affecting the combustion and emission control
processes. This study also includes the collection and.
analysis of sulfuric acid.

A Lawrence Berkeley Laboratory project is to develop
an elemental sulfur monitor. The first prototype of this
sulfur monitor is in the final stagcs of construction and
should be available for field testing by the time of the New
Orleans Symposium. Another Lawrence Berkeley project
is to develop a beta partiele attenuation method for the
large-seale measurement of total particulate mass of sam
ples collected on membrane filter.

A Lawrence Livermore Laboratory project is to determine
a satisfactory method for extending the sensitivity of the
microwave ammonia monitor by preconcentration. The
objective here is to select a preconeentration method so that
ammonia can be measured quantitatively down to one part
per billion by a field-usable instrument.

The Los Alamos Scientific Laboratory is evaluating the
present EPA particulate sampling method (Method 5) and
developing improved methods for extracting particulate
samples from stacks. Over the last 18 months, this project
has been directed at evaluation of glass fiber sampling filters
operated at 120°C and 10.3 cm/s air velocity. Efficiency
for filters tested at 120°C and 10.3 cm/s so far has ex
ceeded 99.9% for partiele sizes above I /lm and approxi
mately 99.6% efficiency for smaller particles.

A project at the Oak Ridge National Laboratory is 10

develop instrumentation and methods for characterizing
aqueous efnuents from oil shale, oil refining and geothermal
sources. One feature of this research is to limit the appli
cation of analytical techniques that are presently available
for routine analysis. These researchers are not only using
instrumentation methods but also are developing and in
corporating bioassay techniques into the characterization
scheme.

The Lovelace Biomedical and Environmental Research
Institute is improving the methods available for chemical
and physical characterization of aerosols from process
utilizing fossil fuels, particularly coal. Methods for identi
fication and quanti tat ion of potential toxic organic emis
sions are being developed as are in vitro methods to predict
the solubility of particles in the lung following inhalation.
Reliable aerosol impactors have been developed for labo
ratory use.

The objectives of an Ames Laboratory project is to de
velop the basic sciences, the investigative methods and the
hardware so that the demanding analytical requirements
associated with the characterization and quantification of
heavy weight organic pollutants and efnuents from oil shale
and oil-refining operations can be met in a viable practicable
manner. In addition, this project is developing methods in
hardware so that trace-element impurities occurring in

geothermal efnuents in brines can be determined quanti
tatively, simultaneously and with adequate sensitivity.

NBS is developing standard methods and standard
reference materials for air and water pollutants

The National Bureau of Standards project entitled,
"Standard Reference Materials, Instrumentation and
Methods for Energy Related Air Pollution Monitoring,"
is directed toward providing standard reference materials
for gaseous pollutants and airborne particulates arising
from fossil fuel combustion and from the chemical extrac
tion of fuels and raw materials. In addition, a project has
been initiated for the development of a method to distin
guish specific sulfur compounds in particulates derived from
gaseous sulfur compounds.

Four standard reference materials for source monitoring
have been issued that consist of gas blends of S02 in nitro
gen concentrations ranging from 500 ppm to 2500 ppm.
Other standard reference materials currently under de
velopment are N02 in air at concentrations ranging from
250 ppm to 2500 ppm, oxygen in nitrogen, and hydrogen
sulfide in a hydrocarbon gas blend.

Other standards being developed for ambient air mOT)i
toring are carbon monoxide in air and gas blends ofS02and
N02 in nitrogen. These standards are being investigated
as alternatives to the NBS permeation tubes.

The National Bureau of Standards is also developing
measurement methods and standard reference materials
for monitoring water pollution associated with energy
production and use. There are three areas covered in this
program. The first is the energy-related water polluted
analysis instrumentation, which is coordinated with the
EPA Environmental Research Laboratory at Athens,
Georgia. Projects currently underway in this area primarily
deal with the measurement of organic species and of toxic
elements. This method involves the coupling of electro
chemical detection to liquid chromatography.

The second area in this program is the development of
standard reference materials for monitoring water pollution
resulting from energy production and use. During the first
year of this program, workshops were held to determine the
standard reference material needs for the analysis of the
various efnuents associated with offshore petroleum, oil
shale, coal gasification, power plant operation, mine
drainage, etc. A method has also been developed that may
be used to generate known concentrations of organic com
pounds. Known concentrations of the compounds are coated
on glass beads packed in a column for subsequent aqueous
elution.

The third area encompasses a provision of standards for
radiological pollutant measurement quality assurance. This
effort is aimed at providing a series of standards for the
measurement of radionuclides with an emphasis on alpha
emitters. To date, SRM's for P0 210, mixed gamma solution,
and mancos shale (Ra226 and Ra228) have been delivered
to EPA.

George B. Morgan is the director ofEPA's
Environmental Monitoring and Surveil
lance Laboratory. Mr. Morgan is a mem
ber ofthe US. delegation to the UN. En
vironmental Program Working Croup. and
to the US';US.S.R. Joint Working Croup
on Cooperation in the Field ofAir Pol/u
tion Modeling. Instrumentation and
Measurement Technology.
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Today's Standard for Turbidity Measurement
HACH Model 2100A Laboratory Turbidimeter

HACH CHEMICAL COMPANY
First in waterAnalvsis
P.O. Box 907· Ames, Iowa 50010 U.S A
call TOll-FREE: 800/247·3986
(Iowa reSidents (all colleer 515, 232- 2533)
TWX. 910·520·1158
And HaCn Europe· Namur, Belgium

-Mention of trade names 01 commerCial products does nol constitute endorsement by the
Water Quality OHlce of the Environmental Protection Agency

The 14th Edition of Standard Methods of Water
and wastewaterAnalysis and USEPAs Methods of
Chemical Analysis of water and wastes both in
clude the nephelometric method for turbidity
measurement, and both describe the design and
operation principles employed by the Hach
Model 2100A Laboratory Turbidimeter.
MODEL 2100A:
• A carefully selected photomultiplier detector

provides high sensitivity and reliability.
• A unique optical design minimizes stray light

to provide greater accuracy, especially at
drinking water levels.

• Stable standards- A complete set which
simulates Formazin suspensions is furnished
with the instrument.

• A large easy-to-read meter simplifies opera
tion. No calculations or interpolations are
required.

• Fast meter response with no drift, even with
lower ranges, shortens analysis time.

• A wide dynamic working range-measure
ments from 0.01 to 1000 NTU-permits use with
potable water as well as wastewater.

• Proven quality construction of the 2100A
guarantees years of trouble-free service.

E~?>

CIRCLE lION READER SERVICE CARD

INFORMATION ON CHLORINATION
FOR WATER AND WASTEWATER TREATMENT

IQ: ~~~12~~~LM~R~~~~A~A~~5 ~~.•
Telephone: 215-822-2901 • TELEX 846454 • Cable: CAPCO-COLMAR, PA.

BULLETIN 1770, AUTOMATIC
SWITCHOVER CHLORINATION
SYSTEMS. Provides description of
the ADVANCE chlorinator switch
over system that assu res continuous
chlorination. Includes features,
operation description and sizing
table, as well as layouts and
dimensions.

BULLETIN 4004, CHLORINATION
GUIDE. Helpful background infor
mation various types of drinking
water treatment, industrial process
and washdown water treatment.
Also covers aspects of municipal
and industrial wastes treatment.

BULLETIN 1001, CHLORINATOR
SELECTION GUIDE; a digest of
information on the ADVANCE® line
of gas chlorinators. Includes illus
trations, descriptions, capacities
and definitions of terms.

CIRCLE 2 ON READER SERVICE CARD
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Editorial Policy
Environmental Science & Technology reports on aspects
of the environment and its control by scientific, engineering,
and political means. Contributions by authors outside the
full-time staff of writers appear either as feature articles
or current research papers. The purposes of features and
research papers are different, however, and are outlined for
the convenience of authors.

Feature articles. Manuscripts submitted for possible use
as features need contain no new or original information, but
should attempt to explain some aspect of the environment,
pollution, or pollution control so that a heterogeneous
readership, composed of technically trained people and
others with responsibility for or interest in environmental
control, can quickly grasp the essentials.

Feature articles receive some editing attention from the
full-time staff, and many of the guidelines detailed below
for research manuscripts do not apply. Potential authors
are encouraged to consult recent issues for the approach
used in features and to contact the Managing Editor before
writing.

Current research papers. The research pages of ES& T
are devoted to the publication of contributed and critically
reviewed papers concerned with the fields of water, air, and
waste chemistry, in particular, and with other scientific and
technical fields which are relevant to the understanding and
management of the water, air, and land environments. The
research section attempts to serve the research interests of
all scientists and engineers whose investigations and work

fall within the broad field of environmental science and
technology.

All research articles emphasizing analytical methodology
for air or water analysis must include substantial application
to environmental samples. ES&T faces some overlap with
other journals in this area, and articles that do not contain,
in the editors' judgment, a significant emphasis on envi
ronmental analysis will be returned to the authors for sub
mission elsewhere.

Manuscripts should be prepared with strict attention to
brevity. The vast majority of articles are expected to be
fewer than four published pages. Processing time will be
shortened if the editors do not have to return manuscripts
to be condensed.

Contributed research papers will, in general, describe
complete and fully interpreted results of original research.
Review papers will be considered only when they serve to
stimulate new research ideas or lead to new and significant
generalizations.

Notes and Correspondence, as well as full-length papers,
will be published in the research section. Notes are shorter
research reports describing preliminary results of unusual
significance or studies of small scope. Authors of Notes
should be able to justify why it is not desirable to wait for
a more complete report to be published as a full-length
paper. Correspondence is significant comment on work
published in ES& T: the authors ordinarily will be allowed
to reply.

Send manuscripts to Environmental Science & Technology. 1155 Sixteenth St., N.W., Washington, D.C. 20036. Address
feature manuscripts to Managing Editor; research manuscripts to Manager, Manuscript Reviewing Office.

Current Research Author's Guide
This manuscript preparation guide is published to aid authors

in writing, and editors and reviewers in expediting the review and
publication of research manuscripts in Environmental Science &
Technology. For a detailed discussion with examples of the major
aspects of manuscript preparation. please refer to "Handbook for
Authors of Papers in the Journals of the American Chemical
Society".

Title

Use specific and informative titles. They should be as brief as
possible, consistent with the need for defining the subject of the
paper. If trade names are used, give generic names in parcntheses.
Key words in title assist in effective literature retrieval.

Authorship

List the first name, middle initial, and last name of each author.
Omit professional and official titles. Give the complete mailing
address where work was performed. If present address of author
is different, include thc new information in a footnote. In each
paper with more than one author, the name of the author to whom
inquiries should be addressed carries an asterisk. The explanation
appears on the Contents page.

Abstracts

An abstract which will appear at the beginning of each paper
must accompany each manuscript. Authors' abstracts frequently
are used directly for Chemical Abstracts. Use between 100-150

words to give purpose, methods or procedures, significant new
results, and conclusions. Write for literature searchers as well as
journal readers.

Text

Consult a current issue for general style. Assume your readers
to be capable professionals not necessarily expert in your particular
field. Historical summaries are seldom warranted. However,
documentation and summary material should be sufficient to es
tablish an adequate background. Divide the article into sections,
each with an appropriate heading, but do not oversectionalize. The
text should have only enough divisions to make organization ef
fective and comprehensible without destroying the continuity of
the text. Keep all information pertinent to a particular section
within that section. Avoid repetition. Do not use footnotes; include
the information in the text.

Introduction. Discuss relationship of your work to previously
published work, but do not repeat. If a recent article has sum
marized work on the subject, cite the summarizing article without
repeating its individual citations.

Experimental. Apparatus: List devices only if of specialized
nature. Reagents: List and describe preparation of special reagents
only. Procedure: Omit details of procedures which are common
knowledge to those in the field. Brief highlights of published
procedures may be included, but details must be left to literature
cited. Describe pertinent and critical factors involved in reactions
so the method can be reproduced, but avoid excessive description.
Results and discussion: Be complete but concise. Avoid nonpert
inent comparisons or contrasts.
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Manuscript requirements

Three complete, legible copies of the manuscript are required.
They should be typed double- or triple-spaced on 22 X 28 cm
paper, with text, tables, and illustrations of a size that can be
mailed to reviewers under one cover. Duplicated copies will be
accepted only if very clear.

If pertinent references are unpublishcd, furnish copies of the
work or sufficient information to enable revicwers to evaluate the
manuscript.

In general, graphs are preferable to tables if precise data are
not required. When tables are submitted, however, they should
be furnished with appropriate titles and should be numbered
consecutivcly in Roman numeral style in order of reference in the
text. Double space with wide margins, and prepare tables in a
consistent form, each on a separate 22 X 28 cm sized sheet.

Submit original drawings (or sharp glossy prints) of graphs,
charts, and diagrams prepared on high-quality inking paper. All
lines, lettering, and numbering should be sharp and unbroken. If
coordinate paper is used, use blue cross-hatch lines since no other
color will "screen out".

Typed lettering does not reproduce well: use black India ink
and a lettering set for all letters, numbers, and symbols. On 20
X 25 cm copy, lettering should be at least 0.32 cm high-for
example, with a Leroy lettering set, use template l20C and pen
No. O. Lettering on copy ofother sizes should be in proportion.
Label ordinates and abscissas of graphs along the axes and
outside the graph proper. Do not use pressed wax for numbering
or lettering; it rubs offin all/he mailings and handlings necessary
before receipt by primer.

Photographs should be supplied in glossy print form, as large
as possible, but preferably within the frame of 20 X 25 cm. Sharp
contrasts arc essential.

Number all illustrations consccutivcly using Arabic numerals
in the order of reference in the text. Include a typed list of captions
and legends for all illustrations on a separate sheet.

If drawings are mailed under separate cover, identify by namc
of author and title of manuscript. Advise editor if drawings or
photographs should be returned to the author.

Nomenclature

The nomenclature should correspond, as closcly as possible, to
that uscd by the ACS primary publications.

Use consistcnt units of measure (preferably metric).
If nomcnclaturc is specialized, include a "Nomenclature"

section at the end of the paper, giving definitions and dimensions
for all terms. Write out names of Greek letters and special symbols
in margin of manuscript at point of first usc. If subscripts and
supcrscripts arc nccessary, place them accurately. Avoid trivial
names. Trade names should be capitalized and defined at point,
of first use. Identify typcd Icttcrs and numbers which could be
misinterpreted, for example, one and the letter "I", zero and the
letter "0".

Formulas and equations

Chemical formulas should correspond to the style of Chemical
Abstracts. Chcmical equations should be balanced and numbered
consecutively along with mathematical equations. The mathe
matical portions of the paper should be as brief as possible, par
ticularly where standard derivations and techniques are commonly
available in standard works.
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Safety

Authors are requested to call special attention-both in their
manuscripts and in their correspondence with the editors-to
safety considerations such as explosive tendencies, precautionary
handling procedures, and toxicity.

Acknowledgment

Includc essential credits in an "Acknowledgment" section at
the end of the text, but hold to an absolute minimum. Give meeting
presentation data or other information regarding the work re
ported (for example, financial support) in a note following Lit
erature Cited.

References

Literature references should be numbered and listed in order
of reference in text. They should be listed by author, patentee, or
equivalent. In the text, just the number should be used, or the name
should be followed by the number. "Anonymous" is not acceptable
for authorship. If the author is unknown, list the reference by
company, agency, or journal source. Do not list references as "in
press" unless they have been formally accepted for publication.
Give complete information, using abbreviations for titles of peri
odicals as in the Chemical Abstracts Service Source Index,
1975.

For periodical references to be considered complete, they must
contain authors' surnames with initials, journal source, volume
number, issue number (if any), the first and last page numbers of
thc article, and the year of issue. State if a reference is in a lan
guagc other than English.

Supplementary material

Extensive tables, graphs, spectra, calculations, or other material
auxiliary to the printed article will be included in the microfilm
edition of the journal. Identify supplementary material as to
content, manuscript title, and authors. Three copies of the sup
plementary material, in a form suitable for photoreproduction,
should accompany thc manuscript for consideration by the editor
and reviewers. The material should be typed on white paper with
black typewritcr ribbon. Computer printouts are acceptable if they
are clearly legible. If individual charactcrs for any of the material,
computer or othcrwise, are brokcn or disconnected, the material
is definitely unacceptable.

Figurcs and illustrative material should preferably be original
India ink drawings or matte prints of originals. Maximum ac
ccptable size is 28 X 43 cm with readable material aligned parallel
with the 28-cm dimension; 22 X 28 cm is preferable. Minimum
acceptable character size is 1.5 mm. The caption for each figure
should appear on the same picce of copy with the figure. Be sure
to refer to supplemcntary material in tcxt where appropriate.

Supplementary material may be obtained in photocopy or mi
crofiche form at nominal cost. Material of more than 20 pages is
available in microfiche only. Photocopy or microfiche must be
statcd clearly in the order. Prcpayment is required. See instruc
tions at the end of individual papers.

The supplementary material is abstracted and indexed by
Chemical Abstracts Service.

Subscribers to microfilm editions receive, free, the supple
mentary material in microfiche form from individual papers in
any particular issue. For information, write to: Microfilm, Special
Issues Sales, American Chemical Society, 1155 16th St., N.W.,
Washington, D.C. 20036.



Accumulation of Saturated Hydrocarbons in Tissues of Petroleum-Exposed
Mallard Ducks (Anas platyrhynchos)

George C. Lawler, Wen-An Loong, and John L. Laseter"

Center for Bio-Organic Studies, University of New Orleans, New Orleans, La. 70122

• Mallard drakes were dosed with 5 mL a day of South
Louisiana crude oil for 14 days. Tissues from control and ex·
perimental ducks were then examined for petroleum hydro
carbons by combined high-resolution gas chromatography and
mass spectrometry. Three characteristics of the saturated
hydrocarbon fraction were used to assess the presence of crude
oil: the n-alkane distribution pattern, the presence of ho
mologous series of petroleum-derived hydrocarbons, and the
n-C I7/pristane ratio. Oil was found in every experimental
tissue examined but the brain. The skin (and underlying ad
ipose tissue) contained the highest level of saturated petro
leum hydrocarbons. The other tissues were ranked relative
to the skin as follows: skin> uropygial gland> breast muscle,
heart muscle> liver> brain. The blood contained low levels
of petroleum-derived hydrocarbons 3--4 h after the final dose
of crude oil. That saturated petroleum hydrocarbons did not
accumulate in the duck tissues in the same relative amounts
observed in South Louisiana crude oil suggested selective
uptake and/or metabolism.

In 1975 an estimated 6.113 million metric tons of petroleum
hydrocarbons were dumped or seeped into the oceans (1).
Much of this oil eventually made its way into the salt marshes
and estuaries that function as nursery grounds for many ma
rine organisms. The sensitivity of marine organisms to pe
troleum hydrocarbons is species specific and dependent upon
the developmental and biological states of the organisms
(2--{i).

Seabirds are also sensitive to petroleum pollution, especially
petroleum introduced by oil spills. The smothering effect of
oil on waterfowl is well documented (7), but oil toxicity due
to chronic exposure to low levels of petroleum is less well un
derstood (8). Accumulated petroleum hydrocarbons have been
found in various seabirds following oil spills (9, 10) and in
oil-dosed adult (11) and baby chicks (10).

Mallard ducks that frequent or inhabit salt marshes and
estuaries (12) are undoubtedly exposed to low levels of pe
troleum. These readily obtainable ducks would be excellent
waterfowl with which to study the effects of chronic low-level
oil exposure. Mallards exhibited sublethal toxic responses to
single doses of petroleum hydrocarbons (13, 14), but Snyder
et al. (10) were unable to detect petroleum hydrocarbons in
the tissues of an oil-dosed mallard drake. In an attempt to
reconcile this apparent contradiction, this study was under
taken to determine if mallard ducks do indeed accumulate
petroleum hydrocarbons and, if so, in which tissues.

The information obtained will be of value in petroleum
toxicity studies and perhaps in monitoring the level of pe
troleum contamination in waterfowl. This investigation rep-

resents a continuing effort by this laboratory to utilize com
bined high-resolution gas-liquid chromatography and mass
spectrometry techniques to study the effects of petroleum
pollution on the environment.

Experimental

Reagents. Spectroquality n-hexane and benzene (Ma
theson Coleman & Bell) were glass distilled prior to use.

Organism. Mallard ducks (Anas platyrhynchos) ap
proximately one year old were obtained from Whistling Wings
in Hanover, Ill. Four ducks were dosed by intubation with 5
mL a day of API reference South Louisiana crude oil for 14
days, and four undosed drakes served as controls. Purina
Layena feed and tap water were provided ad libitum.

Extraction and Fractionation. The ducks were decapi
tated, and the following tissues saved for analysis: liver, breast
muscle, skin (with underlying adipose tissue), heart muscle,
brain, uropygial gland, and blood. Tissues were pooled prior
to extraction. The wet weights of the control and experimental
pools are given in Table I.

Total lipids were extracted by refluxing diced tissue at
approximately 100 DC for 24 h in 60 mL of n-hexane and then
48 h in 60 mL of benzene. The n-hexane and benzene extracts
were brought to 2-3 mL in a Buchi Rotavapor-R (Brinkman
Instruments) set at 35 and 45 DC, respectively. The extracts
were then combined, and the benzene was replaced with n
hexane by adding 50 mL of hexane and reducing the volume
of the total lipid extract to 2 mL in a Buchi Rotavapor-R
(Brinkman Instruments) set at 35 DC.

The total lipid extracts of the skin and liver were saponified
prior to fractionation by refluxing overnight in 7% KOH
methanol:water (9:1). The nonsaponifiable lipids were ex
tracted with n-hexane and brought to a 2-mL volume on a
Buchi Rotavapor-R before being subjected to column chro
matography.

The total lipids, nonsaponifiable lipids, and API reference
South Louisiana crude oil, obtained from the API reserve at

Table I. Wet Weights of Pooled Duck Tissues

nssue Control (g) Expll (g)

Liver 50.4 50.0

Breast muscle 53.4 51.0

Skin 48.7 48.8

Heart muscle 28.0 35.8

Brain 14.6 18.6

Uropygial gland 8.1 9.9

Blood 50.1 50.3
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Table II. Mass Spectral Identification of Saturated
Hydrocarbons in South Louisiana Crude Oil

Peak

1
2
3

4
5,6

7

8
9

10
11,12

13
14

15-17
18
19
20
21
22
23
24
25
26

27-30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45

46
47

48-56

Compound

4-Methyloctane
n-Nonane
Branched ClOH 22
n-Propylcyclohexane
Branched ClOH22

Alkylated cyclohexane ClOH20
n-Decane
Branched CllH24
n-Butylcyclohexane
Branched CllH24
n-Undecane
n-Pentylcyclohexane
Branched C'2H2.
Alkylated decalin C'2H22
n-Dodecane
C'3-isoprenoid
n-Hexylcyclohexane
Branched C'3H2.
C14-isoprenoid
n-Tridecane
Branched C14H30
n-Heptylcyclohexane
Branched C'4H30
C,s-isoprenoid
n-Tetradecane
n-Octylcyclohexane
C,.-isoprenoid
Branched C'SH32
n-Pentadecane
n-Nonylcyclohexane
Branched C,.H34
n-Hexadecane
n-Decylcyclohexane
C,.-isoprenoid
n-Heptadecane
C,g-isoprenoid (pristane)
n-Undecylcyclohexane
n-Octadecane
C2o-isoprenoid (phytane)
n-Dodecylcyclohexane
n-Nonadecane-n-heptacosane

the glass column were increased by the formation of BaCOa
crystals on its internal surface. This was followed by deacti
vation of active adsorption sites with Carbowax 20M (Applied
Science, Inc.) and Emulphor (Applied Science, Inc.). The
column was then coated with SE-52 (Applied Science, Inc.)
by use of a static coating technique.

Combined gas chromatography and mass spectrometry
(GC/MS) was done on a Hewlett-Packard Model 5931A
GC/MS system equipped with a 5933A data system. The
column for GC/MS was 166.7 m X 0.51 mm i.d. of stainless
steel coated with OV-101 (Applied Science, Inc.). The column
was cleaned with a series of acids, bases, and organic solvents
and dynamically coated with a 30% solution of OV-101
(16).

Results and Discussion

The data obtained from gas chromatograms of saturated
hydrocarbon extracts of tissues can be used to determine the
presence of petroleum contamination. A gaussian distribution
of n-akanes as opposed to a pattern of odd carbon dominance
and the presence of certain homologous series of hydrocarbons
are usually indicative of the presence of petroleum (17). The
n-C17/pristane ratio, which has been used as an indicator of
oil degradation by marine organisms (18), may also in some
instances serve to denote the presence of petroleum hydro
carbons. In this experiment gas chromatograms of tissues from
oil-dosed ducks were compared, using the three criteria stated
above, to equivalent gas chromatograms of tissues from con
trol ducks to determine the presence or absence of oil.

Mass spectral identification of the saturated hydrocarbons
of South Louisiana crude oil (Table II) indicated the presence
of three readily identifiable homologous series of hydrocar
bons: the ·n-alkane series (C9-C27), the isoprenoid series
(C1a-C2o), and the n-alkylcyclohexane series (C9-C1S). Since
the n-alkane series is present in all biological systems (19),
only the isoprenoid and n-alkylcyclohexane series were used
as petroleum markers.

1

Ii - ."" co,,"o'

-\J -!'.-1~ I)'_ .r...J":,.~ij,1 __'___ _ __ .'-r- - . ."" "',,,.,.,,,
_~...!"fJ'_~ lJ _';'~e,. ./-'--- ---

Texas A & M, were fractionated on 30 X 1.0 cm i.d. glass col
umns. The columns were packed with 20 cm of activated silica
gel (grade 923,100-200 mesh) topped with 1 cm of activated
alumina (F-20,80-200 mesh). Each column was washed with
50 mL of hexane before a 2-mL sample was layered onto the
surface of the alumina. Fifty milligrams of South Louisiana
crude oil in 2 mL of n-hexane was added to a single column.
The saturated hydrocarbons were eluted with 60 mL of n
hexane and the aromatic hydrocarbons, which were stored for
later analysis, with 60 mLof benzene. Both fractions were
brought to a volume of approximately 1 mL and transferred
to separate 1-mL cone-bottomed minireaction vials. The
volume of each sample was reduced to 10-500 ilL prior to gas
chromatographic analysis.

Analytical. Gas chromatography (GC) was carried out on
a Hewlett-Packard Model 5840 gas chromatograph equipped
with a flame ionization detector. The column was a 30 m X 0.3
mm i.d. glass capillary prepared in the manner described by
Grob and Grob (15). The wettability and bonding strength of
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Figure 1. Comparison of gas chromatograms of saturated hydrocarbons
in brain and skin of control and oil-<losed ducks with those found in South
Louisiana crude oil
Numbers refer to compounds identified in Table II. Samples run on glass capillary
column 30 m X 0.3 mm i.d. coated with SE-52. Helium flow rate. 2 mllmin:
temperature programmed from 50 to 240°C at 2 °C/min



BREAST MUSCLE CONTROL

Figure 2. Comparison of gas chromatograms of saturated hydrocarbons
in breast muscle and heart muscle of control and oil-dosed ducks
Numbers refer to compounds identified in Table II. Gas chromatographic con
ditions same as In Figure 1

90 130
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showed an odd-even ratio approaching unity. The isoprenoid
series C16-C20 was also clearly present. Normal CI5 was the
major n-alkane in the control breast muscle, and there was a
distinct odd carbon dominance pattern from C I2 to C20. Ex
cept for pristane and phytane, none of the isoprenoid series
or n-alkylcyclohexane series was detected in the control.

In the heart muscle from oil-dosed ducks the petroleum
hydrocarbons were less well defined. A petroleum n-alkane
pattern appeared superimposed over a strong odd carbon
dominance pattern similar to the one observed in the control
heart muscle. In the cardiac tissue from oil-dosed ducks, the
major n-alkane peak was n-CI:l . The second largest peak,
however, was n-C l7, and there was an almost gaussian distri
bution of n-alkanes from CI4 to C21 . No n-alkylcyclohexanes
were detected, but the complete isoprenoid series from CI6 to
C20 was observed. The n-C l7/pristane ratio was also signifi
cantly lower in tissues from oil-treated (4.21) compared to the
control (11.52) group. The major n-alkane peak in the control
heart muscle was n-C 17 with Cia as the second most abundant.
There was a pronounced odd carbon dominance pattern from
CI3 to C20. Pristane and phytane were both observed. How
ever, no other mem bers of the isoprenoid series or any of the
n-alkylcyclohexane series were detected.

Figure 3 illustrates gas chromatograms of saturated hy
drocarbons of liver, uropygial gland, and blood from control
and experimental ducks. Petroleum hydrocarbons are clearly
evident in the uropygial gland, but only a low level of petro
leum is indicated in the liver and blood of oil-dosed ducks. In
the experimental and control livers, n-C 17 was the major n
alkane and their distributions from CI3 to C21 were essentially
the same. Also, no members of the isoprenoid or n-alkylcy
clohexane series were detected in livers from oil-dosed and
control ducks. The n-C l7/pristane ratios gave the only indi
cation of the presence of petroleum hydrocarbons in livers
from the oil-treated group. The n-C 17/pristane ratio for this

Figure 3. Comparison of gas chromatograms of sallrated hya-ocarbons
in liver, uropygial gland, and blood of control and oil-dosed ducks
Numbers refer to compounds identified in Table II. Gas ctvomatographic con
ditions same as in Figure 1

240 ~
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110 190 210130 150110

TEMPERATURE I"CJ

90~2 10

The gas chromatogram of saturated hydrocarbons in South
Louisiana crude oil illustrated in Figure 1 indicates that n-C13
was the major n-alkane, and that there was a somewhat
gaussian distribution of the other n-alkanes. The isoprenoid
series, peaks 20,23,31,34,41,43,46, and the n-alkylcyclo
hexane series, peaks 4, 10,14,21,26,33,37,40,44, and 47, were
also prominent. Numerous branched alkanes and at least one
other cycloalkane were detected, but the mass spectral data
did not allow precise identification of these compounds.

Also in Figure 1, the gas chromatogram of the crude oil
saturated fraction is compared to the same fractions from skin
and brain tissues of experimental and control ducks. The
experimental skin showed the most pronounced indications
of petroleum of all the tissues examined. In the experimental
skin fraction there was a distinct gaussian distribution of n
alkanes about the most prominent n-alkane, n-C l7• Further
indication of the presence of petroleum hydrocarbons was
provided by the n-alkylcyclohexane series, which was ob
served from CI5-C IS, and the isoprenoid series, detected, with
the exception of the Cl7 homolog, from CI5-CZO. In the control
skin the major n-alkane was n-C II . A slight odd carbon
dominance pattern was observed from C21 to C27, but not in
the series of lower molecular weight n-alkanes. Pristane and
phytane were present, but the remainder of the isoprenoid
series and all of the n-alkylcyclohexane series were not de
tected. The brain did not accumulate a detectable level of
saturated petroleum hydrocarbons. The gas chromatograms
of hydrocarbons from the experimental and control brain
tissues were almost identical. In both, there was aslight odd
carbon dominance pattern from C I2 to CIS, and except for
pristane and phytane, no members of-the isoprenoid series or
n-alkylcyclohexane series were observed.

Gas chromatograms of saturated hydrocarbons of skeletal
and cardiac muscle tissues from experimental and control
ducks are presented in Figure 2. Petroleum hydrocarbons were
detected in both the heart and breast muscles of the oil-dosed
ducks. In the experimental breast muscle the n-alkane in
highest concentration was n-C I7 , and the C12-C25 n-alkanes
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liver tissue pool was 2.89 compared to 3.68 for the control. This
indication of the presence of petroleum in livers of oil-dosed
ducks was confirmed by GC/MS identification of naphthalene,
methylnaphthalene, and dimethylnaphthalene in the aro
matic fractions from the liver tissue pool and also from South
Louisiana crude oil but not in that of the control liver.

Saturated hydrocarbons from the uropygial gland exhibited
a bimodal distribution. The major low molecular weight
compounds in the experimental tissue was n-C 17, and there
was a gaussian distribution of the other n-alkanes from C,2

to C22• The isoprenoid series from C,6 to C2Q was observed, but
no n-alkycyclohexanes were detected. The low n-C 17/pristane
ratio of the glands from oil-dosed ducks (2.23) compared to
that of the control tissue (3.89) also indicated the presence of
oil in uropygial glands of the treated ducks. As in the oil
treated group, n-C l ? was the major low molecular weight n
alkane in the control gland, but no odd carbon dominance
pattern was evident. Also, except for pristane and phytane,
the isoprenoid and n-alkylcyclohexane series were absent.

In blood from oil-dosed ducks the major n-alkane was n-C17

with the other n-alkanes (C ,3-C22) present in a gaussian dis
tribution. The isoprenoid series from C,8 to C20 was also evi
dent, but no n-alkylcyclohexanes were observed. The low
n-C 17/pristane ratio for blood from dosed ducks (3.85) com
pared to the undosed control (6.36) further suggests the
presence of petroleum after oil treatment. The dominant n
alkane in blood from treated and control ducks was n-C 17, but
there was no odd carbon dominance pattern. Also, except for
pristane and phytane, none of the isoprenoid or n-alkylcy
clohexane series was detected in control blood.

In Table III the n-C 17/pristane ratios of the different tissues
are compared. The large variance of the ratio among tissues
of both control and experimental ducks indicates that use of
the C17/pristane ratio alone as indication of the presence of
petroleum contamination in specific tissues could lead to er
roneous conclusions, especially if adequate controls are not
available. With regard to the conclusions drawn in this ex
periment, however, it is significant that the n-C 17/pristane
ratios of all the tissues from oil-dosed ducks are lower than the
corresponding control tissues except for the brain which, ac
cording to the other data, did not accumulate saturated pe
troleum hydrocarbons.

In the tissues of oil-treated ducks that contained petro
leum-derived hydrocarbons, n-C 17 was the most prominent
peak in a more or less gaussian distribution of n-alkanes. On
the other hand, South Louisiana crude oil had a different
n-alkane distribution pattern, with n-C '3 being most abun
dant. Such observations suggest that there was differential
uptake and/or metabolism of the saturated petroleum hy-'
drocarbons by the ducks. Pancirov (20) previously reported

Table III. Normal Hepladecane-lo-Prislane Ratios in
Tissues of Undosed Ducks and Those Given Soulh
Louisiana Crude Oil

Tissue Undosed Dos.d B

Liver 3.68 2.89
Breast muscle 6.02 2.04
Skin 2.84 1.51
Heart muscle 11.52 4.21
Brain 10.00 10.50
Uropygial gland 3.89 2.23
Blood 6.36 3.85
Mean ± SO 6.33 ± 3.31 2.79 ± 1.06°

• South Louisiana en.de oil n-C 17/pristane = 1.89. b Brain value not included
in calculation.
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that the most prominent n-alkane in API reference South
Louisiana crude oil was n-C 17• The discrepancy between
Pancirov's results and the data reported here is possibly due
to differences in the handling of the oil during fractionation
and analysis. Great care must be taken to guard against loss
of the more volatile compounds of petroleum.

Saturated petroleum hydrocarbons were detected in every
oil-dosed duck tissue examined but the brain. Petroleum
hydrocarbons have been observed in the tissues of several
other marine birds. Snyder et al. (10) reported the presence
of petroleum-derived hydrocarbons in the liver of an oil
exposed western grebe and in the liver and brain of a similarly
exposed surf scoter. That no petroleum hydrocarbons were
detected in the duck brain was unexpected since increases in
brain and muscle hydrocarbons of immature herring gulls
from the site of the West Falmouth oil spill have been reported
(9). The lack of detectable petroleum hydrocarbons in the
brains of oil-exposed ducks suggests that saturated hydro
carbons do not readily cross the blood brain barrier. Landan
et al. (11) fed I4C-octadecane to adult chickens and found that
the brain had one of the lowest specific activities; the fat and
liver had the highest.

No attempt was made to precisely measure the concentra
tion of saturated petroleum hydrocarbons in the tissues of
oil-dosed ducks. However, from the data collected thus far,
it was possible to rank the tissues in terms of their ability to
accumulate petroleum alkanes as follows: skin (with under
lying adipose tissue) > uropygial gland> breast muscle, heart
muscle> liver> brain. It appears that under these experi
mental conditions, petroleum hydrocarbons were stored pri
marily in the skin and adipose tissue.

Ducks in the experimental group received the final 5-mL
dose of petroleum only 3-4 h before they were sacrificed. Since
their blood showed only trace amounts of oil, it appears that
most of the petroleum hydrocarbons were removed from the
blood in 3-4 h.

Accumulations of hydrocarbons in the tissues of other an
imals have been shown to depend on dosage and length of
exposure (2/, 22). Landan et al. (11), however, found that
there was a maximum effective dosage above which there was
no increase in hydrocarbon absorption by adult chickens.
These observations suggest that Snyder et al. (10) did not
detect oil in the liver, kidney, brain, and fat of an oil-dosed
mallard drake because the duration of the experiment (48 h)
was too short. The two 10-mL doses of Bunker C fuel oil that
Snyder applied were massive, but they probably exceeded the
maximum effective dosage which made length of exposure the
limiting factor.

Summary

Using gas chromatographic and mass spectrometric tech
niques, every tissue from the oil-dosed ducks showed evidence
of petroleum-derived hydrocarbor.s but the brain. This
suggests that saturated petroleum hydrocarbons do not
readily cross the blood-brain barrier. On the basis of rough
approximations of the amounts of saturated petroleum hy
drocarbons accumulated, the tissues could be ranked as fol
lows: skin (witb underlying adipose tissue) > uropygial gland
> breast muscle, heart muscle> liver> brain. Few saturated
petroleum hydrocarbons were detected in the blood 3-4 h after
the final oil dose, suggesting that the blood was rapidly cleared
of tbe absorbed hydrocarbons. Note that saturated petroleum
hydrocarbons did not accumulate in the duck tissues in tbe
same relative amounts observed in the South Louisiana crude
oil. This may result from differential uptake and/or metabo
lism of sucb compounds.
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Accumulation of Aromatic Hydrocarbons in Tissues of Petroleum-Exposed Mallard
Ducks (Anas platyrhynchos)

George C. lawler, Wen-An loong, and John l. laseter"

Center for Bio-Organic Studies, University of New Orleans, New Orleans, La. 70122

• Mallard drakes were dosed with 5 mL a day of South
Louisiana crude oil for 14 days. Tissues from control and oil
dosed ducks were examined for aromatic petroleum hydro
carbons by combined high-resolution gas chromatography and
mass spectrometry. Petroleum aromatics were found in every
experimental tissue analyzed. The skin and underlying adi
pose tissue had far more accumulated aromatic hydrocarbons
than the other tissues, which included: liver, breast muscle,
heart muscle, brain, uropygial gland, and blood. Aromatic
hydrocarbons did not accumulate in the same relative con
centrations as found in the crude oil. The more toxic 2 and 3
condensed ring aromatics were accumulated to a greater ex
tent than the alkylbenzenes. Squalene was detected in the feed
and in every tissue examined, including the blood. Biphenyl
was also present in the feed and accumulated in every control
and experimental tissue but the blood.

Aromatic hydrocarbons are of particular interest to those
studying the effects of petroleum on waterfowl. Aromatic
hydrocarbons are generally more toxic than paraffins, and the
toxicities of various oils have been linked to their aromatic
contents (1,2). Aromatic hydrocarbons are also more water
soluble than paraffins (3). Consequently, the water soluble
fractions of crude and refined oils are made up predominantly
of aromatic hydrocarbons (1,4). Fortunately, high levels of
aromatic hydrocarbons do not persist in the water column (5).

That certain estuarine organisms concentrate petroleum ar
omatic hydrocarbons (6-8), however, evidences the potential
hazard to estuary inhabitants chronically exposed to these
compounds.

Knowledge of the tissue distribution of petroleum hydro
carbons accumulated by mallard ducks will be of value in
elucidating sublethal physiological responses of these or
ganisms to low-level oil exposure. In a previous paper (9) we
reported the tissue distribution of saturated petroleum hy
drocarbons in oil-dosed mallard drakes. In this paper we
present complementary data on the distribution of aromatic
petroleum hydrocarbons in the same mallard drakes.

Methods and Materials

Details of the experimental procedures were described
elsewhere (9). Mallard drakes (Anas platyrhynchos) were
dosed with 5.0 mL a day of API reference South Louisiana
crude oil for 14 days. The ducks were sacrificed, and the liver,
breast muscle, skin, heart muscle, brain, uropygial gland, and
blood removed for analysis. Total lipids were extracted with
hexane and then benzene. The liver and skin total lipid ex
tracts were saponified prior to fractionation on a silica gel
column. Saturates were eluted with hexane, and the aromatic
hydrocarbons were eluted with benzene in the second fraction.
Gas chromatographic analyses of the aromatic fractions were
carried out on a glass capillary column coated with SE-52. A
0.02 in. X 500 ft stainless steel capillary column coated with
SE-52 was used in the combined gas chromatography and
mass spectrometry analyses.
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Table I. Mass Spectralldentificatlon of Aromatic
Hydrocarbons in South Louisiana Crude Oil

-1 BRAIN CONTROL

Peak

1

2

3.4
5

6
7

8
9.10

11

12
13
14

15
16
17
18

19-20
21
22

23-26
27-30

31
32
33

34
35

36
37-39

40
41

8 Tentative identification.

Compound

Isopropylbenzene
n-Propylbenzene
Methylethylbenzene
Isobutylbenzene
1.2,3-Trimethylbenzene
Methylpropylbenzene
Diethylbenzene
Dimethylethylbenzene
Tetramethylbenzene
Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
Ethylnaphthalene
2,6-Dimethylnaphthalene
1.3-Dimethylnaphthalene
Dimethylnaphthalene
Methylbiphenyl
Methylethylnaphthalene
Trimethylnaphthalene
Dimethylbiphenyl
Diethylnaphthalene
Tetramethylnaphthalene
Trimethylbiphenyl a

Methylfluorene a

Tetramethylnaphthalene
Phenanthrene
Methylphenanthrene
Dimethyldibenzothiophene a

Dimethylphenanthrene

TUlPEA6TURE lOCI

Figure 1. Comparison of gas chromatograms of aromatic hydrocarbons
in brain and skin of control and oil-{josed ducks with those found in South
Louisiana crude oil
Numbers refer 10 compounds identified in Table I. Samples run on glass capillary
column 30 m X 0.3 mm Ld. coated with SE-52. Helium flow rate, 2 mllmin;
temperature programmed from 50 to 240°C at 2 °C/min

Results and Discussiun

Aromatic hydrocarbons are synthesized by certain terres
trial plants (IO) and microorganisms (I I), but the alkyl-sub
stituted aromatic hydrocarbons in petroleum have not heen
reported in biological systems (12). Evidence of such com
pounds in the tissue of oil-dosed ducks, therefore. was used
as an indication of accumulated aromatic petroleum hydro
carbons. When alkylated aromatic petroleum hydrocarbons
were not present in detectable amounts, the presence of an
aromatic hydrocarbon in the tissue and oil samples, but not
in the control, was used to identify it as an accumulated pe
troleum aromatic. The aromatic hydrocarbons identified in
South Louisiana crude oil are listed by gas chromatographic
peak number in Table I.

In Figure 1 the aromatic fractions from the skin and brain
of oil-dosed and control ducks are compared to the benzene
fraction of South Louisiana crude oil. In South Louisiana
crude oil, C9 H l2 and C IOH 14 alkylbenzenes (peaks 1-10) were
readily detectable, as were several other alkylated aromatic
series. The naphthalene series from CIO H8 to Cl4 H 16 (peaks
12-14,16-20,22-26, :31, and 32) represented the major class
of aromatics present. The biphenyl series from Cl2H 10 to
C,4H 14 (peaks 15, 21, and 27-:30) and the phenanthrene series
from CI4H lO to C16H I4 (peaks 36, 37-:39, and 41) were minor
constituents of the fraction.

Numerous aromatics of petroleum origin were present in
the skin of the oil-dosed ducks. Several alkylbenzenes (peaks
3,4,6, and 11) were identifiable, and the complete naphtha
lene series (peaks 12-14, 16--20,22-26, :31, and 32) was present.
Representatives of the biphenyl series (peaks 15,21,27, and
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:,0) and phenanthrene (peak 36) were also detected. In the
control skin the only compound of possible petroleum origin
was biphenyl (peak 15).

Naphthalene (peak 12), both dimethylnaphthalenes (peaks
13 and 14), and hiphenyl (peak 15) were detected in the brain
tissue of the oil-dosed ducks. Biphenyl was the only aromatic
present in the brain tissue of the nondosed ducks. Detection
of aromatic petroleum hydrocarbons in the brain was unex
pected since our previous work (9) indicated that saturated
petroleum hydrocarbons did not accumulate in the brain. This
suggests that aromatic hydrocarbons may be selectively
transported across the blood brain barrier.

A comparison of oil-dosed and control heart and breast
muscle is presented in Figure 2. Naphthalene (peak 12) and
biphenyl (peak 15) were detected in both the oil-exposed heart
and breast muscles. Biphenyl was also present in hoth control
tissues.

In Figure:, the liver, uropygial gland, and blood of oil-dosed
and nondosed ducks are compared. Blood from the experi
mental ducks contained naphthalene (peak 12) and both
methylnaphthalenes (peaks 1:1 and 14). Naphthalene was
detected in the control hlood, but was also present in equiv
alent concentration in the sample hlank for blood. Biphenyl
was neither detected in the control nor the experimental blood
samples.

Naphthalene (peak 12), both methylnaphthalenes (peaks
I:, and 14), biphenyl (peak 15), and a single dimethylna
phthalene (peak 18) were detected in tbe oil-dosed uropygial
gland, but only biphenyl was found in the control uropygial
gland. In the experimental liver, naphtbalene and hiphenyl
were detected. Biphenyl was the only petroleum-type aro
matic found in the control liver.



Figure 2. Comparison of gas ctyomatograms of aromatic hydrocarbons
in breast muscle and heart muscle of control and oil-dosed ducks
Numbers refer to compounds identified in Table I. Gas chromatographic con
ditions same as in Figure 1
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Figure 3. Comparison of gas chromatograms of aromatic hydrocarbons
in liver, uropygial gland, and blood of control and oil-dosed ducks
Numbers refer to compounds identified in Table I. Gas chromatographic con
ditions same as in Figure 1

Also, as was true for the saturated hydrocarbons (9), aro
matic petroleum hydrocarbons did not accumulate in oil
dosed duck tissues in the same relative concentrations as those
found in South Louisiana crude oil. This suggests differential
uptake and/or metabolism of aromatic hydrocarbons. As il
lustrated by the experimental skin (Figure 0, the more toxic
2 and 3 condensed ring aromatics (1) were accumulated to a
greater extent than the alkylbenzenes. The increase in con
centration of naphthalene over that found in crude oil was
particularly striking in the skin and was observed in each ex
perimental tissue as well. Anderson et al. (6) reported that all
of the estuarine animals that they exposed to water solubilized
aromatic petroleum hydrocarbons accumulated alkylna
phthalenes to a greater extent, relative to exposure concen
tration, than naphthalene. This difference in accumulation
of aromatics between ducks and other estuarine organisms
may be due to a combination of several factors such as: species
differences in aromatic hydrocarbon accumulation, differences
in the methods of exposure, and differences in the hydrocar
bon content of the oil fractions used. Anderson's group worked
with aquatic estuarine organisms that were exposed to the
predominately aromatic water soluble fractions of various oils
or to water solutions of aromatic hydrocarbons (1, 6) The
ducks in this experiment were administered 5 mL per day of
whole crude oil by intubation.

Naphthalenes are acutely toxic petroleum aromatics (4) and
are preferentially concentrated and retained in the tissues of
certain estuarine organisms (6). Although some organisms are
capable of metabolizing and excreting naphthalenes (15-17),
these compounds are still considered by many to be the major
contributors to petroleum toxicity (J, 7). Since naphthalenes
are major components of the aromatic fraction of South
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Biphenyl, therefore, was detected in every tissue sample but
the experimental and control bloods. That biphenyl was also
detected in South Louisiana crude oil suggested that the
control tissue biphenyl might be of petroleum origin. It
seemed unlikely, however, that biphenyl would accumulate
to the exclusion of all other aromatic petroleum hydrocarbons
in the control tissues when it did not do so in the oil-dosed
tissues. Since a biological origin of biphenyl was also doubtful,
the aromatic hydrocarbons in the duck's feed were analyzed.
Twenty grams of Purina-Layena feed were extracted and
fractionated, and the benzene fraction was analyzed by
GC/MS. Biphenyl and squalene were detected in the feed.
Although these data do not rule out the possibility of a bio
logical origin of biphenyl, it suggests that the biphenyl in the
control tissues was introduced via the feed. Biphenyl in the
experimental tissues probably accumulated from both the
ingested feed and oil. Lack of detectable biphenyl in the blood
suggests that the blood had been cleared of detectable levels
of biphenyl since the ducks had last eaten.

Squalene, a precursor of cholesterol (13), was found in every
duck tissue but was in highest concentration in the liver. Liu
et al. (14) reported that duck white meat (breast muscle)
contained more squalene than either the dark meat or skin.
The detection of squalene in the feed in this study suggests
that at least some of the squalene present in the duck tissues
may be of dietary origin.

Although precise quantitative data were not gathered in this
experiment, it was obvious from the gas-chromatographic
analyses that the skin accumulated aromatic petroleum hy
drocarbons to a greater extent than any of the other tissues
examined. Our previous work (9) indicated that the skin also
accumulated saturated petroleum hydrocarbons in larger
amounts than the other tissues. This is consistent with Ta
tem's (7) observation that excess hydrocarbons are stored in
tissues that contain large amount of lipids, and suggestive of
compartmentalization of accumulated hydrocarbons of the
type proposed by Stegman and Teal (8) for the oyster.
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Louisiana crude oil, it was not unexpected that they were the
dominant class of aromatics accumulated in each tissue.

The widespread accumulation of naphthalenes in oil-dosed
duck tissues may account for certain of the sublethal toxic
responses exhibited by mallards exposed to oil (18, 19).
Hartung and Hunt (19) observed that mallards fed high doses
of cutting oil and diesel oil exhibited symptoms of nervous
disorders. They reported that organic phosphates present in
these two oils reduced blood acetylcholinesterase activity,
thereby interferring with portions of the nervous system. In
a separate study, Roubal (20) found that naphthalene per
turbed the membrane surfaces of fish nervous tissue and
postulated that aromatics alter the capacity of membranes
for ion exchange. The detection of naphthalenes in brain tissue
of oil-exposed ducks in this experiment suggests that accu
mulated aromatic petroleum hydrocarbons may have directly
contributed to the nervous disorders observed by Hartung and
Hunt (19) in oil-dosed mallards.

To obtain a more complete picture of the effects of chronic
low-level oil exposure on mallard ducks, it is now necessary
to link quantitative tissue distribution of accumulated pe
troleum hydrocarbons to specific sublethal physiological re
sponses. Efforts toward this end are presently underway at
this and other laboratories.

Summary

Aromatic petroleum hydrocarbons were detected in every
tissue from oil-dosed mallards analyzed by combined gas
chromatography and mass spectrometry. The aromatics did
not accumulate in the same relative concentrations observed
in the South Louisiana crude oil, suggesting differential up
take and/or metabolism. Two and three condensed ring aro
matics were accumulated to a greater extent than the alkyl
benzenes in tissues of oil-dosed ducks. Of these, the complete
naphthalene series, naphthalene, methylnaphthalenes, and
dimethylnaphthalenes, was found in the highest concentra
tion. The skin and underlying adipose tissue accumulated the
largest amount of aromatic petroleum hydrocarbons. The
detection of aromatic hydrocarbons in the brain suggests that
they may contribute to observed sublethal effects of petroleum
on the mallard's nervous system. Squalene, which is a bio
synthetic precursor of cholesterol, was detected in every tissue
analyzed including the blood. Biphenyl was found in every
control and experimental tissue investigated but the blood.
A nonbiological origin for the tissue biphenyl and at least some
tissue squalene was suggested by the detection of biphenyl and
squalene in the feed.
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Technetium-99 in the Atmosphere

K. C. Ehrhardt and Moses Attrep, Jr.·

Department of Chemistry, East Texas State University, Commerce, Tex. 75428

• The technetium-99 and strontium-90 concentrations were
measured from a composite rain sample (l015 L) collected in
the spring of 1975. The concentrations were (4.5 ± 1.5) X 10-3
and 0.11 ± 0.02 dpmlL, respectively. The results indicated
that 99'fc concentration decreased from those samples mea
sured in 1961, 1962, and 1967, whereas the 99'fcJ90Sr ratio
showed a steady increase during this time period. All observed
99TcJ90Sr values were larger than the anticipated values from
the neutron-induced fission of 235U or 239pu, indicating
sources of 99'fc other than fission.

Element number 43, technetium, was only a theoretical
possibility until 1946 when Perrier and Segre (I) first syn
thesized and isolated it. Jensen (2) had previously established
that technetium should have no stable isotopes. Hence,
technetium is considered to be an "extinct" element-no
longer found on earth. However, in 1951, Merrill (3) reported
technetium in type S stars, demonstrating the fact that
technetium existed outside the earth.

Natural terrestrially occurring technetium, as 99Tc (t 1/2 =
0.21 million years), was established by Kenna and Kuroda (4,
5) when this fissiogenic isotope was isolated from African
pitchblende. The origin of this trace quantity of technetium
was attributed primarily to the spontaneous fission of 238U.
This represented the first isolation and identification of ter
restrial technetium.

Immediately following this discovery, two rainwater sam
ples were analyzed for 99Tc (6). In 1971, Attrep and coworkers
(7) reported the concentration of99Tc in 13 rainwater samples.
Also in that year, Foti et al. (8) reported a neutron activation
method for the determination of99'fc in air samples. Water
samples of undisclosed origins were analyzed for 99'fc by
Golchert and Sedlet (9). More recently, Thomas (10) reported
on the concentration of atmospheric 99'fc in which the
99'fc/13?CS ratio was measured.

There is an interest in the presence of long-lived radioiso
topes in the environment such as 99Tc and 1291. These nuclides
are produced during nuclear testing and during reactor op
eration. Due to their entry into the environment, the knowl
edge of the amounts of these isotopes is important as a base
line inventory as well as a monitor of their behavior in na
ture.

Therefore, the purpose of this investigation was to deter
mine the 99'fc and 90Sr concentrations in rainwater at a later
period than those reported, in order to observe the trends for
these radionuclides in the atmosphere and speculate on the
environmental origins of technetium.

Experimental

Rainwater was collected in a 3 X 3 m rain collector located
on the roof of the Science Building at East Texas State Uni
versity, Commerce, Tex. (altitude, 170-m; 33° 15' north lati
tude; 95°53' west longitude). The samples were acidified with
nitric acid upon collection and transferred to containers in the
laboratory for evaporation. The collection period was from
April 1974 to June 1974, representing eight rains. A total of
1015 L was collected and evaporated.

All reagents used for the radiochemical analyses were the
highest purity obtainable. All glassware, new or whose history
was known, was washed thoroughly with soap and water,

Table I. 99Tc and 90Sr Concentrations in Rainwater
9'Tc,"·Sr

Year uTe (dpm/L) lOSt (dpm/L) (actlvtty/aetlvtty) Ref

1961 (4.0 ± 2.0) X 2.2 ± 0.6 a (1.8±1.t)X (6)
10-3 10-3

1962 (8.0 ± 1.1) X 34 ± 9a (2.4 ± 0.7) X (6)
10-2 10-3

1967 (1.4 ± 0.3) X 2.4 ± 0.6 a (6.0 ± 2.0) X (7)
10-2 10-3

1974 (4.5 ± t.5) X 0.11 ± 0.02 (4.0 ± 1.5) X This work
10-3 10-2

8 Estimated errors of 25 % .

soaked with chromic acid, soaked in dilute hydrofluoric acid,
and finally rinsed with distilled water.

The Tracerlab Omniguard low level gas flow proportional
counter used for counting the samples had a background of
0.7 counts/min.

Evaporation of the rainwater was accomplished in 4-L glass
beakers. Prior to evaporation, the following carriers were
added: Re(VII), Mo(VI), Cu(II), Sr(II), and Ba(Il). The
rainwater was then made basic to minimize the loss of tech·
netium as TC20? during evaporation.

The analysis procedure used for the isolation of technetium
from rain was essentially that described by Attrep and co
workers (7). A detailed description will not be given here since
it has been previously reported. Tbe analysis included a series
of hydrogen sulfide precipitations, a-benzoinoxine precipi
tations for the removal of copper and molybdenum, a methyl
ethyl ketone extraction cycle, and ion exchange separations.
The chemical yield for this sample (7.17%) was based on the
recovery of rhenium as was done by previous investigations
(4,5,7).

Prior to the analysis of the actual sample, a reagent blank
was analyzed using the technetium procedure. This reagent
blank did not indicate any activity. It was then assumed that
there was no contribution of activity from the reagents
used.

Strontium-90 was isolated from the composite portions of
the initial separation steps of the technetium analysis. This
analysis included the precipitation of carbonates, repeated
removal of barium as barium chromate, precipitation of
strontium with fuming nitric acid, and repeated ferric hy
droxide scavenges. The strontium was finally precipitated as
strontium carbonate. The chemical yield for the complete
analysis was 11.8%. Time was allowed for radioequilibrium
to be established for 90Y which was milked using a ferric hy
droxide precipitation, mounted, and counted. The charac
teristic 64-h half-life was observed. The concentration of 90Sr
was determined from the ooy counting data.

Counting efficiencies for both the 99'fc and ooy systems were
estimated according to the method described by Bayhurst and
Prestwood (Il) and were 44 and 49%, respectively.

Results and Discussion

The purified technetium sample was counted for over a
year, and the activity average of these counts is 0.144 ± 0.047
cpm. The counting error is one sigma. The average counting
time per count was 38 h. No decay was observed during the
counting period. This activity, corrected for chemical yield
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and counter efficiency, is equivalent to (4.5 ± 1.5) X 10-3

dpm/L rainwater. The 90Sr activity for the rain sample is 0.11
± 0.02 dpm/L rainwater.

These data and the other 99Tc and 90Sr data from rain
samples collected in 1961, 1962, and 1967 are given in Table
1. The 1961 and 1962 samples were collected at Fayetteville,
Ark. (6). The 1967 99'fc value is the average of 13 samples
collected during that year. The 90Sr value is an average as
reported at Fayetteville, Ark. (12), for the same time period
of collection of our sample. Although our laboratory had at
tempted the 90Sr analysis for those samples, there was some
question as to the reliability of those values. Therefore, we
chose to use the Fayetteville data. These data are shown
graphically in Figures 1 and 2.

In Figure 1 the concentrations of each 99'fc and 90Sr in
dpmlL of rainwater are plotted vs. time. The striking feature
of this plot is the apparent similarities of concentration pat
terns of two nuclides.

In Figure 2 the ratio of 99Tcf90Sr is given for the four sam
ples. Also, the production ratios (activity) for 99Tcf9oSr from
three fissionable materials are indicated. The first observation
is that the 99'fcf90Sr ratio from 1961 to 1974 increases steadily.
Secondly, the observed ratios are considerably higher than
what would be anticipated from a nuclear device employing
either uranium or plutonium. A 99'fc value of less than 0.012

YEAR

Figure 1. 99Tc and 90Sr activity concentrations, 1961-1974
Arrows indicate correction of decay of 90S, to 1961

197119 f.J1II'
YEAR

Figure 2, 9"Tc/9OSr ratios for 1961-1974
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dpm/lO~l SCM surface air in 1970 was observed by Thomas
(10). He estimated in that report a possible sevenfold en
richment of 9'J'fc to mcs relative to the anticipated value from
fission yields. This is consistent with our observations for 99'fc
relative to 90Sr.

The nuclear industry, which includes reactors and nuclear
fuel reprocessing, can be considered as a source of 99'fc to the
environment. Recently, Carr et al. (lJ) discussed an experi
mental reprocessing procedure for recovering uranium. This
report indicated a release of fiRsion products to the atmo
sphere during a molten-salt fluoride process from spent ura
nium-aluminum fuel elementR. In a particular run, 120 mCi
of technetium was lost. This would be expected since the vapor
pressure of TC207 at 100° is 0.1 torr (14). It is conceivable that
given the proper conditions of temperature and oxidative
conditions, technetium may be lost to the environment from
such reprocessing procedures. Losses from reactors are not
expected.

It is also interesting to note the release of the long-lived
fission products, 1291, (t In = 17 million years) into the envi
ronment. Recent reports by Ballard et al. (15) and Daly et al.
(16) have indicated the presence of iodine-129 in the thyroid
glands of grazing animals and in milk and water near nuclear
fuel reprocessing plants. Technetium (as TcO.-), like iodine,
will concentrate in the thyroid gland of mammals. These in
vestigations suggest strongly that reprocessing plants are a
source of environmental technetium-99.

The steady increase in the ratio of 99Tcf9°Sr observed
probably may be due in part to the increase of nuclear fuel
reprocessing operations. Evidence to support this has been
presented by the presence of such long-lived nuclides as 1291
and 99Tc in the environment.

Many anomalous observed ratioR of fission products in the
atmosphere have been explained by the phenomenon of
fractionation in the detonation process. In this case, tbe ob
served 99Tcf90Sr ratio does not fit the anticipated effect of
fractionation. The mass 99 and 90 decay chains (/7) which
lead to 99Tc and !l"Sr are given below:

33·s 99Z r ----+ 2.4-min 99Nb

0.87 6.0-h 99mTc

99Mo/ !
""0.13 2.1 X 1Q5_yr

and

33-s 9"Kr • 2.7-min !'''Rb -. 28-yr 90Sr -.

The precursors to 9Wrc are zirconium and niobium which
have low volatility propertieR. Thus, immediately following
an atmospheric detonation, these fission product precursors
would be removed during the formation of larger particles as
the surrounding area cools. Clark et al. (18) have shown that
this particle formation occurs in a relatively short time period
following detonation. However, the precursor to 90Sr is a gas
and would escape condenRation during the initial large particle
formation. Eventually, the members of the mass 90 chain
would concentrate on/in smaller particles. The net result of
this fractionation would be a high 99'rcl'JOSr ratio in large
particles which are deposited preferentially as local fallout and
a low 99'fcf90Sr ratio in smaller longer airborne particles.

Therefore, it is anticipated that the !~Yrcf9"Srvalue should
be lower than that estimated from the fissionable nuclides
e:15U or 2:l9PU). The opposite is observed, indicating more
strongly that other significant sources of99'fc are contributing
to the total99'fc atmospheric inventory.



Nuclear explosive devices are probably constructed with
small amounts of transition metals like ruthenium and, in
particular, molybdenum in their steel casings. If this is correct,
then the reaction and decay process

"HMo (n, ,,) "OMo ~ ""Tc

can occur because of the intense neutron flux at detona
tion.

Molybdenum-98 has an isotopic abundance of 24.4%; the
thermal neutron capture cross section is 0.5 barns. With mo
lybdenum in the vicinity of the nuclear explosion, there would
be activation of this isotope to provide the excess amounts of
99Mo and eventually 99'fc. In two reports, Clark et al. (18) and
Kuroda and coworkers (19) studied two separate Chinese
detonations and did not ohserve anomalous amounts of99Mo.
In these two tests the Chinese may not have used the transi
tion metals in these devices.

We would suggest that atmospheric technetium-99 has
three origins: fission technetium from the fissionable materials
in nuclear devices; activation of molybdenum in the nuclear
device itself; and influx into the atmosphere from nuclear fuel
processing plants. It is impossible to ascertain the contribu
tions of these sources from the data available to date.

It is desirahle to sample in the vicinity of reactor sites and
fuel processing facilities for the environmental impact of
technetium. It is just as important to observe the overall
mixing and atmospheric behavior of this nuclide in areas or
regions unaffected by local contamination. The latter dem
onstrates the importance of global effects.
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Nonferrous Smelter Studies: Theoretical Investigation of Role of Multihearth
Roaster Operations in Copper Smelter Gas Blending Schemes for Control of S02

Ben H. Carpenter

Research Triangle Institute, P.O. Box 12194, Research Triangle Park, N.C. 27709

• A possible technology for meeting the Environmental
Protection Agency's (EPA) proposed New Source Perfor
mance Standards for copper smelting is to blend lean S02 gas
streams from reverberatory furnaces with stronger gases to
obtain a S02 concentration sufficient to produce sulfuric acid
without use of supplementary fuel. In such an approach, a high
concentration of S02 in the roaster gases is necessary to
counterbalance low concentrations in the reverberatory fur
nace gases. An analysis is made of the calcining of copper
concentrates in multihearth roasters. The oxygen concen
tration of the exit gas is identified as the primary process
control variable for maintaining a high level of S02 in the exit
gas stream. The SO~ concentrations in the exit gas that can
be attained by controlling the exit gas oxygen concentration
at 12 vol %, a value that has been achieved in practice, are

Concentrate Roasting. Figure 1 shows the general char
acteristics of a multihearth roaster. Charge is fed onto the
uppermost hearth. The solids are moved by rakes inward or
outward on alternate hearths until they reach openings and
drop through the next lower hearth. Hot gases move upward
and contact the solids, bringing them to ignition temperature.
On the lower hearths the charge may burn with a dull or bright
glow as controlled by the operations. According to generally
accepted opinion, about 40% of the total sulfur removed is

estimated for removal of from 0.1 to 0.65 of the charged sulfur,
to cover the extent of roasting that might be elected. The effect
of arsenic as an impurity in the concentrate on the attainable
SO~ concentration is also shown. The results indicate that with
proper control of the oxygen level therein, exit gases from U.S.
multihearth roasters could be held at an SO~ concentration
of 5 vol %, dry basis, or higher. The analysis involves four as
sumptions that appear to be reasonable based on available
information: iron present in the charge can be regarded as iron
pyrites; the proportion of FeS2 converted to Fe;l04 is constant
relative to that converted to Fe~O:l at given roasting condi
tions; the portion of the arsenic that is volatilized and burned
is constant for given roasting conditions; and the fraction of
copper oxidized is proportional to the fraction of dissociable
sulfur removed.

burned while the charge drops from one hearth to another, and
about 60% is burned as the charge moves along the hearths (1).
The calcined solids are removed from the furnace into con
veyers for transfer to smelting furnaces.

The roasting conditions are adjusted to produce a calcine
that will yield the desired grade of matte in subsequent pro
cessing. The desired grade of matte is in turn determined by
considering the need for removal of impurities in the converter
to which the matte is fed. The multihearth roaster has been
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Figure 1. Multihearth roaster

effective in removing arsenic and other impurities; hence, it
is preferred over the fluid bed roaster in the United States and
elsewhere for roasting copper concentrates that contain high
concentrations of such impurities.

The different roaster techniques employed affect the sulfur
dioxide (S02) concentration of the offgases. One or more
furnaces may be used only for drying the charge, in which case
fuel is burned to provide needed heat. The exit gases leave at
low temperatures (125-150 DC) and with practically no S02
(2, 3). Material thus dried is usually blended with roasted
material to provide a suitable feed for the smelter.

The charge is often fed wet so that the roasting operation
begins with removal of water in the upper hearths, then vo
latizes and burns free sulfur and impurities (especially arsenic
sulfide), and finally burns bound sulfur by chemical oxidation
(1-3). In this case, the offgases can be rich in S02 and can
contain arsenic oxides and other impurities. The percent of
the total sulfur removed from the charged material can be held
low or high (low roast or high roast) by adjusting the air and
solids throughput rates. As little as 25% of the arsenic in
"dirty" concentrates may be removed in the roaster under a
low roast (2). Regardless of how high the roast may be or how
high the arsenic in the charge, the arsenic content of the cal
cines seems to fall no lower than 0.3% (1,2).

A possible technology for meeting the Environmental
Protection Agency's (EPA) proposed New Source Perfor
mance Standards for copper smelting is to blend lean S02 gas
streams from reverberatory furnaces with stronger gases to
obtain S02 concentrations sufficient to produce sulfuric acid
without use of supplementary fuel. In such an approach, a high
concentration of S02 in the roaster gases is necessary to
counterbalance low concentrations in the reverberatory fur-
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nace gases. The purpose of this study is to evaluate the capa
bility of multihearth roasters to produce exit gases with an S02
concentration high enough for such blending while still pro
viding acceptable calcines.

Theory

Sulfide copper minerals usually consist of combinations of
sulfides in normal valency compounds (e.g., CuzS and FeS)
and of compounds in which part of the sulfur is particularly
reactive and may be removed by volatilization upon heating
(e.g., CuS and FeS2). This sulfur is termed pyritic sulfur. The
proportion of pyritic sulfur in common copper minerals is
shown in Table I (4).

Theoretically, the amount of oxygen consumed in the
roasting process in removing a given fraction of the sulfur from
the charge is equal to that needed to oxidize the sulfur to
sulfur dioxide (S02) and that needed to remove the sulfur
from the metallic sulfides. Thus, for iron pyrites, sulfur is
dissociated according to the reaction:

FeS2 ~ FeS + S

and the dissociated sulfur reacts to form S02:

S + O2-. S02

The sulfur remaining in the metallic sulfide, FeS, is re
moved by chemical reaction with oxygen. Under the roasting
conditions, two reactions occur:

2FeS + 3.502 = Fe20:, + 2S02

3FeS + 502 = Fe,,04 + 3S02

(Small amounts of FeO have also been found in calcines from
multihearth roasters.)

An accurate calculation of the oxygen consumed in any
specific case requires knowledge of the mineralogical character
and degree of transformation of the particular charge. Lacking
this information, it is considered reasonable to develop a
general formula for estimation of the oxygen consumption
using the predominant chemical, metallurgical, and thermo
dynamic aspects of the process. The development extends
prior efforts at modeling the operation mathematically (5) to
account for the removal of arsenic and for the conversion of
a portion of the copper in the charge to copper oxide.

The rate of oxygen consumption (F0) is:

Fo-, = Fciaxi + (b + c)(ax, - 0.574 dxz - 0.642 ex~

- 0.505 [X4) + 0.320 ex:, + 0.252 [X41. kkg/h (I)

where Fc = charge feed rate, kkg/h; a = fraction sulfur re
moved; b + c = factors converting sulfur to the equivalent
amount of oxygen contained in FezO" and Fe~04' b + c = l!x
+ I + 2/311 - I/(x + 1)1; 0.574 = MW S/MW Fe = 32.06/
55.847; d = ratio: S removed by dissociation/dissociable S in
charge; 0.642 = 3 (MW 8)/2 MW As; e = fraction As removed;
0.505 = MW S/MW Cu; [ = fraction of Cu oxidized; x = the
ratio (Fe8z to Fe:,04)!(Fe8z to Fe20,,) = %Fe:,04/%Fe20:1 X
1.0345; Xl = fraction sulfur in the charge; Xz = fraction iron
in the charge; x" = fraction arsenic in the charge; and X4 =
fraction copper in the charl(e.

Table I. Pyritic Sulfur in Common Copper Minerals
Pyrilic 5 X 100

Minerai Compn TolalS

Chalcopyrite CuFeS2 25

Chalcocite CU2S 0

Bornite CusFeS. 12.5

Covellite CuS 50

Pyrites FeS2 50



a Test 3. Project Study Report PL-480 No. 2-513-1.

2 ax,

Air infiltration is disregarded. The corresponding volume
fraction SO~, dry hasis, is ohtained hy:

Table II. Mineral Composition of Roaster Charge and
Calcine, Clean Concentrate

only, the theoretical maximum S02 level in the exit gases is
20.9%. To use these formulas, values must be obtained for d,
e, and f. These were estimated by data from roasting of Bor
and Majdanpek ore concentrates in Yugoslavia (I). Table II
shows the mineral content of 100 kkg of charge fed and the
quantities of~inerals in the calcine produced therefrom. Very
low concentrations of arsenic and other impurities in the
charge are omitted from the tabulation. These data provided
values for x, d, and [(0.164,0.43, and 0.34, respectively); the
fraction of sulfur removed was 0.54. It was assumed that x
would remain constant over a range of sulfur removal, and that
terms in the formulas involving the factor e could be neglected
in calculating the maximum theoretical S02 content of exit
gases. The fraction of copper oxidized was assumed to be
proportional to the fraction of dissociable sulfur removed, so
that [= 0.8 d.

Table III shows the calculated theoretical maximum S02
concentrations attainable in the roaster exit gases for selected
fractions of sulfur removed. The values are highest for low
fractions of sulfur removal; they drop from 20.9 to 17.7 vol %
(dry basis) as the sulfur removal increases from 0.30 to 0.35.
Beyond this level, a further decrease to 15.3 reflects the in
creased consumption of oxygen in the chemical removal of
sulfur.

Table III also shows the calculated maximum S02 con
centration vs. the fraction of sulfur removed for exit gases from
roasting of a high arsenic-containing charge. For these cal
culations the charge was assumed to be the same as that pro
cessed in Yugoslavia except that 5 kkg of As2S:l were present,
replacing 5 kkg of the CuFeS2 (Table IV). Arsenic is reported
to be easily removable from most charges; the arsenic sulfide
can vaporize and then reacts to form As20:l (1-3. 6,7). It was
therefore assumed in the calculations that the arsenic was
removed preferentially. The results show that the maximum
SO~ concentration in the exit gas is only 14.9-16.7 for sulfur
removals up to 0.1, reflecting the consumption of oxygen to
form As~O:l' At 0.2 fraction sulfur removed, the calculated
concentration of S02 is 20.9. Then, as the sulfur removal in
creases, the 802 concentrations fall again to levels that closely
match those of the clean charge.

Principles o[ Operation
The design and operation of multihearth roasters have fo

cused upon the processing requirements of the smelter plant.
If this roaster is to continue to meet these requirements while
also supplying exit gases with maximum S02 content, a new
mode of operation must be developed. This requires an in
vestigation of those factors inherent in the process and the
charge that dictate the results obtained.

The literature on roasting of copper-containing ores is ex
tensive (10). 1'ownend et al. (I J) investigated the roasting of
lumpy chalcopyrite in an air stream at temperatures between
.550 and 750°C and followed the transformations with a mi
croscope and a microprobe. The roasted particles had an ex
tremely porous zone of hematite covering a compact layer of
magnetite. The thickness of the layers was independent of the

(:ll

1.05

2429

6.78

0.21

2.31

32.28

21.83

1.27

90.02

25.18

49.01

1.52

24.29

kkg per 100 kkg of charge a
In charge In calcine

100.0

Max S02 in exit gas, yol %

14.9

20.9 16.7

20.9 20.9

20.9 19.3

17.7

16.9 17.1

16.1

15.7

15.3

Clean charge High arsenIc charge

FeS2

CuFeS2
ZnS
Inerts
FeS

FeO

Fe30.
CuFeS2

CUOFe203
ZnO
Total

0.063

0.10

0.20

030

0.35

0.40

0.50

054

0.65

Minerai components
clean charge

Fracllon of
sulfur removed

xr,. ""I',. = 7 x,,( 16 - 9 x,,)

Calculations hy Formulas 1-:\ al(ree well if

ax I ~ (U,74 dx" + 0.642 ('X;\ + 0.505 [x" (4)

This formula represents the oXYl(en consumed assuming
that the iron is present in the charge as iron pyrites and that
the ratio (FeS~ to Fe:lO.,/FeS~ to Fe~O:l) is constant for given
roasting conditions. It is also assumed that the portion of ar
senic which is volatilized and turned to arsenic oxide (As20;t)
is constant for given roasting conditions.

The correspond ing fraction SO~ in the roaster gases, x r,
(weight fraction), is:

.5.:32 ax 1 + :U2\(h + c)(IlX I - O.S74 dx~ - 0.642 ex;\
- O.:lO:l [x,,) + 0.:120 ex;\ + 0.252 [x,,]

(2)

Table III. Theoretical Maximum Exit Gas S02
Concentration vs. Sulfur Removed in Roasting

Table IV. Mineral Composition of Roaster Charge,
High Arsenic Concentrate

this is the case when the amount of sulfur removed hy roasting
exceeds that separated hy dissociation of pyrite, or chal
copyrite or covellite, in the concentrate plus the amount re
moved in the oxidized arsenic and copper. If this condition is
not fulfilled, then all the oxygen may be assumed to be con
sumed in the oxidation of dissociable sulfur. In this case, the
fraction of SO" in tbe roaster gases is:

x" = 2 F,.axI/S.:1I9 F,.ax,
= (1.:\76 by weight, or 20.9 vol % (5)

Thus, in "Iil(ht"roasting with removal of dissociable sulfur

Mineral component
high arsenic charge

FeS,
AS2S3

CuFeS,
ZnS
Inerts

Total

kkg per 100
kkg of charge

25.18

5.00

44.01

1.52

24.29

100.00
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tiH;" kcal/kg mol product
-49790

-297720
-416630

+21 170
-346980
-97860

FeS2 + O2 = FeS + S02
2FeS + 3.502 = Fe20:, + 2S02
3FeS + 502 = Fe:,O" + :l802
FeS2 = FeS + S
As28" + 4.;'02 = As20" + :3802
CuS = CuO + S02

decomposition. Arsenic trioxide melts at 310 °C and boils at
457°C. Thus, if the solids are heated to ahove 700°C, the
desired arsenic removal would seem to be assured. (Thermo
dynamic data were not found for arsenides.)

Investigations using a concentrate with 8% arsenic indicate
that temperatures somewhat higher than 700 °C may be
needed to remove arsenic impurities completely (3). The
combustion of sulfur can be self-sustained at 2440 °C (8). Iron
pyrite (FeS2) will exert an S2 vapor pressure of one atm at 690
DC; covellite (CuS), one atm at 550°C (4). CuS begins to break
down to digenite (CUJ.8S) and sulfur at 235°C in an inert at
mosphere (9). Digenite is stable up to 550°C and then breaks
down to chalcocite (CU2S) and sulfur. Considering these
findings, a temperature of 740°C was selected for the calcine
at the point of discharge.

The exit gas temperature should be kept high enough to
avoid condensation of water with attendant corrosion prob
lems. If kept above 460 DC, no As20:, will solidify; but this is
not an objective of current practice. The exit gas temperature
was set at 200°C; 100 °C may be an adequate lower limit in
some cases, since it provides for 2.29 kg water per kg dry air
at saturation.

With these prescribed conditions, a heat balance was for
mulated using the following reactions judged to be most sig
nificant (J -.J, 6, 7):

Additional reactions would of course be included if other
reactants, such as ZnS, were present in the charge in sufficient
quantity to affect the heat balance significantly. Heat balances
were claculated using as a basis .1 kkg of dry charge and a
reference temperature of 2:, °C (298 K). The accuracy of the
calculated results depends upon the accuracy of the required
input data: the weight fractions of moisture, associable sulfur,
total sulfur, iron, arsenic, and copper in the charge; the weight
fraction of hematite, magnetite, dissociable and total sulfur,
copper, copper oxides, and other metal oxides in the calcine;
the fraction of dissociahle sulfur and arsenic actually removed;
and the fraction of copper oxidized. Since these data were not

roasting temperature. Traces of copper ferrite (CuFe204) were
found in a hematite and were presumed to have been formed
as the result of establishment of a local equilibrium. Details
of the transport of oxygen and sulfur through the impervious
magnetite layer could not be explained. Winterharger et al.
(10) found that during the roasting of copper-containing
pyrrhotite, various copper-iron sulfides occurred as sequential
phases in the receding sulfide kernel, and copper sulfides were
converted to cuprite (CU20). As roasting continued (in air or
in S02-rich gas), there was a zonal progression of these se
quential phases, as would occur if the reaction rate-deter
mining step were the gas-phase diffusion processes occurring
in the pores of the roasting product. This rate-determining
step has also been shown by other investigations to approxi
mate closely the burning of iron sulfides in air (12). The rate
of oxidation appears to be determined by the rate of diffusion
of gaseous reactants through the solid crust that covers the
core of the sulfide particles. Chemical reaction occurs at the
boundary of solid metal sulfides and metal oxides. Oxygen
diffuses in; S02 diffuses out. Unconsumed oxygen in the gases
provides the driving force. As oxidation proceeds, diffusion
becomes more difficult, and the reaction slows down.

Observations of the operation of existing roasters show that
an active oxidation of the charge requires about 13% oxygen
in the gases next to the solid particles and a temperature range
of 640--760 °c (7). At lower oxygen concentrations the fire goes
out. Temperatures above the required limits can decrease the
rate of oxidation because of the induced agglomerization of
particles.

The oxygen contents of exit gases from multihearth roasters
monitored at Bor, Yugoslavia, ranged from 11.4 to 19 vol %,
dry basis (1). It therefore seems that an operation that controls
the oxygen concentration at 12 vol % would be quite feasible
and, in addition, would assure the necessary oxygen concen
tration for driving the diffusion-controlled roasting reactions.
To allow this concentration of oxygen in the exit gas will limit
the maximum attainable S02 concentration to 8.9 vol % (dry
basis). Of all the operating conditions that must be selected,
the choice of exit gas oxygen concentration has the greatest
effect on the exit gas S02 concentration.

The need to remove arsenic from some concentrates calls
for consideration of the temperature to which the solids should
be heated during the roast. Among the arsenic sulfides that
may be present in copper ores are FeSAs2Sa, AS~:l, and AS~5'

The As2Sa boils at 707°C, and As2Ss sublimes at 500 °C with

Table V. Thermal Calculations, Clean Charge Basis: 1 kkg Dry Charge; 25°C; Exit Gas 2:200 DC; Exit Calcine
740°C. Water Content of Charge: 9 wt %; Radiation +Cooling Losses, 15 %

Fraction solfur removed 0.1 0.2 0.3 0.35 04 0.539 0.65

Sulfur removed, kg/kkg 31.05 62.1 93.15 108.7 124.2 1674 201.8

Ht in calcine, kcal/kkg 152452 147567 142602 144064 143522 141620 140281

Ht in water, kcal/kkg 63445 63445 63445 63445 63445 63445 63445

Wt of exit gas, kg/kkg 342 684 1026 1368 1618 2312 2866

Ht in exit gas, kcal/kkg 11633 23265 34897 57471 67957 97108 120388

Total ht absorbed, kcal/kkg a 261659 269418 277087 304728 316164 347500 372732

Ht of reaction, kcal/kkg -51037 -101872 -163032 -255767 -327306 -526183 -684997

Ht deficiency, kcal/kkg b 210621 167546 114055 48959 -11142 -178682 -312266

Required inlel gas lemp at balance, °C 785 527 162 66

Oil required, kg/kkg 20.5 16.3 11.1 4.8

Excess exil gas, kg/kkg 400 317.9 216.5 93.6

Total exit gas, kg/kkg 742 1001.9 1242.5 1461.6 1618 2312 2866

Total 502 in exit gas, kg/kkg C 62.5 124.5 186.5 217.5 2484 334.8 403.6

Exit gas % 502: wI (vol) 8.4 (3.9) 124 (5.8) 15.0 (7.2) 14.9 (7.1) 15.4 (74) 14.5 (6.9) 14.1 (6.7)

Exit gas % 502: wt (vol) in absence of fuel burning 18.2 (8.9) 18.2 (8.9) 18.2 (8.9) 15.9 (7.6) 15.4 (7.4) 14.5 (6.9) 14.1 (6.7)

'Includes 15% heat loss. b Total heat absorbed + heat of reaction. C 2 X sulfur removed + 0.02 X kg oil/kkg.
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Table VI. Thermal Calculations, High Arsenic Charge Basis: 1 kkg Dry Charge; 25°C; Exit Gas ~200 °C; Exit
Calcine 740°C. Water Content of Charge: 9 wt %; Radiation + Cooling Losses, 15%

Fraction sulfur removed 0063 0.1 0.2 0.3 0.4 0.5
Sulfur removed, kg/kkg 19.4 30.75 61.5 92.25 123.0 153.8

Ht in calcine, kcal/kkg 149459 142597 138261 133564 133120 128279

Ht in water, kcal/kkg 63445 63445 63445 63445 63445 63445

WI of exit gas, kg/kkg 590 601 785 1597 1789 2283
Ht in exit gas, kcal/kkg 20072 20442 26697 54363 75133 95902
Total heat absorbed, kcal/kkg a 267923 260872 262663 289079 312452 330770

Ht of reaction, kcal/kkg -163372 -103489 -122627 -270187 -411881 -553575

Ht deficiency, kcal/kkg b 104551 157383 140036 18891 -99429 -222804

Required inlet gas temp at balance, °C 227 362 245 41

Oil required. kg/kkg 10.2 15.2 13.6 1.9

Excess exit gas, kg/kkg 198.9 296.4 265.2 37.1

Total exit gas, kg/kkg 788.9 897.4 1050.2 1634.1 1789 2283
Total S02 in exit gas, kg/kkg C 39.0 61.8 123.3 184.54 246 307.6

Exit gas % S02: wt (vol) 4.9 (22) 6.9 (31) 11.7 (5.5) 11.3 (5.3) 13.8 (6.5) 13.5 (6.4)

Exit gas % S02: wt (vol) in absence of fuel burning 6.6 (3.0) 10.2 (4.8) 15.7 (7.5) 11.6 (5.4) 13.8 (6.5) 13.5 (6.4)

a Includes 15% heat loss. b Total heat absorbed + heat of reaction. c 2 X sulfur removed + 0.02 X kg oil/kkg.

available for U.S. smelting operations, calculations were made
based upon the data of Tahle II, for which the fraction sulfur
removed was 0.5:\9. It was assumed that the ratio "x" is con
stant over a hroad range of sulfur removed, that all the arsenic
was hurned as As"O" and removed overhead (e = 1), and that
the fraction of copper oxidized was 0.8 d.

Thermal calculations and S02 concentrations in the exit
gases are shown in Tables V and VI for selected fractions of
sulfur removed. In the ahsence of fuel burning, the clean
charge (Table V) yielded an 8.9 vol % S02 for up to 0.3% sulfur
removal. The lower 802 concentrations beginning at 0.35
fraction sulfur removal reflect the consumption of oxygen in
removing nonvolatilizahle sulfur. Heat deficiencies (positive
values) occur up to a sulfur removal of 0.35. Some of these
could apparently he made up by increasing the inlet gas
temperature.

The fuel oil required to supply the needed extra heat is
shown, along with the excess exit gas generated thereby and
the S02 concentration in the total exit gases. The fuel oil was
assumed to contain 1% sulfur and to provide 9978 kcal/L when
burned with 15% excess air.

Table VI shows the heat balances for the high-arsenic
charge of Tahle IV. When only the arsenic was removed (fr S
removed = O.06:lj, the exitgas S02 concentration is 2.2% if fuel
oil is burned and :l.0% if not. It is not certain, of course,
whether only arsenic could he removed; some volatilizable
sulfur would likely also he removed under the operating
conditions projected. However, the exit gas SO" concentra
tions shown in Table VI are consistently lower than those
shown in Tahle V, primarily hecause the elimination of arsenic
requires oxygen to form As"O" as well as SO".

The results in Tahles V and VI indicate the effects of a
broad range of sulfur removal on tbe exit gas S02 concentra
tion. Smelter operations will not necessarily cover this range
of sulfur removal. Thus, if matte from the reverberatory fur
nace to whicb tbis roaster calcine is fed is required to have
38~45% copper, then tbe fraction sulfur to be removed in
roasting will he about 0.4. (The fraction removed will depend,
of course, on the concentration of sulfur in the charge.) At this
level of sulfur removal, the S02 concentration in the exit gases
is 7.4% for the clean concentrate and 6.5% for the high arsenic
charge.

The projected roaster operation includes both drying and
roasting the charge. The removal of water required 17-24%
of the heat absorbed, and heat losses another 15%. The charge
could be dried in a separate operation (some firms employ one
of their multihearth roasters for this purpose).

Better insulation of the roaster and recovery of the cooling
air losses could further reduce the heat absorbed. The inlet
air could be preheated. In a few cases (e.g., 0.35 fr S removal
from the clean concentrate), heat exchange with the exit gases
would seem to be sufficient. Any such reduction in heat ab
sorbed would decrease the fuel oil required, and thus effect
an increase in the S02 level in the exit gases.

As projected, the operation must remove between 110 and
120 kg sulfur per kkg of charge if it is to provide its own heat.
Part of the heat load is imposed by requiring enough excess
air to provide 12 vol % oxygen in the exit gases. While such an
excess may be necessary at the hearths where active burning
occurs, it may not be needed in the upper hearths to burn the
volatilized sulfur and arsenic. For these reactions, gas-solid
mass transfer limitations would not exist.

It is possible that the calcine temperature could be kept
considerably lower than 740°C if only a small fraction of the
sulfur is to be removed (2). Not all the arsenic would be re
moved in such case, but other opportunities to remove arsenic
arise in the subsequent processing steps. A calcine discharged
at 600°C would carry out about 30 000 kcal less heat per kkg
of charge. If, in addition, the water were removed in a separate
operation and the calcine introduced at 100°C, the total re
duction in heat absorbed would be about 45000 kca!'

Conclusions

This investigation indicates that the S02 concentration in
exit gases from multihearth roasters can be held above 5%
provided at least 60 kg of sulfur are removed per kkg of charge.
Maintaining this concentration level requires monitoring the
exit gas O2 concentration and controlling it at 12% and con
trolling heat losses and calcine exit temperatures. When less
sulfur is removed, especially from charges of high arsenic
content, the 802 concentration is much lower if the same
roasting procedure is employed.

Heat losses have been estimated at 15%. Their reduction,
by better insulation and by preheating gases to the roaster,
could reduce fuel oil requirements at low levels of sulfur
elimination and thus avoid some of the attendant dilution of

Volume 12, Number 1, January 1978 61



the exit gases. The evaporation of water requires 17-24% of
the heat absorbed.

The S02 concentrations estimated herein are limited pri
marily by the requirement of 12% oxygen in the exit gas. This
requirement is based on state-of-the-art practice. The feasi
bility of maintaining roaster operation at lower oxygen con
centrations in the exit gas needs to be investigated.
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Nonferrous Smelter Studies: Investigation of Importance of 12 Operating Factors
on S02 Concentration of Exit Gases from Multihearth Roasting of Copper
Concentrates

Ben H. Carpenter" and Tyler Hartwell

Research Triangle Institute, Research Triangle Park, N.C. 27709

K.J.C. Smith1

U.S. Environmental Protection Agency and University of North Carolina at Chapel Hill, Research Triangle Park, N.C. 27711

• Multihearth roaster exit gases must be kept at 5% or more
S02 if gases from all three smelting processes-roasting,
smelting, and converting-are to be processed autogenously
in a sulfuric acid plant. This study of the practical effects of
multihearth roaster operating parameters confirms the
findings of a previous theoretical study concerning the im
portance of control of exit gas oxygen concentration to
maintaining the desired S02 level, and further clarifies the
concept of a new mode of multi hearth furnace operation that
provides the desired copper calcine while maintaining the
necessary S02 concentration of the exit gases. Twelve practical
operating factors that could affect the exit gas S02 concen
tration are examined by ridge regression analysis of data from
128 tests of a multihearth roaster system. One of these factors,
the percent oxygen in the exit gases, accounts for 84% of the
variance in their S02 content. Several of the tests attain S02
levels of 5-7% whenever the exit gas oxygen level is limited to
12% or less.

A possible technology for meeting the Environmental
Protection Agency's (EPA) proposed New Source Perfor
mance Standards for copper smelters is the blending of lean
S02 gas streams from reverberatory furnaces with stronger
gases to produce a gas with sufficiently high S02 concentration

1 Present address, A. H. Robins Co., Richmond, Va.

to be used as a feed to a sulfuric acid plant. In such an ap
proach, a high concentration of S02 in the multi hearth roaster
gases is necessary to strengthen the blended gases fed to the
acid plant so that it may operate with little or no supple
mentary fuel.

Limited data from U.S. multihearth roasters show from 0.8
to 2.6 vol % S02; important details of the measurements
(sampling points and test methods) are sparse (I). The
roasting operation has been carried out elsewhere to yield exit
gases with 1.0-7.6 S02, dry hasis (2). A theoretical analysis
indicates that an S02 concentration of 5% or more can be at
tained whenever the exit gas oxygen concentration is main
tained at or below 12 vol % (3).

In addition to t.he oxygen level in the exit gases, the presence
of impurities in the charge fed to the roaster and the fraction
of sulfur removed during roasting were shown by theoretical
analysis to affect S02 concentration. Arsenic and other readily
volatilized impurities, if present in the charge, decrease the
S02 concentration at very low levels of sulfur removal.

Several practical operating factors that could affect the exit
gas S02 concentration were not investigated theoretically: the
effect of the temperature attained by the furnace gases, the
dust loading of the exit gases, t.he fire position (hearth where
charge ignit.ion occurs), the charge rate and composition (%
copper, % iron, % sulfur), the air feed rate, the underpressure
within the roaster, and the furnace availability (percent of
time all roasters in a set were operating). This study was made
to obtain confirmation of the theoretical findings concerning

62 Environmental Science & Technology 0013-936XI78/0912-0062$Ol.00/0 © 1978 American Chemical Society



/8.ll~rLlJ(

Figure 1. Roasting process sampling and measuring points

exit gas oxy~en level and fraction of sulfur removed and to
investigate the practical effects of other factors.

Experimenl.al

Tests were conducted at the Hor Copper Smelt.er, Hor,
Yugoslavia, under an int.ernational cooperat.ive research effort.
There were five multi hearth roasters of Ma~uin (France)
design. Blended char~e from the beddin~area was conveyed
to :JO-kkg charge bins mounted ahove each furnace. An air
cooled vertical shaft with two fire-resistanl steel rakes at. each
hearth rotated at 1-2 rpm t.o transport the charge through the
furnace. Ports at the furnace sides regulated air input and
allowed visual inspection of the roasting operation. A IO·kkg
hopper below each roaster collect.ed discharging calcine for
transport to a reverberatory furnace. ({oaster exit gases were
drawn off below the first hearth into a common balloon
flue.

The roasters were tested as a group for :\2 days (o a.m. to 2
p.m.) during which six slightly different charges were pro
cessed. Some :n parameters were measured repeat.edly each
day. Figure 1 shows the sampling and measuring points.
Charge rate and composition were measured at Point I, and
calcine output was measured at Point II. (;ases were sampled
at Point III and tested hy Orsat for percent 80", CO", 0", CO,
and N"; flow rate was also measured. These were reported on
a dry basis. The gas moisture content was also measured. Dusl
samples were collected at I'oint III four times a day. Rach dust
sample required some 4;, min, during which t.ime one or more
otber test., was made. The t.ime period for dust. collect.ion was
identified as a single t.est.. and all ot.her measurements made
while a dust sample was being collected were averaged to

Table I. Selected Multihearth Roaster Data

provide a single value for the tests. In all, 128 tests were made
(four dust samplings per day X 32 days = 128 tests).

The position of the flame in each of the roasters, i.e., the
hearth on which ignition first occurred, was visually checked
and recorded each hour. Gas temperature was measured in the
exit gas duct just outside the roaster and recorded using
t.hermocouples; pressures were also measured by using in
clined manometers.

The roasters and t.he reverberat.ory furnace together were
an interrelated system under which any changes in operation
of the latt.er directly affected the operat.ion of the roasters. As
a result, there were periods of individual roaster shutdown,
and t.hese were identified by det.ermining t.he overall per
centage of availability of the five multi hearth roaster sys
tem.

Table I lists selected test results for each of the six experi.
ments. The iron, copper, and sulfur cont.ent of t.he charge was
constant. for each experiment which employed a single ho
mogeneous blend of material. The variat.ion in composition
resulted from the blending of different proportions of the
three concent.rates supplied to t.he smelter: Majdanpek con
cent.rat.e, Bor concentrat.e, and Import concentrate.

nola Analysis

The data were analyzed t.o identify t.he import.ant rela·
t.ionships het.ween the SO" concent.rat.ion of the exit gases and
t.he other 12 variables given in Table r, and to develop t.here
from a mat.hematical model of t.he roasting process suitahle
for use in control of the SO" concentration of the exit. gases
over a broad range of calcine qualit.y. For t.his purpose, the
quality of the calcine was expressed by percent sulfur reo
moved.

Approach. Hasic stat.istics (means, standard deviations,
and coefficients of variat.ion) were calculated and reviewed,
as were simple correlat.ion coefficients. Linear regression
coefficient.s were then used t.o measure the change in SO"
concent.rat.ion relative to the change in the 12 process vari
ables. The regression coefficients were screened by ridge re
gression techniques to eliminate unimportant process vari
ables. The remaining variables were then used to develop
roast.ing process models. For the en! ire set. of data (128 tests),
Table rI shows the means, standard deviations. and coelTi·
cients of variation (eV) by variahle. The relat.ively high CV's
for SO" concentration. dust rale, percent 8 removed, furnace
availabilit.y, underpressure, and charge rate provide some
indicat ion t.hat t.hese varia hies may have changed sufficiently
from test to t.est to reveal t.hei r effed-s.

Correlation Coefficients. Table III shows t.he correlation
coefficients for the 1:\ variables under analysis. The SO"
cOllcentration is identified as Y in anticipatioll of its role as
a dependent variable. Th(" O~ concentration in the exit ~ap,

(X d has the largest pairwise correlat.ionwit.h the dependent

Exp.
no.

3
4

5

6

Exit gas Charge
Flow Dust Under Flame Furnace

502. a 02. a rate, rate, Temp, pressure, Rate, Wt% WI% Wt% %5 position avail,
Test vol % vol % nm3/h kg/h "c mm/H20 I/h S Fe Cu removed hearth no. %

1 3.4 16.5 57000 717 170 2.5 13.6 28.74 25.02 18.50 74.1 6.3 50.0

15 6.6 12.5 61800 1353 267 30 34.9 28.74 25.02 18.50 58.7 5.8 74.2

9 2.2 162 52100 773 266 4.0 36.8 29.40 23.46 18.19 37.2 6.6 57.3

16 52 13.2 61000 684 288 4.0 34.0 29.40 23.46 18.19 45.9 6.6 73.3

8 6.2 13.0 47600 1221 266 3.5 48.6 28.84 25.06 18.31 44.3 6.4 99.9

7 5.5 13.0 63800 2155 332 3.0 26.7 30.00 25.38 18.07 57.5 5.2 96.0

7 4.1 14.2 68600 1821 358 3.5 30.3 29.00 24.30 18.24 77.5 50 87.1

3 2.6 18.0 63000 871 187 5.5 27.8 28.33 22.89 19.63 98.8 7.1 26.6

a Dry basis.
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variable, -0.92. Several of the predictor independent vari
ables, X, have large pairwise correlations (e.g., X 2 with X 5,

X 3 with X 10, X 10 with XII, and X II with X 12). This suggests
the need for ridge regression analysis (4-6) in addition to
standard least-squares regression analysis, in further evalu
ation of the data. The use of these techniques is explained as
follows.

Ridge Regression Analysis. The standard multiple linear
regression model given in Equation 1 in matrix form was ap
plied as follows:

Table II. Basic Statistics (128 Observations)
Variable Mean SD CV, %

S02 in exit gas X, (orY) 3.95 1.73 43.8
Dust rate X2 1143.21 656.28 57.4
% S removed X3 61.89 16.41 26.5
Gas flow rate X. 62665.94 11 787.34 18.8
Furance availability Xs 58.18 27.80 47.8
Temp, gooseneck X6 281.75 4750 16.9
Underpressure, Xl 3.33 1.13 33.9
gooseneck
Fire position X8 6.02 0.69 11.5
Charge rate Xg 28.92 10.64 36.8
% Cu, charge X lO 18.62 0.60 3.2
% Fe, charge X" 24.31 1.00 4.1
% S, charge X,2 28.96 0.55 1.9
% 02, exit gas X'3 14.94 1.85 12.4

where Y =the vector of exit gas S02 concentrations; X = the
matrix of predictor variables (e.g., % O2); B = the vector of
regression coefficients to be estimated; and e = the vector of
experimental errors.

Unfortunately, with the predictor variables highly corre
lated (Table III), the usual least-squares estimates of the re
gression coefficients, B, tend to become too large in absolute
value, and in some cases (e.g., a high negative correlation)
these coefficients can have the wrong sign (4). Thus, to obtain
a better understanding of which predictor variables are im
portant in predicting Y and to indicate if ordinary least
squares is overestimating the B's, ridge regression estimates
of the regression coefficients were obtained by:

13* "B*(k) = IX'X + kI]-1 X'Y, k > 0 (2)

where kI is a diagonal matrix employed to add the value k
(which ranges in value from ato 1 in increments 01'0.1) to each
diagonal element of X'X. As k is increased, it makes the sys
tem behave more as a system where the predictor variables

Y = XB + e (1)

are uncorrelated and therefore gives a better idea of which
variables are the important predictors.

Equation 2 was used to generate a ridge trace [B*(k) vs. k]
shown in Figure 2. This trace was used to eliminate ineffective
predictor variables. The trace also served to identify the effect
of interrelationships among the predictor variables on the
regression coefficients and to indicate how sensitive the re
gression coefficients were to this particular set of data (4,
6).

Figure 2 indicates that the ordinary regression coefficients
(k = 0) are overestimated. Some (e.g., exit gas temperature)
decrease rapidly as k increases. For such predictor variables,
it is unlikely that another set of data would give the same
values of 13*. Another indication of the probable overesti
mation is given in Figure 3, which shows the decrease in the
sum of squares of the B*(k)'s vs. k, along with the corre
sponding decrease in the sum of squares assuming an or
thogonal set of data. [[I' the predictor variables are orthogonal,
X'X would be a diagonal matrixandB*(k) = X'Y/(1 +k) =
13*(0)/0 + k).j

Because of the correlations among the predictor variables,
the sum of squares of the B*(k)'s is only 57% of its original
value at k = 0.1. Had the coefficients come from an orthogonal
data set, this sum of squares would be 83% of its original
value.

Figure 2 also indicates, as expected, that the coefficient of
variable 13 (% O2) is by far the largest. Also, the coefficients
of some of the variables (e.g., variable 5) are underestimated
at k = O.

After examining Figure 2 in detail, four predictor variables
were eliminated; namely, 6 (exit gas temperature), 7 (exit gas
underpressure),8 (fire position), and 10 (% copper in charge).
The reasons for these eliminations were as follows: variable
6 because its coefficient was unst.able and could not hold its
predicting power; variables 7 and 8 hecause their coefficients
were driven toward zero as k increased, and variable 10 be
cause its coefficient was unst.able and because of its high
correlation with variables 11 and 12 (= -0.79, see Table
Ill).

Having eliminated four variables by the above procedure,
another ridge regression was run wit.h the remaining eight
predictor variables. The result.s of this ridge regression were
then examined, and an additional four predictor variables
were eliminated (variables 2, 4, 9, and 12, which are, respec
tively, the dust rate, the exit gas flow rate, t.he charge rate, and
the percent sulfur in the charge). A ridge regression was then
computed for the remaining four predictor variables, and the
resulting ridge trace indicated that the coefficients of the re
maining predictor variables were fairly stable as k increased.
[n addition, a plot similar to Figure 3 indicated that the de
crease in the sum of squares of the B*(k )'s as k increases was

Table III. Correlation Coefficients Among Variables Considered (128 Observations)
y X2 X3 x. x. X6 X7 X8 Xg x,. x" X'2 x"

S02 in exit gas Y 1
Dust rate X2 0.42 1
% S removed X3 -0.05 -0.07 1
Flow rate X. -0.03 0.36 0.27 1
Furnace avail Xs 0.72 0.52 -0.3 -0.1 1
Temp,oC X6 0.12 0.21 0.23 -0.06 0.17 1
Underpressure X7 -0.12 0.00 -0.03 0.37 -0.14 -0.41 1
Fire position X8 -0.27 -0.21 0.12 0.26 -0.46 -0.31 0.3 1
Charge rate Xg 0.57 0.35 -0.51 -0.026 0.56 -0.02 0.1 -0.22 1
% Cu/charge XlO -0.59 -0.04 0.64 0.34 -0.44 -0.09 0.01 0.3 -0.52 1
% Fe/charge X" 0.49 -0.04 -0.57 -0.3 0.32 0.06 -0.08 -0.23 0.37 -0.79 1
% S/charge X,2 0.44 0.14 -0.44 -0.16 0.31 0.2 -0.04 -0.27 033 -0.79 055 1
% O2, exit gas X,3 -0.92 -0.45 0.28 0.28 -0.7 -0.38 0.26 0.34 -0.47 0.47 -0.34 -0.32
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Figure 2. Ridge trace for predictor variables 2-13
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Table IV. Percent of Total Variation in Exit Gas 502
Concentration Accounted for by Various Linear
Regression Models at k == 0
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Figure 4. SO, in exit gas vs. percent oxygen in exit gas (128 observa
tions)

almost the same as with an orthogonal system of predictors.
Having reduced the number of predictor variables to four,
several multiple regressions were then computed using these
four variables and their subsets. The significant results from
these computations are presented below.

Accountability of Regression Models. Table IV presents
the percent of the total variation of 802 in exit gas accounted
for by various linear regression models at k = O. The table
shows that the full 12-variable model accounts for 94.7% of the
total variance in exit gas 802 concentrations; with the four
variable model this percent has only been reduced to 89.6, and
with a two-variable model containing X:1 (% 8 removed) and
X 13 (% O2 in the exit gas), this percent is 88.2. In addition,
83.8% of the total variation in Y is accounted for with a linear
model containing only X 1:1. To illustrate the strong relation
ship between Y and X 1;], Figure 4 presents a plot ofthese two
variables for the 128 observations available for this study. The
figure clearly shows a very strong linear relationship between
Y and X 1:1.

Tbe regression equation with predictor variables X;] and
X I3 is:

%802 = 17.315 - 0.023 (% 8 removed) - 0.799 (% O2) (3)

(for n = 128)

The regression coefficients given in Equation 3 are un
standardized regression coefficients, expressed in units of the
original data. [Unstandardized regression coefficient, Hj =
H; (Sy/Si) where H;s are the standardized regression coeffi
cients from ridge regression and Sj, Sy are the standard de
viations for variables X j and dependent variable Y, respec
tively.]

8ince percent oxygen in the exit gas (X 1:1) accounts for
83.8% of the total variability in the present data, one is
tempted to use only this variable to predict 802 concentration.
However, an examination of Figure 4 shows that several data
points appear to deviate (i.e., for a given percent O2, their 802

values are too small) from the general trend-e.g., at 11.5%
oxygen, two points center around a y value for 5%. An inves
tigation of these data points indicated that almost all of them
came from tests showing a very high percent sulfur removal
(X:1). Thus, the low 802 values were attributed to the fact that
at such high levels of sulfur removal, a greater portion of the
consumed oxygen went to form metal oxides rather than to
form 802, thus lowering the 802 concentration for a given exit
gas oxygen level. The fact that the regression model containing
both percent sulfur removed and percent oxygen (given in
Equation 3) accounts for 88.2% of the total variation (vs. 83.8%
for the model with percent oxygen alone) indicates that per
cent 8 removed is also an important prediction variable for
802 concentration.
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Figure 5. S02 in exit gas vs. percent oxygen in exit gas for <70% sulfur
removal (90 observations)

To further investigate the deviations observed in Figure 4,
the data were lirst sorted into two sets, one consisting of those
tests with percent 8 removed <70%; the other, ~ 70%. A linear
regression model with percent oxygen as the predictor variable
was then fitted to each set. The results indicate that the re
gression models for the two sets are quite different. The two
models are:

% 802 = 19.21 - 1.008 (% O2):% 8 < 70 (for n = 90) (4)

% 802 = 12.56 - 0.624 (% O2):% 8 ~ 70 (for n = 38) (5)

The percent of the total variability accounted for by Equations
4 and 5 is 93.9 and 84.6, respectively. Figure 5 gives the results
when percent 8 removed < 70%.

Conclusions

The analysis identifies the oxygen concentration of the
multihearth roaster exit gas as a good predictor to its sulfur
dioxide concentration. This factor accounted for 84% of the
variance in the exit gas. Of the other 11 predictor variables
investigated, the variable that appears to explain more vari
ations in 802 concentration after the variation explained by
oxygen is eliminated is the percent sulfur removed in roasting.
Together, these two variables accounted for more than 88%
of the total variation in the 802 concentration for the data
examined in this report.
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Two other variables that appear to explain a small amount
of the variation in the 802 concentration after the variation
explained by oxygen is removed are furnace availability and
the iron content of the roaster charge. Furnace availability is
simply the percent of time during the tests when all the five
roasters of the system were actively roasting. At Bor it appears
that the shutdown and startup of a roaster introduced an
additional dilution of the exit !(ases beyond that due to other
causes and practices, which was detected in the data analysis.
In the modification of a roaster system to achieve high levels
of exit gas 802, attention should be given to elimination of the
particular dilution effects of roaster shutdown and startup.
This effect may not exist in a system designed to seal off a
roaster when it is taken out of service. Whether it can be
eliminated at startup, when fuel is burned to provide heat,
requires further investigation. The separate effect of this
variable on the exit gas 802 concentration is very small,
however, compared to that of excess oxygen.

While some excess oxygen must he present to maintain the
roasting process, the required lower limit of excess oxygen in
the exit gases is not known. During these experiments, a lower
limit of 11.6% is attained. If lower limits were shown to be
feasible, even higher exit gas 802 concentrations could be
generated.
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Processes Limiting Oxidation of Sulfur Dioxide in Stack Plumes

Stephen E. Schwartz· and Leonard Newman

Atmospheric Sciences Division, Department of Energy and Environment, Brookhaven National Laboratory, Upton, N. Y. 11973

lSI thus represents the number of moles of sulfur per unit
extent of the plume in the direction of travel x; we similarly

where the time variable t represents the age subsequent to
emission from the stack of the air parcel at distance x. As
previously (I) we cast our equations in terms of f, the fraction
of sulfur species at distance x that remains as 802:

where (802) and (S042-) denote the concentrations of SOz
and sulfate, respectively, and where (S) = (80z) + (8042-)
denotes the total sulfur concentration. In Equation 3 the in
tegrals are taken over the entire cross section of the plume dA
= dydz. We introduce the square bracket notation

(4)

(2)

(3)
f(80z)dA

f(S)dA

1= x/u

[S] = f(S)dA

based upon a mechanism that is third order in plume con
stituents.

A second process that might contribute to the decrease or
possible cutoff of the rate of oxidation of SOz in plumes is the
inhibition of oxidation by depletion as the reaction proceeds,
of catalytic or oxidative species present in the plume. Such a
process has been suggested to be responsible for the sharply
curtailed rate of SOz oxidation observed in the early dilution
of plumes from coal-fired electric generating plants (5, 6) and
thus may playa role also in oil-fired and smelter plumes.
However, this suggestion has not been quantitatively explored
in previous studies, in which the analysis has been confined
to the use of the simple rate expression:

D(SOz) _ k (SO )2
DI - - 2 2

that describes the process as pseudo-second order.
In view of the continuing interest in 802 oxidation in

plumes and of the implications of a limit to the ultimate extent
of this oxidation, and in view also of questions that have been
raised, e.g. (7), concerning the mathematical description of
these processes, we consider here, in somewhat greater gen
erality and detail than has been presented previously, the
factors that govern the rate and extent of reactions in ex
panding plumes. We proceed to consider the effects of the two
potential processes, dilution and oxidant or catalyst depletion,
using the data of the Northport study to examine the degree
to which the observed decrease in oxidation rate may be at
tributed to one or the other of these processes.

General Formalism

In this section we develop equations that describe chemical
reactions in an expanding plume, with specific reference to
802oxidation. The treatment is general with respect both to
order of reaction in species that dilute with the plume (taking
80z as a surrogate for all such species) and to the shape of the
distribution of reactive species within the plume, since sub
stantial insight may be developed even at this level of gener
ality.

As is customary we consider the plume to be a steady state
reactor. The time dependence of the amounts of the several
species, and in turn of the rates of chemical reactions, is in
ferred from the distance to the stack x through the mean wind
speed u as

• A formalism is developed to treat chemical reactions in
expanding-stack plumes of arbitrary concentration profile to
examine the effects of dilution and of oxidant or catalyst de
pletion upon S02 oxidation. The rate and extent of reaction
are described in terms of an assumed mechanism and defined
measurable properties of the concentration profile. The rate
of plume expansion exerts a controlling influence upon reac
tions that are higher than first order in plume constituents.
Quenching of reaction is exhibited at high expansion rates. For
the concentration of a conservative tracer diminishing with
time proportionately to I-n, a pth-order reaction is quenched
for nIp - I) > 1 and unquenched for nIp - 1) ~ 1. The me
teorological stability classes that would lead to quenching of
second- and third-order reactions are considered. Re-exami
nation of S02 oxidation data obtained in studies of the
Northport, N. Y., oil-fired plume confirms that the oxidation
mechanism is higher than first order and strongly suggests
second order. The data are consistent with this mechanism
for a wide range of assumed catalyst/S02 ratios; it is thus es
tablished that no inferer.ce may be drawn concerning catalyst
depletion. The implications of these new insights are con
sidered relative to the design of plume experiments and to the
understanding of S02 oxidation mechanisms in plumes and
in the ambient atmosphere.

Because of the importance of atmospheric oxidation reac
tions of sulfur dioxide upon the ultimate fate of this atmo
spheric pollutant, in the last several years a number of ex
perimental investigations and theoretical analyses of the rate
of S02 oxidation in power plant and smelter plumes have been
conducted. These studies have been motivated by the fact that
localized point source emissions of S02 represent a substantial
fraction of total S02 emissions, and by the opportunity af
forded by stack plumes as localized, time-resolved "reactors"
for the in situ study of the mechanism and rate of these oxi
dation reactions free from the influence of such uncontrolled
laboratory variables as reactor walls. Despite nonuniform
plume profiles and rapid dilution of plume constituents with
distance, the extent of S02 oxidation in a plume may be de
termined by examination of the ratio of the integrated con
centrations of S02 and sulfate.

An important feature of reactions in rapidly diluting plumes
that are second or higher order in plume constituents is the
fall-off in the oxidation rate as a function of distance or time
due to the decreased concentration of the reagents with dis
tance. Interpretations of the rate of oxidation of S02 in the
plumes of the oil-fired Northport, N.Y., plant of the Long
Island Lighting Co. (I) and of the Sudbury, Ontario, nickel
smelting plant [data of Lusis and Wiebe (2), as interpreted
by Forrest and Newman, (3)/ have suggested a mechanism
that is second order in plume constituents. This dependence
has been inferred to represent the contribution of the S02 and
catalytic particulate concentrations to the overall rate.
Freibp.rg (4) also has discussed the effect of plume dilution
upon the rates of higher-order reactions.

A second important feature of such is the possibility that
rapid dilution may lead to quenching, i.e., that the reagent
concentration may asymptotically approach a limit in excess
of that dictated by equilibrium considerations. This possibility
was suggested in the interpretation of the Northport data (I)
and was noted as well by Freiberg (4) in a model calculation
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(8)
(8), = ':11

"1/1' (15)

where

(9) I' = IXI'd (~) d (~) (16)
~ 1

(13)

(14)

(17)

(18)(8), u t- n

S (y - yc Z - zc)( Oz)(x,y,z) = (SOz),(x)x ~'M

Here, X is a normalized distribution function, JJ(d(y!~)d(z!n

= 1, and ~ and 1 are the scaling parameters of X in the y and
z dimensions, respectively, e.g., lTv and ITz for a gaussian dis
tribution; Yc and z,. represent the plume centerline coordi
nates. Tbis assumption may be expected to apply (10), pro
vided that tbe rate of dilution greatly exceeds that of chemical
reaction, as appears invariably to be the case for S02 oxidation
in stack plumes. With this assumption

the effective first-order rate coefficient k I does not. This
distinction hetween first- and higher-order processes has
permitted the oxidation of S02 to be ascribed to a second
order process both for tbe Northport oil-fired plume (1) and
for the Sudbury nickel-smelter plume (,:1).

The differential rate equation io f (Equation 12) may be
formally integrated by separation of variables

f cl1= -k j'(S),P-Idtfl' p

It should be emphasized that a simple power-law expression
such as Equation 18 is not expected to bold over the entire

f df - , f ([8 1)1'-1-- -k I - dt
fp I' ~I

wbich is formally identical to Equation 13 since [8]!~1 has
units of concentration. The similarity assumption thus per
mits, for an arbitrary, unspecified sbape function, the analysis
of the dependence of tbe reaction rate upon the order of re
action and upon dispersion parameters, as if this shape
function were a uniform box, since the only effect of a non
uniform shape function X will be to alter the apparent rate
coefficient by the constant factor r. We may thus proceed to
use Equation 13 as if (8), were an actual, uniform concen
tration. This approach facilitates examination of the mecha
nism and order of plume reactions.

Equations similar to 17, but restricted to the gaussian shape
function and to a specific third-order mecbanism, have been
presented by Freiberg (4) and by Lusis and Phillips (11). A
similar equation for the time evolution of the concentration
in a cloud emanating from an instantaneous, point-source
release, expanding in three dimensions, was given by Frie
dlander and Seinfeld (10).

Evaluation of tbe integral in the rigbt-hand side requires a
determination of the time dependence of (8). or, alternatively,
modeling (8),(t) to permit analytical integration.

A significant extension of Equations 12 or 13 may be
achieved under the assumption that tbe S02 concentration
profile in the plume retains geometric similarity as the plume
expands, i.e.,

Effect of Plume Dispersion on Rate and Extent
of Reaction

To introduce dispersion into Equation 13 or 17, it is con
venient to model this process by the usual power-law ex
pression for the concentration of a conservative species in an
expanding plume

is a numerical constant of order unity tbat depends on the
shape function x. Equation 13 now becomes

(5)

(7)

(10)

(12)

(11)(8). = 18J/A,

A.p-I = 1J:(S02)dAIP
J (SOz)PdA

The effective plume area A. may in principle be determined
from plume S02 concentration profiles obtained with real
time sampling apparatus. The ratio [SI!A. has (Equation 4)
units of concentration. Denoting

we may now write Equation 9 as

define [SOd and [S042-J. Under the assumption that the sum
of the two sulfur species is conservative, i.e., that there is
neither fallout of sulfate from the plume nor S02 deposition,
then [81 is constant and may be evaluated as the quotient of
the emission rate of sulfur by the mean wind speed. In the
square hracket notation

cl1 = -k [8Ip-Ifp J(SOz)pdA
dt p II(SOz)dAjp

In Equation 9 we have used the definitions given in Equations
:J-5. This expression for tbe rate of change of f is useful since
all dependence upon dilution introduced by plume expansion
is collected in the last factor. Since this quantity has units
(area)l-p, it is convenient to denote

Since [81 is constant,

!!:.- J[S02J) '" cl1 = -kp[Sj-1 I(SOz)pdA
dt 1 [81 dt

Measurement of f, the ratio of integrated concentrations, may
be achieved with aircraft-mounted integrating-type sampling
equipment (1,8).

The time rate of change in the amount of S02 in the plume
(per unit distance in the x direction) may be evaluated as

d[S021 = u d1S0 2] = u!!:- f (SO,)dA
dt dx dx -

=u f il(S02)/dx dA = f il(SOz) dA (6)
ilt dt ilt

Here, il(S02)!ilt represents the rate of decrease in S02 con
centration due to chemical reaction, i.e., excluding the de
crease due to dilution. For a reaction that is pth order in S02,
or in other plume species that dilute as SOz, we denote this
rate as

whence

cl1 = -k (S) p-IfP
dt 1'"

Equation 12 is formally identical with that employed in our
previous work (1,9), but does not require the previously em
ployed assumption of uniform (top-hat) concentration profile.
However, in this equation, which is derived from arbitrary
concentration profile, the effective sulfur concentration (8),
defined by Equations 10 and 11 is not an actual concentration
that can be measured at a given point but rather is a mathe
matical construct that can be computed only from a known
or assumed (S02) profile. Nevertheless, since (8), will de
crease approximately as a conservative species as the effective
area A. of the plume increases, Equation 12 retains the salient
feature of the previous work, viz., tbat for reactions that are
second or higher order in plume species, the effective rate
coefficient, kp(S).p-I, diminishes as the plume is diluted. In
particular, the effective second-order rate coefficient k 2(8).
exhibits a direct dependence upon plume expansion, whereas
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Figure 1. Values of dispersion index nderived by Equation 19 from plots
of normalized centerline plume concentrations of Islitzer and Slade
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are shown in Figure I for the TVA curves for centerline con
centration of stack plumes. Also shown are values of n derived
from the Pasquill curves. Briggs (/4) has described the rise
.:lh of buoyant plumes as proportional to 12/:1 and has pointed
out. as well the proportionality hetween plume depth and
plume rise. Assuming an equivalent rate of expansion in the
crosswind dimension leads to" = 4/3, identical to the TVA
neut.ral value in Figure I.

From estimates of the dispersion index n derived from these
several sources, it appears tbat. quenching may be unequivo
cally predicted for second- and third-order reactions under
unstable and neutral conditions, and for third-order reactions
even under slightly st.able conditions. For slightly stable and
stable conditions t.he considerable variance between the sev
eral values of n encompasses the critical values of t.his pa
rameter and thus precludes an a priori prediction of whether
or not quenching of second-order reactions will occur. How
ever, it would appear that the dispersion indicat.ed by the
Pasquill curves for slightly stable and stable conditions may
be substantially overestimated (13), since these curves rellect
enhanced dispersion characterist.ic of low alt.itude release.
Also, the Pasquill curves are based on relatively long-time
average plume profiles that include some plume meander, not
on instantaneous profiles t.hat would govern the rate of
chemical reactions between plume const.ituents. The dimin
ished rate of dispersion reflected in tbe TVA measurements
may in part be due to the short.er averaging times in those
studies (/2).

On the other hand, the TVA measurements for slightly
stable and stable conditions would appear not to reflect
near-stack, buoyancy-induced dispersion, which would
sharply diminish the rate of second- and third-order reactions.
If, however, the rat.e of dispersion subsequent.ly decreases to
t.he lower values shown, second-order reactions, and under
stable conditions, third-order reactions, would ultimat.ely
proceed to completion.

The phenomenon of dilut.ion quenching of chemical reac
t.ions has been recognized for some time in the somewhat
different circumstance of an expanding inst.antaneous puff
that might be suitable for modeling react.ions in an urban pall
(J(i). The phenomenon was exhibited for a st.ack plume in a
model calculation by Freiberg (4) for a mechanism that is
third order in plume constit.uents, with dispersion index II =
I, and was indicat.ed as well in the init.ial Brookhaven paper
on t.he Northport. plume oxidation study (I). However, in
neither of the latter papers is there a description, as displayed
here in Equation 20, of the generality of dispersion-induced
quenching.

extent of the plume, hut that the effective dispersion index
n may change with distance from the stack. This is considered
in more detail below. Assuming for the moment that n is
constant, we obtain, upon substituting Equation 18 into 13
and integrating, an analytical expression for ft, the fraction
of plume sulfur species remaining as SO" at time I, for a re
action of order p > I:

I
h,,(S)~'/or Cr ~ J[I - (¥)"'-1 nr r' 1

hp(S)~,/or in (!:...), nr = 1
10

(9)

Here, I" represents the plume age at an arbitrary initial time
at which Equation 18 is applicable, (S)" = (S), at 10, and r '"
p - 1. The initial value fo reflects the contributions both of
primary sulfate emissions and of oxidation occurring in the
plume prior to Ill. Equation 19 represents a generalization to
arbitrary reaction order p of the equation we have employed
previously in our analyses of SO~ plume oxidation data (i.e.,
Equation 16 of ref. I). The adherence to the predictions of the
model, for given reaction order p and dispersion index n, of
a set of experimental measurements off as a function of plume
age I would be indicated by a linear fit of f l - p to the power (or
logarithm) of I indicated in tne right-hand side (RHS) of
Equation 19.

Despite the generality of the assumptions that have been
made in the present derivation, we may nevertheless draw
important conclusions from this treatment concerning the
ultimate exten't of SO~ oxidation in stack plumes. This is fa
cilitated by considering the long-time limiting values off that
are indicated by Equation 19. For low values of the dispersion
index n such that 11 (p - I) ~ I, t.he HHS of Equation 19 in
creases without hound at. long t.imes; hence

lim.!.. = "', ,,(p - I) ~ I (20a)
I -0' fr

Thus, f w approaches zero, i.e., all of the SO~ in t.he plume is
ultimately oxidized. On t he other hand, for n(p - 1) > 1, the
RHS of Equation 19 approaches a finite limit,

lim ~ = ~ + 111J(S)~,lllr (_1_), n(p - I) > 1 (20b)
t _w f, fll Ilr - I

In this case, the long-t.ime limit off is not. zero, but. is a finit.e
value between zero and one, i.e., for Il(p - I) > 1 the reaction
is quenched by the expansion. The higher the order of reaction
p, the lower is the value of the index of dispersion n that will
lead to this dilution quenching. For a second-order reaction,
dilution quenching will be manifested for the dispersion index
n > I; for a third-order reaction, 11 > 1/2 is sufficient to lead
to quenching. This quenching phenomenon depends only on
the order of reaction in plume constituents and on the index
of dispersion and is independent. of t.he details of the reaction
mechanism.

It may he useful here t.o consider hriefly the values of the
dispersion index that. may he expected for elevated buoyant
plumes in various at.mospheric stability classes. The subject
of turbulent diffusion has heen reviewed, for example, by
Gifford (/2), who emphasizes t.hat no single power law, such
as Equation 18, can he expected to fit. diffusion data over all
down wind ranges. Nevertheless, t.he approximat.e linearity
over limited ranges of graphs of log lTv or log IT, vs. log distance
supports t.he utility of Equation Hl.·Within that approxima
tion the summary of normalized axial concentration mea
surements (C') for elevat.ed releases presented by Islitzer and
Slade (I:J) is useful for estimating t.be dispersion index n ap
propriat.e for the several at.mospheric stability classes. Values
of n derived from Figure 4.6 of that paper as
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where e represents the ext.ent, normalized to lSI. by which t.he
amount of 802 initially present exceeds that of the particulate,

(23)

(24)

(25)

0.5

0.6

0.1

IPI = 181([ - e)

~ ~

II//Y:..~~:1

1.6

This mechanism may he represented by the rate expression

0(802),bt= -!It(SO)t(P)

Effect of Reagent Depletion on Rate and Extent
of Reaction

[n the precedinl( discussion consideration has been re
stricted to a stoichiometric condition in which the several
reagents are consumed proportionately. In this section we
consider the adequacy of this approach by treating a second
process that may preclude the complete oxidation of S02
within stack plumes, viz., the depletion of oxidative or cata
lytic activity of a second reagent a~ the oxidation of S02 pro
ceeds. Such a process might be expected to occur, for example,
as the acidity of the aqueous film surroundinl( catalytic par
ticulates is increased as SOt is oxidized to sulfuric acid or as
an initially emitted oxidizinl( species or free-radical precursor
(e.g., HONO) is depleted. Since depletion of oxidative capacity
by this mechanism would be dependent upon the extent of
S02 oxidation that ha~ occurred, it seems reasonable to model
this process as if the particulate (or other oxidant) P were a
reagent that is exhausted during the course of the oxida
tion,

where (P) denotes the concentration of particulate (or other
oxidant) that is hoth beinl( diluted as the plume expands and
being depleted as the oxidation proceeds. Equation 24 may
readily he expressed in terms of f, the fraction of 802 re
maining unoxidized, by the same procedure as carried out
above. By analogy to Rquation S, we introduce the notation

-0---- --- -_. ---- . ----- -- .... - _._-----.------- .---- -- ----- - -- ---
in plume constituents has been advanced, for example, by
Freiberg (4, /,5), representing the contrihutions of two S02
molecules and of iron catalyst to the oxidation rate. An ac
ceptable straight-line fit of f- 2 vs. R, as required by Equation
19, is obtained for values of n ranging roughly from 0.4 to 0.7,

.and again the critical value of n that would lead to quenching,
n = 0.5, falls within this range. As with the second-order
mechanism the predicted values of f_ range from zero to 0.82
as n is varied throul(hout the acceptable range. However, it
would appear that the pseudo-third-order mechanism may
be excluded, since values of II that give a linear fit to Equation
19 seem too low to he consistent either with the measured
decrease in SOt concentration with distance (/) or with the
range expected from Fil(ure I for the indicated stability. [n
other words, the rate of oxidation did not decrease fast enough
to be consistent hoth with a third-order reaction and with the
rate of plume dispersion.

I
3

RII/'ol

Figure 3. Data of Northport Run 2 plotted according to pseudo-third
order mechanism for indicated values of plume dispersion index n
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Figure 2. Data of Northport Run 2, ref. 1, plotted according to Equation
18 for pseudo-second-order mechanism for indicated values of plume
dispersion index n
'is fraction of 502 remaining unoxidized at time of measlI'ement. Dimensionless
variable R, defined in text, increases with increasing time. Symbol + indicates
infinite time extrapolated, or quenched, value of r I

The Northport study, in fact, provides a useful case for il~

lustrating the sensitivity of the interpretation of the extent
of further oxidation ofS02within the plume, to rather slight
changes in the index n that characterizes the dispersion of the
plume. Figure 2 presents the data of Northport Run 2 graphed
according to Equation 19 for reaction order p = 2 and for
several values of the dispersion index n. Unfortunately, the
dispersion was not well characterized. For Run 2 the lapse rate
at plume altitude (~0.9 °C/lOO m) indicated a neutral to
slightly stable atmospheric stability (9); a value for n of 1-2
was suggested from the decrease in S02 concentration with
distance. Because of this uncertainty we treat n as an ad
justable parameter, constant throughout the run. In Figure
2 f- I is plotted vs. the dimensionless quantity

R (!:...) = Inr ~ 1 [1 - (~r-1 nr ~ 1 (22)

to In (t), nr = 1

that appears to the right-hand side of Equation 19. R is an
increasing function of time with the properties that R (l) =
0; R (00) = I/(nr - l) for nr > 1 and a> for nr ~ 1. As in the
original paper, values of t, which range from 1.3 to 27 min,
were determined from the mean wind speed (Equation 2); to
is taken as the value of t at the distance of the initial mea
surement.

From Figure 2, an acceptable straight-line fit to Equation
19 is obtained for values of n ranging roughly from 0.8 to 1.4;
i.e., any value of n within this range would be consistent with
the present model. Values of n within this range are consistent
as well with the range suggested in Figure I for the indicated
atmospheric stability. The plot of the oxidation data according
to Equation 19 also permits an estimate to be made of the
ultimate extent of reaction, by extrapolation of R to its infinite
time value. The extent of this extrapolation depends strongly
on n. For n ~ I, R is unbounded,f-I increases without bound
at long time, and f approaches zero. However, for n > I, Rand
f- I cannot increase beyond the limits shown in Figure 2; thus,
f is interpreted as approaching a limit that, depending on the
value of n, may be quite significant compared to unity. For
example, for n = 1.4 the model predicts the ultimate quenched
value of f to be f m = 0.82, i.e., only 18% of the sulfur species
emitted into the plume would ultimately be oxidized to sulfate
by the second-order, in-plume mechanism under consider
ation. This compares to the measured value of 13% sulfate at
27 min. This strong quenching contrasts with the absence of
quenching indicated for n ~ 1, and exemplifies the importance
of the value of n to the interpretation of plume reaction
measurements.

In Figure 3 the data from the same run are plotted according
to Equation 19 for a pseudo-third-order mechanism (p = 3),
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according to the "Reaction" 2:3. For 0 < e < 1, the particulate
would ultimately become the "limiting reagent", and e rep
resents the normalized fraction of lSI that would remain
unoxidized as the reaction proceeds to completion. For e <
0, the particulate is present in excess over the amount needed
to react completely with the SO~ present in the plume; here
-e represents the amount of particulate, again normalized to
IS], that would remain as the reaction goes to completion.

With the introduction of this notation the differential
equation for the time dependence off becomes (cf. Equation
12 for p = 2):

As in Equation 12 the effective rate coefficient depends di
rectly upon plume expansion; the effective plume area A. is
now given by IJ(SO~)dAI X IJ(P)dAI/IJ(SO~)(P)dAI rather
than by Equation 10. This dependence on expansion continues
to obtain even for large negative e, - e » 1. In this limit IPI
IISI is effectively constant, as the oxidation reaction proceeds,
i.e., the oxidant or catalytic particulate is only conservatively
diluted with the plume. Nevertheless, the participation in the
oxidation mechanism of a second species, which is contin
uously being diluted, remains manifested in the effective rate
coefficient. Thus, even under this extreme condition the
plume dilution still permits an observable distinction between
a first-order reaction and the first-order limit of a second
order reaction.

With the assumption of the power-law dispersion expres
sion (Equation 18), Equation 26 may be analytically inte
grated. We express this result as

i.,
In 11 11.11:. 1 I"OUl<5 1

. ,

.... U.IU

. v.v!)

Figure 4. Data from Northport Run 2 plotted according to general sec
on<l-order mechanism under plume dilution (n = 1) for indicated values
of excess reagent parameter e
C denotes conservative particulate or large negative limit. Adherence to model
is indicated by fit of data to straight line
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Discussiun and Conrlusi'ms

Perhaps the strongest conclusion tu be derived frum this
analysis is that for higher than first-order reactions in dis-

since a higher value would enhance the rule of plume dilution
over that of reagent depletion in controlling the rate and ex
tent of oxidation in the plume.

Figure 4 shows the quantity L computed from the data of
Northport Run 2 (I) plotted for values of the excess reagent
parameter e ranging from 0.86 to the "large negative", con
servative reagent, limit. (Since the extent of reactiun was
followed in this study tu 1:1% of the SO~ oxidized, values of l'

greater than 0.87 are summarily excluded.) For values of e
greater than 0.82, a significant departure from linearity is
observed, but for all values of e less than 0.82 including neg
ative values (i.e., particulate in excess of SO~), an acceptahle
straight-line plot is obtained. Thus, the fit to the function f- 1

corresponding to the pseudo-second -order mechanism treated
ahove, is not a unique description of the SO~ oxidation rate,
but is one of a family of equally adequate descriptions corre
sponding to the general second-order mechanism for variuus
values of the parameter e.

The more general analysis given here sustains the inter
pretation given abuve that oxidation was occurring by a sec
ond-order mechanism. The insensitivity uf the linearity uf
these graphs to the value of e, due largely tu the limited extent
of oxidation represented in the data, suppurts the use of the
pseudo-second-urder mechanism (e = 0) in the cunsideratiun
of the effects of dispersion on the rate and extent uf reaction.
This insensitivity also precludes the precise determination
of e. At one extreme (e = 0.82) the data are consistent with an
amount of oxidative or catalytic activity sufficient to oxidize
as little as 18% of the SO~ initially present; the observed 1:,%
oxidation would, at this extreme, correspond to depletion of
roughly three-fourths of the catalyst. At the other extreme the
data are consistent with an interpretation that requires nu
depletion of catalytic activity whatsoever, with the decrease
in the observed oxidation rate due entirely tu plume dilution.
This more detailed analysis thus, while confirmi'lg the role
of dilution in diminishing the oxidation rate, does not support
the heuristic suggestion of Newman et al. (I) that the uxida
tion was limited by catalyst depletion and that conversions
much greater than 20% are not to be expected. Rather, this
analysis demonstrates that the data under examination cannot
provide information relative to the question of exhaustion of
particulate activity as the oxidation reaction proceeds.

(26)

(27)

df ,dt = -kAS).f([ - e)

L(l) - L(tll) = k~(S)lItIlR (.!--)
til

where we have introduced

L(t)=-~ln (l-~) (28)
e fIt)

and where R was defined in Equation 22. Equation 27 repre
sents an extension of Equation 19 to the general second-order
mechanism (Equation 24). The RHS of Equation 27 is iden
tical with that of Equation 19 so that the concept of quenching
pertains to the general reaction as well. For e > 0 (SO~ in ex
cess over particulate), whether the long-time value of f ap
proaches e or some greater quenched value depends on the
long-time behavior of R, as discussed above. For e <0 (par
ticulate in excess over the amount needed to oxidize the SO~
completely), f 00 will approach zero or a finite value, again de
pending upon the long-time behavior of R. In fact, the
quenching phenomenon is quite general and depends only on
the overall reaction order in plume constituents, since changes
in mechanism, for a given reaction order, will affect only the
left-hand side of Equation 13, whereas the quenching arises
entirely from the integration of the right-hand side.

Two limiting cases are of interest for the left-hand side
(LHS) of Equation 27. For e ~ 0, i.e., the pseudo-second-order
limit, L ~ f- 1, in agreement with the LHS of Equation 19. For
large negative e, the conservative reagent limit, the LHS of
Equation 27 approaches e- I In ([dfo).

To examine whether a given set of experimental data is
consistent with the mechanism of oxidant or catalyst deple
tion, the quantity L may be plotted against R for assumed
values of the plume expansion index n and the excess reagent
parameter e; a linear relation is expected for appropriate
values of nand e. In the treatment that follows, we consider
the linearity of the fit of such a plot for the Northport data for
e considered as a variable parameter, holding the value of n
= 1. This value of n is selected here since a substantially lower
value appears to be excluded on the grounds noted above, and
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persing plumes, the value of dispersion index n plays a con
trolling role in determining the rate and ultimate extent of
reaction. This dependence follows naturally from two as
sumptions of the model by which the reaction was described,
specifically: The dispersion of plume constituents occurs ac
cording to the nth power of the time following emission,
Equation 18; and the oxidation of S02 takes place entirely by
a mechanism that is pth order in plume constituents, Equa
tion 7. While we consider these features of the model to be
approximately correct in regions relatively close to the stack
where in-plume reactions would be most important, ultimately
we would expect each of these assumptions not to hold. We
consider here the implications of these assumptions upon the
interpretation of plume experiments and upon the design of
future studies.

Because of the demonstrated strong dependence of the rate
and extent of plume reactions upon the index of dispersion
n, it would appear mandatory in future studies that this pa
rameter be determined independently of the oxidation mea
surements, and with a degree of precision consistent with the
important role of this parameter. Alternatively, in view of the
strong influence of the rate of dispersion upon the rate of
chemical reactions in expanding plumes and upon mechanistic
interpretations derived from these measurements, it would
appear highly worthwhile to carry out experiments in which
the S02 profile is actually determined at various distances,
by real-time, fast-response instruments. This would permit
a direct determination of A. (Equation 10) and S. (Equation
11) and in turn would permit the S02 oxidation data to be
interpreted via Equation 13 without the imposition of a model
for the plume dispersion. Additionally, such measurements
would permit interpretation of quenching of faster reactions
for which the similarity assumption would be inapplicable
because of flattening of the concentration profile due to re
action. This flattening would enhance the rate of increase of
A. with time and thus contribute further to quenching of re
action.

With respect to the assumption that S02 is oxidized only
by reactions between plume constituents, we would note that
in addition to this process, oxidation may be expected to occur
as S02 in the plume is admixed with constituents present in
the ambient atmosphere. This may occur either by a hetero
geneous mechanism involving aerosol particles or by a ho
mogeneous mechanism involving active intermediates. Either
process would be first order in plume constituents, and hence
would be expected to dominate the S02 oxidation at long
times. Thus, the continuously diminishing oxidation rate
implied in Equation 12 or 19 will ultimately level off at a
nonzero value characteristic of the local burden of catalytic
or active species; therefore, the final measured value of the
oxidation rate in a plume may be taken as an upper limit to
this ambient oxidation rate. From the Sudbury plume data
(2,3), we may take this upper limit as ----0.5% h- I ; the low rates
of S02 oxidation measured in coal-fired plumes (5,6) suggest
a similar upper limit to this rate. Oxidation of S02 at the low,
ambient rate will then continue, along with deposition pro
cesses, until the 802 is entirely consumed.

Note that the picture of S02 oxidation described here dif
fers substantially from that depicted, for example, by Wilson
et al. (16). According to that picture, S02 is oxidized princi
pally by species present at low concentrations in the ambient
atmosphere, and this oxidation is suppressed in concentrated
plumes by the large excess of plume constituents. An example
of such a mechanism would be oxidation ofS02 by free radi
cals whose concentration is coupled to the ambient ozone
concentration, which is strongly diminished by nitric oxide
present in the plume. Similarly, if ammonia were required to
neutralize sulfuric acid formed during the S02 oxidation be-
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fore oxidation could proceed further, the depletion of this
species in the concentrated plume might suppress the reaction
until the plume became sufficiently diluted with ambient air.
If S02 oxidation were occurring by such a process, one might
expect an increase in the oxidation rate until the ambient level
was attained. This increase might be gradual and continuous
or, alternatively, might be characterized by a more or less
abrupt onset at some distance downwind from the stack at
which a critical plume constituent, e.g., NO, has become "ti
trated" by admixture with the ambient air. In fact, a limited
amount of evidence for a process of the latter sort has been
presented (/6). While ultimately the choice between the two
pictures must await further experimentation, we feel at the
present time that there is substantial evidence demonstrating
the absence of any increase in the S02 oxidation rate out to
distances upward of 60 km, and plume ages in excess of 3 h,
for oil-fired (1, /7), coal-fired (.5, 6), and smelter plumes (3),
and consequently that the ambient oxidation rate must be of
the order of 0.5% h-I or less.

Witb regard to the examination of a possihle oxidant on
catalyst depletion mechanism for limiting S02 oxidation in
oil-fired and smelter plumes, we conclude that the observed
decrease in the S02 oxidation rate as a function of time sub
sequent to emission from the stack does not require the as
sumption of such a mechanism, despite plausible arguments
that have heen presented previously (I), based upon the rel
ative mass emissions of particulates and S02, that such a
mechanism might be expected. Rather, the decrease in oxi
dation rate may be due entirely to plume dispersion, and the
data are entirely consistent with the S02 surrogate, pseudo
second-order mechanism.

The oxidation measured in the Nortbport plume contrasts
with the results of the studies of S02 oxidation in certain other
oil-fired plumes (17) and in coal-fired plumes (5,6). where the
oxidation is not interpretable in terms either of a second- or
a first-order mechanism. In tbose studies the extent of oxi
dation seldom exceeded 5% and was generally only 1-3%.
Furthermore, any oxidation subsequent to emission was quite
minimal and appeared to be arrested within the first 5 km. We
thus continue to feel that the ascription of the arrest of oxi
dation in coal-fired and certain oil-fired plumes to catalyst
poisoning remains plausible, although an alternative inter
pretation might he that the observed sulfate is largely pro
duced prior to stack emission and that the emitted particu
lates are essentially catalytically inactive.

Note Added in Proof

Since completion of this work, we have learned of a study
by J. Freiberg, to be published in the proceedings of the In
ternational Symposium on Sulfur in the Atmosphere, that
reaches similar conclusions concernin/( the quenching of S02
oxidation in plumes.
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Nomenclature

) = concentration of the indicated species as a function of
x, y, and z in the plume

[ I = amount of the indicated species per unit extent of the
plume in the x-direction; a function of x only

(S) = total sulfur concentration = (S02) + (S042-)
(S). = effective sulfur concentration, Equation 10; a function

of x only



(S)o = effective sulfur concentration at initial time to
(S02). = effective S02 concentration, Equation 13
(P) = concentration of catalytic particulates
(C) = plume centerline concentration of conservative trac

er
dA =dydz = differential area element of plume cross sec

tion
A, = effective cross-sectional area of plume, Equation 10;

a function of x
X = normalized (S02) distribution function, Equation 14;

a function of y and z only
~(x), nx) = scaling parameters of X in y and z dimensions
r = shape factor, Equation 15, a constant for a given reaction

order and plume distribution function
x, y, z = distance variable in the directions of plume travel,

cross-wind, and vertical, respectively
u = mean wind speed in the x direction
I = plume age, Equation 2
f = fraction of sulfur present as S02, a function of x or I
fo = fraction of sulfur present as S02 at initial time 10

f w = fraction of sulfur ultimately remaining as S02
e = excess reagent parameter, Equation 24
p = order of reaction in plume constituents
r = p - I
n = index of plume dispersion, Equation 18
k p = reaction rate coefficient for pth order reaction
R = dimensionless, increasing function of time, Equation

21
L = measure of extent of reaction, for general second-order

mechanism, ~:quation 28
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Cu and Zn are of interest in the study of marine environ
ments because these elements are necessary to living organ
isms at trace concentrations, while at higher levels they rapidly
become toxic. The concentrations and distributions of Cu and
Zn in the waters of metropolitan bays and harbors are of

• Cu and Zn values were measured in San Diego Bay by an
odic stripping voltammetry with a specially built, automated
instrument. During 1975-1977, trace metal surveys were
conducted in the bay from a small vessel. Samples were col
lected and analyzed aboard the craft while under way. Cu and
Zn concentrations were less than 0.1 and 0.6I'glL, respectively,
at the mouth of the bay and increased toward the center of the
bay to approximately 2.5 and 2.9 I'g/L, respectively. Also,
synoptic measurements made at a stationary pier location
showed that Cu and Zn concentrations coincided precisely but
inversely with tidal cycles. Cu and Zn measurements made by
automated anodic stripping voltammetry were compared to
measurements made by extraction on Chelex 100 followed by
analysis by name atomization atomic absorption spectro
photometry. The two methods produced values that were
indistinguishable within experimental error.

Measurement of Cu and Zn in San Diego Bay by Automated
Anodic Stripping Voltammetry

Alberto Zirino', Stephen H. Lieberman\ and Cesar Clavell

Chemistry and Environmental Sciences Group, Naval Ocean Systems Center, San Diego, Calif. 92152

particular concern because of potential industrial and urban
discharges and because circulation in these basins is restricted .
Antifouling paints and cathodic protection devices used on
ships are also potential sources for these metals. We have
measured Cu and Zn in surface waters in and around San
Diego Bay, Calif., with an automated anodic stripping vol
tammetry (AASV) device which enabled us to make a deter
mination for either Cu or Zn every 10-20 min. We made
hundreds of determinations at a stationary pier location and
conducted a general study of the surface distributions of the
metals in the bay from aboard a small vessel. We also wished
to compare Cu and Zn concentrations obtained by AASV with
those obtained by a spectrophotometric procedure. Therefore,
in parallel with our voltammetric determinations we collected
discrete samples of bay water and measured their Cu and Zn
content by extraction on Chelex 100 followed by analysis by
name atomization atomic absorption spectrophotometry.

This report discusses new improvements to the voltam
metric system, presents the results of the voltammetric sur
veys and those of the intercomparison of methods, and at
tempts to relate these measurements to the circulation pattern
of the bay and to speciation models proposed by other inves
tigators.

Experimental

Voltammetry. Cell Modifications. All measurements were
made with a tubular mercury graphite electrode (TMGE),
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Figure 1. Schematic of electrolysis cell

Figure 2. Cross section of AgiAgCI-PI reference-counter electrode
(/3)

the tube with Teflon heat shrink tubing, and a portion of Ag
wire was allowed to extend beyond the polyethylene. This
piece was then folded over the heat-shrink tubing. A 2-cm
portion of a thin strip of Pt foil, 4 cm long and 0.2 cm wide, was
placed against the interior wall of the polyethylene tube. A
2.5-cm-wide Pt gauze was then rolled into a cylinder, inserted
into the polyethylene tube, and pressed into the wall, firmly
entrapping the foil strip. The remaining 2 cm of foil were then
bent over the Teflon tubing. The Ag wire and Pt foil were then
fixed in place with epoxy adhesive, with a small length of bare
wire or foil left exposed for electrical connections. The poly
ethylene tube was then impregnated with KCI-saturated agar
by immersing it in warm agar solution under vacuum. Finally,
the Ag wire was soldered to the "reference"lead of the PAR
174, and the Pt foil was soldered to the corresponding
"counter" connection. Figure 2 is a diagram of the electrode.
Soon after construction, we measured the potential of the
reference electrode against a saturated calomel electrode at
room temperature and found it to be -47 mY. We remeasured
this potential after using the electrode for a year and found
it to be essentially unchanged.

Procedure. The TMC E, stock solutions, and standards were
prepared as described previously (I, 2). Standard additions,
however, were performed automatically hy coupling a third
peristaltic pump to the controller. The pump was a SAGE
Model37l tuhing pump with I-mm i.d. silicone rubher tubing
which delivered 0.62 ± :1% mUmin of standard. Sampling and
analysis procedures have already been described (2) but will
be briefly summarized here for completeness.

The sample is collected from the sea by means of a peri
staltic pump (No.2 in Figure 1) which draws unfiltered sea
water to the instrument through a 17-m length of Tygon
tubing. The seawater flows through a three-way valve (No.3
in Figure 1) and ordinarily is discharged. When valve 3 is ac
tivated, the sample is diverted into the test reservoir and
purged of oxygen with Coleman grade CO2. This brings the
pH of seawater to ""4.9. The height of the discharge port in
the test reservoir controls the sample volume, while the vol
ume of flow into the reservoir determines the degree of rinsing.
When a sample has been collected, valve 3 is deactivated,
Hg(NO:1h solution is circulated through the electrode as
semblage via valves I and 2, and a potential is applied to the
electrode to deposit the Hg film. The potential for deposition
of the sample is also the potential for deposition of Hg. We
chose -1.6 V vs. AgiAgCl for the determination of Zn and -1.0
vs. Ag/AgCl for the determination of Cu. This lower electrol
ysis potential eliminates the interference of Zn on Cu. After
the film has been deposited, the sample is introduced into the
electrodes by energizing valves I and 2 and is then discarded.
Constant potential electrolysis is carried out for 4 min, and
then the flow is stopped. The metals accumulated in the film,
as well as the film itself, are oxidized hy applying a pulsed
potential ramp to the electrode. The cell current is recorded
and the anodic scan is terminated after the oxidation of the
Hg. Flow is then resumed, Hg solution is reintroduced into the
electrodes, the potential is reapplied, and the sample cell is
refilled. The process is continuous and a standard addition
is made to every third sample. The differential pulse scan was
made with a 50-mV pulse at a rate of 10mVIs.

The AASV instrument was initially placed at the Naval
Ocean Systems Center (NOSC), San Diego, in a building with
a bay front location. This location corresponds to position D
in Figure 6. The sampling tube, which extended from the in
strument to the collection point, was secured to a weight by
a I-m line and to a float and placed in the water approximately
1 m above the botWm and approximately 17 m from the shore.
Analyses for Cu and Zn in the unfiltered water were made ir
regularly by the following procedure. A freshly prepared

/
Ag/Arj:.1 WIRE

previously described (I), which is part of an automated anodic
stripping voltammetry system. The original system consisting
of a solid state programmer, which controls a PAR 174 po
larographic analyzer, two peristaltic pumps, and five solenoid
valves has been descrihed in detail (2). In this work we mod
ified the electrolysis cell by eliminating the recycling of the
sample through the electrodes, replacing the reference elec
trode with a new AgiAgCI-Pt reference-counter electrode,
eliminating the analysis of an independent solution, which was
a procedure previously included in the automated sequence,
and installing a third peristaltic pump to dispense a standard
solution into the sample. A diagram of modified cell is shown
in Figure I. The new cell configuration contains two solution
loops: a closed loop for the mercury solution which, as pre
viously, can be passed through the electrodes by pump No.1
and returned to the reservoir; and an open loop in which sea
water is taken from its reservoir, passed through the elec
trodes, and discharged through valve 2. Because the seawater
sample travels through the electrodes only once, it was nec
essary to increase the volume of the test cell to 1 L and to in
crease the pumping rate accordingly. Thus, a 4-min electrol
ysis required a seawater flow of 240 mUmin. We found that
passing the sample through the electrode only once eliminated
the recycling of possible contaminants and rendered the sys
tem essentially self-cleaning.

Reference electrode. The Ag wire reference electrode used
originally (I) was replaced by a newly designed, tubular Agi
AgCl-Pt reference-counter combination electrode. This
electrode was constructed as follows: an anodized Ag wire
covered with AgCI was obtained from the reference element
of a broken combination pH electrode (Corning No. 476050)
and wound around a 2.5-cm-long porous polyethylene tube
(0.32 cm i.d., 0.64 cm o.d.). The Ag wire was fastened around
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five bed volumes of D21 H20 for a total volume of 150 mL. Cu
and Zn were eluted with 60 mL of 2 N HCI followed by another
150 mL of D21 H·,O. The first 100 mL of eluate were collected
in a 250-mL Tefl;m hottle and reduced to dryness by lyophi
lization. The crystalline residue was then redissolved by pi
petinl( 5 mL 01'2 N HCI into the Teflon bottle. Direct analysis
hy flame atomization AA then followed. Concentrations were
calculated by comparison with standard solutions prepared
in 2 N HC!. Lieberman (5) has shown that the same response
to standard additions was achieved in both the sample matrix
and in the pure 2 N HCI matrix. Columns were then rel(ener
ated with 60 mL of 2 N NH40H followed by 150 mL of D21
H·,O.

'Analyses Hlanks. Blanks were estimated according to the
procedure of Riley and Taylor (3). For each determination 4
L of seawater were processed throul(h Chelex 100 as described
and collected. The column was then eluted and regenerated.
The collected Cu and Zn "free" seawater was then passed
through the column once more and discarded. Finally, the
resin was eluted and the elute lyophilized, redissolved in 5 mL
of 2 N HCI, and analyzed by atomic absorption.

For Cu, individual analysis blanks were determined for each
column. For 50-100 mesh Chelex 100, blanks for the five col
umns were 0.24, 0.21, 0.24, 0.24, and 0.36 Jlg Cull, respec
tively. A sixth column packed with 100-200 mesh resin mea
sured 0.4 Jlg CulL. Zinc blanks were determined similarly.
However, 22 determinations were made in all, and up to five
blank determinations were made for each of five columns.
Because no sil(nificant difference could be detected between
individual columns, all of the data were pooled and a grand
mean and standard deviation were computed. Two of the 22
blank determinations were found to lie beyond three standard
deviations of the mean and were assumed to have been con
taminated. The remaining determinations computed to a
mean blank of 0.4 ± 0.2 Jlg Zn/L. This value was then sub
tracted from the Zn concentrations obtained from individual
samples.

Column Retention and Recovery. Column retention for Zn
was estimated by adding carrier-free lif'Zn with a total activity
of 72000 counts/min to a freshly collected, unfiltered 4-L
sample of San Diego Bay water. The radioisotope was allowed
to equilibrate with the water for 2 h and then was passed
throul(h the column. The effluent and succeeding 150 mL of
D21 H20 rinse were collected in sequential200-mL aliquots.
Each aliquot was reduced to a volume of 10 mL using the oxine
cocrystallization procedure described by Weiss and Shipman
(6). Each effluent fraction was then counted. The column was
then eluted with 60 mL of 2 N HCI followed by a 150-mL D21
H20 wash, and the initial 100 mL of eluate were then collected
and counted. The results of this experiment are presented in
Figure 3 which shows that there is a trend toward higher ac-

electrode was placed in the instrument. Freshly prepared
Hg(NO:lh solution and standard solutions (if required) were
placed in their respective containers, and the instrument was
turned on. The controller then directed all instrument func
tions, and the device was left unattended for about 24 h at
which time the electrode was reexamined for sensitivity, re
placed if required, and the determinations were either con
tinued for another day or terminated. The instrument was
programmed to perform an analysis every 20 min and to make
a standard addition to every third sample. A strip chart re
corder registered the trace metal peaks from which concen
trations could be computed later. No corrections for "blanks"
were made (2).

When measurements were made from a small boat, a similar
procedure was used, and the sampling line was towed ap
proximately 17-50 m behind the vessel, with the intake just
below the water's surface. No contamination from the boat
was detected under these sampling conditions (2). For com
parison with ASV values, 4-L samples would occasionally be
taken from the main discharl(e line and collected in acid
washed LPE bottles for subsequent analysis by atomic ab
sorption spectrophotometry.

Extraction and Atomic Absorption Spectrophotome
try. Cu and Zn were determined in seawater by atomic ab
sorption spectrophotometry (AA) after extraction with a
chelating resin of the imino diacetic type (Chelex 100, Bio-Rad
Laboratories, Richmond, Calif.). Our procedure is a modifi
cation of the method of Riley and Taylor (3).

Apparatus and Instrumentation. The resin was packed in
1.5 cm diameter X 30 cm lonl( Pyrex glass columns. These
columns are similar to those commonly used for the deter
mination of NO:! (4). The upper part of the column was ex
panded into a reservoir capable of receiving the neck of a
narrow mouth 4-1. polyetbylene bottle. The lower portion of
the column was connected with silicone rubber to a length of
I-mm i.d. capillary tubinl( which was extended upward beyond
the top of the resin. A u-bend was then made, and the tip of
the capillary was cut off at the level of the resin. Flow was
controlled with a screw clamp placed across the silicone tub
ing. Eluate from the columns was received in 250-mL Teflon
FEP wide mouth bottles.

Atomic absorption measurements were performed with a
Perkin-Elmer Model :106 instrument. Samples were atomized
using an air-acetylene !lame. Radioactivity was measured in
a 7.6 X 7.6 cm well-type Nal (TI activated) gamma ray de
tector coupled to a gross gamma counter.

Reagents. Four-liter stock solutions of 2 N HCI and 2N
NH40H were prepared by diluting appropriate volumes of a
reagent grade HCI and NH40H with quartz distilled deionized
water (D21 H20). Chelex 100 (Bio-Rad Laboratories, Rich
mond, CaliL) acquired in the 50-100 and 100-200 mesh size
was sieved and cleaned prior to being packed into columns.
A stock oxine solution was prepared by dissolving 5 g of oxine
in 46 mL of glacial acetic acid and diluting to 100 mL.

Procedures. A slurry composed of resin D21 H20 was
poured into the column and allowed to settle until the resin
filled the hottom 15 cm. A plul( of glass wool was placed atop
the resin to act as a coarse filter. A resin was then cleaned and
regenerated by the addition of reagents in the following order:
100 mL D21 H20, 60 mL 2 N HCl, 140 mL D21 H20, 60 mL
NH40H, and 150 mL D21 H20. Freshly collected 4-L samples
of seawater (pH"" 8.1) were passed through the resin bed by
simply inverting the collection vessels over the top of the
column (the 4-L bottles were supported by the shoulder on
a ring which was itself connected to a stable laboratory rack).
The flow of seawater through the column was not allowed to
exceed 5 mLlmin, and approximately 24 h were required for
the passage of the sample. The column was then rinsed with
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tivity in the later effluent fractions. However, even the most
active fraction (approximately 100 counts/min above back·
ground) represented less than 3% of the activity expected if
breakthrough was fully developed. A total of 97.9% of the 65Zn
added to the 4-L seawater sample was recovered in the initial
100 mL of eluate. Since the resin has a higher affinity for Cu
than it does for Zn, it was reasoned that Cu should also be
extracted and recovered quantitatively. This was further in
vestigated by adding I'g/L quantities ofCu to l-L aliquots of
San Diego Bay water that had been previously passed through
Chelex 100 and then treating the spiked water as a normal
sample. As determined by this procedure, the mean recovery
was 99%.

To verify that both Cu and Zn could be collected quanti
tatively in the first 100 mL of eluate, we spiked 4 L of seawater
with Zn and Cu, collected the eluate in 10-mL fractions, and
subsequently analyzed each fraction by flame atomization AA
spectrophotometry. The results are presented in Figure 4
which indicates that Cu and Zn are primarily eluted as two
narrow concentration peaks. All of the Cu was recoverable in
the first 100 mL. However, 2% of the Zn was lost in the tail of
t.he peak. This loss was correctable and not significant. We
cannot. explain the smaller "Zn peak" centered at 30 mL.

Results and Discussion

Initial measurements of Cu in San Diego Bay were made
while partieipating in a three-day study of southern California
coast.al waters sponsored by the Food Chain Research Group
of the Scripps Institute of Oceanography (SIO). The AASV
instrument. was placed on the R/V Ellen B. Scripps, and the
Tygon tubing intake hose was attached to the boat boom and
towed behind the ship just below the water's surface (2). On
6 March 1975, as the vessel returned to San Diego, measure·
ments for Cu, Cd, and Pb were made outside of the bay, in the
shipping lane, and at the ship's berth at the SIO Nimitz fa
cilitieg next to NOSC. The instrument was programmed to
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Figure 4. Elution of Zn and Cu from Chelex 100 with 2 N HCI
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entering into San Diego Bay
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Figure 6. Cu and Zn levels in San Diego Bay surface waters during
10-14 Oct. 1975

make measurements every 20 min, and the sampling locations
reflect the position of the vessel at the time the sample was
collected. These measurements are summarized in Figure 5
which reproduces the strip chart record as obtained from the
analyzer. The letters refer to locations in Figure 6. Cu is not
measurable in the water outside of the bay (A) and is first
detected about 1.6 km inside the channel bounded by Pt.
Loma and the North Island jetty (C). Cu values are very high
at the docking facilities (0). This last sample was collected
with the sampling hose dangling directly against the side of
the vessel and probably includes trace metal contributions
from the ship itself as well as from the ambient water. Cd and
Pb, simultaneously obtained with Cu by the analyzer, also
showed a marked gradient as we entered the bay, but their
distribution will not be discussed at this time. They are shown
here to demonstrate the general covariance between the sev
eral metal distributions that we have studied.

The first survey directed to the study of metals in the bay
occurred on 9 and 14 October 1975. The AASV analyzer was
placed on a small vessel, a converted flat-bottomed landing
craft. The Tygon tubing was towed with the intake approxi
mately 17 m from the stern. Initial measurements were made
outside of Pt. Loma. The boat then returned to make a rapid
survey of the surface waters inside of the bay. Many of these
measurements are shown in Figure 6. Other measurements
similar to those shown have been omitted for clarity. Because
this survey was primarily conducted to study Zn, and the de
termination of Zn hinders that of Cu, only Zn values are given
in ppb. Cu values are presented only in relative units (u). Al
though these cannot be directly translated to concentrations,
they give an indication of the Cu gradients present in the
bay.

Overall, this survey confirmed the earlier observation that
the surface waters of the bay were considerably higher in Cu
and Zn than those outside of Pt. Lorna. Pockets of high con
centration existed along the shore. These pockets are probably
maintained by a source of metal input along with limited
flushing. The most obvious of these is the pocket formed by
Shelter Island, an artificial construction which serves as a
pleasure boat harbor. The north and south embayments of
Shelter Island are high in both Cu and Zn with the south cove
(the Municipal Yacht Harhor) very high in Cu, while the north
(the commercial basin) is very high in Zn. Values of Cu and
Zn are higher on the northern (industrial and urban) side of
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Figure 7. Cu levels in San Diego Bay surface waters during 20-21 Jan.
1976. All values in parts per billion

the bay than at the center of the channel where incoming
surface water dilutes the ambient bay water.

A second survey directed primarily to the study of Cu was
conducted during 20-21 January 1976. The results of that
work are presented in Figure 7. As noted earlier, Cu concen
trations are lower « 1.0 I'g/L) near the bay mouth and increase
into the bay. The highest concentrations, from 2.0 to 2.5 I'g/L,
are found near and south of the city's center, where industrial
concerns and extensive shipping and berthing facilities are
located.

In general, the Cu and Zn concentrations found inside of
the bay are only slightly higher than the generally accepted
values for open water (7) and are not deemed toxic. Never
theless, the small hut positive gradient from the mouth to the
central side of the bay suggests a slow but continuous source
for Cu and Zn. It is also notahle that we did not locate any
point sources of high concentration. Because of the multiple
potential sources located at the north-central side of the bay,
it is at present impossible to single out individual polluters.
Nevertheless, it appears that ships' antifouling paints and
cathodic protection devices are plausible sources for at least
some of the observed Cu and Zn. Such an explanation would
also apply to the Municipal Yacht Harbor and commercial
basin which are baylets of very high density berthing and re
stricted circulation. Although we have presented only a few
days' data, other surveys conducted generally confirmed the
overall surface distribution pattern presented in Figures 6 and
7.

Tidal Variations in Cu and Zn Concentrations. Between
surveys the AASV instrument was placed at the NOSC wa
terfront location. Cu data collected on 5 and 6 May 1975 are
typical of the information that has been collected at this
location. The raw data were obtained from the strip chart
recorder as a series of peak heights which could then be plotted
vs. time as two distinct curves: the locus of points of the peak
heights obtained from the analyses of seawater and the locus
of points of the peak heights obtained from seawater to which
a standard had been added. These two plots are presented in
Figure 8. The seawater plus standard plot automatically
compensates for the gradual variations in electrode response
and eventual loss of sensitivity caused by the accumulation
of "contaminants" in the film (2). Abrupt spikes and uneven
behavior are also corrected because a "smooth fit" curve is
drawn through all the points. Trace metal concentrations are
computed from the difference in the heights of the curves by
direct proportion. Following this procedure, Cu concentrations
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Figure 9. Tidal fluctuations of Cu concentrations in San Diego Bay 5-6
May 1975

were plotted as a function of time to yield the curve presented
in Figure 9. Over the two-day period, Cu concentrations are
seen to vary from 3.6 I'glL to a low of approximately 0.5 I'glL.
Values collected at low tide are much higher than those col
lected at high tide, presumably because a wedge of bay water,
high in metals, has moved southward past our stationary inlet.
Toward the end of the measurements the electrode has lost
sensitivity, and the error in the computed concentrations is
high. Nevertheless, the differences between low and high tide
are obvious.

Similarly, Zn was measured at the S;ime location between
10 and 15 June 1975. One electrode was used for all 380 de
terminations. The results are presented in Figure 10. The
lower plots represent the loci of the points obtained from the
seawater and seawater plus standard. The upper plot repre
sents the calculated concentrations plotted vs. time of sam
pling. For the five days the concentration of Zn varies between
0.6 and 3.8 I'lL, and it follows the semidiurnal tidal nuctua
tions characteristic of San Diego Bay. As in the case of Cu
determinations, some resolution is lost on the last day because
the electrode has lost sensitivity.

Our trace metal results confirm the observation made by
McDermott and Heesen (8) that at the entrance to San Diego
Bay, Cu levels increased at the end of the outnowing tidal
cycle. We propose to explain our observations as follows: San
Diego Bay is a tidally nushed basin with Mediterranean
characteristics; from spring to fall there is virtually no innow
of fresh water, and the rate of evaporation is high. Surface
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figure 12. Correlation between Zn values obtained by AASV and Chelax
100-AA

Figure 10. Upper: Tidal fluctuations of Zn concentrations in San Diego
Bay d..-ing 10-15 June 1975. Lower: Peak currents for Zn in seawater
and seawater plus standard addition ( 13)
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Figure 11. Correlation between Cu values obtained by AASV and Chelex
100-AA

evaporation and pronounced night cooling produce cold saline
water which flows out of the bay along the bottom. This out
flowing water is replaced with surface water from outside of
the channel. [n the spring and early summer a thermal gra
dient, which can be approximated by a two-layer system, de
velops (9). The depth of this gradient increases out of the
channel where the ratio of bay water to ocean water is reduced.
Tidal forces cause the position of the density interface to os
cillate in the channel. The outflowing, colder, saline water
which is formed throughout the bay has by virtue of its for
mation resided longer in the basin than the surface ocean
water and therefore has also been exposed longer to the
sources of trace metal pollution within the bay. Thus, at our
stationary pier location we can observe Cu and Zn concen
trations increase at ebb tide when the outflowing hay water
passes our sampler. Conversely, during flood tide, relatively
uncontaminated ocean water reaches our intake. The motion
of water in the channel has been well documented by Smith
(9) who for a year made measurements of tidal height, current
speed, current direction, and temperature and salinity at the
same pier location where we made our trace metal measure
ments. Our observations and our model of the trace metal
circulation correspond to his findings.

Results of Intereomparison of Cu and Zn Concentra
tions Obtained by AA and ASV. Twelve 4-L seawater sam
ples were collected from the outflow line of the AASV in
strument at various times and locations and analyzed for Cu
by extraction on Chelex 100 followed by analysis by atomic
absorption. The result of this study is presented in Figure II.
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A linear regression of the 12 points yields a slope of 1.00 and
an intercept of -0.01. The coefficient of correlation is 0.92.
Thus, within experimental error the values obtained by the
two methods are identical. Similarly, 22 samples were col
lected over a five-month period, and their Zn concentrations
were measured by the two methods. The results are plotted
in Figure 12. As for Cu there is no systematic difference be
tween the results obtained by eitber method. A linear re
gression of tbe data yields a slope of 1.07 and an intercept of
-0.20. The coefficient of correlation is 0.89. The findings are
in excellent agreement with those obtained by Fukai and
Huynh-Ngoc (10) who conducted a similar experiment under
comparable conditions. Similarly, the data of Florence and
Batley (II) can be interpreted to show that the Cu value ob
tained by extraction with Chelex 100 in the NHt form is
identical to the Cu value obtained by ASV at pH 2.2, the so
called labile fraction. Because of differences in procedure,
however, only one of their samples could be directly compared
with our results.

Fukai and Huynh-N!(oc (10) and Florence and Batley (J I)
found that both methods measure only a portion of the total
metal present in the sample. For Zn in Mediterranean coastal
water the fraction measurable by ASV-Chelex 100 varied
between 80 and 8;'% of the total. Total Zn was the quantity
measured after the seawater sample had been treated with
H2S04-K2S20S and heated. Florence and Batley (I I) found
that extraction on Chelex 100 (comparable to our ASV
method) measured only 64% of the total Cu in coastal waters
near Sidney, Australia. A!(ain, total was defined as the quan
tity of metal measurable after Lhe sample had been treated
with hot HNO:1• At present it cannot be determined conclu
sively whether those fractions readily measurable under our
conditions are a constanL percenta!(e of the total. Under dif
fering conditions Fukai eL al. (12) noLed Lhat the relative
concentraLions of cbemical forms of Zn may vary over a wide
range, depending on the time and place of water collections.
These investigators observed thaL the fraction of dithizone
extractable Zn (comparable to ASV at pH 8) in Mediterranean
coastal water varied widely with time even though the total
Zn often stayed relaLively constant. Fukai et al. (12) noted that
inputs of Zn occurred in the exLractable form and then de
creased rapidly. These findings can be extended to our own
work. Sources of Cu and Zn in San Diego Bay introduce these
metals into the water in labile forms which can be easily de
tected by our methods. The concentrations of these labile
forms decrease with time and distance from the sources by
dilution with oceanic water and by possible in situ transfor
mation into refractory forms which are not measured in our



survey work. Thus, we can detect concentration gradients near
sources of trace metal input.
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Ozonation of Water: Kinetics of Oxidation of Ammonia by Ozone
and Hydroxyl Radicals

Jiirg Hoigne' and Heinz Bader

Swiss Federal Institute for Water Resources and Water Pollution Control, EAWAG, 8600 DLibendorf, Switzerland

• Ozone initiated oxidation of ammonia in water can result
from the direct reaction of 0" with NH:1 as well as from the
reactions of OH- radicals formed upon O~ decomposition. The
direct reaction of 0:1 predominates at pH <9. In the presence
of low concentrations of free NH~, it is a slow reaction; the rate
constant for 0:1 depletion by reaction of 0 3 with NH:1 is 20 ±
1 M-l S-I. At pH values >9, OH- and radical-catalyzed de
composition of 0:1 to the very reactive intermediate, OH',
determines the kinetics of the NH~ oxidation. The reaction
rate constant of OH' with NH:1 is relatively small. Whenever
the OH' mechanism is involved, NH;I is easily protected by
other solutes which also consume OH' radicals. Even car
bonate and bicarbonate ions may act as efficient OH- scav
engers. Because carbonate and organic solutes affect the
lifetime of 0:1 in water, they consequently shift the pH range
in which either the direct 0:1or the OH' mechanism predom
inates. A comparison with reactions initiated by gamma ir
radiation proves helpful in elucidating the reaction mecha
nisms.

In water and wastewater treatment, elimination of ammonia
and interference of ammonia with water treatment processes
often present a problem. In spite of this, available data are not
yet sufficient to describe the process parameters which affect
the ozonation process_ In some publications, however, overall
yields for the oxidation of ammonia are described. Singer and
Zilli (I), Kirk et al. (2), Ikehata (3), Huibers et al. (4), and
others have concluded from their studies that some oxidation
of ammonia can take place in ozonation processes. Oxidation
seems evident above pH 7, that is, only in the pH range in
which free NH;I is present. In carbonate-containing systems
the yield of the ammonia oxidation declines when the pH is
raised above 9. It also appears that the yield improves after
preliminary lime clarification (2,4).

In this study we have attempted to separate the individual
parameters which affect ammonia oxidation. Based on ob
servations reported in previous studies (5, 6), the hypothesis
presented .in Reaction Sequence 1 is proposed: 0 3, which is an
electrophile, does not oxidize NHt, but it can oxidize free
NH:1• Above pH 9, where the ratio of NH;JNHt is significantly
shifted toward NH:1, the decay of 0 3 in water is quite fast
(compare Figure lA and B) and results in unfavorable con
ditions for slow direct reactions of molecular 0 3 with solutes.
However, the decomposition of 0 3 leads to free radicals, one
of which, OR, is an extremely reactive oxidant (5). Radiolytic
and gas-phase studies indicate that OH- can also oxidize NH3
but not NHt (7-10). Reactions of OR with NH3 proceed with
relatively low reaction rate constants (Table I); therefore, it
must be assumed that many solutes, even in low concentra
tions, consume the oxidant in competition with NH3. Selected
examples of rate data given in Table I show that even car
bonate and bicarbonate ions, whenever present in a concen
tration comparable to that of NH3, may protect NH3 from
oxidation by reducing the OR radical. They thereby become
oxidized to HCO'I (COn, i.e., to a radical of low oxidation
reactivity (compare Reaction Sequence 1).

O +NH3 'd +(a-1l03 NO-

1
3~OXl~ 3

OW 2

R') +$
_ fosl

+V
HC03

OW~NH3
+CO;- fasl ~

HCO' NH' +(a'-1l 03 • N0
3
-

3 2 +02 III

Since OH' reacts with CO;I- much faster than with HCOa,the
protecting effect of a given amount of total carbonate (~C02)

should increase in the pH range above 9 where the dissociation
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Figure 1. pH dependence of parameters influencing oxidation of am
monia
A: Relative amount of oxidizable free NH3 existing in equilibria with NHt. Cal
culated for pKa" 9.27 (ionic strength = 0.12). B: Halftime of 03decay in ab
senceof NH3. Measured values for [03]~0.3 mM ~CO, = IHCO,I + [col-I.
e: Relative concentration of co~- resp. HC03" species in solution of canst. total
carbonate, ~CO, = [HCO, + COr]. (Calculated for pKa = 9.9; ionic strength
= 0.12). Relative rate by which OH' radicals are consumed by HCO, +COr
present in solution = kHCO' X [HC03] + kcor X [col-J. Calculated for =
Ircci-'kHCC' = 12 (6)

of HCOi' to CO~- becomes effective (Figure lC)_ Such pH
dependent oxidation inhibitions by carbonates have been
described for organic solutes before (6).

Since the 0 3 decomposition is initiated by OH- ions and
accelerated by a chain reaction in which free radicals act as
chain carriers, the rate of 0 3 decomposition also depends on
the solutes present in water which interfere with radicals.
Some solutes accelerate the chain reaction by forming efficient
secondary radicals (e.g., benzene), and some inhibit the re
action by inactivating the OH' radical (e.g., HCOi', see Reac-

.,
1M-I s-')· 10-7

8.7"(8),1.7"(9)

670" (11)

85"(12)

42" ( 12)

7"( 13)

3.5 (14)

1.5 (15)

38"( 16)

Solute

NH3
Benzene

Methanol
Methanol-d3
Acetate ion
H20 2

HCO,
CO~-

Table I. Reaction Rate Constants for OH' Radicals in
Water (22-25 °c)a

a Values are selected for easy comparison. For lists comprising a few hundred
solutes, compare Dorfman and Adams ( 17). b Values corrected for kethanol :::;

1.85· 109 M- 15- 1 or k'6fTocyanicle:: 9.3· 109 M- 1 S-1 used as a reference basis
(17).

Experimental

Ozonation Procedures. Batch reactions were carried out
in 10- or 25-mL bottles which, for final cleaning, were kept
filled with 0 3 containing water for a few hours before use.
Water of known 0,\ concentration was added to the buffered
solutions containing the solutes to be ozonated, The bottles
were filled close to the top to eliminate head space, They were
only opened when the decomposition of 0 3 was complete, For
details see ref, 5.

Gamma-Irradiation Initiated Oxidations. l'-irradiation
was performed in a Gammacell220 in an Oz-saturated solution
(compare refs. 5 and 19). The samples were prepared as de
scribed above,

Analytical Methods. NH~ was determined by the indo
phenol method by measuring the absorption of indophenol
blue at 700 nm (20). In samples containing H20 2, excess H202
was destroyed by catalase added before the NH:I was deter
mined.

NO?: was measured according to Standard Methods (21).
The absorbance of a dye produced by the coupling of diazo
tized sulfanilic acid with ,,-naphthylamine was measured at
510 nm,

NOi' was determined by UV absorption at 220 nm after
elimination of rc02 by acidification with HCI and air strip
ping (22). Results were also checked on the Technicon Au
toanalyzer (reduction of NO:. to NO?: and determination as
described above for N02') or by the formation of nitrososali
cylic acid, which was determined by absorption at 420 nm. All
three methods gave similar results and were therefore chosen

tion Sequence 1). Solutes of the latter class stabilize O~ and
provide the molecular 0:\ more time to react directly with
NH:j .

The purpose of this study was to test the hypothesis pos
tulated in Reaction Sequence I by experiments and to de
termine the reaction rate constants of the direct reaction of
0:\ and of the radical-type reactions involved in the oxidation
of NH:I . The anticipated results would indicate how the
chemical composition of the water affects the NH:1 oxidation
and to what extent the presence of NH:1 in water may interfere
with other oxidations, To analyze the part of the oxidation
reaction which is entirely due to the preliminary decomposi
tion of 0 3 to radicals, some measurements were repeated by
generating radicals by high-energy irradiation instead of by
using 0 3. In O2 containing water high-energy irradiation
produces the same types of intermediate radical species as
those which are formed upon 0:1 decomposition in water (OH',
HOi) (I8, 19),

\I pH

II pH10

109

9

8

8

reI.
\.0

••••••••.•/ [HCO,]

0.1 _._~~:~_'>. ../ rex),

[NH,I

0.0\
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10 II pH

Figure 2. Yield of oxidation of NH3 to NO, vs. pH for different carbonate
concentrations
1/ =:: -~NH3/-~03: dashed arrows indicate yields measlSed when reaction was
slopped after 15 min. [NHt + NHsio = 1.4 mM. 2:C02: [H2COS+ HCO; +
coj-J

Stoichiometry of Nitrate Formation. Results from ex
periments with ammonia solutions (0.1-1.5 mM total am
monia) and 0 3 (doses to yield 6-80% conversion) were in
agreement with observations of Singer and Zilli (J) in that
ammonia depletion by ozonation always resulted in formation
of a corresponding amount of NOa (±5%). No significant
buildup of N02" was detected. It is concluded that the oxidants
initiate a sequence of oxidations leading to NO" and that only
the initial step is a rate-limiting reaction.

Ozonation Experiments Covering Broad pH Range.
Figure 2 summarizes the efficiency of the oxidation of am
monia by ozonation between pH 7 and 11 in the presence and
absence of carbonate. Each point given in the figure was de
termined from the slope of a linear plot of the nitrate formed
vs. the amount of 0 3 added. Typically five different 0 3 doses
were used per yield determination, the maximal 0 3 doses
being limited to give not more than 10% ammonia depletion.
Because the fraction of ammonia present as free NH3 assumes
very low values at low pH values (compare Figure IA), traces
of arbitrary contaminants could compete with NH3 in con
suming oxidants in an ill-defined manner. Therefore, some
measurements were repeated after adding 10-5 mollL acetate
before ozonation to limit and define the lifetime of OU- radi
cals. The yields of oxidation were not altered significantly as
a result of this precaution.

The optimum yield for the oxidation of ammonia to nitrate
is observed between pH 9 and 10. The presence of carbonate
increases the yield at low pH values but decreases the yield
at pH >9. The reaction at low pH values is slow as shown by
the results of experiments in which excess 0 3was destroyed
by adding 2-butenol after a period ofreaction of 15 min. These
results show that the reactions leading to oxidation of am
monia are regulated by different mechanisms and process
parameters when performed at high or at low pH values.

Measurements at pH Values Below 9. Ammonia Oxi
dation as a Function of Bicarbonate Concentration. Moti
vated by the results presented in Figure 2, we measured the
oxidation yield, Ll.NO"/ Ll.03, at pH 7 and 8 as a function of the
bicarbonate concentration. In addition, the decay rate of 0 3
was followed in solutions similar to those used for the yield
measurements. Results presented in Figure 3 show that at
both pH values the lifetime of OJ and the yield, Ll.NO"/ Ll.03,
increase in a similar way with higher bicarbonate concentra
tion. We therefore postulate that oxidations observed in this
pH region are due to direct reactions of molecular 0:1 and not
to decomposition products of 0:1. The comparison of the time
scale in Figure 3A and B indicates that the reaction rate is
increased by about a factor of 10 when pH is increased from
7 to 8. As shown below, this has to be correlated to the 10 times
increased concentration of free NH:1 at the higher pH (com
pare Figure IA).

Oxidation Initiated by Gamma-Irradiation. Similar
samples as used in the ozonation experiments but saturated
with oxygen, were irradiated by 'Y-radiation (pH 7; 30-60
krad). At these low pH values the radiation-initiated oxida
tions had a very low radiolytic yield of only 0.07 molecule NO"
formation per 100 eV ahsorbed energy. This corresponds to
only 5% of the OH' radicals evolved by radiolysis from the
aqueous solution. In similar samples, but containing 16 mM
bicarbonate, the NOaformation per OU- radical formed was
even depressed to 1.5%. Consequently, we conclude that OU
radicals produced by irradiation of aqueous solutions do not
contribute significantly to the initiation of ammonia oxidation
at these reaction conditions. In addition, HCO" radicals, which
are produced as secondary radicals in aqueous solutions
containing bicarbonate, do not contribute to the oxidation of
NH:! either. A decomposition of 0:1 in aqueous solutions would

pH: B.O

___6--~'--;:-----~

....~_~--t:.----------"h
y/ 1112

/
/

I

0.15

0,10

~ '112
irs)

~2000
I

",,,,,6/ !
010 ,I!'" -'TI2 I

/ ~lOOO
/ pH : 70 I

o O:J i
ol-----~-~-~.--~5----'1,0

[HCOj] (mmol/I)

0.05

"7
DoN03
''0,
0'0

"7
lloN03
,,0,
o.zo

t'lf2
l(sJ

}400

I,
"00,
I

"00
I
I

L'00
I
I

O±--_-"'-~--_-~-_+Oo 4 5 6
[HCOi] (mmol/ll

Figure 3. Yield of oxidation of NH3 to NO, and halflife (t112) of 0 3 vs.
bicarbonate concentration
[NHs +NHtio = 1.4 mM

O,I~

'0 ZO

according to need and convenience in different parts of the
studies.

0 3 was determined by its UV absorption at 258 nm after
calibration against similar samples determined by the iodide
reaction and titration with thiosulfate at pH 6-7. (Apparent
molar extinction coefficient for aqueous solution at 20°C:
2900 M-I cm- I.) Decay rates of 0 3 were measured by re
cording the 258-nm absorbances vs. time at 20°C in thermo
stated I-cm cells.

Organic solutes were determined by gas-liquid chroma
tography (5, 6).

Materials. pH adjustments were generally performed by
sodium phosphate "buffers" (0.05 M phosphate in final so
lution).

Tap water was from the city of Dubendorf. The carbonate
hardness was determined on each lot. Carbonate precipitation
was performed hy adding CaClz and raising the pH to 10.5
with NaOH. After a settling time of 16 h, the clear water was
withdrawn with a pipet.

Other materials are as described in refs. 5 and 6.

O.O~

o ?~
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Figure 4. Consumption of 0 3 vs. time for different concentrations of
NH3 (examples)
10310 ~ 0.3 mmol/L; IHCO,I = 22 mM. NH,CI added: 0 12 mM (pH: 7.6); '"
6 mM (pH: 7.3); 0 3 mM (pH: 7.2). E: UV extinction measured at 258 nm

(3)-log TO" = log h' + n X log INH:t1

-dIO:d dINO:,1
---="X---

dt dt

=h' X 10:t1 X INH:t1 = "h X IO:t1 X INH;.] (.5)

+10;1 +(1( - 110;1
NH;\ ---+ (N -oxidation) __ NO:, (4)

h +02

Thereby h denotes the rate con~tantwith which NH:\ is oxi
dized to NO:,. Becau~e only the first oxidation ~tep is rate
limiting, we may write for the rate of 0:1 depletion and for the
rate of nitrate formation (ammonia oxidation).

For mea~urementsthe free NH,\ concentration was varied by
adding various amount~of NH.Cl to the solution and by set
ting the pH to approximately pH 7,7.5, or 8. The amount of
free NH:\ was calculated from the concentration of NH4Cl
added, the measured pH of the solution, and by assuming a
pKa (NHt) value of 9.27 (20 °C) (I = 0.12). This pKa value
is corrected for the ionic strength by applying the Giintelberg
approximation. Figure 5 indicates that the linear relation
given by Equation 3 hold~ over a wide (hundredfold) range of
NH:\ concentration. The slope of the line is 0.88 ± 0.04.
Therefore, the reaction is practically first order in NH:1• The
rate constant h' becomes 20.4 ± 1.0 M-t for INH:.] = 10-· M.
Only the concentration of free NH:1 is relevant; the NHt
concentration does not have an effect as is seen by the good
fit of the results found for different pH values, by which the
NH;t/NHt ratio was varied from 4 X 10-:\ to 7 X 10-2.

The rate constant for 0:\ depletion, h' in Equations 2 and
3, corresponds to the overall consumption of 0:\. However,
more than one (" '" 1) 0:\ molecule is consumed in one oxi
dation sequence leading from NH:1 to NO:,:

and the lifetimes of O:t. TO", becomes:

(TO)-{ = h' X INH:t1"

A log-log plot of measured TO" values vs. the concentration of
free NH:\ yields a straight line relationship from which the
reaction con~tantsh' and n can he calculated:

(2)

-0.4

lead to the same types of radical species as the radiolysis (OR,
HOi, HC03). Therefore, in ozonation processes the radical
reactions do not contribute to the initiation of the oxidation
of ammonia when performed at low pH values, where the
concentration of free NH:i is very low.

Rate Constant for Direct Reaction of 0 3 with N H~. In the
pH region below 8, 0 3 may be stabilized by addition of bi
carbonate to an extent that, at high ammonia concentrations
of more than 0.3 mM, the rate of O~ depletion becomes pre
dominantly regulated by the kinetics of the direct reaction of
molecular 0:\ with free NH:\. Figure 4 shows examples of 0 3

depletion vs. time when a large excess of NHt provides a small
but practically constant concentration of free NH:\ over the
whole duration of the reaction. The depletion of 0:\ was
measured by following the UV absorption. The linearity of the
log of the UV extinction vs. time shows that the reaction is of
first order in 0:\ concentration, and the following expression
can be used to described the rate of ozone depletion:

-dd~:\1 = h' X 10;.] X INH,.]n

log E

-0.2

-0.8

-0.6

\ 14 mmol Nil

0.5

O.2S

°ol---.,.----c,-~-r
[CO;'j I[NH,]

Figure 6. Yield of NO, formation. ANO,/ A03• and radiolytic yield
G(N03) for different ammonia concentrations vs. relative concentration
of CO;-
pH range: 10.0-10.8. INI: INH3 + NHn. [NH3 1: concentration of tree NH3 •

calculated from NH4CI added, pK and pH measurements. [CO~-]: concentration
of COr + 1/12· [He03l; calculated from 2:CO,. pK,and pH measured. G(NO,);
radioiytic yieid of NO, formation (number of molecules formed per 100 eV ab
sorbed energy)

/
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Figure 5. Inverse lifetime of 03. lIT. vs. concentration of free NH3
[03 10 ~ 0.7 mM. 0 pH range: 8.1-8.2; '" pH range: 7.2-7.6; • pH range:
6.8-7.0
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Figure 7. Oxidation of methanol (CD30H) and its protection by NH 3
[CD,l, = 0,16 mM;, D, added for 25-40% conversion. pH: 10.3-10.5. rei =
-il[CD,OHl/a il[O,1

Using tbe values INH:d = 10-" M and k = 20 M-I S-I, Teril

hecomes 5 s. Such lifetime values of 0:1 are measured even at
pH 10,5 when systems are stahilized with CO:!' and when or
g;anic solut.es are absent. (compare Figure IB).

Protection of NHI by H"0". The effect of H"O, on tbe yield
()f tbe ozonation was tested because H,O, is a known scavenger
for OH·. HzO, t.ransfers OH' t.o the O,species:

Based on the stoichiometry of measured 0" consumption vs.
the oxidation of NH: I to NO:!, we estimate that " ~ 5. How
ever, this (x-factor, the specific ozone consumption, may vary
with NH:j concentration.

Measurements at pH Values Above 10. Protection of
NH:I by Carbonate Ions. The nitrate yield, I\.NO"I,-"O:I,
measured for different ammonia and carbonate concentra
tions at pH 10.5, is shown in Figure 6. The yields were again
determined on the basis of five different ozone doses giving
less than 10% ammonia depletion. The nitrate formation was
again linear with the ozone added.

The inhibiting effect of carbonate in this pH range is evi
dent. Already a carbonate-to-ammonia mole ratio of 2 de
creases the oxidation yield to less than 40% in samples of low
NH: I concentrations. The 10wH levels of carbonate concen
trations used in these experiments are comparable to those
encountered in natural water and wastewaters. The results
presented in Figure 6, however, indicate that the quenching
effect of CO:!' tails off at high CO:!' concentrations whenever
high concentrations of NH: I are present. Such an effect was
not found in our earlier studies on the oxidation of more inert
solutes (6) or when the formation of oxidative radicals was
initiated by ,,-irradiation (compare Figure 6B). This re
maining NH" oxidation, st.ill ohserved even at highest con
centrations of radical scavengers, can be due to some under
lying contributions of a direct reaction of molecular 0:1: a
critical reaction time, Tail> which would be necessary for 63%
of tbe available molecular 0:1 to react with ammonia in a direct
reaction, can be estimated from Equation 2:

k H,O, becomes 2.5. This value can fairly well explain the
concentration pattern of the yield curve found in this exper
iment. This shows again that the secondarily formed O2
species is not involved in the initiation of NH;J oxidation and
therefore cannot innuence tbe kinetic data determined in the
foregoing sections.

Protection of NH:J by Organic Solutes. Protection of NHa
by solutes such as methanol, acetone, acetic acid, and benzene
was in fair agreement with the effects to be expected from the
relative rate constants and relative concentrations of the or
ganic solutes which consume OH' radicals in competition
(compare values in Table I and ref. 17) It can therefore be
assumed that the secondary radicals formed from the organic
solut.es by ozonat.ion, e.g., peroxy radicals, do not initiate ap
preciable amounts of NH:I oxidation.

Protection of Organic Solu tes by N H;J. Figure 7 shows the
inhibition NH:I exhibit.s on t.he oxidation of met.hanol-d:1 at
pH 10.3. It amounts to about 50% when the molar concen
tration of NH:1 reaches about twice t.hat of methanol-d". At
this pH the ozone-initiat.ed oxidat.ion of an inert organic solute
such as methanol also proceeds, only via the act.ion of OH'
formed as an intermediate and not via t.he direct. reaction of
molecular 0:1 (6). The experiment.ally det.ermined degree of
competition is tant.amount to what is expect.ed from the rel
ative rates with which OH' is consumed by t.hese t.wo solutes.
However, an exact value for the degree of prot.ect.ion cannot
be calculated, because t.he stoichiomet.ric fact.or " - 1 in Re
action Sequence 4 may also depend on t.he availability of other
oxidants, such as organic peroxides formed from organic so
lut.es. For these experiments met.hanol-d" was used because
ot.her solutes, even met.hanol-h4, react. faster than met.ha
nol-d:1 (compare Table I). These would t.herefore have t.o be
limited to t.oo low concentrat.ions in order not to inhibit
completely all NH:1 oxidation.

Oxidation of Ammonia in Treatment of Natural Wa
ters. Table II summarizes the yields of the ammonia oxida
tion, .:l.NH,J1\.0:" as found in dist.illed water containing 400,(,
tap water of 3 mM HCO:!, and water in which the carbonate
was eliminated by CaCO: I precipitation before ozonat.ion. In
all samples, t.he pH was raised t.o 10.9 by adding sodium hy
droxyde. The oxidation yields were calculated from duplicate
determinations involving deplet.ions of lip to 30% of t.he am
monia init.ially present.. The results renect the protective effect
of carbonate on ammonia oxidation and t.hat t.his effect can
be overcome by a preliminary elimination of carbonate. Ex
periments using a now-through reactor showed the same effect
of the carbonate.

All these results agree well with the inhibiting effect. of
carbonate we observed in our studies on the ozonation of or
ganic micro pollut.ant.s in natural water (6).

Conclusions

All tbe observed yields and kinetics on ozonation of am
monia can now be explained by separating the initiating re
actions into a direct reaction of molecular 0:1 and an OR

(6)

K>
[NH}1 0 (mmolll)

0,'

Terd. = 1/(k'INH:d)

0,01

'TJ'el

a ry = -.>NH,I-.>O,: [NH,I, = 0.11 mM: [0,1, = 0.31 mM.

Table II. Yield of NH3 Oxidation in Water of Different
Carbonate Hardnesses (pH = 10.9)8

OH' + H"Oz • H"O + HOi

HOi"" H+ + 0, (pKa = 4.4)

q2 species may also be formed by irradiating aqueous aerated
slJlutions (18, 19).

. Ozonation experiments in the presence of HzOzshould show
v,!hether the 0, species initiates a NH" oxidat.ion and what
in.hibitory effect. a buildup of H,O, in the ozonized solution
would have on tbe oxidation.

At pH 10.5, a strong protection of NH:1 could be observed
alr,"ady when t.he ratio of the concentration of H"02 to NH:I

rea'ched 2: I mol/mol. From data in Table I tbe relative rate
con stant with which OH' reacts with NH: I and H20" k NH/

Type of water

Bidistilled
Bidistilled + 0.8 mM coi
Bidistilled + 4 mM coi-
40% tap water (2.5 mM COi-)

t1(%)

9 ± 1

6

1

2

17 (%)2
after C03
eliminated

11 ± 2

12

11

8
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radical-type reaction. The oxidation of NH3 in ozonation
processes can only be of importance when relatively high
concentrations of free NH3 prevail; NHt cannot be oxi
dized.

At pH values below 9, it is predominantly the selectively
reacting molecular 0 3 which initiates the oxidation of am
monia. Because in this pH range only a small fraction of the
ammonia is present as free NH;J and because the rate constant
of the reaction NH3 + 0 3 is only 20.4 M-I S-I, this oxidation
reaction is slow. In ozonation processes with a long reaction
time, bicarbonate ions may improve somewhat the NH;j oxi
nation by quenching the radical chain reaction which would
accelerate decomposition of 0 3.

At pH values above 9, the fast decomposition of 0 3 to rad
icals mostly precedes the oxidation offree NH:1. Of the radicals
formed, only OR is of relevance for the oxidation initiation.
A rate constant for the reaction of OR with NH3 of 8.7.10-7

M-I S-I (8) gives results consistent with those found in all the
systems tested. Carbonate ions as well as all types of organic
solutes and H20 2 may protect NH3 from oxidation by con
suming the OR radicals in fast reactions. The protecting effect
of the different solutes can be estimated by comparing their
rate constants (Table I) and their concentrations.

Ozonation processes for drinking water or wastewater are
typically designed for reaction periods of less than 1000 s.
Based on the rate constant of 20.4 M-I S-1 for the direct re
action of 0 3 + NH;j, we estimate from Equations 5 and 6 the
critical concentrations of NH3, [NH31cri t. which would be
necessary to consume 63% of the 0:1added during this reaction
time (this means that 37% or the lie fraction of the 0 3 applied
survives reaction with NH;J):

[NH3Jcrit = (20.4 M-l S-l X 1000S)-1 =5 .10-5 M

This critical concentration of free NH3 corresponds to 2.5 mM
total ammonia at pH 8 and to 25 mM total ammonia at pH 7
(pKa(NHt = 9.7). We therefore expect an interaction of NHa
with other reactions of molecular 0 3 only when relatively high
concentrations of total ammonia are present.

For the contribution of the OR radical mechanism to the
NH 3 oxidation, we may make the following estimate for a
typical surface water (pH - 8): A concentration of 1 mg/L total
ammonia-N corresponds to about 10-5 M free NHa. If this
reacts with OR with a rate constant of 8.7.107 M-l S-I, it
consumes OH' at a rate of 8.7.102 S-I. Compared with this rate,
the sum of all solutes present in waters, such as from Lake
Zurich or from sources around Zurich (all pH 8), scavenges
OR radicals about 40 times faster [2.104 s-I (6)].

NH:1 could also interfere with other oxidations of organic
pollutants by consuming OR. However, because NH;J con
sumes OR in a reaction with a relatively low rate constant,
comparable for instance with that known for carbonate ions,
free NH;J can significantly inhibit other oxidations only when
present in concentrations at least comparable to those of
carbonate and the sum of organic solutes. Therefore, the
protecting effect of ammonia toward other solutes can be
neglected in the case of drinking water and even in the case
of most domestic secondary effluents.
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The ammonia system investigated here exemplifies an oz
onation where a solute of intermediate reactivity toward 0 3
is involved. The results should also assist when evaluating
experimental methods for studying other systems of so
lutes.

The methodology applied in this study has recently been
applied to the determination of many rate constants of reac
tions of 0:1 with organic trace impurities. Relevant for the
system studied here is the result that methylamines or amino
acids (free amines) react 10:1 to 10" times faster than ammonia
at comparable pH values (23).
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Separation of Gaseous Fission Products from Reactor and
Reprocessing-Plant Off-Gases

S.-G. Mastera", M. Laser, and E. Merz

Institute for Chemical Technology, Kernforschungsanlage JUlich, 517 Julich, West Germany

96.6
2.1
0.3
1.0
0.02

Vol %Cl/h

1430

Table I. Design Flow Rate and Composition of Off-Gas
Stream Routed to Cryogenic Unit

, (STP)/h

3900
83
14
40

1

Nitrogen
Xe (stable)
Kr (stable)
Argon
Krypton-85

requires a decontamination factor of ~100 for any Kr-85
separation process being applied.

The most suitable procedure to accomplish this task is
low-temperature distillation. The principal advantage of this
method is its present high level of technology. Air liquefaction
plants have been in operation worldwide for many years with
high capacities and reliability. Considerable knowledge has
thus been obtained on construction materials, compressors,
auxiliary control systems, valves and other remote control
elements. It is surprising, however, that equilibrium data
necessary for the precise design and operation of a distillation
plant are scarce.

Experimental

To make reliable calculations for the design and construc
tion of technical cryogenic facilities, knowledge of isothermal
or isobaric equilibrium data for the pairings of the components
of air and noble gases krypton and xenon is required. This
knowledge would allow determination of deviations in the
behavior of real gas mixtures from the ideal gas law.

According to the evaluation method of Prausnitz and Chueh
(2), measurements of individual binary gas mixtures suffice
for a description of the real gas behavior of a mixture of all
these !(ases. Consequently, the thermodynamic data of the
binary systems Kr-N2, Kr-Ar, and Xe-Kr are of utmost im
portance.

Apparatus. A series of experimental measurements on
vapor-liquid equilibria was made, and the liquidus lines for
solid krypton in the liquid-air components and solid xenon
in the liquid krypton were determined. A dynamically oper
ated measuring device shown schematically in Figure 2 and
equipped with an external vapor circuit was used. The maj~r

advantage of the dynamic measuring procedure over a statIc
(3) one is the short time required to reach the equilibrium
state in a measuring cell. Also, withdrawing of samples during
measurement to analyze their composition does not disturb
the accuracy of the measurements. A direct interconnection
of a gas chromatographic analyzing device (GAS) is thus
possible and allows on-line measurements of gas composi
tions.

Data. Ina series of experimental measurements on vapor
liquid equilibria and determinations of liquidus lines of solid
krypton and solid xenon, the following isothermal systems
were studied.

Argon ..Nitrugen. The Ar-N 2 equilibrium data at temper
atures of 80,81),90,95, and 100 K are shown in an isothermal
McCabe-Thiele diagram (Figure 2). They are compared to
previously reported results by Fastovskij and Petrovskii (4)
and Thrope (5). Figure 2 shows the results in the system

• Considerable amounts of gaseous radioactive fission
products krypton and xenon result from nuclear power gen
eration, thus creating a radiation hazard in the event oftheir
uncontrolled release to the environment. The most efficient
method for treating off-gas streams appears to be low-tem
perature distillation, the efficiency of which depends on an
exact knowledge of vapor-liquid equilibrium data. Isothermal
data are measured for mixtures of Kr and Xe between 145 and
170 K and for their mixtures with components of air between
100 and 125 K, which make possible the exact design of a
distillation column suitable for effective removal of the fission
products. The solubilities of Kr in the components of air and
of Xe in liquid krypton are studied, and possible applications
for the safe separation and fixation of Kr are discussed.

I Present address, l.eyhold·Heraelis Co" Colog-ne. West Germa
ny.

The growth of the nuclear power industry has resulted in
an increasing awareness of possible cumulative effects on the
environment hy the release of even very low levels of long-lived
radionuclides. Whereas high-level radioactive wastes have
always been carefully stored under the earth, it has been
customary to either discharge low-level streams directly to the
environment or to give them minimal treatment to decrease
the radioactivity below specified levels.

With an increasing numher of nuclear power plants and
other nuclear facilities, more efficient removal of radioactive
components from the off-gases will be necessary to meet na
tional regulations (I) and to prevent buildup of the long-lived
radionuclides in the environment. Kr-85 is one of the long
lived radionuclides dispersed in significant quantities
worldwide from the nuclear fuel cycle. Within the nuclear fuel
cycle, the fuel reprocessing plants offer great potential for
significant impact on the environment. A second noble gas,
xenon, is also produced in nuclear fission and released together
with krypton. Although the absolute molar quantities of fis
sion-produced xenon are about five times higher than those
of krypton, its radiological hurden is negligible due to the short
half-lives of all Xe radioisotopes produced. They decay to
harmless stable nuclides prior to reprocessing of the fuel ele
ments.

During the reprocessing of spent fuel, !(aseous fission
products are released mainly during the dissolution of the fuel
in the nitric acid. They are stron!(ly diluted with air. The
percentage of nohle gas amounts is only about 0.3% (Table I).
Economic mana!(ement of noble gas fission products will
probably require up to 99% or better separation of noble gases
from the mentioned off-gases. Only about 1% of tbe total
volume of noble gases is Kr-85, but it represents the dangerous
radioactivity of tbe noble !(as fraction. To avoid local release
and long-term buildup in the atmosphere, Kr-85 with a half
life of 10.7 years must be separated and stored for a long period
of about 100 years to allow a substantial decay. To keep the
radiation dose to the population as low as possible, the Com
mission for Radiation Protection of the Federal Republic of
Germany recommends a limitation of Kr-85 release for a re
processing plant to a value of 106 Ci/year (I). This limitation
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device; V, valves; KL, external gas circuit; VP, vacuum pump: GAS. pressure control system for chromatographic investigation
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Ar-N2 in an x-y diagram. The consistency of the measured
equilibrium data was checked by applying a computer pro
gram, called SYMFIT, developed by Prasnitz and Cheuh (2).
A fairly good agreement was obtained between experimental
and theoretical data. The numerical agreement was better in
the region of higher pressure than at lower pressure.

Figure 3 shows the calculated activity coefficients from the
experimental results, and Figure 4 shows the fugacity coeffi
cients at temperatures of 85, 90, 95, and 100 K in the Ar-N2

system. The results for the known system Ar-N2 and com
parison with our data demonstrate that the apparatus func
tions objection free. Next, measurements were carried out on
mixtures which had not previously been systematically in
vestigated, in particular;

Krypton-Argon, The Kr-Ar equilibrium data at temper
atures of 115, 116.5, 120, and 125 K are shown in an isothermal
McCabe-Thiele diagram (Figure 5). Previous measurements
of Seemayer (6) at 116.5 K may be compared with our data
and show good agreement. Figure 5 shows the results in the
system Kr-Ar in an x-y diagram.
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Figure 2. Ar-N2 isothermal equilibrium curves
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Figure 3. Ar-N2 activity coefficients Figure 4. Ar-N2 fugacity coefficients
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Figure 5. Kr-Ar isothermal equilibrium curves Figure 7. Kr-N2 isothermal equilibrium curves

Krypton-Nitrogen. The Kr-N2 equilibrium data at tem
peratures of 115, 120, and 125 K are shown in Figure 6, along
with the equilibrium data in the nitrogen-rich region of the
liquid Kr-N2 mixture above the liquidus line of solid krypton,
below its triple point, at temperatures of 110, 105, and 100
K.

Figure 7 shows the results in the system Kr-N2 in an x-y
diagram. These very important equilibrium data are also
presented in Figure 6 in the form of a pressure-mole fraction
(p-x, -y) diagram, which gives the experimental results for
equilibrium states at 115 K and below, combined with the li
quidus line (= 3 phase boundaries) for solid krypton below the
temperature of 115.9 K.
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Summary and Results

The available experimental data now make possible the
transition from binary vapor-liquid equilibria to multicom
ponent mixtures by means of suitable computer programs (2).
However, a consistency check of the data shows that as already
mentioned some of the thermodynamic data entering into the
calculations, in particular the pure component data (8), are
not known to the desired accuracy in the critical region (8).

However, independently of their exact evaluation, a few
important conclusions can already be drawn, which have

Xenon-Krypton. In Figure 8 the Xe-Kr equilibrium data
between 150 and 170 K, at 5 K steps are shown in an isother
mal McCabe-Thiele diagram. Previous experimental data of
Seemayer (6) at 166 K can be compared with our results. In
addition, the liquidus lines of solid krypton in a liquid Kr-Ar
and a liquid Kr-N2 mixture were systematically studied
(9).
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Figure 6. Kr-N2 equilibrium in pox diagram Figure 8. Xe-Kr isothermal equilibrium curves
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consequences for its construction. If the process is carried out
in such a way that the greatest of the xenon is removed before
the low-temperature separation, the separation of the system
Kr-Nz in the first column is determined. If the column is op
erated at constant pressure, pressures between 6 and 8 bar can
be maintained. The temperature in the collection vessel must
then rise with increasing enrichment of krypton to around 125
or 130 K. If it is desired to operate at a constant temperature
for the collection vessel, the temperature must be maintained
at about 115-120 K, which would result in pressures in the
range of 20 bar and below for the nitrogen-rich region. The
xenon fraction is only very slightly contaminated with krypton
(Kr-85) when a preseparation is performed. One is then in the
xenon-rich range. In this case, the column can be operated at
temperatures of 160-165 K and pressures about 2-3 bar.

If the xenon is not separated before the low-temperature
distillation, a Xe-Kr mixture becomes enriched in the col
lector vessel of the first column. For reliable estimation of
operating conditions, above all the complete gas data for the
systems with xenon and the multicomponent system (Xe +
Kr)-Nz, as well as the corresponding liquidus lines, are still
missing. However, from our last experiments and calculations,
a high degree of enrichment of noble gases in the collection
vessel requires temperatures to above 155 K and pressures far
in excess of 20 bar. Furthermore, the xenon-krypton separa-

tion in the second column Will also be aOIe to ,unction at rel
atively low pressures.
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Organic Compounds in an Industrial Wastewater:
A Case Study of Their Environmental Impact
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with the goal of identifying potentially toxic organic com
pounds so that possible serious chronic effects due to long
term, low-level exposure to dangerous organic chemicals may
he averted.

This paper reports on the detailed organic analysis of the
wastewater and the receiving waters and sediments of a spe
cialty chemicals manufacturing plant, i.e., a plant that man
ufactures a broad range of chemicals, many of which are used
by other chemical companies. Since little is known ahout the
eventual fate of specific organic compounds after leaving a
manufacturing plant, we have studied, in detail, the interac
tion of this plant with its environmental setting. Thus, we have
been concerned with the identities of compounds entering the
receiving waters and sediments, the compounds already
present, and others that may he formed through in situ
transformations.

• The wastewater and receiving waters and sediments from
a specialty chemicals manufacturing plant are extensively
analyzed for organic compounds. The concentrations of an
thropogenic compounds range up to about 15 ppm in the
wastewater and 0.2·ppm in the river (receiving) water, but up
to several hundred ppm in the sediments. The composition
of the river water reOects the composition of the wastewater
except that some of the compounds appear to degrade or vo
latilize in the river. Many compounds accumulate in the
sediments where they appear to be stable and build up to high
concentrations. Some of the compounds are modified in situ.
Various phenols are easily oxidized to quinones; these may be
partially reduced back to phenols depending on the redox
nature of the environment. Several compounds of known bi
ological activity (herbicides, bacteriostats, and disinfectants)
as well as some potentially toxic chemicals such as dichloro
dibenzodioxin are present in the water. The long-term, low
level exposure to this wide variety of chemicals may have
contributed to the lack of biota in this part of the river.

Industrial wastewaters are a major source of anthropogenic
organic chemicals which enter the environment. Recently, the
detailed organic analyses of the wastewaters of tire (I), paper
(2), and dye (3) manufacturing plants have been reported. [n
addition, the Environmental Protection Agency will be ana
lyzing the wastewaters of many other types of industries (4)
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I Present address, Ford Motor Co., Detroit, Mich. 482a9.
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Figure 1. Map of the plant and its environmental setting
Sampling sites indicated; letters: water samples; numbers: sediment samples.
Point C: clarifier at plant
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Many different analytical techniques were required to
separate and identify the organic compounds found in these
complex samples. The techniques included vapor stripping
of volatile organic compounds, direct aqueous injection gas
chromatography, computerized gas chromatographic mass
spectrometry (GC/MS), high-pressure liquid chromatography
(HPLC) with subsequent mass spectral analysis of the col
lected fractions using the direct introduction probe, and high
resolution mass spectrometry (HRMS).

Plant Description and Setting. A map showing the details
of the plant location is presented in Figure 1. The plant loca
tion lends itself to a detailed study because the plant is the last
on a small freshwater river which drains into a small brackish
cove, then into a large brackish river which empties into an
estuary.

The plant operates in a batch production mode, generally
following a weekly schedule. A wide range of compounds in
cluding pharmaceuticals, herbicides, antioxidants, thermal
stabilizers, ultraviolet light absorbers, optical brighteners, and
surfactants is produced. Water is used in synthesis processes,
in the recovery of solvents, in steam jets, and in vacuum pump
seals. The wastewater is neutralized in either of two 1 mil
lion-gal equalization tanks, passed through a trickling filter
for hiological degradation, and clarified in a 150 Ooo-gal tank
with a residence time of :1 h. The water spills over from the
clarifier at a rate averaging 1.3 X 106 gal/day and enters the
river through an underground pipe about 100 yards away.
Only about one-fourth of the total BOD, which averages
12000 lb/day, is removed by the waste treatment system, and
much of this is in the form of low molecular weight sol
vents.

Experimental

Sampling. The water and sediment sampling sites in the
vicinity of the plant are shown in Figure l. Several samples
were taken at some of the more convenient locations such as
at the plant (site C) and at bridges. Wastewater samples were
collected on November 6, 1975, January 27, 1976, July 13,
1976, and September 8,1976; river water samples were col
lected on November 6, 1975, January 27, 1976, March 8,1976,
June 12, 1976, .June 2:1, 1976, July 1:1, 1976, and September 8,
1976; sediment samples were collected on January 27,1976,
March 8, 1976, June 12, 1976, June 2:1, 1976, and September
8,1976.

Water samples were collected in I-gal amher glass bottles
with Teflon-lined caps. Wastewater samples were collected
as the water spilled over from the clarifier. River water sam
ples were collected both upstream and downstream from the
plant by use of a small boat. Sediment samples were collected
with a dredge-type sampler from the boat and also with the
aid of a diver. About :100 mL of nanograde (Mallinckrodt)
dichloromethane and 15 mL of 12 M hydrochloric acid were
added to the water samples at the collection site (except those
used for volatile organic analysis) to minimize biological
degradation and to start the extraction.

One-quart glass jars were used for the sediment samples.
They were covered with aluminum foil before replacement of
the screwcap lids and placed in a box containing dry ice. The
composition of the river bottom sediments varied from large
gravel to an organic-rich black ooze. Generally, the bank area
was quite silty, whereas the bottom became more gravelly
toward the center of the river.

Procedures. When returned to the laboratory, the sedi
ment samples were placed in a freezer, and the water samples
to be used for volatile analysis were placed in a refrigerator.
ATeflon-covered magnetic stirring bar was added to each of
the water samples containing dichloromethane for overnight
extraction on a magnetic stirrer. Then most of the water was
poured into another clean bottle, and the dichloromethane

extract was separated from the remaining aqueous phase in
a separator funnel. A plug of preextracted glass wool was used
to aid in phase separation for those samples developing
emulsions. Much of the emulsion remained on the glass wool
which was then washed with additional aliquots of dichloro
methane. These extracts and washings were combined and
rotary evaporated to the desired volume. The decanted water
from the acidic extraction was rendered alkaline with a
preextracted, concentrated KOH solution and extracted with
an additional 200 mL of dichloromethane to recover the basic
compounds.

The exact concentrations of some of the volatile solvents
in the wastewater were determined using direct aqueous in
jection of 2-I'L aliq uots onto a 2 m X 0.32 cm i.d. stainless steel
column packed with 0.4% Carbowax 1500 on Carbopack C
(Supelco, Inc.).

Qualitative analyses of the volatile organic compounds were
performed using vapor stripping. About 2 L of a river water
sample or about 200 mL of a wastewater sample were put into
a 3-L glass stripping vessel similar to that described by Nov
otny et al. (5). The water temperature was maintained at
about 80°C. Purified helium was passed through the sample
from a glass frit located at the bottom of the apparatus at a
rate of 120 mL/min. Helium and the stripped organics were
passed through a water-cooled condenser into two glass
sampling tuhes connected in parallel. These tubes were glass
injection port liners from the gas chromatographs and were
packed with about 40 mg of precleaned 60/80 mesh Tenax-GC
porous polymer adsorbent. The liners were conditioned at 250
°C for at least an hour in the injection port of the gas chro
matograph prior to use. After vapor stripping for the desired
length of time, the precolumns were removed and stored in
Teflon-lined screw-cap test tubes until analysis by GC and
GC/MS.

The sediment samples were allowed to thaw at room tem
perature and then sieve-washed through a 2-mm stainless steel
screen to remove pebhles and extraneous debris. Excess water
was decanted, and the wet sediment was Soxhlet extracted for
several hours with nanograde isopropyl alcohol. A further
extraction with nanograde benzene was then necessary to
isolate the polycyclic aromatic hydrocarbons. The isopropanol
extract was evaporated to dryness on a rotary evaporator at
30-40 DC; the benzene extract was freed of elemental sulfur
by passage through a column of colloidal copper (6).

Some of the sediment and water samples were also liquid
chromatographically separated into hexane, benzene, and
methanol fractions on a column containing about 1 g of 5%
water-deactivated silica gel.

Instrumentation. Preliminary gas chromatographic
analyses were carried out on a Perkin-Elmer 900 gas chro
matograph equipped with a name ionization detector and on
a Hewlett-Packard 5730A gas chromatograph equipped with
flame ionization and electron-capture detectors. The columns
used were 180 cm X 2 mm i.d. glass columns packed with 3%
SP-2100 (a methyl silicone fluid) on 80/100 mesh Supelcoport;
we also used 25 m X 0.25 mm i.d. glass capillary columns
statically coated (7) with SE-52. Approximate quantitation
was based on external standards made with the compounds
identified.

Liquid chromatographic separations were performed on a
Waters Model ALC/GPC 204 liquid chromatograph equipped
with two Model 6000 pumps, a Model 660 solvent program
mer, and a Model 440 dual absorbance detector.

Low resolution (~800) mass spectra were obtained with a
Hewlett-Packard 5982A GC/MS system with a dual EI/CI
source and interfaced with a HP 5933A data system. The
quadrupole mass spectrometer was coupled to the gas chro
matograph via a glass-lined jet separator held at 300°C. The
mass spectrometer was operated in the electron impact mode,
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Table I. Summary of All Compounds Found In Wastewater, River Water, and Sediment
Compound Cone" range, ppm Present In

no. Compound name Wastewater River water Sediment tar bails

N-Containing heierocyclics

1 Acetylpyridine 0.05 b NO NO No

2 Oibenzo[b,f]azepine· <0.01 NO NO No

3 10,ll-0ihydrodibenzo[b,f]azepine" <0.01 NO NO No

4 5-(3-0imethylaminopropyl)-10,ll-dihydrodibenzo[b,f]azepine. 3.7 b NO NO No

5 4-n-Butyl- l,2-diphenylpyrazolidine-3,5-dione" 0.02-0.5 0.001-0.006 NO No

6 2-(2'-Hydroxy-5'-methylphenyl)-2H-benzotriazole· 0.5-7 0.006-0.10 2-670 Yes

7 2-(Hydroxy-t-butylphenyl)-2H-benzotriazole" NO ND 60 Yes

8 2-(Hydroxy-di- t-butylphenyl)-2H-benzotriazole" NO NO 40 Yes

9 2-(Hydroxy-butyl-t-amylphenyl)-2H-benzotriazole" <0.001 Yes

10 2-(2'-Hydroxy-3', 5'-di-t-amylphenyl)-2H-benzotriazole· 0.55-4.7 0.007-0.085 1-100 Yes

11 2-(Hydroxy-t-butylphenyl)-chloro-2H-benzotriazole" NO NO 2-50 Yes

12 2-(2'-Hydroxy-3' ,5'-di-t-butylphenyl)-5-chloro-2H-benzotriazole" NO NO 2-300 Yes

13 2-Methoxy-4,6-bis-isopropylamino-s-triazine" 2-7.5 0.015-0.35 0.3 b No

14 2-Chloro-4,6-bis-isopropylamino-s-triazine" 0.5-3.5 0.01-0.45 4.5-12 No

15 Benzothiazole" NO 0.002 b NO No

Nitrogen-containing compounds

16 Aniline 0.02 b NO NO No

17 Acetanilide 0.2 b NO NO No

18 Oi-t-butylcyanophenol NO NO Yes

19 Azobenzene 0.03 b NO NO No

20 N-phenyl-l-naphthylamine Yes

Oxygen-containing compounds

21 Methanol 17-80 h NO NO No

22 Stearyl alcohol 1-4 0.007-0.16 0.5 Yes

23 Acetone 200-230 h NO NO No

24 2-Butanone 8-20 h NO NO No

25 2-Methyl-3-heptanone NO NO No

26 Phenol 0.01-0.30 0.01-0.10 NO No

27 Cresol 0.07-0.15 0.001-0.01 NO No

28 t-8utylphenol 0.001-0.15 0.003 b 0.2-7 Yes

29 C.-Alkylphenol (two isomers) 0.001-0.075 NO 5 b Yes

30a 2,6-0i-t-butylphenol 0.6-0.8 0.001-0.006 0.1-150 Yes

30b 2,4-0i+butylphenol 0.5-0.6 0.001-0.005 0.1-100 Yes

31 2,6-0i-t-butyl-4-methylphenol (BHT) <0.01 0.001-0.002 1-60 Yes

32 2,4-0i-t-amylphenol 0.13-0.40 0.001-0.005 03-10 Yes

33 Tri- t-butylphenol 0.125 b NO 0.2-25 Yes

34 Methoxy-di-t-butylphenol NO NO Yes

35 3,5-0i-t-butyl-4-hydroxybenzaldehyde NO NO Yes

36 Nonylphenol 0.05 b NO NO No

37 Phenylphenol NO 0.001-0.003 t;lO No

38 Tetra-t-butyl-dihydroxydiphenyl" NO 0.001-0.002 0.5 b Yes

39 Methylene-bis-(di-t-butylphenol)· NO NO 0.1-3 Yes

40 Ethylene-bis(di-t-butylphenol)· NO NO Yes

41 Tetra+amyldihydroxydip.henyl" NO NO Yes

42 Oi-t-butylhydroxycinnamic acid" No

43 Methyl-di- t-butylhydroxycinnamate· 0.010 b Yes

44 Ethyl-di-t-butylhydroxycinnamate· NO 0.010 b Yes

45 3-(3',5'-Oi-t-butyl-4'-hydroxyphenyl)propion ic acid· No

46 Methyl-3-(3',5' -di-t-butyl-4'-hydroxyphenyl)propionate· 0.6-11 0.025-0.20 1.5-170 Yes

47 Ethyl-3-(3',5'-di-t-butyl-4' -hydroxyphenyl)propionate" <0.02 <0.002 2.5 b Yes

48 j-Propyl-3-(3' ,5'-di-t-butyl-4' -hydroxyphenyl)propionate· 0.02-0.30 <0.002 3.5 b Yes

49 Hexadecyl-3-(3' ,5'-di-t-butyl-4'-hydroxyphenyl)propionate" 0.040-1.4 0.002-0.04 NO No

50 Octadecyl-3-(3',5'-di-t-butyl-4' -hydroxyphenyl)propionate" 1.6-6.0 0.008-0.2 8-220 Yes

51 C22H3.OS (see footnote c) 006-0.9 0.006-0.012 0.6 b Yes

52 Oi-(2-ethylhexyl)phthalate NO 0.001-0.05 0.2-56 Yes

53 Oi-octyl-phthalate NO 0.001-0.02 1.5-25 Yes

54 Oiphenyl ether 0.01-0.20 0.001-0.005 NO No

55 Phenyl tolyl ether NO NO Yes

56 C2.H••0 3 (see footnote g) 0.06-0.20 <0.001 0.4-0.8 Yes

57 2,6-0i-t-butylbenzoquinone 0.01-0.02 0.001-0.011 0.1-40 Yes
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Table I. Continued
Compound Cone" rang.! ppm Present In

no. Compound name Wa.tewat.r River wat... Sediment tar ball a

Oxygen-containing compounds

58 Tetra-t-butyldiphenoquinone· 0.02-0.30 <0.001 0.2-0.5 Yes

59 Tetra- t-butylstilbenequinone· NO ND Yes

60 Binaphthylsulfone ND ND Yes

Halogenated compounds

61 Dichloromethane 3_8" ND No

62 Chloroform I ND ND No

63 Trichloroethane ND ND No

64 Trichloroethylene ND lno

65 Tetrachloroethylene ND No

66 Chlorobenzene ND No

67 Dichlorobenzene Yes

68 Chlorotoluene ND No

69 Chlorobiphenyl ND ND Yes

70 Chlorophenol 0.01-0.02 ND No

71 Dichlorophenol ND No
72 Chloroaniline ND ND 1-2 Yes

73 Chlorotrifluorornethylaniline ND ND 0.2-180 Yes

74 Chlorophenylisocyanate' ND ND 0.1-2 Yes

75 Chlorotrifluoromethylphenylisocyanate' ND ND 0.1-13 Yes

76 4,4'-Dichlorocarbanilide' ND ND Yes

77 4.4'-Dichloro-3-trifluoromethylcarbanil ide' ND ND Yes

78 4,4'-Dichloro-3,3'-bis-trifluoromethylcarbanilide' ND ND Yes

79 Chlorotrifluoromethyldinitrobenzene ND 0.002 b ND No

80 Trichloro-amino-diphenylether 0.025-0.075 0.002-0.005 ND Yes

81 2,4,4'-Trichloro-2'-hydroxydiphenylether' 6-14 0.012-0.30 1.2-5 No

82 Dichlorodibenzodioxin ND No

83 Trichlorodibenzofuran ND No

84 Bis-(dichlorophenoxychlorophenyl)-ether ND ND No

Aromatic hydrocarbons

85 Benzene ND No

86 Toluene 13-20" ND No

87 Xylenes ND No

88 C3-Alkyl-benzenes 30 b No

89 C.-Alkyl-benzenes Yes

90 Cs-Alkyl-benzenes ND ND Yes

91 Ca-Alkyl-benzenes ND ND Yes

92 CrAlkyl-benzenes ND ND 0.5 b Yes

93 Ca-Alkyl-benzenes ND ND Yes

94 Biphenyl ND 0.001-0.015 1-2 Yes

95 Terphenyl ND ND Yes

96 Naphthalene 1-4 0.006-0.01 1.5 b No

97 Di-t-butylnaphthalene ND ND Yes

98 Di-t-butyldihydroxynaphthalene ND ND l b Yes

99 Acenaphthylene ND ND 0.2-5 Yes

100 Fluorene ND ND 2-10 No

101 Methylacenaphthylene ND ND 5 b No

102 Methylfluorene ND ND Yes

103 Hydroxyfluorene ND ND 0.1 b No

104 Phenanthrene ND ND 0.2-25 Yes

105 Methylphenanthrene ND ND 0.4-20 Yes

106 Cralkyl-phenanthrene ND ND Yes

107 Fluoranthene ND ND 1-60 Yes

108 Pyrene ND <0.001 0.5-75 Yes

109 Methylpyrene (3-isomers) ND ND 0.2-15 Yes

110 Cyclopenta [c,d1pyrene ND ND 1-4 No

111 C,aH'2 PAHi ND ND 0.5-25 Yes

112 C,.H,. PAH i ND ND 4-6 No

113 C2oH'2 PAHi ND ND 0.5-120 Yes

114 C22H'2 PAH i ND ND 4-100 No
115 C2.H,. PAHi ND ND 5-20 No

(Continued on page 92)
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Table I. Continued
Compound Conen ranr, ppm Present In

no. <;::ompound name We".water River water Sediment t., ball a

Alkanes
116 C6 alkanes NO NO No
117 C6 alkanes NO No
118 C. alkanes NO No
119 C lO alkanes NO No
120 C

"
alkanes 73 b Yes

121 C'2 alkanes 0.3 b NO No
122 C ,3 alkanes NO NO No
123 C 17 alkanes 0.1 b NO NO No

8 The tar balls were small pea-size globules consisting of a complex mixture of anthropogenic compounds and were completely soluble in dichloromethane.
They were lound only at points 11 and 12 in the gravelly bottom just above the dam (Figure 1). Some 01 the lar balls were extracted alon9 with the gravelly matrix
material resulting in very concentrated samples, the quantitation of which would be meaningless. b Compound was detected in only one sample. C This compound
has a molecular formula of Cn H3-405 as determined by high resolution mass spectrometry. Tentative identification is methyl isopropyl (3',5'-di-t-butyl-4'-hydroxy
benzyl)malonate. d The compound was isolated in a HPlC fraction and identified by mass spectrometry. Thus. Quantitation was not possible.• The compound
was only present in the tar ball-containing extract and thus could not be Quantitated. f The compound was only identified through vapor stripping experiments and
thus could not be quantitated. 9 This compound has molecular formula of C2"H",,03 from high resolution mass spectrometric data; a very tentative identification
is dihydroxy-tetra-t-butyl-methyl-diphenyl ether. h AcclXate compound Quantitation based on direct aqueous injectton. I A polycyclic aromatic hydrocarbon isomer.
NO: Compound was not detected in the sample.• For structure, see Figure 2.

and spectra were obtained by continuous scanning under
control of the data system. The instrument was also operated
in the continuous scanning mode during analysis of collected
liquid chromatographic fractions introduced with the direct
insertion probe. Even when the LC fractions contained more
than one compound, some fractionation of the compounds due
to differential volatility allowed collection of relatively clean
mass spectra for individual components.

High resolution (~20 000) mass spectrometric data were
obtained on a Du Pont 21-II0B instrument with photographic
plate detection. These plates were read on an automatic
densitometer operated on line to an IBM 1800 computer
(8).

Compound Identification. Our analyses resulted in the
accumulation of thousands of spectra. These were initially

compared to those published in the Eight Peak Index (9).
Nearly all of the solvents, phenols, and hydrocarbons were
found in this source, but the spectra of only a few of the re
maining compounds were found here. Standard interpretation
procedures were used to identify the remaining compounds.
Unfortunately, due to the normally high degree of aromaticity,
the mass spectra of many of the unknowns consisted of only
a few peaks, making identification difficult. However, a single
high resolution mass spectral analysis of an extract provided
the exact masses for most of the major molecular and fragment
ions observed during a low resolution GC/MS analysis. Thus,
we were able to assign probable formulas to the various ions.
This information often enabled us to identify structures re
lated to other compounds already identified in the samples.
When this was not successful, the Formula Index of Chemical
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Abstracts and the Trade Commission Report (10), which lists
production data for individual and classes of compounds, were
searched for related compounds produced by the company.
The company advertising literature, which presented use and
toxicity data for some of its products, was also useful in
identifying a few compounds. Computer-assisted library
search routines (1 J) were not generally used. Because the
Eight Peak Index contained most of the compounds in these
data bases, time could be more economically utilized in per
forming the manual procedures described above.

Although the company officials and plant personnel coop
erated fully in acquiring wastewater samples for analysis, they
provided little information concerning identities of reactants
or company products. Specific ring substitution patterns are
not easily derived from mass spectrometric data and are in
cluded here only for cases where the literature specifies the
isomer or in cases where we have purchased standards and
observed identical mass spectra and gas chromatographic
retention times.

Results and Discussion

All of the compounds identified in the wastewaters, river
water, and sediment samples are listed in Table I along with
their concentration range. The individual concentrations have
an estimated error of 20%. A compilation of the concentration
of each of the compounds at each of the sampling locations is
presented elsewhere (12). The structures of several of the
compounds in Table I are given in Figure 2.

The identification of these 123 compounds (see Table I) was
made possible only by the synergistic application of several
analytical techniques. For example, the very high concen
trations of a few compounds in most of the samples (e.g., no.
6, 10,46,81) precluded identification of many of the minor
components during a single GC/MS analysis and also caused
problems with their quantitation. This dynamic range prob
lem was solved at least qualitatively by HPLC followed by
mass spectrometry. By way of illustration, a liquid chro
matogram of one of the tar ball-containing extracts is shown
in Figure 3.

The best separations were achieved using the reverse phase
conditions as shown in Figure 3. For example, under these
conditions, the slightly different polarity of 2-(2'hydroxy-3',
5'-di-t-amylphenyl)-2H-benzotriazole (no. 10) and 2-(2'
hydroxy-3',5'-di-t -butylphenyl)-5-chloro-2H-benzotriazole
(no. 12) was sufficient to separate them. By gas chromatog
raphy the high resolution of a glass capillary column was re
quired to separate this pair of compounds (Figure 4). Many

- ,
" " "

--.- .,
,,_I (....~J

- I
.lo ... ... ,. iF .. " " i •

Figure 3. Liquid chromatogram of tar ball-containing sediment extract
taken from Point 12 (Figure 1)
Column: 30 cm X 2 mm Ld. packed with C 18-~-Bondapak. Solvent programmed
from 20 to 100% acetonitrile in water with flow rate of 2.0 mLlmin. Numbers
tdentifying peaks are keyed to Table I

compounds that had not been observed during GC/MS
analysis but absorbed strongly in the UV during HPLC
analysis were collected and identified in this manner.

Commonly Observed Compounds. Two of the substituted
benzotriazoles (no. 6, 10) were generally the most abundant
anthropogenic compounds in the water and sediment samples.
They are used as ultraviolet light absorbers in plastics and
possess antitoxidant and thermal stabilization properties. No.
12 is apparently a former product found only in the sediments.
The other benzotriazoles, present in much lower concentra
tions, are probably impurities in the major products. These
benzotriazoles are characterized by resonance-stabilized in
ternal hydrogen bonding of the phenolic hydroxyl to the
benzotriazole ring; this results in compounds with a high de
gree of environmental stability.

The phenols (no. 30a, 30b, 32) are used as reactants to
synthesize several of the company's products, including the
benzotriazoles. The 2-chloro-4,6-bis-isopropylamino-s-tria
zine (no. 14) and 2-methoxy-4,6-bis-isopropylamino-s-triazine
(no. 13) are herbicides; the chloro compound is used to control
weeds and grass in corn and in milo, and the methoxy com
pound is used for general plant control. Several esters of 3
(3',5' -di-t -butyl-4'-hydroxyphenyl)propionic acid were
identified, the most abundant being the octadecyl and methyl
esters (no. 46 and 50).

Some ethers found in the wastewater and river water in
cluded diphenyl ether (no. 54), phenyltolyl ether (no. 55), and
2,4,4'-trichloro-2'-hydroxy diphenylether (no. 81) which is a
bacteriostat. The diphenyl ether became relatively more
concentrated compared to other river water compounds in the
brackish cove; this suggests high environmental persistance
or its formation in situ from another compound. Some other
very interesting compounds, apparently resulting as by
products during the synthesis of 2,4,4'-trichloro-2'-hydroxy
diphenyl ether, were trichlorodibenzofuran (no_ 83), dichlo
rodibenzodioxin (no. 82), and a hexachlorinated compound
of MW 558 (no. 84) which apparently results from conden
sation of two molecules of the ether with concomitant loss of
water. We do not believe these compounds are artifacts pro
duced from the ether during analysis because they were sep
arated and collected as LC fractions, and the mass spectra
were obtained with the direct insertion probe. These com
pounds have been detected in the wastewater and river
water.

Small quantities of 4-n-butyl-I,2-diphenyl-pyrazolidine
3,5-dione (no. 5), an antipyretic, anti-intlammatory, and ur
icosuric drug, and 5-(3-dimethylaminopropyl)-10,1l-dihy
dro-5H-dibenz[b,f]azepine (no. 4), an antidepressant drug,
were also found.

Chlorotritluoromethylaniline (no. 73) was found in the
sediment samples. This compound is used as a reactant with
chloroaniline (no. 72) in the preparation of 4,4' -dichloro-3
trifluoromethylcarbanilide, a disinfectant. Two other related
compounds also found in some of the sediments were chloro
phenylisocyanate (no. 74) and chlorotritluoromethylphenyl
isocyanate (no. 75). This suggests that some of the 4,4' -di
chloro-3-trifluoromethylcarbanilide may, in fact, exist in the
sediment extracts but is decomposed in the injection port of
the gas chromatograph, since it was very doubtful that the
easily hydrolyzable isocyanates exist as such in the sediments.
To strengthen this hypothesis, some 3,4,4'-trichlorocarbani
lide [none of the 4,4'-dichloro-3-tritluoromethylcarbanilide
was available[ was analyzed by GClMS. The injection port
temperature was 300 DC. As expected, none of the parent
compound eluted from the column. However, mass spectra
were obtained for chlorophenylisocyanate, dichlorophenyli
socyanate, chloroaniline, and dichloroaniline. The presence
of the carhanilides themselves (no. 76,77,78) was confirmed
with the help of HPLC and mass spectral identification.
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Figure 4. Gas chromatogram of tar ball-containing sediment extract taken from Point 12 (Figure 1)
Column: 20 m X 0.25 mm i.d. glass capillary coated with SE-52 (methyl silicone phase). Column held at 60 °C for 2 min and then temperature programmed to 240
°C at 4°C/min. Numbers identifying peaks are keyed to Table I

Compounds present in the upstream river water extracts,
but not in the plant wastewater included benzothiazole (no.
15), phenylphenol (no. 37), alkanes, and phthalate esters (no.
52, 53). Their source is apparently another manufacturing
plant.

Sedimentary Accumulation. The most striking result of
this study is the high accumulation of anthropogenic com
pounds in the sediments. An estimation of the' degree of
sediment accumulation was gained by calculating a sediment
accumulation factor, which is the average sediment concen
tration divided by the average river water concentration.
Typical results are shown in Table II. The mechanism of this
accumulation is not yet clear, but one possibility may be the
gradual settling out of extremely fine-grained particulate
matter with a high organic load. Another possible explanation
is that the organic compounds in the wastewater form micelles,
thus enhancing the water solubility of normally water-insol
uble compounds. As the micelles are diluted by the river, they
break up, inducing precipitation of the large, normally
water-insoluble compounds.

Extraction of the coarse sediment yielded rather high
concentrations of anthropogenic compounds leaving clean
sand and gravel. It seemed that the finer-grained material was
more conducive to accumulation of large quantities of organic
compounds, including polycyclic aromatic hydrocarbons (no.
96-115) and phthalate esters (no. 52, 53).

A small dam creates a falls (between Points 14 and 15,
Figure 1) where the river empties into the brackish cove. Just
above the dam, the rocky sediment samples contained small
tar balls consisting entirely of a mixture of anthropogenic
compounds. These tar balls were generally smaller than a pea,
but one was knucklesized. Some of these tar balls were dis
covered in the samples from Points 11 and 12 (Figure 1) and
were extracted along with some of the sediment. Quantitation
of these samples would be meaningless, but they provided
convenient samples for identifying large numbers of anthro
pogenic compounds in the sedimentary environment.

The sediment concentrations of anthropogenic compounds
in the brackish cove were somewhat higher and less variable
than upstream; this probably reflects the greater bottom
uniformity of the cove. Fewer of the plant's compounds were
detected in the channel where the brackish cove leads into the
brackish river (Point 18, Figure 1). Found at this location were

various phenols (no. 28, 30a, 30b, 31, 33, 38, 39), 2,6-di-t
butyl-benzoquinone (no. 57), 3,5-di-t-butyl-4-hydroxyben
zaldehyde (no. 35), three benzotriazoles (no. 6, 10, 12), chlo
rotrifluoromethylaniline (no. 73), and 2-chloro-4,6-bis-iso
propylamino-s-triazine (no. 14). The only compounds from
the plant detected in the sediment sample from the brackish
river (Point 19) were the two high molecular weight benzo
triazoles (no. 10 and 12) and methyl 3-(3',5'-di-t -butyl-4'
hydroxyphenyl)propionate (no. 46).

Some compounds are not accumulated into the sediment.
The two triazine herbicides (no. 13 and 14) were in most of the
wastewater and river water samples, but only as very minor
components in a few sediment samples. The greater water
solubility (methoxy, 750 ppm, chloro, 8 ppm) of these com
pounds (I3), compared to most of the other compounds found
in this study, probably prevents them from being incorporated
into the sediments. In addition, the methoxy triazine (no. 13)
is about two orders of magnitude more volatile (13) than the
chlorotriazine (1.12 X 10-6 mm Hg vs. 2.9 X 10-8 mm Hgl, and
it may be lost through volatilization from the river water,
especially during the summer months. Another compound of
high river water concentration, but of low propensity for

Table II. Sediment Accumulation Factors for Some
of the Anthropogenic Compounds from the Plant a

ppm AccumulaUon
Compound Wastewater River water Sediment factor

6 2 0.02 40 2000
10 2 0.02 10 500
12 NO NO 10
13 4 0.07 NO 0
14 2 0.07 7 100
30a 0.7 0.002 4 2000
30b 0.5 0.002 3 1500
31 NO 0.002 8 4000
38 NO 0.002 0.5 250
39 NO NO 0.5
46 3 0.07 20 300
57 0.02010.003 2 700
58 0.08 NO 0.3
80 0.04 0.003 NO 0
81 9 0.06 2 30

8 The water and sediment concentration values are geometrical averages
of the high and low values given in Table I.
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Figure 5. Scheme for environmental oxidation, reduction, and coupling
of phenols to produce some of the compounds found in this study.
Compound numbers refer to Table I

sediment accumulation, having only been found in minor
quantities in a few sediments, was 2,4,4'-trichloro-2'-hy
droxydiphenyl ether (no. 81).

Chemical Transformation of Some of the Anthropo
genic Compounds in the Environment. The fate of the di
t-butyl phenols is quite interesting. In the wastewater 2,6
di-t-butyl benzoquinone (no. 57) gives a very minor peak be
tween 2,6-di-t -butylphenol (no. 30a) and 2,4-di-t -butylphenol
(no. 30b). However, as the river water samples were taken
further downstream from the plant, the relative intensity of
the two phenol peaks gradually decreased and that of the
benzoquinone increased. Two other quinones, tetra-t-butyl
diphenoquinone (no. 58) and tetra-t -butyl-stilbenequinone
(no. 59), have also been identified. All of these quinones seem
to be formed in the wastewater and river water by oxidation
and coupling of the phenols (14,15). However, in the reducing
environment of the sediment, these quinones seem to be
converted to the corresponding bisphenols (Figure 5). This
is consistent with geochemical studies which indicate that the
phenol/quinone ratio of humic materials (16) appears to be
sensitive to redox potential (17), and the conversion between
the two forms is rapid and reversible (18). Another compound
identified in the sediment extracts, probably resulting from
oxidation of substituted pbenols or substituted bis-phenols
(19) is 3,5-di-t-butyl-4-hydroxybenzaldehyde (no. 35) (Figure
5).

Environmental and Health Hazards. At this time it is
difficult to specify whether the receiving water and sediments
present an environmental or human health hazard. Toxico
logical information is not known for many of the compounds.
The wastewater flows into an estuary which is quite contam
inated with sewage, and of course, the water is not used for
drinking.

The very abundant benzotriazoles exhibit acute oral LOr~is

of >,SOOO mg/kg for oral doses to rats and mice, and no irrita
tion or sensitization was observed during patch tests on hu
mans (20). The phenols also do not seem to be particularly
toxic; almost all have LOr.o values of >2500 mg/kg (20). Only
2,4-di-t-amyl phenol is potentially toxic with an LOr.o of 330
mg/kg for oral administration to rats (20). Similarly, studies
on the toxicity of the esters of 3-(3',5'-di-t-butyl-4'-hydrox-

yphenyl) propionic acid show no significant effect. Male and
female rats showed acute oral L050's that were greater than
5000 mg/kg body weight (20).

The s- triazine herbicides are excreted so rapidly from an
imals that only monodealkylation and some hydrolysis occur
(13). Apparently no toxic effects occur in animals; 2-chloro
4,6-bis-isopropylamino-s-triazine has an LDso in rats and mice
of >5000 mg/kg (13) and 2-methoxy-4,6-bis-isopropyl
amino-s -triazine of 2350 mg/kg (20).

However, another point to consider in determining the
environmental effect of these chemicals was brought to light
in the studies of Schober and Lambert (21). The reproduction
rates of daphnia were studied in water with s-triazine herbi
cides at concentrations ranging from 1 to 20 ppm. Although
these concentrations had no effect on the life span of the an
imals (65 days), their reproduction rate decreased steadily
with increasing concentration (21). In the ecosystem of the
specialty chemicals plant, the s-triazine concentrations, at
least in the water, are much lower than used in the daphnia
experiment. However, solvents and a great number of other
compounds are also present which may produce synergistic
effects. Thus, the acute toxicity levels determined from ex
periments with laboratory animals probably have little rele
vance in estimating the long-term ecological consequences of
low-level exposure to industrial chemicals.

Summary and Conclusions

The wastewater from a specialty chemicals manufacturing
plant and its receiving waters and sediments have been ex
tensively analyzed for organic compounds. The concentrations
of anthropogenic compounds range up to about 15 ppm in the
wastewater and 0.2 ppm in the river water, but up to several
hundred ppm in the sediments. The composition of the river
water in general reflected the composition of the wastewater
except that some of the compounds appeared to degrade or
volatilize.in the river water while others accumulated into the
sediments where they appear to be stable and build up to a
high concentration. The sediment concentrations are all high
but depend greatly on sediment characteristics. Thus, the
distribution and transport may depend on the dynamics of
fine-grained suspended materials.

Some of the compounds are modified in situ. Various phe
nols seem to be easily oxidized to quinones; these may be re
duced back to the phenols depending on the redox nature of
the environment.

Several compounds of known biological activity (herbicides,
hacteriostats, and disinfectants), as well as some potentially
toxic chemicals such as dichlorodibenzodioxin, are present in
the water. A human health hazard is difficult to assess, but the
long-term, low-level exposure to this wide variety of chemicals
may have contributed to the lack of biota in the area.
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ElectrofJuidized Bed in Filtration of Smoke Emissions from Asphaltic
Pavement Recycling Process

Peter B. Zieve, Karim Zahedi, and James R. Melcher'

Department of Electrical Engineering, Massachusetts Institute of Technology, Cambridge, Mass. 02139

James F. Denton

Warren Brothers Co., Cambridge, Mass. 02139

• The electrofluidized bed (EFB), a device recently proposed
for high efficiency collection of submicron particles, is tested
on the emissions from an asphalt recycling plant. The largely
hydrocarbon pollutant is collected on sand that is then easily
removed from the bed in its fluidized state and subsequently
added to the asphalt product. Efficiencies of collection in
excess of 98% are reported for submicron particles in beds
having unfluidized depths of 8-12 cm using sand having a
mean diameter of 2 mm. Superficial velo~ities range from 1.5
to 2 mfs, with a typical bed pressure drop of 12 cm H20.
Electrical energization of the bed requires less than 80 W fl 000
cfm: Estimates of the EFB capital and operating costs are
favorable compared to other devices that could conceivably
serve this application. The EFB promises to make an essential
contribution toward making possible the recycling of asphaltic
highway using existing asphaltic processing equipment.

Motivated by the oil shortage, the Federal Government has
been investigating ways of recycling asphaltic pavement.
Warren Brothers Co. has been cooperating with this effort by
trying to devise ways of adapting conventional plants to op
erate in a recycle mode. A major impediment to this conver
sion is the formation of fine particulate smoke that occurs
when crushed pavement is subjected to the temperatures
necessary for recycling. In the course of this study it was found
that, upon heating, the asphalt begins to crack and release
hydrocarbon vapor that subsequently condenses into droplets.
These submicron droplets are poorly collected in the devices
currently in use on asphalt plants, the baghouse and Venturi
scrubber.

Even if they are designed for submicron collection, currently
available devices are ill suited to the asphalt cleanup problem.
Electrostatic precipitators collect the oil on electrode plates
from which it is difficult to remove. Fabric filters appropriate
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for submicron collection must incorporate a large pressure
drop that increases significantly as collection of materials
proceeds. In addition, bags fouled with oil tend to clog and are
at best difficult to clean. Wet wall electrostatic precipitators,
charged-droplet scrubbers, and high-energy Venturi scrub
bers, all create a water pollution problem and require both a
substantial capital investment and a high operating cost.

The electrofluidized bed (EFB) recently proposed by Za
hedi and Melcher (I) is well suited to the asphaltic smoke
cleanup problem. Its efficient collection of submicron particles
in a short residence time (about 50 ms), together with the
unique feature of collecting the pollutant on easily handled
fluidized sand, makes the EFB an attractive device for this
application. After being used as a collection surface, the oil
coated sand can be conveniently incorporated into the asphalt
product. In fact, an "oiled" sand is desirable for use in asphalt.
In the EFB the sand particles are stressed by an ambient
electric field creating poles of positive and negative charge on
each particle. For the apparatus described in this paper, the
electric field is imposed parallel to the gas flow (co-flow), that
is, with horizontal screens of alternate potential spaced ver
tically through the sand bed. It is possible to design a bed with
the electric field perpendicular to the gas flow (cross-flow),
although this type is somewhat more difficult to build for a
large-scale application. The dominant mode of collection is
for charged pollutant to be collected by the oppositely charged
poles of the sand. Other modes of collection exist, such as
microfield collection, inertial impaction, and interception, but
these are shown to be of secondary importance by Zehedi and
Melcher (I).

Fundamentals of Submicron Particle Collection

A remarkably good model for plug-flow beds pictures the
bed particles as being much like the electrodes of an ESP, with
the electric field terminating over one side of each particle and
originating on the other. Instead of the Deutsch model used
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Figure 1. Schematic of EFB test system

(3)

The collection coefficient K I is the same as defined with
Equation 1; V and II are, respectively, the superficial velocity
and fluidized hed height under the conditions of interest; and
V ml and Iml are these quantities under conditions of minimum
fluidization. The most important parameter is Db, the bubble
diameter. The quantities necessary to evaluate these ex
pressions are, of course, averages. The bed height is a fluctu
ating quantity, and even in the shallow beds of interest here,
bubbles grow significantly as they pass through the bed.

If the rate of gas interchange between the bubbles and the
dense phase is large, which according to Davidson's model
means that Cu ~ "', the efficiency predicted by Equation 2
reduces to that for the single-phase plug-flow model, Equation
1. The most important aspect of the bubbling model is its
prediction of efficiencies less than 100%, no matter how large
the collection parameter. In the limit K, ~ "', the efficiency
approaches the limiting value

ry ~ I - [ I - ~] e-'.
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Using experiments to evaluate cu' over a wide range of fluid
ization states, this parameter is mainly a function of the
bubble diameter Db.

Experimental Tests

A prototype EFB of cross-sectional area 1 ft2 was built and
tested on both a small-scale asphalt recycling system and on
a bypass to a full-scale asphalt plant operating in the recycle
mode. The EFB, together with the small-scale recycling sys
tem, is shown schematically in Figure 1. The test unit was
constructed of metal plate in the shape of a rectangular box.
A wall of fireglass afforded visual observation. The distributor
plate was constructed of I/,,_in. perforated plate with ap
proximately 9% open area. This plate was covered with a
16-mesh screen. Three screens of I/,-in. hardware cloth were
used to impose the electric field. In addition, these upper
screens helped promote bubble breakup. Because bed parti
cles tended to polish metallic and insulating surfaces within
the bed, these screens remained free of pollutant buildup. The
distributor plate structure exhibited a pressure drop of about
2 cm of H20 under 400 cf'm operating conditions. (It is im
portant to use a distributor plate that minimizes excessive
bubbling at a reasonable pressure loss.) For all small-scale
tests, sand with median diameter of 2 mm was employed.
Utilizing such a large size sand enables operation of the
fluidized bed at a high superficial flow velocity, about 2 mIs,
and therefore a small bed cross section. A sand removal system
was devised with a hinged distributor plate. The tests were
performed on a batch basis, with fresh sand fed at the top.

(I)

C =~(ll-Iml)~
'I 2 Db V - Vml

where c is a coefficient of order unity.
This model is valid provided that reentrainment and bub

bling are not substantial. The first of these conditions is not
a problem for liquid aerosols such as asphaltic smoke.

Unless baffled to promote bubble breakup, gas fluidized
beds do not expand uniformly as the fluidizing velocity in
creases, and the resulting effects of nonuniformity in the
gas-solid distribution are not accounted for in the plug-flow
model. This is especially true in the cross-flow beds where the
screen electrodes are not used. [n the co-flow configuration,
the screens used to impose the electric field tend to prevent
the growth of bubbles. Models have been developed and cor
related with experiments for bubbling electrofluidized beds
(3). These combine the particle-scale collection model tested
in the plug-flow experiments (I) with two-phase models that
have been developed for the transfer characteristics of con
ventional fluidized beds (3). It is important to recognize that
the structure of beds can be strongly influenced by an applied
electric field. In what will be termed the "bed electromecha
nics", particles tend to form "chains" or "strings" while gas
flow causes a fluttering motion instead of the typical bubbling
one (4). These effects have important implications for bed
mixing and particle elutriation. However, high submicron
collection efficiencies can be obtained at relatively low electric
field intensities where electromechanical effects are not of
significance. Thus, the Davidson model is adopted for a con
ventional bubble having the diameter Db (in which the par
ticle density is low) interacting with the dense phase. Part of
the gas passes through a dense region at about the minimum
fluidization velocity Vml' while the remainder bypasses the
system in the form of bubbles. There is a continual exchange
of particles between phases accounted for by the Davidson
model.

Two possible extremes can be used to model the penetration
of pollutant through the bed as a whole. The dense phase can
be viewed as evolving uniformly in the flow direction (the
plug-flow model). Because of bubble agitation a complete
mixing model is also plausible. Both models have been studied
with the dense phase plug-flow model clearly found to be more
representative of what happens.

The plug-flow bubhling model shows how parameters not
represented in the collection coefficient K, come into play.
The predicted efficiency is -

~ = I - --I--lmlem"i [1 +m 211Vml]
m2- m l cuV

_ m2em,Ii [1 + m 1.IIVml]) (2)
C" V

where m I and m2 are the roots of

for turbulent flow ESP's (2), the "local mixing model" is in
voked with the assumption that on the average the fluid me
chanics supplies the full surface of a bed particle with the
gas-entrained pollutant. The electric field simply brings the
pollutant from the local volume to the bed particle surface.
According to this model (I), a bed having unfluidized height
lu. bed particles of mean radius R, a superficial gas velocity
V, and an imposed electric field E collects particles of mobility
b with the efficiency

and
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Table I. Summary of Collection Performance of EFB;
Comparison of Experimental and Predicted
Efficiencies

EFB operating parameter. EIlk:lency (%)

Particulate Theoretical
loading U '0 E Plug-now IIubl>llng

(mgI• ...,3) (mI.) (em) (kY/m) Exptl model model

167 1.7 10 465 96 99 96
82 1.8 10 250 93 94 91
44 1.8 13 500 94 99 92
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V>
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0
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STAGE SIZE RANGElfLml

F o < 0 < .43
0 7 .43 < 0 < .65

6 .65 < 0 < 1.1
5 1.1 < 0 < 2.1

0

0
n n

After each test the sand was removed by releasing the dis
tributor plate.

The charger used was of the plate and wire type. Pollutant
spent on the average 50 ms in the corona region, providing
sufficient time for the particles to acquire a saturation charge
(2). The test system was designed to stand temperatures up
to 500 OF, while the sampling system was capable of dealing
with a humid environment and rapid variations in gas loading.
The miniature drier was capable of processing 500 Ib/h of
crushed pavement, containing approximately 3% asphalt. The
baghouse was used for removing large (10-100 /tm) road dust
entrained in the drier and displayed very little deposition of
submicron oil. Field tests were also conducted on a bypass
from a full-scale asphalt plant operating in the recycle mode
(Warren Brothers plant # 135, Richmond, Va., with produc
tion maintained at 45 tons/h). Washed river sand with a mean
diameter of 4 mm was employed, with the EFB operated after
a bag filter.

Two Andersen 2000 "nonviable" cascade impactors were
used to isokinetically measure the pollutant mass concen
tration both before and after the bed and to subsequently infer
the device collection efficiency. Separately controlled heating
systems prevented condensation in the devices. The two im
pactors were kept at the same temperature to maintain the
same volume flow rate and cut diameter in both. All impactor
results are shown in terms of the aerodynamic diameter.

Results

The results of three separate tests of the collection efficiency
of the EFB on the small-scale recycling system are reported
in Table I. Experimental results are shown along with the
theoretical efficiencies predicted by the plug-flow model and
the more complete bubbling model, Equation 2, which ac
counts for the effect of bubble bypass. Both the bubble model
and the plug-flow model are independent of pollutant loading,
a result confirmed in previous experiments (1). The deviations
from the bubble model in the second and third tests are well
within experimental error.

A typical size distribution of the sampled aerosol is reported
in Figure 2. After removal of dust by the bag filter, the aerosol
displays a mass median diameter of 0.3-0.5 /tm, with a geo
metric standard deviation of about 2. This extremely small
particle size accounts for the poor collection efficiency of

7 6
IMPACTOR STAGE NO.

Figure 2. Asphaltic smoke size distribution. by mass
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o CLEAN SAND

• DIR TV SAND

10 14 18 22

U (m/sec)

Figure 3. Pressure drop as a function of superficial flow velocity for
12-cm bed
Dirty sand contains 0.7% asphaltic oil. Dashed line: theoretical pressure drop
based on density of sand

conventional devices such as the baghouse and venturi
scrubber.

An important parameter is the amount of time that sand
can be used before it must be replaced because of a drop in
collection efficiency. The mechanism for this loss of efficiency
seems to be channeling of the gas through spouts in the bed,
caused as the bed becomes sticky from excessive oil collection.
In Tahle II, tests with similar operating parameters are shown
side by side; in one case with clean sand and in the other, oil
coated sand. In the two cases for which the oil loading is 0.7%,
the measured efficiency for the oily sand is essentially the
same as for the clean sand. In the case of 1.2% oil loading, a
drop in efficiency is observed.

Pressure drop accounts for the largest share of EFB oper
ating costs. Figure 3 reports the experimental pressure drop
across the sand as a function of flow velocity for both fresh and
oil-coated sand. Theoretically, the pressure drop of a fluidized
bed is equal to the weight per area of the bed, shown in Figure
:1 as a dashed line. The 15% reduction in pressure drop re
ported for oil-coated sand in Figure :1 is due to the spouting
characteristic of the bed (5). This reduction in pressure drop
provides a simple test for when sand should be replaced due
to its poor collection characteristics. Electrical energization

Table II. Comparison of Collection Performance of Fresh and Oil-Coated Beds
EIllclency (%)

Fresh bed Oil-coated bed

1.8 500 13 44 94

1.8 500 13 44 94
1.7 465 10 167 96

8 Oil loading is defined as the ratio of the weight of collected oil to the bed total weight.

EFB operallng parameters Particulate
loading

(mgI• ...,3) Expll

Particulate
loading

(ong/"m3 )

107
200
233

011
loading a

(%)

0.7
0.7
1.2

exptl

94

95
85
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Discussion

Efficiency measuring EFB operating parameters Efficiency
device E (kV/m) U (m/s) 10 (em) (%)

Table III. Summary of Collection Performance in
Richmond

The tests show that the EFB provides a viable and perhaps
uniquely attractive solution to the asphaltic smoke cleanup
problem. High suhmicron collection efficiency is combined

with the unique material handling capability of collecting the
oil droplets on sand and then making t.he oily sand a part of
the product. For other applicat.ions, reprocessing of sand
outside of the collection device should prove to be a more at
tractive alternative than t.rying to remove the mat.erial from
plates or separating the material from an excessive volume of
water.

From the experience gained wit.h the 400 cfm prot.ot.ype
EFB, a 35 000 cfm unit has been designed for the conversion
of a full-scale asphalt plant to recycling. This bed is designed
to operate with fresh sand continuously introduced at the top
and dirty sand overflowing out through the center. It is an
ticipated that the sand will have to be cycled once for each 50
h of plant operation; consequently, fresh sand will be fed at
a rate of 80 Ib/h. Different modes of asphalt plant. operation
could create higher pollutant levels which would dictate that
the sand be cycled proportionat.ely faster.

Literature Cited

(I) Zahedi, K., Melcher,.1. H., J. Air Poilu I. C,mlml Assoc" 26, :145
(1976).

(2) White, H.•1., "Industrial ~~Iectrostatic Precipitation", p 126,
Addison·Wesley, Heading, Mass., 1968.

(:ll Zahedi, K., Melcher, .J. H., /nd En!!. Chem. Fundam.. 16 (2), 248
(1977).

(4) Johnson, T. W., Melcher,.J. H., ihid .. 14,146 (1975).
(5) Kunii, D., Levenspiel, 0., "Fluidization Engineering", pp 72-5,

Wiley, New York, N.Y., 1969.

Received for reuiew January II, /977. Accepted Au!!usl 3, /977.

99.3

99.1

10

11

1.9

2.1

400

400

Mass mon itor
Andersen impactor

represents a much smaller share of EFB operating costs than
pressure drop. Both the bed and the charger were energized
at 20 kV with a total current of about 1 rnA. This represents
a power consumption of about 20 W for 400 cfm.

Test results from Richmond, Va., are reported in Table III,
where 400 cfm of flue gas is filtered through the EFB. Pollu
tant loadings varied between 4 and 41 mg/m~, the higher levels
being used for measuring the device collection efficiency.
Particles had a mass median diameter of 0.35 Ii with a geo
metric standard deviation of 1.4. The collection efficiency was
determined using both a Thermo System [nc., Mass Monitor
3200 A and the Andersen impactors. The higher Richmond
test efficiences reflect the use of a somewhat larger grade of
sand, and hence a bed that was incipiently fluidized.

CORRESPONDENCE

SIR: Photochemical reactivity of volatile organic com
pounds has been measured by a number of parameters, chief
among which has been total oxidant or maximum oxidant
produced in smog chamber experiments. While secondary
effects of photochemical smog such as visibility reduction, eye
irritation, and plant damage have also been used in reactivity
comparisons, oxidant has retained primary interest because
of its direct relation to human health effects.

Weinstock et al. (J) demonstrated the key role of hydroxyl
radicals in smog chamber reactions, and Pitts et al. (2, 3)
proposed a five-category photochemical reactivity classifi
cation based upon hydroxyl reactivity. Pitts and coworkers
measured the relative rates of reaction of hydroxyl radicals
with a large number of organic compounds and published the

resulting rate constants. These covered a range of five orders
of magnitude, hence the proposed five-category reactivity
classification. This sound technical approach relates closely
to oxidant production from the same organic compounds, as
discussed below.

However, before discussing the relationship between hy
droxyl reactivity and oxidant production, a few observations
need to be made about hydrocarbon disappearance rate. While
Pitts and coworkers (2, 3) implied a relationship between
hydroxyl reactivity and hydrocarbon disappearance rate, this
has not been borne out by data from our earlier work (4). We
measured disappearance rates for hydrocarbons and other
volatile organic compounds in smog chamber studies but
showed no particular relationship with oxidant formation. A
recent plot of these hydrocarbon disappearance rates vs. ox
idant maxima from the WOGA reactivity classification (5)
shows a wide scatter of the data (Figure 1). However, closer
examination according to class of compounds shows a wide
variation between paraffinic, aromatic, and olefinic hydro
carbons. Aromatic hydrocarbons show the best correlation
with oxidant maxima, and paraffins the worst. Figure 2
compares hydroxyl reaction rates (6) with hydrocarbon dis
appearance rate. Again, different correlations are apparent
for paraffinic, aromatic, and olefinic hydrocarbons. It seems
that this evidence would indicate that mechanisms in addition
to hydroxyl radical attack are involved, viz., one each for
paraffinic, aromatic, and olefinic hydrocarbons. Further
studies of the mode of attack by hydroxyl radicals seem to be
indicated.

However, when hydroxyl reaction rates are compared with
oxidant maxima (WOGA reactivity classification) (5), rea
sonably good correlation is obtained with all three hydrocar
bon classes (Figure 3). Only relatively unreactive ethane and
very reactive 2,3-dimethyl-2-butene are significant out
lyers.

.,1,
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Figure 1. Hydrocarbon disappearance vs. oxidant maximum
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Figure 4. Relative reactivity of hydrocarbons
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Figure 2. Hydroxyl reactivity vs. hydrocarbon disappearance
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Figure 3. Hydroxyl reactivity vs. oxidant maximum

With methane as the only hydrocarbon in Class I, ethane
and acetylene as the only hydrocarbons in Class II, and a few
reactive olefins in Class V, the hydroxyl reactivity scale of Pitts
and coworkers compresses nearly all hydrocarbons that have
any practical use as solvents or liquid petroleum products into
only two classes, namely, Class III and Class IV (Figure 3).

When the product of photochemical reactivity, namely,
oxidant, is taken as the indicator of photochemical reactivity,
the five-category WOGA classification results (5) as shown
in Figure 4. The WOGA reactivity classes are also shown in
Figure 3.

In both reactivity classifications there is a loo-fold range
of reactivity from butane to l,3-butadiene. For regulatory
purposes, reactivity classifications should be designed to give
the maximum practical usefulness in terms of optimization
of control strategy trade-offs. Such trade-offs between con
sumer products (organic compounds) of widely varying
reactivities could be used to reduce oxidant formation and
thereby improve air quality. A subdivision of this lOO-fold
reactivity range into five classes as proposed by WOGA allows
such flexibility in trade-offs and in substitution of one con
sumer product by another of lower reactivity, with resultant
improvement in air quality.

Compression of this lOO-fold range of reactivity into two
classes, as in the Pitts classification, destroys much of the
practical usefulness of a reactivity classification and severely
limits flexibility of trade-offs between practical organic liquids
of high and low photochemical reactivity. The Pitts classifi
cation could be made more useful by subdividing Classes III
and IV, without changing its technical validity.
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SIR: We have been interested in relationships between
"hydroxyl (OH) reactivity" and oxidant-forming potential
since first proposing a hydrocarbon reactivity scale based on
rate constants for the reaction of OH with organics (I -3).
Thus, the correlation between OH rate constants and oxidant
maxima shown in Figure 3 of the preceding letter by Farley
is of interest with respect to its potential as a predictive in
dicator of oxidant-forming potential. There are, however, a
number of issues raised in the preceding letter which we wish
to clarify.

Regarding our published work on hydrocarbon reactivity
and OH rate constant determinations, it should be pointed
out that our reactivity classification (3) includes the available
room temperature OH rate constants for organics determined
not only by relative rate techniques, but also by absolute
methods. In our relative rate studies, we have not implied a
relationship between "hydroxyl reactivity" and hydrocarbon
disappearance rate as stated by Farley, but have in fact ob
tained the OH rate constants from the measured hydrocarbon
disappearance rates and the use of a reference compound
whose absolute rate of reaction with OH had been measured
previously. Th~s, as pointed out in each of our reports ofOH
rate constant determinations (4-9), the assumption that,
under our experimental conditions, hydrocarbon disappear-
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RELATIVE RATES OF HYDROCARBON DISAPPEARANCE
IN SAPRC CHAMBER EXPERIMENTS

Figure 1. Comparison of relative rates of hydrocarbon disappearance
determined in SAPRC all-glass environmental chamber (4-9) (relative
to n-butane = 1) with published rate constants for reaction of hydro
carbons with OH radicals (line shown represents one-to-one corre
spondence and has slope of 1.8 X 109 Lmol-' s-')

ance rate was directly proportional to rate of attack by OH was
fundamental to our relative rate studies and not just an "im
plication". This assumption has been validated by the gen
erally excellent agreement of our relative rate constants with
those obtained by absolute methods (4,5,8).

Farley's conclusions (see Figures 1 and 2 in his letter) that
correlations between hydrocarbon disappearance rates [from
the earlier smog chamber studies of Laity et al. (10)1 and ei
ther OH rate constants (i.e., "hydroxyl reactivity") or oxidant
formation are a function of hydrocarbon class must be seri
ously questioned: (a) these conclusions are based on a very
limited data set; (b) the experimental uncertainty in the hy
drocarbon disappearance rate data is not discussed; (c) the
extended extrapolation shown for the paraffins and the oletins
does not appear justified on the basis of the very limited
number of data points for these two classes of compounds. If
one ignores the dashed lines and draws a best fit line through
the data in Figures 1 and 2 of the preceding letter, there is a
rough proportionality between hydrocarbon disappearance
rate and either oxidant maxima or OH rate constants, with
about the same scatter as in Farley's Figure 3.

For comparison with Farley's Figure 2, we present a plot of
normalized hydrocarhon disappearance rates from our studies
vs. published OH rate constants (Figure 1). There is good
correlation independent of compound type with the greatest
(but random) scatter associated with the relatively unreactive
alkanes. In our studies the rates of disappearance of the hy
drocarbons of interest were measured relative to that of a
compound with a known absolute OH rate constant (internal
standard) so that our results were independent of the actual
OH radical concentration, both within an experiment and
from experiment to experiment. In contrast, it is our under
standing that Laity et al. (10) measured rates of disappearance
of a single hydrocarbon (and the corresponding oxidant for
mation) in each experiment and that they interspersed toluene
runs throughout their experimental program against which
they could "normalize" their data.

Strictly speaking, one cannot justify plotting the disap
pearance rates vs. OH rate constants of Laity et al. unless the
OH radical concentration was the same in each and everyone
of their experiments. However, we have (7,9) used hydro-
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RELATIVE RATES OF HYDROCARBON DISAPPEARANCE
IN LAITY et at CHAMBER EXPERIMENTS

Figure 2. Comparison of relative rates of hydrocarbon disappearance
determined in Shell environmental chamber by Laity et al. (10) (relative
to toluene = 1) with published rate constants for reaction of hydro
carbons with OH radicals (line shown represents one-to-one corre
spondence and has slope of 3.6 X 109 Lmol- 1 s-')

carbon disappearance rates reported by Laity et al. (10) to
, calculate OH rate constants and in several cases obtained
values which appeared reasonable or were in rough agreement
with our rate constants or those from other laboratories. This
suggests that in their chamber the OH concentration may have
been more dependent on wall effects and/or NO, concentra
tions than on the compound under test.

On the other hand the extent to which (a) the OH radical
concentration may not have been constant in a number of
Laity et'al. runs or (b) other experimental factors influenced
their hydrocarbon disappearance rates is suggested by Figure
2 which shows their hydrocarbon disappearance data (10)
(with their estimated uncertainty of ±10%) plotted against
the literature OH rate constants. As seen from Figure 2, for
the limited number of compounds where comparison was
possible, the relative rates derived from the data of Laity et
al. are generally low, sometimes very substantially so with
respect to the published OH rate constants. One is forced to
conclude that the use of periodic toluene experiments by Laity
et al. to "normalize" their data with respect to dirty chamber
effects and trends in chamber reactivity was not wholly suc
cessful.

The conclusion of Farley that different correlations between
hydroxyl reaction rate constants and hydrocarbon disap
pearance rate occur for paraffinic, aromatic, and olefinic hy
drocarhons is arguable from another point of view. Our un
derstanding of the chemistry of smog formation has greatly
increased during the past decade; in particular, the crucial role
of the OH radical as the primary chain carrier in the atmo
sphere has been well characterized. Thus, both modeling and
experimental (laboratory and chamber) studies have shown
that in the case of alkanes and aromatics, OH is by far the
dominant species responsible for consumption of these com
pounds. Even when concentration differences are taken into
account, species such as 0:1, HO", 02( I t.), and OUP) have rate
constants that are too low for them to contribute significantly
to the consumption of alkanes and aromatics. This generally
also applies in the case of alkenes except that O~ can, at am
bient levels, compete approximately equally with OH in
consuming olefinic compounds. Thus, Farley's suggestion that
additional species contribute to the consumption of hydro-
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carbons (and different species for each class of hydrocarbons
at that) is unwarranted based on the data he cites and is
completely contrary to our present understanding of the
chemical transformations in photochemical smog.

With regard to Farley's concern (in paragraphs 5, 7, and 8
of his letter) about the compression of most commercially
important hydrocarbons into two classes in our five-class scale,
he failed to note that a major point made in our papers (1-3)
was the option of dividing our OH reactivity classification into
as many classes as desired up to, in the extreme, a class for
each compound. This was put forward as a significant ad
vantage and is possible in our scale since it is based on OH rate
constants of generally high accuracy (relative to measure
ments of secondary smog manifestations such as ozone max
ima), and one can rank compounds with very good resolution
(i.e., within the experimental uncertainty of the data). Thus,
one need merely consult Table 3 in ref. 3 to obtain a com
pletely subdivided (i.e., rank ordered) reactivity scale for 113
compounds. As we have made quite clear in our reports, the
five-class scale published was only one possible subdivision
that happened to correspond to the five orders of magnitude
in rate constants of the compounds included in our scale.

Finally, Farley does not deal with the more substantive issue
of the general validity of basing assessments of oxidant
forming potential on rates of reaction of organics with OH.
Thus, while the rough correlation between oxidant maxima
and OH reactivity evidenced in Farley's Figure 3 is encour
aging, as we have pointed out previously (1-3), OH reactivity
mayor may not be a reliable indicator of oxidant-forming
potential depending upon the specific chemical mechanism
following OH attack on a given hydrocarbon. For example, in
general, the OH scale would be expected to overpredict oxi
dant formation from higher alkanes since, as we have shown,
these undergo radical isomerization that reduces the pro
duction of chain-carrying free radicals (11). Similar consid
erations undoubtedly apply to other classes of compounds.

Clearly, the ultimate utility of the OH reactivity scale to
practical control strategy decisions will depend upon obtaining
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as complete an understanding as possible of the reaction
pathways leading from initial OH attack to the formation of
ozone for the various classes of organic compounds.
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your best bet
for measuring
open channel flows-

For over 40 years, Stevens total
flow meters have been proved
performers in metering open
channel flows of domestic sew
age, industrial wastes, munici
pal water supplies, irrigation
water and other liquids.
The market is deluged with a
confusing variety of meters
capacitance devices, surface
probing "bobs" and sonic type
instruments, For many appli
cations these techniques are
much too sophisticated and
expensive. The time proven
float and cable principle of
Stevens meters meets most
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Stevens Model 61 R can be
used with virtually any primary
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Autotrol Corp. (Milwaukee, WI) was
successful bidder for the supply of
secondary wastewater treatment
equipment to the City ofGue/ph, On
tario, Canada.

Dorr-Oliver Inc. is providing disc filters
to Raccoon-Elkhorn Coal Co. (Pike
ville, KY) to recover fines that are
normally lost in coal washing ef
nuent.

Leeds & Northrup Co. has received
a N10SH contract to develop an au
tomated fiber-counting instrument for
analyzing worker exposure to fibrous
aerosols, especially asbestos. Fibrous
glass and mineral wool will also be
analyzed.

Pope, Evans and Robbins (New York,
NY) and Stone & Webster Engi
neering Corp. now have a jointly
owned subsidiary, AFB Combustion
Associates, Inc., to market engineer
ing, consulting, and construction ser
vices in atmospheric nuidized-bed
combustion.

Matthey Bishop, Inc. (Malvern, PAl
says that per-pound costs for re-

make sewage sludge usable for agri
culture.

American Air Filter Co., Inc. is
supplying 7 "Roto-Clone" wet collec
tors to control lignite-handling dust
from 560 tph at Texas Utility Co.
System. Total air cleaning capacity
could exceed J00000 cfm.

General Public Utilities Corp. (Par
sippany, NJ) announced the dedica
tion of an advanced coal eleaning plant
at Homer City, PA (£5& T, Decem
ber 1977, p 1148).

Stauffer Chemical Co. (Westport, CT)
will build an environmental health
center for environmental and bio
medical studies of company products.
The center, at Farmington, CT, is to be
completed in spring, 1979.

WAPORA, Inc. (Bethesda, MD) is
acquiring Enviro Audits, Inc. (Roa
noke, VA). The acquired firm spe
cializes in regulatory services, envi
ronmental studies. and related activi
ties.

Public Service Electric & Gas Co.
( ewark, NJ) broke ground at Hills
borough Township, NJ for a national
facility to test "futuristic" batteries for
electric power systems that could cut
consumer costs, and save up to I mil
lion bbl/d of oil.

Olin Corp. (Stamford, CT) announced
that its "Solar-Bond" copper absorber
plates collect the same solar heat with
12.5-33% less collector area, thanks to
a new design.

Biospherics Inc. (Rockville, MD) has
opened a special laboratory to provide
pesticide analytical services to industry
and government.

Stone & Webster Engineering Corp.
has a $511 000 ER DA contract to
study large subterranean salt domes at
storage sites for commercial nuelear
power plant wastes.

AG Brown, Boveri & Cie (Switzerland)
is offering an electron irradiation
process as a hygienization method to

The National Association of Metal
Finishers has moved from New Jersey
to Chicago, IL.

General Electric (Schenectady, NY)
has received a $5.98 million contract
from the Dept. of Energy to develop
and construct two experimental 4
passenger electric automobiles, to
gether with Chrysler Corp.

American Ceca Corp. (Oak Brook, IL)
has a turn-key contract for a 70000
cfm solvent and heat recovery plant at
World Color Press. Together with a
140000 cfm facility Ceca previously
built there, this plant will be one of the
U.S. largest.

Envirex Inc., a Rexnord company, will
manufacture/market a line of filter
presses, under license agreement, for
NGK Insulators, Ltd. (Nagoya,
Japan), which Envirex considers to be
"best available technology" in its
field.

Peabody Air Resources Equipment
Co. will engineer/install a 3-module
electrostatic precipitator to handlc
85000 cfm of emissions at U.S. Steel's
Texas works at Baytown.



claiming spent platinum catalysts have
remained stable despite innation.

Frost & Sullivan, Inc. estimates that
pollution control over the next 8 years
in South Africa will be a more than
$700 million market.

Arthur Technology (Fond du Lac. WI)
is the new name of Arthur Bros. Co.,
Ine., maker of highly technical
wastewater treatment plant operation
and control equipment.

ITT Rayonier Inc. has installed new
"Aqua-Chem" systems in its pulp/

paper mills at Hoquiam, W A, Jesup,
Gil., and Fernandina, FL. The systems
recover chemical values that can be.
and are marketed.

Varian Associates (Palo 11.110. CAl has
a $1 million order for an automatic
chromium plating system for light
weight plastic. The system cuts plating
eost by 50%, saves 30% of energy, and
is non-polluting, according to Var
ian.

Enviro Development Co., Inc. (Moun
tain View, CAl will supply three Ar
ehimedean Screw Pumps for the Ina

Road Water Pollution Control Facility
of Pima County, AZ.

The Fluid Systems Division, UOP Inc.,
has more than $250000 worth of
contracts from Texas Instruments Inc..
and Warren Petroleum Co.. to expand
their water purification systems.

Gilbert/Commonwealth (Jackson, M I)
has a $102000 contract from the
Federal Insurance Administration to
do an 18-mo nood elevation study for
evaluation of nood hazard areas in
several Michigan counties.

EG&G Inc. (Wellesley, Mil.) has a
ASA contract to analyze radar al

timeter data from the GEOS-3 satel
lite to evaluate the current state of the
ea rt h 's pola r ice cover.

Mitsubishi Heavy Industries, Ltd. and
other Japanese firms have signed a
contract to build Phase I of the al
Jubail Desalination Plant to make
136400 tpd of water in Saudi Ara
bia.

WAPORA Inc. (Chevy Chase. MD)
has opened a new branch office in At
lanta, GA. and a new analytical
chemistry laboratory in its branch of
fice at Cincinnati, OH.

When a non-polluting cooling
water treatment was needed ...
Wright Chemical Corp. pioneered
in molybdate base formulations

Today ...
Wright continues to be the leader in effective
non-polluting molybdate formulations for the
treatment of cooling system water.

For more than three decades Wright Chemical has been an
innovator and a pioneer in introducing better, more effective
formulations for the treatment of water used in cooling sys
tems, boilers and other applications.

When a non-pOlluting inhibitor was needed to prevent cor
rosion and scaling in cooling-water systems, it was natural that
Wright would lead the way.

Wright is now providing its second generation of molybdate
base formUlations, which are among the most effective non
toxic inhibitors available.

That's why Wright is the leader today in non-polluting cor
rosion inhibitors and anti-sealants for COOling-water systems.

For literature and statistics write-

Wright Chemical Corp.• 1319 West Wabansia Ave.
Chicago. Illinois 60622 • Tel. 312/384-7100
Or call your local Wright office.

CIRCLE 18 ON READER SERVICE CARD

104 Environmental Science & Technology

The Air Pollution Control Division of
Wheelabrator-Frye Inc. has an ap
proximately $3.8 million order for a
dust collection system (fabric filler) for
Southwestern Public Service Co., at
Amarillo, TX.

The Babcock & Wilcox Co. received a
$35 million contract for a radiant
boiler, precipitator. and nue gas
scrubber from the Board of Municipal
Utilities of Sikeston, MO. The units
will handle 235 MW.

Reynolds Aluminum Recycling Co. said
that it has paid the public more than
$16.6 million for a record 98 million Ib
of aluminum recycled from last Janu
ary through September. More than
50% of the aluminum cans Reynolds
made during that period were recy
cled.

J. F. Pritchard and Co. (Kansas City.
MO) will provide process design. detail
engineering, and supply of certain
equipment for NO, abatement for a
nitric acid plant of Fertilizantes de
Centro America (Costa Rica) S.A.

Zurn Industries, Inc.'s Cooling Tower
Division has received a Tennessee
Valley Authority contract for $71.7
million-the largest ever let for cooling
towers by TVA - for () natural-draft
cooling towers for nuclear plants.
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Removal of Trace Contaminants
from the Air
Victor R. Deitz. Ed.

Sixteen chapters provide critical and in-depth
coverage of air pollution characterization and
removal. The collection stresses interactions
among particulates and gas phase contami
nants: pesticides: occupational contaminants;
cigarette smoke and aerosol filtration; sulfur
dioxide: trace gas adsorption: nitrogen oxides:
and high ozone concentrations.

207 pages. Cloth. (1975) $1725

Approaches to Automotive
Emissions Control
Richard W. Hum, Ed.

Nine chaplers spotlight current developments
toward the goals allower emissions and greater
fuel economy: the impact of aulomollve trends
and emissions regulations on gasoline demand:
gaseous motor fuels: fuel volatility. the pre
engine converter; and low emissions combus
tIOn engines.

211 pages. Clolh. (1974)$12.95

Air Pollution
Collected by D. H. Michael Bowen

Contains 38 articles from Volumes 3-6 of En
vironmental Science & Technology. Laws and
regulations. specific pollutants and standards.
monitoring. control methods. and transporta
tion.

138 pages. Hard. (1973)$7.50
138 pages. Paper. (1973) $4.50

Solid Wastes-II
Collected by Stanton S. Miller

Thirty-three articles from Volumes 4-7 of En
vironmental Science & Technology report on
federal. state. and local government projects;
recycling and resource recovery; auto hulk dis
posal: plastiCS: scrap iron and tires; industrial
sewage and sludge: and soUd waste treatment
technology

"The book should be helpful to anyone who
needs to be brought up 10 date in a hurry. ..
Reuse Recycle (197519. 11

118pages. Hardback. (1973)$750
118 pages. Paperback. (1973) $4.50

Pollution Control and Energy Needs
Robert M. Jimeson and Roderick S. Spindt. Eds

Nineteen papers focus on energy demands vs
pnmary fuel supplies and the effectiveness of
technologies that have been developed to meet
envIronmental regulations. Topics include
natural energy reserves. control of SOx and
NOt. H·Oil desulfurization. sulfur oxides re
moval from stack gases. RC. Bahco system.
effect of desullurization methods on ambient air
Quality. and several available processes.

249 pages. CIOlh. (1973) $16.95
249 pages. Paper. (1973) $g. 95

Solvents Theory and Practice
Roy W Tess, Ed.

Thirteen papers present the latest application
formulas and techniques to combat pollution
Irom solvents. Predicted compositions of resin
solutions. solvent selection by computer, pre
diction of flash points for solvent mixtures,
epoxy resin coatings. photochemical smog re
activity of solvents. solvents in electrodeposi~

tion coatings. polyamide resin solubility para
meters. and solubility characteristics of vinyl
chloride homopolymers. copolymers. and ter
polymers.

227 pages. Clofh. (1973) $15. 75

Catalysts for the Control of Automotive
Pollutants
James E. McEvoy. Ed.

Current research by auto makers, catalyst
companies. universities. and chemical and
petroleum companies on all aspects of catalytic
conversion to reduce automotive emissions.
Emphasis is on analytical methods, mechanisms
of catalytic removal, and catalysts themselves.
Specific topics examined in fourteen papers in
clude variation of selectivity. catalyst poisoning.
the nature of the catalyst support. and others.

199 pages. Clofh. (1975) $19.95

Trace Elements in Fuel
Suresh P. Babu, Ed.

The latest research results on these often~toxic

emissions cover their origin. the quantities in
which they escape into the atmosphere. deter
mination methods, and physiological effects.
Specifically. fifteen chapters detail mineral
matter and trace elements in coal; coal pretreat
ment and combustion; mercury and trace ele
ment mass balance: and environmental tox
icology.

216 pages. Clofh. (1975) $16.50

Trace Elements in the Environment
Evaldo L. Kofhny, Ed.

Nine chapters examine the geochemical cycle of
trace elements in the environment. Boron, zinc.
and selenium are discussed. as well as atmos
pheric pollutants. marine aerosol salt and dust.
particulates. inorganic aerosols, S, V, Zn. Cd.
Pb, Se, Sb. Hg. Includes methods of identifica
tion. separation. and measurement.

149 pages. Cloth. (1973) $12.50
649 pages. Paper. (1973) $7.25

Environmental Chemistry, Vol.
Senior Reporter: G. Egfinton

A review of the literature up to mid-1973 cover
ing stable isotope studies and biological ele
ment cycling; environmental organic chemistry
of rivers. lakes. bogs. marshes. swamps,
oceans. fjords, anoxic basins: hydrocarbon
distribution in the marine environment; DDT and
PCB: organic chemistry of 2, 4-dichlorophen~

oxyacetic acid

199 pages. Cloth. (1975) $22.00

Sulfur Removal and Recovery from
Industrial Processes
John B. Pfeiffer, Ed.

Sixteen chapters form a consolidated reference
source of sulfur removal and recovery methods
concentrating on recovery techniques from
sources other than power plant stacks. Emis
sions from smelter gas streams and Claus units
are discussed, and seven scrubbing processes
are described. Companion volume is No. 140.

221 pages. Cloth. (1975) $16.95

Marine Chemistry in the Coastal
Environment
Thomas M. Church, Ed.

Forty-one chapters cover topics in six major
areas: physical. organic. and tracer marine
chemistry; estuarine geochemistry: hydrocar
bons and metals in the estuarine environment;
ocean disposal forum: applications and re
sources in marine chemistry; and organic and
biological marine chemistry.

710 pages. Clofh. (1975) $35.75

Water Pollution
Collected by Stanton S. Miffer

One-hundred-six articles from Volumes 4-7 of
Environmental Science & Technology discuss
federal and state policy; how. and to what extent
military, business, and industrial communities
are acting to implement new laws and stand
ards: monitoring, specific pollutants, tertiary
treatment. drinking water. microstaining. de
salination. electrolysis. adsorption, and sewage
treatment.

317 pages. Hardback. (1974) $15.00
317 pages. Paperback. (1974) $9.50
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Auto sequencer system
The units provide automatic hardware
control of the company's GC/MS in
struments. The system directs the

Flow meter
The device for water and wastewater
applications consists of a non-invasive,
ultrasonic nowmeter combined with a
standard venturi tube. A sensor or
transducer is mounted on the outside
of the venturi and connects via cable to
the indicator/transmitter totalizer in
a weatherproof enclosure. Tech Tube
Corp. 110

Sludge solvents
The solvents, emulsifiers, dispersants
and rust inhibitors are designed to
clean and condition fuel oil tanks.
Regular treatment of the tanks prevent
formation of sludge. The Rolfite Co.

107

filter feature no-gasket tapered seat
seals that eliminate the temperature
constraints of older filter designs. Gil
Enterprises 105

Fluorescence detector
This continuously variable wavelength
detector is designed for liquid chro
matography. The unique design fea
ture, according to the manufacturer,
is a 21r steradian cuvette design (5 ILL)
that enables light to be collected from
weak nuorescing signals emitted from
minute samples. Schoeffel Instruments

106

Biological additive
This bacteriologically based product
biodegrades hydrocarbons in salt
water. It ean be used to clean up oil
spills, tanker ballast and bleedwater
without harming the environment,
claims the manufacturer. Natural
Hydroearbon Elimination Co. 101

PRODUCTS

Miniature recorders
Three recorders are available-an
events, temperature and analog re
corder. Each offers inkless recording
and a choice of 70 chart speeds.
Sensitivities as low as 10 microamps de
are possible. Esterline Angus Instru
ment Co. 102

Ultrasonic liquid level switch
The switch features a crystal-activated
sensing system that reacts to contact
with liquids by tripping a relay switch.
The sensor, available in any desired
length, can be mounted in any type of
vessel either horizontally or vertically.
The sensor can be used at tempera
tures from -40 to 80°C. The switch
hasa IOampratingatllOor220Vdc.
Rexnord Instrument 103

Water quality monitoring system
The system's main feature is a self
contained digital magnetic tape re
corder. The instrument can be pro
grammed to record up to 8 environ
mental parameters at time intervals
from less than 2 s to up to one set per
hour. InterOcean Systems 104

In-stack particulate sampler
The sampler is a thimble holder with
a built-in after filter. The holder and

New
Surface
Scatter® 5

CIRCLE 6 ON READER SERVICE CARD

For wide range monitoring you
can't beat the new Surface Scat
ter' 5. Continuously monitors
water samples in a range from
trace particles to near sludge.
Patented self-cleaning design
means this instrument keeps
running while others clog. It's the
specifiers' choice in thousands
of municipal water and sewage
treatment plants and process in
dustries. A true nephelometer,
the Surface Scatter' 5, can be
switched to monitor in any of five
ranges: 0-1.0, 0-10, 0-100, 0-1,000,
0-5,000 Nephelometric Turbidity
Units (NTUs). Both alarm and
non-alarm models available.
Sealed electronics ensure pre
cise performance even in corro
sive atmospheres. Connect most
any popular recorder and select
from a big list of options to com
plete your installation.

The Su rface Scatter' 5 is easy
to install, easy to standardize,
and it's virtually maintenance
free. Put it to work for you soon.
Write for specifications and quo
tation today.

E~?J~~s~~I~~;r~~a~~~NY
P.O. Box 907 • Ames. Iowa 50010

Phone: 515-232-2533 TWX: 910-520-1158
And: Hach Europe· Namur. Belgium
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measurement and injection of samples
into the GCjMS system. Up to 60
samples can be run unattended. Fin
nigan Instruments 108

Compactor for radioactive wastes
It is suitable for disposing of hazard
ous, low-level radioactive waste ma
terials. The compaction chamber size
permits compaction within 55-gal
drums. The full drum can then be
covered, scaled, weighted and disposed
of. Total height is 10ft and width in 39
in. S&G Enterprises 109

Aquatic weed harvester
The harvester consists of a harvesting
module, a nat-decked pontoon boat
and a propulsion unit. The harvester
cuts a path 5-ft deep and 4-ft wide; the
cut weeds arc conveyed to the deck,
and arc not allowed to noat free. It is
adaptable to small lakes and water
ways. Aquamarine Corp. III

Semicircular chart recorder
This recorder will monitor viscosity
and records values on a 6-in. circular
chart that rotates in two planes to
conserve panel space. High and low
alarms arc features of the recordcr.
Norcross Corp. 112

IR detector
The pyroelectric I R detector consists
of a sensing element and an input
current mode amplifier with an inte
grated high-megohm feedback resis
tor. The mode amplifier functions as a
high gain current to volta-ge converter.
The sensing element and electronics
arc electrically noating within the
hermetically scaled detector housing.
Eltec Instruments 114

Turbidimeter
The unit is a direct reading, solid-state
instrument that meets EPA require
ments. Accuracy and reproducibility
arc ±2%, sensitivity is ±0.05% and
response time is less than 5 s. Sar
gent- Weleh Scientific 113

Data logger
The microprocessor-controlled loggers
feature remote programming, ex
panded inputs and new alarms. John
Fluke Manufacturing Co. lIS

Opacity monitor
The system meets EPA compliance
requirements for a variety of industrial
emission sources. The unit features a
solid-state zero and span check system
such that calibration is automatic and
continuous. Data arc in the form of
opacity or optical density. Dynatron
Inc. 116

Submersible pump motor
The motor operates underwater next
to the pump, not on the surface. These
motors ra nge in horsepower from
0.5-1000, and can be used in depths of
1000 ft or more. The smallest unit has
a 3.5-in. diameter, and the largest, a
3D-in. diameter. Meleo Sales 117

Sound level meter j microprocessor
The portable kit includes a sound level
meter that measures and displays "A"
weighted sound amplitude level over a
64 dB range. The microprocessor cal-

THE BACKBONE OF THE
WATER TREATMENT PLANT

Hach's Model 1720A Low-Range Tur
bidimeter is a key instrument for pro
viding immediate data on water treat
ment effectiveness. filter performance
and backwash. Ideal for high-rate
filtration systems. The 1720A con
tinuously monitors water quality with
incredible sensitivity Down to 0.04
NTUs. This measurement capability
far surpasses the AWWA water quality
goal of less than 0.1 NTU and the EPA
maximum contaminant level of 1.0
NTU.

Operating on the nephelometric
principle, the 1720A monitors in any
of four ranges: 0-02, 0-1, 0-3 and
0-30 NTUs. NTUs are read directly
lrom the master indicator. The 1720A
responds to a turbidity change in just
30 seconds. Installation, standardiza
tion and maintenance are a breeze.

To complete your installation,
choose Irom oplional accessories in
cluding remote indicator, recorder/
alarms, Iloor stands and more. All de
signed for the best in automatic tur
bidity monitoring lor your treatment
plant.

For complete specifications,
write today.

Mention of hade names or commerCial pfOCluCIS does nOI
constitute eodolsemenl by the Waler Ouahly Othce Ollhe
Envlronmenlal Protection Agency

~CHEMICAL COMPANY
~ First in Water Analysis

P.O. Box 907· Ames. Iowa 50010 U.S.A
CallTOLL-FREE 800/247-39B6
(Iowa residents call collecI515/232-2533.)
TWX: 910-520-1158
And: Hach Europe· Namur Belgium
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We've Got
25 Years of
Know-How

Built Into Our
Dust Collectors

REPUTATION AND EXPERIENCE. You.
don't build a reputation for superior per
formance in the dust collection field over
night. Griffin Environmental. and its affili
ate Dusty Dustless. have been recognized
as leaders in the development of dust con
trol systems for a quarter of a century. We
have over 20.000 baghouses in operation.
world wide. meeting the most demanding
requirements.

QUALITY AND VERSATILITY. Our dust
collectors are designed by OUT own engi·
neers, fabricated and assembled in our own
Baldwinsville plant under the most rigid
quality controls. Our modular designs per
mit an almost endless variety of arrange
ments and sizes. Intermittent or continuous
duty_ Shaker. reverse air or pulse jet. With
capacities from a few hundred to several
hundred thousand CFM for the smallest or
largest applications.

INNOVATIVE DESIGN. Our business is based
on innovative design and application know
how. Chances are we have a standard unit
to meet your needs. If not. we-II build one
that will.

.f!
[j,

Model MC-1296 Aire-Vac dust col/ector on
a furnace exhaust system.

EFFICIENCY AND ECONOMY If you have
an air pollution problem, we can solve it
more effiCiently and economically than any
one else in the industry. Our environmental
engineers will analyze your requirements.
give you recommendations and alternatives.
and provide firm quotes and delivery dates
...at no obligation. Our modular units are
shipped fully assembled. wired. ba~ged and
pre-tested. We guarantee minimum installa
tion time. maximum efficiency. low main
tenance ...and that our collectors will meet
all existing local. state and federal regula
tions.

FOR A FAST ANSWER to your dust prob
lem. call us at 315/635-9957. Or write for
complete information to

G Griffin
~ Environmental, Inc.
~ One Ecology Park. P.O. Box 86

Baldwinsville. New York 13027

CIRCLE 5 ON READER SERVICE CARD
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culates and displays Lcq • maximum
sound level sampled and total test du
ration. Metrosonics 119

Diaphragm pump
The high-pressure. high-volume pump
is available in capacities up to 130 gph
and pressures to 3500 psi. The capacity
is adjustable by using the micrometer
dial. Discharge and suction valves are
removable ror cleaning. Neptune
Chemical Pump 120

Heat recovery unit
The unit is a selr-contained exhaust/
make-up air system that incorporates
a counternow heat recovery cell that
recycles up to 70% or the exhausted
heat back to the building. Allied Air
Products 121

Combustible gas detector
The hand-held. battery-powered de
vice detects the presence or a com
bustible gas and sounds an alarm.
Sensor lire exceeds 6000 h. according
to the manuracturer. Anacon 122

NOx analyzer
The instrument measures ambient
levels or NO/N02/NOx rrom 0-50
ppb to 0-5 ppm. According to the
manuracturer. a novel reature is a high
speed, pneumatically chopped NO/
NO, signal that permits accurate
measurements or N02 in the presence
or rapidly changing NOx levels.
McMillan Electronics 123

Diversion barriers
These noating barriers. consisting or
6-in. or IS-in. notation members.
control the water now in settling
ponds/waste ponds and lagoons. The
barriers are designed to resist a wide
range or corrosive chemicals. Slickbar

. 1~

Digital-to-analog converters
The converters are available in S- and
10-bit resolution versions with a choice
or three output voltage ranges: 0-10 Y
(unipolar); 0 to ±5 Y, and 0 to ± lOY
(bipolar). Each model consists or a
precision rererence, a stable thin-rilm
nichrome resistor network. output
amplirier and switches. Hybrid Sys
tems 125

Process recorder/controller
This pH metering system is designed
ror monitoring pH whenever a per
manent record and control runction
reature are required. The model is a
combination automatic strip-chart
recorder and line-operated indicating
controller. Kernco Instruments Co.

126

Filter bags
The Tenon fiber bags are resistant to
chemicals across the entire pH range,
are heat resistant up to 500 0 F and are
resistant to nex degradation. Because
they have a low coerricient or rriction,
rilter cake release is enhanced. P & S
Textiles 128

Cyclone preseparator
The model attaches to in-stack cascade
impactors to collect particles larger
than 5 Jl. in size. This miniature model.
only I%-in. in diameter, is constructed
or stainless steel. Sierra Instruments

129

Suspended solids monitor
Designed ror process and waste treat
ment applications, the instrument au
tomatically and continuously monitors
suspended solids in a liquid stream.
Measurement is linear and indepen
dent or the size distribution or color or
the sample. Leeds & Northrup 127

Need more information about any items?
If so, just circle the appropriate numbers
on one of the reader service cards bound
into the back of this issue and mail in the
card. No stamp is necessary.



Volume 12, Number 1, January 1978 109



.LITERATURE
S02 scrubber design. Publication RC
1205 discusses various types of scrub
bing systems and their merits, and
single-loop and multi-loop processes,
sludge generated, and the like. Re
search-Cottrell 151

Chrome recovery. Case history, "Re
covers 80 Pct of Chromium Solution",
tells how evaporative recovery helps to
reclaim 80-85% of chromium plating
chemicals (ES&T. August 1977, P
752). Corning 152

Solar energy. Bulletins C-I 03, CP353,
and CP-354 describe "tenon"/"ted
lar" glazing for panel solar collectors,
which improves efficiency. Chemplast,
Inc. 153

Oxygen transfer costs. Updated tables
detail relationship of oxygen transfer
efficiencies to wastewater treatment
costs. Hinde Engineering Co. 157

Drinking water test. Brochure, "The
Complete Wateraction Set", describes
field testing kit for potable water. Kit
is self-contained and portable. Bausch
& Lomb 154

Filtration. Form No. 179-ADV de
scribes upnow filtration system for
removing suspended solids from water,
wastewater, and other nuid streams.
Flow 0.01-11 million gpd. Zurn In
dustries, Inc. . 156

Field and lab supplies. Winter catalog
lists water test kits, pH meters, pumps,
and many other items for environ
mental lab and field work. Horizon
Ecology 158

Sludge recycling. Booklet tells how to
minimize sludge disposal through
production of dry pellets, which are
very compact. Much energy can be
saved. Organic Recycling, Inc.jUOP

. 159

Leak detectors. Brochure, "Du Pont
Leak Detection Systems," explains
how sensitive equipment can detect/
measure leaks. Leak analysis is fast.
Du Pont 160

Scrubber reagents. Dissertation RC
1204 discusses relative advantages of
lime and limestone as nue gas desul
furization scrubber reagents. Costs can
be compared. Research-Cottrell 161

Gas analysis. Brochure describes
company's "Dynacalibrator" line of
gas analyzer calibration instruments.
These different models are listed/
described. Metronics Associates, Inc.

162

Solvent recovery. Brochure is con
densed catalog that lists equipment for
solvent recovery, pilot units, lump
breakers, self-cleaning feeders, and
"cleanable" observation ports. Wyss
mont Co., Inc. 163

CIRCLE 12 ON READER SERVICE CARD

9381 "C" Davis Ave.
Laurel, Md. 20810
301/95.>-9583

The Waste Disposal Services
(WDS) Group of RAD Services.
Inc.. provides a single source
for packaging, storage. trans
portation. handling and
ultimate disposal of hazardous
wastes by methods that insure
compliance with EPA. OSHA.
State and DOT regulations.

.RAD Services is committed to
providing safe. dependable and
economical hazardous waste
disposal services. using only trained.
experienced Health Physics and
Chemistry Technicians.

Give 'us a call. We're as close as your nearest telephone
24 hours a day, seven days a week,

RAD Services, Inc,

500 Penn Center
Pittsburgh, Pa. 15235
412/82.>-0810

RAD services...
The Logical Solution

to Your Hazardous waste
Management Problems

._ ~ a-..~IIIlIII:::3ll...

The cAutoAnalyzer*
is the standard

cALP~M Corporation
1234 S.E. Union Ave., Portland, OR 97214
503 - 233-3626 or 800 - 547-5535

and cALPl(EM
rebuilds the standard.
* Rebuilt AutoAnalyzer instruments* Full line of accessories & supplies* Applications Engineering

*Trademark Technlcon Corp.
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Nuclear gaseous waste. Brochure,
"Dynamic Adsorbtion" (sic), offers
practical solution to gaseous waste
management problems for various
nuclear plant applications. CTI-Nu
clear, Inc. 155

Screening/filtration. Brochure de
scribes synthetic and metallic media
for filtration and screening. Filter
media, fabrics, screen cloth, and wet/
dry applications are covered. Jelliff
Corp. 164

Dredged material. Brochure, "Analysis
of Dredged Material", talks about
laboratory procedures for determining
potential impacts of dumped sediment
on the marine environment. United
States Testing Co., Inc. 165

Sludge dewatering. Brochure high
lights innovations in filter press tech
nology which focuses on improved,
energy-efficient, economical methods
of sludge dewatering. Enviro Devel
opment Co., Inc. 166

Fabric filters. Brochure APC-II ex
amines company's expertise in dust
collection, ductwork, hot gas handling
and cooling for custom fabric filter
systems. Working examples are given.
Wheelabrator-Frye 167

existing facilities. Modeling results are
discussed. TRC 173

Pesticide analysis. Newsletter, "Pes
ticide Notes", offers many guides to
precise pesticide analysis and EPA
compliance monitoring. Waters As
sociates 174

Ozone generation. Brochure DB 195
concisely, but completely provides an
explanation of how ozone is generated

. in company's equipment. Infileo De
gremont, Inc. 175

Double-alkali FGD. Bulletin 25300-A,
"Boiler Emissions Control", tells about
the company's double-alkali nue gas
desulfurization (FGD) system, and its
installation (250 MW) at a public
utility. Sodium is a key to how it works.
FMC Corp. 176

GC/MS "software". Technical papers
23-5952-5865 through 5867 describe
gas chromatographyjmass spectrom
etry (GCjMS) computer program
ming "software" for easy program
ming. A pollution library is included.
Hewlett-Packard 177

Water services. Booklet, "Municipal
& Industrial Services", cover water/
wastewater treatment and supply ser
vices and consulting offered. "Bio"
sketches of key people are given. York
Research Corp. 178

Rotary screen. Bulletin RS-II 01 de
scribes rotary screen for wastewater,
food processing, pulp/paper, sludge
dewatering, and other applications. It
is self-cleaning. Hycor Corp. 179

Mist eliminators. Bulletin No. ETS-2
details uses of high-performance mist
eliminator units for low-cost removal
or recovery of condensates from gas
streams. Removal of 99.9%, and of
drop sizes to I IL, is possible. Munters
Corp. 180

Fume scrubbers. Brochure oescribes
fume scrubbers with sizes/capacities
of 400-70000 cfm. Packed-tower,
water jet eductor venturi, and cross
now is used for energy. Ajax Electric
Co. 181

Benzene in gasoline. Publication,
"Current Peaks", describes GC that

ACTUAL
SIZE

Baghouse monitoring. Applications
Note EID-3 describes baghouse mon
itoring by a method that detects par
ticulates by surface ionization. Ex
tranuclear Laboratories, Inc. 168

Solar energy. Brochure discusses solar
energy engineering, research, and
testing for heating/cooling and power
generation. Wyle Laboratories 169

pH meter. Bulletin III O-EC-I OT de
scribes multi-purpose instrument to
measure pH, dissolved or gaseous
oxygen, temperature, or conductivity.
Environmental monitoring applica
tions. Beckman Instruments 170

Applying pesticides. TART/TIGA
Agricultural Applicator Brochure
covers application and values of fun
gicides, insecticides, herbicides, and
desiccants, and how to use on a very
economical basis. Available in English,
Spanish, Portuguese. Tifa Ltd. 171

Landfill operations. Bulletin 5388
Sept. 1977 describes Rex Trashmast
ers, specifically designed for landfill
operations. Rexnord 172

Modeling. Brochure outlines uses of
mathematical models in predicting
air/water quality impact of new and

At last-
a disposable filter
so good, it can
sterilize air-
so economical, you
won't mind
replacing it!

Balston's new Microfibre'" Disposable Filter
Unit gives you trUly high efficiency filtration
to the sterile level in gases, and 98% retention
of 0.3 micron particles in liquids-combined with the
convenience of complete disposability. It's ideal for

• sterilizing air and other gases-autoclavable
• filtration of samples to analyzers
• complete removal of oil, dirt and water from air and

gases to 125 psig
• filtration of small quantities of liquids with minimum hold-up and no

cross-contamination
All this at a price of only about $2.75 each.
For more detailed information, use the Reader Service Card. For aFREE
SAMPLE, write on your letterhead. describing your application. Ad
dress Dept EST-17.

O!~~!!!~e~:::'
Lexington, Massachusetts 02173
(617) 861-,240 . (617) 862-'455

~ (R) Telex 92-3481
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Waters

Organics in water. Technical Paper
No. 9 tells how they affect health.
WHO International Reference Center
for Community Water Supply, P.O.
Box 1402260 AC, Leidschendam, The
Netherlands (write direct).

Coal and health. September 1977 issue
of EPRI Journal has article on how
coal-fired power plants affect air and
human health. Pat Streib, EPRI, P.O.
Box 10412, Palo Alto, CA 94303
(write direct).

Labware. Catalog lists complete line of
"Tenon" labware, pickling vats,
high-pressure autoclaves, and digest
ers. Berghof/America, Inc., Bend, OR
97701 (write direct).

Environmental services. Publication
fully describes company's services to
local, state, federal, and foreign gov
ernments. "Our Services Make a
World of Difference". Metcalf &
Eddy, Inc., 50 Staniford St., Boston,
MA 02114 (write direct)

Asbestos analysis. New procedure
defines analytical reference technique
for asbestos, and can help to imple
ment current and future regulations.
Dr. Jack Wagman, EPA Environ
mental Sciences Research Laboratory,
Research Triangle Park, NC 27711
(write direct).

Radioactive waste. The dilemma of its
safe disposal. Report EMD-77-41.
Comptroller General of the United
States, Washington, DC 20548 (write
direct).

Solar engineering. "Solar Engineering
Directory". First of its kind. American
Consulting Engineers Council, 1155
15th St., N.W., Washington, DC
20005 (write direct).

Sludge disposal. Cost-effective sludge
disposal is subject of a study, "Eco
nomics of Municipal Sludge Disposal".
WWEMA, 7900 Westpark Drive,
Suite 304, McLean, VA 22101 (write
direct).

Oil spillages. Report covers cross
country pipeline oil spillages in West
ern Europe. Stichting CONCA WE,
van Hogenhoucklaan 60, The Hague
2018, The Netherlands (write di
rect) .

"Bottle bills". Publication tells how
container legislation cuts waste. Single
copies. National Wildlife Federation,
1412 16th St., N.W. Washington, DC
20036 (write direct).

automatically measures benzene con
centration in "gas". Toluene can also
be singled out. Carle Instruments, Inc.

183

Air pollution. Qualified requesters can
receive aid for literature searches in air
pollution. EPA Library (MD-35),
Research Triangle Park, NC 27711
(write direct).

Need more information about any
items? Ifso, just circle the appropriate
numbers on one of the reader service
cards bound into the back ofthis issue
and mail in the card. No stamp is
necessary.

Sewage treatment. Bulletin ST-A7 lists
extended aeration-type packaged
sewage treatment plants, 325-12 500
gpd, recently certified by the National
Sanitation Foundation. Demeo Inc.

184

Oceanography/limnology. New 1977
catalog lists more than 110 products
for oceanographic/limnlogic work of
many kinds. InterOcean Systems, Inc.

192

OSHA inspection. Checklist helps
laboratory personnel prepare for
OSHA inspection. Lab Safety Supply
Co. 186

Process alarms. Technical Bulletin
describes the "Pa-II SOR", a process
monitor that detects and warns of
off-normal events to a resolution of I
millisecond. Process Automation Co.

189

Dust filter media. Brochure WWC-I
offers a problem-solving approach to
dust collector filter media. There is a
comprehensive guide to filter fabric
and design. Wheelabrator-Frye 197

Sugar refinery emuent. Brochure de
scribes unique wastewater treatment
system that removes more than 98% of
BOD from sugar rcfinery effluent, as
well as suspended solids and ammonia.
Activox Inc. 185

Ammonia filter. Bulletin pinpoints
benefits that ammonia filter can confer
on nitric acid operations. Submicron
particle collection efficiency ap
proaches 99.5%. Monsanto Enviro
Chern. 187

Smoke suppression. Bulletin 352 de
scribes automatic control system for
complete combustion/smokeless nar
ing. Stack is monitored. National
AirOil Burner Co., Inc. 188

c~ ~-
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New!

Monitor Changes
in Quality of

River Water Used

Describes how new trace enrichment
technique enables manufacturers to
monitor river water at the inlet, during
manufacturing process, and after waste·
water treatment. Undesirable organics can
be detected, and corrective measures
taken before problems occur.

CIRCLE 24 ON READER SERVICE CARD

to Monitor Trace
Organic Pollutants

in Wastewater

NewWays

New!

This informative bulletin keeps you
updated on new applications of LC for
environmental analyses. Enter your
request now to get current issue and those
to follow.

CIRCLE 25 ON READER SERVICE CARD

free from

Published
Periodically

"Environmental
Notes"

217 Maple Street, Milford, MA 01757
Telephone (617) 478-2000

The Liquid Chromatography People

Monitor Penta·
chlorophenol for

EPA Discharge
Requirements

Describes how one manufacturer used
liquid chromatography to monitor plant
effluent for PCP at trace levels. Simple
20-minute analysis ensures EPA compliance
and turns a problem analysis into a routine
test.

CIRCLE 23 ON READER SERVICE CARD
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15 Charles St. I Westwood, N.J, 07675 I 20H,64·2300

CEA Instruments,lnc.

Send today
lor complete
technical data.

•Automated
.Interchangeable
.Flexible for... 502, N02, NOx,

NH3, C12, F2, HF, HCN, H25 or
formaldehyde.

The GEA 555 weighs only 26 Ibs., is the size of a briefcase and
works where you want it to in the field, in the lab, or in the plant.
It is reliable, rugged and accurate, and can be interchanged
from one parameter to another and can be adapted for use with
gases other than those listed. Self-contained, with an integral
battery and charger, the GEA 555 can also be operated from AG.
A recorder out-
put is provided. ."'.. - ."

A challenging book of major im
portance that spotlights the latest
efforts of researchers to conserve
fuel while reducing the pollution
caused by irritating and toxic auto
exhaust.

211 pages (1974) Cloth bound $12.95.
ISBN 0-8412-0212-5. Postpaid in US
and Canada, plus 40 cents elsewhere.

Special Issues Sales
American Chemical Society

1155 Sixteenth SI., N.W.
Washington, D.C. 20036

Nine papers provide sharp insight
into the interplay of emission con
trols, energy needs, and environ
mental concern. Discussions are
largely concerned with new modi
fied engines and exhaust treatment
devices, plus a critical examination
of:

• automotive engines for the 1980's
• the pre-engine converter; high

speed diesel engines

• fuel composition trends; gaseous
motor fuels

Richard W. Hurn,
Editor

ACS
Symposium
Series NO.1

A symposium
co-sponsored by
the Division ot
Fuel Chemistry
and the Division
ot Petroleum
Chemistry ot the
American Chem
ical Society.

CIRCLE 4 ON READER SERVICE CARD

Air Pollution Effects on Plant Growth Mechanism of Pesticide Action

ACS
Symposium
Series NO.3

Mack Dugger,
Editor

A symposium
sponsored by
the Division of
Agricultural and
Food Chemistry
of the American
Chemical Society.

A clear and timely statement of new
avenues of research on the inter
action of air pollution oxidants with
biological systems, Discussions are
largely centered around ozone-a
major atmospheric pollutant-and
its damaging effects on plant pro
cesses and plant systems.

Eleven papers evaluate recent the
ories and techniques in the field
stressing the key areas of:

• alterations in metabolite pools;
ozone injury to plant membranes

• reaction of ozone with lysozyme;
ozone effects on plant permeabil
ity

• plant bioenergetics; and much
more

ACS Symposium
Series NO.2

G. K. Kohn,
Editor

A symposium
sponsored by
the Division
of Pesticide
Chemistry of
the American
Chemical Society.

As a timely state of the art, this
authoritative guide takes a rigorous
look at the complex interactions
between organism, host plant, en
vironment, and improved pesticidal
composition.

Fourteen papers take a three
faceted approach in discussing
current research on the mechanism
and metabolism of broad groups
of pesticides, activity relationships
of specific pesticides, and analysis
of cellular and model systems:

• cholinesterase inhibitors; metabolism
in insects; herbicide-lipid interactions

• formamidine acaricides; triazinone
and carbanilate herbicides

• insect sterilants; pyrethroids; chlorella
as a model for herbicide study

150 pages (1974) Clothbound $10.50.
ISBN 0-8412-0223-0. Postpaid in US. and
Canada, plus 40 cents elsewhere.

180 pages (1974) Cloth bound $12.50.
ISBN 0-8412-0213-3. Postpaid in US and
Canada, plus 40 cents elsewhere.

Special Issues Sales
American Chemical Society

1155 Sixteenth SI., N.W.
Washington, D.C. 20036

Special Issues Sales
American Chemical Society

1155 Sixteenth SI., N.W.
Washington, D.C. 20036
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En~ironmental Policies in De~eloping

Countries. Raymonde Gour-Tanguay,
Ed. vii + 706 pages. Erich Schmidt
Verlag, D-I 000 Berlin 30, Genthiner
Strasse 30 g, Berlin, German. 1977.
DM 48 (about $21.15), paper.

What are environmental policies in
Afghanistan? Zaire? Ivory Coast?
This book lists them with respect to air,
water, noise, nora/fauna, and other
such concerns. Many related topics are
a Iso covered.

Solar Heating Design. William A.
Beckman, Sanford A. Klein, John D.
Duffie. xv + 200 pages. John Wiley &
Sons, Inc., 605 Third Ave., New York,
NY 10016. 1977. $14.95, hard
cover.

This book looks at common types of
solar heating systems designable by the
"f-Chart" method. It also covers
thermal performance, effects of col-

Reliable,
ineHpensiue
H25deleElian

If you're responsible for monitoring
H,S-in a room, throughout a factory
or over a wide geographic area-
you should know about Metronics
Colortec™ hydrogen sulfide detectors.
With Colortec, semi-quantitative mea
surements in the low ppb to ppm range
are easy, reliable and inexpensive.

The job-proven Colortec system
uses card-mounted, chemicaily treated
pads that change color when exposed
to H,S. To make a reading, you just
match the pad color to a color chart
printed right on the card next to the
pad. That's all there is to it.

Use Colortec tags as badges for
people working in critical environ
ments (you get a permanent dosage
history as well); mount them in our air
sampler shelters for area-wide trans
port tests; or get them as discs for use

BOOKS

lector orientation, estimating heating
loads, and best use of fuel and system
cost information. "f-Chart" design
procedure is also discussed.

Origins of Pest, Parasite, Disease and
Weed Problems. J. M. Cherrett and G.
R. Sagar, Eds. x + 413 pages. Halsted
Press, 605 Third Ave., New York, NY
10016. 1977. $35, hard cover.

This volume covers the origins of
pest, parasite, plant disease, and weed
problems, and explores ways in which
future problems might arise. Not only
origins of causative organisms, but also
origins of problems themselves are
discussed. New problems, and ways of
preventing problems from arising are
also examined.

Marine Natural Products Chemistry.
D. J. Faulkner, W .H. Fenical, Eds. x
+ 433. pages. Plenum Publishing

with our battery operated, hand held
Rotorod Gas Sampler to obtain even
faster readings.

For details and Colortec tag
samples, or for assistance with your
total H,S program, call or write:
Metronics, 2991 Corvin Drive, Santa
Clara, CA 95051. Phone: (408) 737
0550, Telex: 35-2129.

~~i~!~~
count on. ~

Corp., 227 West 17th St., New York,
NY 10011. 1977. $42.50, hard
cover.

So halogenated organics in the sea
are the result of human activity at all
times? Maybe not (ES&T, May 1977,
p 442). Certain marine organisms
create these compounds with no pre
cursors of human origin, whatever; yet,
they can be "pollutants." This book
explains how these, and many· other
chemicals are formed in the sea, their
behavior and fate, possible uses to
man, and activity in the marine ecos
ystem.

Mathematics of En~ironmental Pro
cesses. Thomas D. Waite, Neil J.
Freeman, xiv + 170 pages. D. C.
Heath and Co., 125 Spring St., Lex
ington, MA 02173. 1977. $18.95, hard
cover.

Not all environmental science is
inexact; many aspects involve some
very precise mathematics. This book
offers the necessary mathematical in
formation necessary to build a base of
knowledge applicable to the con
struction of environmental models.

Microbiological Aspects of Pollution
Control. R. K. Dart, R. J. Stretton. 215
pages. Elsevier Scientific Publishing
Co., P.O. Box 211, Amsterdam, The
Netherlands, or 52 Vanderbilt Ave.,
New York, NY 10017. 1977. $34.75,
hard cover.

Microbiology plays an important
role in public health and hygiene. This
book discusses bacteria and fungi, how
they act as pollutants, or produce
chemical pollutants. Health hazards,
countermeasures, eutrophication,
sewage treatment, and oil pollution are
among the many topics covered.

Nuclear Microanalysis. Vlado Valko
vic. xii + 415 pages. Garland Pub
lishing, Inc., 545 Madison Ave., New
York, NY 10022. 1977. $27, hard
cover.

Many nuclear materials and con
taminants occur in trace quantities,
yet, at times, they can present a real
threat. This book presents an exhaus
tive treatment of the subject of how to
analyze and determine these trace
materials. It tells "how to do it."

CIRCLE 21 ON READER SERVICE CARD
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Efaluation of Current Defelopments in
Minicipal Waste Treatment. vi + 121
pages. National Technical Information
Service, U.S. Department of Com
merce, Springfield, VA 22161. 1977.
$4.75 ($9.50 outside North American
Continent), paper.

What can you do with sludge? You
can irradiate it; you can compost it;
you can recycle it in some cases. This
book contains papers on the subject
presented at The Johns Hopkins Uni
versity last January. Information
about legislation, as well as some cost
figures are given.

En~ironmentallmpact Analysis: A New
Dimension in Decision Making. L. V.
Urban et al. xi + 330 pages. Van
Nostrand Reinhold Co., 450 West
33rd St., New York, NY 10001. 1977.
$22.50, hard cover.

What if a project affects the envi
ronment (and most do)? Then the law
may require an environmental impact
statement (EIS). This book provides
step-by-step guidance in preparing an
EIS, looks into all EIS parameters,
reviews major assessment methodolo
gies, and offers other necessary help.
An appendix gives the text of the Na
tional Environmental Policy Act.

Pollution Control for Agriculture.
Raymond C. Loehr. xiii + 383 pages.
Academic Press, Inc., III Fifth Ave.,
New York, NY 10003. 1977. $17,
hard cover.

Agriculture and industries related
to its products put out certain organic
wastes. How can these be treated and
disposed of? This book explains how,
with coverage of aerobic and anaerobic
treatment; ponds and lagoons; physi
cal/chemical treatment; and land
disposal. Nitrogen control, waste uti
lization with by-product development
and methane generation, and water
reclamation are also among topics
discussed.

Energy/Pollution Illustrated Glossary.
Esber I. Shaheen. 183 pages. Engi
neering Technology Inc., 503 East
Main St., Mahomet, IL 61853. 1977.
$8.35 (add 4l¢ for postage), hard
cover.

In the energy and environment
fields, many terms are bandied about,
sometimes too loosely. This book gives
the precise definitions that eliminate
any confusion, and provides illustra
tion where needed.

Aquatic Toxicology and Hazard
Emluation-STP 634. 316 pages.
ASTM, 1916 Race St., Philadelphia,
PA 19103. 1977. $30.75 + 3% ship-

ping charges for U.S., Canada, Mexi
co; 5% elsewhere.

This work provides a state-of-the-art
for some research approaches, new
applications of old methods, and new
data on several pesticides and other
chemicals. It covers testing equip
ment/methods; biological effects and
evaluation; the rationale of hazard
7valuation; and other pertinent top
ICS.

En~ironmental Monitoring, Volume IV.
xiii + 181 pages. Printing and Publi
cations Office, National Academy of
Sciences, 2101 Constitution Ave.,
N.W., Washington, DC 20418.1977.
$7.75 (must be prepaid), paper.

This report points up weaknesses in
EPA's monitoring programs, as to
scientific method, design, operation,
and evaluation. It tells that monitoring
for anticipation and discovery, as well
as source control of pollution, is need
ed. Recommendations are made as to
how to coordinate responsibilities for
monitoring among local, state, re
gional, and federal agencies, as well as
within EPA itself.

Emironmental Toxicology: AGuide to
Information Sources. Robert L. Rudd,
Ed. xii + 266 pages. Gale Research
Co., Book Tower, Detroit, MI 48226.
1977. $18.

This book is Volume 7 in the Man
and the Environment Information
Guide Series. It looks at general
sources on environmental toxicology;
consequences of intentional, and of
unintended environmental pollution,
and other related and special topics.

Methods of Air Sampling and Analysis.
2nd ed. American Public Health As
sociation, 1015 18th St., N.W.,
Washington, DC 20036. 1977. $45 +
50¢ for handling.

This work offers 130 reproducible
methods, of high accuracy, for sam
pling/analysis of ambient and work
place air. It covers techniques, pre
ca utions, sta te-of- the-art, actua I
methods, and many techniques for
specific substances.

BETZ Handbook of Industrial Water
Conditioning. 7th ed. BETZ, Trevose,
PA 19047. 1977. $15 + 50¢ postage,
hard cover.

This work covers pretreatment,
chlorination, wastewater reuse,
scale/deposit control, fouling, and
many other topics of importance to the
industrial water user. Compliance and
energy conservation are also dis
cussed.

Your second
best guide

to the 1977
Clean Air Act
Amendments

The best guides
wrote the book

ERT experts recognized this new law
makes complex new demands on industry.
so they wrote this guidebook for a series
of workshops presented to industry lead
ers nationwide.

This book presents the business and
technical strategies you need to meet the
requirements for stationary sources. The
guidebook gives you immediate, detailed
reference on the subjects of greatest
concern to you: Pre-construction per
mits, Nonattainment and PSD. lead time
for monitoring and modeling, New Source
Performance Standards and fuels man
agement, and more, plus the amended law
itself.

"Well organized, excellent," "will be
invaluable," "worthwhile for review and
refer'ence"-that's how Workshop atten
dees responded to the book, probably
because It was written by the experts
who worked on the amendments three
years and analyzed every version of the
law for impacts on industry-utilities.
paper and petroleum.

Read the guidebook. If you're still
stumped. and you need more details to
help you with your specific project or
problem. call the best guides: Dr James
Mahoney, Michael Deland. Esq., Dr Rob
ert Dunlap. Dr Alan Eschenroede~ Dr
Brian Murphy.

400 pages. B'I2 x 11. $70.
i---------;--l

IERT
II Environmental Research &

Technology, Inc.
I 696 Virginia Road, Concord, MA 01742I Attn: K. C. Reppucci, [617J 861·7700

Please send me__copies of ERT
I Workshop on the 1977 Clean Air Act
I Amendments. Enclosed is remittance
I for__

I Name ----------

I ~:~~----------
I Street--------
I City State--Zip--

AL ..J
CIRCLE 22 ON READER SERVICE CARD
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January 23-24 Atlanta, Ga.
Integrated Community Energy Systems
Planning. Battelle Columbus Labo
ratories

Write: Amanda Hamilton, Suite 1038
North, 101 Park Ave., New York, N.Y.
10017

January 23-27 Albuquerque,
N.Mex.
Second National Conference and Ex
hibition on Technology for Energy
Conservation. American Petroleum
Institute, and others

Write: Energy Conservation Confer
ence, c/o Information Transfer Inc .. Suite
202, 1160 Rockville Pike. Rockville. MD.
20852

January 24-25 Cambridge. Mass.
The Economics of Large-Scale Algae
Biomass Systems as Energy Sources.
M IT Marine Industry Collegium and
others

Write: Norman Doelling. manager,
Marine Industry Advisory Services. Room
1-215. Massachusetts Institute of Tech
nology, 77 Massachusetts Ave .. Cam
bridge. Mass. 02139

January 26-29 Boca Raton, Fla.
51st Annual Industry Convention. The
Soap and Detergent Association

Environmental issues will be discussed.
Write: The Soap and Detergent Associa
tion, 475 Park Park Ave. South. New
York, N.Y. 10016

January 30-February Orlando,
Fla.
Fifth National Conference on Sludge
Management, Disposal and Utilization.
Information Transfer Inc. and the
Hazardous Materials Control Re
search Institute

Write: Information Transfer. Inc.. 1160
Rockville Pike. Suite 202. Rockville. Md.
20852

January 30-February 2 Savannah.
Ga.
58th American Meteorological Society
Annual Meeting. American Meteoro
logical Society

There will be a session on "Chemistry of
Aerosols and their Sources in Polluted
Atmospheres." Write: Evelyn Mazur.
American Meteorological Society, 45
Beacon St., Boston. Mass. 02108
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February 2-3 Phoenix, Ariz.
The Solar Energy Business: Opportu
nities and Outlook. The Energy Bu
reau, Inc.

Write: Robert W. Nash. executive di
rector. The Energy Bureau, Inc .. 101 Park
Ave.. New York. N.Y. 10017

Februar)' 7-9 San Diego, Calif.
CLEOS '78: IEEE/OSA Conference
on Laser & Electro-optical Systems.
IEEE and Optical Socicty of Ameri
ca

Environmental monitoring applications
will be discussed. Write: CLEOS. c/o
Optical Society of America. Suite 620.
2000 L St.. NW .. Washington. D.C.
20036

February 12-17 Washington. D.C.
AAAS Annual Meeting. Amcrican
Association for thc Advanccment of
Sciencc

Environmental and energy issues will be
discussed. Write.' AAAS Meetings Office,
1776 Massachusetts Ave .. N.W .. Wash
ington. D.C. 20036

February 13-15 Champaign. III.
Third Annual Illinois Private Sewage
Disposal Symposium. Illinois Dcpt. of
Public Hcalth and the Illinois Coop
erative Extension Service

Write: Michael Neumann. Regional
Engineer. Illinois Dept. of Public Health.
2125 South First St.. Champaign, III.
61820

February 13-15 Atlanta. Ga.
Process Measurements for Environ
mental Assessments. U.S. EPA

Write: Eugene A. Burns. TRW DSSG.
Building 01, Room 2020, Redondo Beach.
Calif 90278

February 15-16 Pittsburgh, Pa.
Symposium on Energy-Related Health
Problems of the Future. Industrial
Health Foundation

Write: Industrial IIcalth Foundation.
5231 Centre Ave .. Pittsburgh. Pa. 15232

Februarv 20-22 Miami Beach.
Fla. -
Fifth Ocean Thermal Energy Conver
sion (OTECI Conference. University of
Miami/Clean Energy Research In
stitute

Write: Clean Energy Research Institute.
School of Engineering & Environmental
Design. University of Miami. P.O. Box
248294. Coral Gables, ria. 33124

February 26-March 4 Washington.
D.C.
1978 ACSM/ ASP Convention.
American Congress on Survcying and
Mapping and the American Society of
Photogra mmet ry

Write: Ron Brewer. chairman. publicity
committee. 9206 Fairhaven Ave .. Upper
Marlboro. Md. 20870

February 27-Marcb I Washington.
D.C.
5tb Energy Technology Conference &
Exposition. EPR I, America n Gas
Association and the Dept. of Encrgy

Write: 5th Energy Technology Confer
ence & Exposition. 4733 Bethesda Ave ..
N.W .. Washington. D.C. 20014

Courses

January 19-20 West Palm Bcach.
Fla.
Fundamentals of Dispersion Modeling.
Trinity Consultants

Fcc: $280. Write: Richard II. Schulze.
Trinity Consultants. P.O. Box 3148 I.
Dallas, Tex. 75231

.Ianuary 19-20 Boston. Mass.
Energy Conservation in Industrial
Plants. New York University

Fcc: $485. Write: Ikidi E. Kaplan.
Dept. 14NR, New York Management
Center. 3(,0 Lexington Ave .. I'\e\\' York,
N.Y. 10017

.January 23-25 Albu4uer4ue.
N.Mex.
Workshop on Inhalation Toxicology.
American Industrial Ilygienc Asso
ciation

Fcc: $.150. Wrife: !\Illeric"n Industrial
Ilygiene Associ"tion. (,() South Miller Rd ..
Akron. Ohio 4431 J

.January 23-25 M'ldison. Wis.
Admllced Sanitary I.andfill Design.
Course No. J611. University or Wis
consin Extension

Fcc: $185. Wrife: Universitl' or Wis
consin EXlension. Dept. or Filgint..:cring
and Applied Science. 4.12 N. I."ke St ..
M"dison. Wis. 5J7()(,
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professional consulting services directory
........ ~." COMPLETE ENVIRONMENTAL SERVICES:

....~..._ ...., ," EnvIronmental Impact assessments ... Pollutant cmis·
Stearns-Ro .,' Slon, air Quality & water quality monltonng ... Dls-

...... perSlon estimates ... Ecological consulting ...
MeteofoloBlcal field studies & consultlllt~ services. Contact

f ,"l,\ui ,n". f rWH,""" e Cflnqfll' IOf ...
tn~"l''''''t">11.fI "'~,,: ..m... 01\.,,,,,,,,'

.-nlq· ..... ld ,'" :.,·... 1 1son r.1 " ... ·1 .... ·T.·.'·
Phil 'lh'lptll , 1'., l'JIU! Il~ l:it.,ll:iU(X)
l h.,rllllt,' N (~lb. 70·1 s.'~ 8??\J

envIronmental engmeers. sC/entlsls.
planners. & management consuttants

CATALYTIC
INC.

~
l.IIXH"lor·f lnd PrOli''''''' D,'\t~l"plllf'nt

IndU"ll1.,1 \", ,... It;" \'~ ,(t'l Control
llquld"nrl ~11<llnlln('IIIIOIl

All Pnllufl'lll Conllnl
In pl.1nt Control ,lnd Proc(>...., M0(11Iu .llIon...

Df·... ,lln.ltlon

CDM

One Center Plaia
Bl).,h)n M;l.,,,d( h<J"'Cll~ 02108

CAMP DRESSER & McKEE INC.
Qtlice:. I hroughout the us

,...
ENVIRONMENTAL

SCIENCE &
ENGINEERING

CONSULTANTS

P. O. Box 5888
Denver, Colorado 80217

TREATMENT PLANT DESIGN
ANAL YTICAL LABORATORY

COMPUTER SERVICES
(914)1358300

I Blue HIM PWa. Purl Rrve!. N Y 10965

EnVIronmental assessmenl leporls
Waler body modeling
Waler resources developmenl
Municipal and Industrial wastes disposal
AquaTIC and marine bIology
Planl Sillng
Air and wate, pollullon control

Lawler,
Malusky

& Skelly
Engineers

8404 INDIAN HillS DRIVE
Omaha. Nebrlsha 68\ 14[4021399.1000

AIR & WATER

STACK & EXHAUST TESTS
CONSULTING. LABORATORY

ENVIRONMENTAL SCIENCES DIVISION
(303) 758·1122

Engineering & Testing Consultants
1999 Rt. 70. Cherry Hill. N.J. 08003

(609) 424·4440
250 Arizona Ave.. N.E. Atlanta. Ga. 30307

(404) 377-4248.4249

Particulates. Aerosols. Odor • Smok~

Or~~ci.c~h:::'k:F A~~li:sSe~fg~s~~.~~~s
"TEST IT FIRST SO YOU REAllY
KNOW WHAT THE PROBlFM IS"

ROSSNAGEL & ASSOC.

TRICKLING FilTER MECHANISMS
(4), Don-Oliver Type KCB. 142' dia.
to 1500 GPM ea.
INCINERATOR/FURNACE. Multi
hearth furnace 18'-9" X 5' hearth
mfg. by Bartlett-Snow Pacific. Used
in sewage sludge service. excellent
condition. with or without auxilliary
feed conveyors. scrubber. ash han
dling system. etc.

Contact:
AFB CONTRACTORS, INC•

261 Arthur Road
Martinez, CA 94553

Your card may appear in
every issue for one year,
every issue for six months
(consecuti ve issues), or
every other issue for one
year (alternate issues).
Send your copy to:

Twelve
Issues

$ 31
61
86
61

111
111

Diane C. McGrath

$ 33
65
96
65

123
123

RATES PER ISSUE
Six

Issues

USE THE CONSULTANTS' DIRECTORY

UNIT
1" X 1 col.
1" X 2 col.
1" X 3 col.
2" X 1 col.
2" X 2 col.
4" X 1 col.•An Employ.. Own.ct Com~ny

CONTINUOUS ENVIRONMENTAL MONITORING
SYSTEMS & SERVICES FOR CONSULTING

ENGINEERS ANO INOUSTRY
AIR or GASES. ambient or m·plant. exhaust

systems. spray dryers. air filters. in
cinerators and other stacks for Invisible

particulate concentrations. sulfUriC
aCIl:l mist. clean combustion

• Gubelin Industries. Inc .. 45 Kensico Drive.
Kisco, NY 10549. (914) 241·0130 Telex 137-339

Woodward·Clyde ..,
Consultants

• Site Selection Studies
• Impact Assessment

Evaluation
• DeCISion and Risk Analyses
• EnVironmental Field and

Laboratory Studies

Emmonmenlal Syslems 01\/1510n
Headquarters San FranCISco. CA

•Other offIces In Denver. CO
Anchorage. AK • San DIego. CA

;in~ J.E. SIRRINE COMPANY

Engineers Since 1902

Complete DeSign of
EnVironmental FaCIlities

USA Greenvllle_ SC 29606 Houston. lEX 77027
Raleigh C 276C7 0 Rtyadh. Saudi Arabia

I

A ,..rlro.""""''''lfrl,...r,
~ ...." ,."l..,,.rl..,,_ l..,..

TOTAL ENVIRONMENTAL SERVICES

ENVIRONMENTAL SCIENCE & TECHNOLOGY

25 Sylvan Rd. South Westport, CT. 06880

or call her at 203·226·7131.
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Environmental Engineers
]00 Rond Ct 81C1~ ]99I1l~f~fl 5lttt! I~ It(~noIogl p,,~

C~y"I'1'I0 0" S..(l(l~ Brook Nl '''..flU CJ.

professional consulting
services directory

• HAVENS AND

EMERSON LTD.

MEETI GS (n"llilllled)

January 23-27 ew Orleans_ La.
Recognition, EI'aluation & Control of
Occupational Hazards, Course No.
549. National Institute for Occupa
tional Safety & lIealth and the
Wichita State Univcrsity

Fcc: $350. Write: Wichita Statc Uni
versity. CHCM. Rox 36. Wichita. Kans.
6720H

January 26-27 Washington. D.C.
Third Annual Energy Users Law
Seminar. Govcrnment Institutcs. Inc.

Fcc: $295. Write: (iovernment Insti
tutes. Inc.. 4733 Bcthesda Ave .. N.W ..
Washinglon. D.C. 20014

February 6-10 Scattlc, Wash.
Recognition of Occupational Health
Hazards, Course No. 510. National
Institutc for Occupational Safcty &
Hcalth and thc Amcrican Industrial
Hygicne Association

Fcc: $250. Write: American Industrial
Hygiene Association. 66 South Millcr Rd ..
Akron. Ohio 44313

February 6-10 Philadclphia. Pa.
Introduction to Occupational Safety,
Course 0.508. ationallnstitule for
Occupational Safcty & Hcalth and
Tcmplc University

Fcc: $250. Write: Temple University.
School of Pharmacy. 3307 N. Broad Sl..
Philadelphia. Pa. 19140

WRITE FOR CATALOG

Fehruary 13-15 Madison. Wis.
On-Site Disposal of Small Wastewaler
Flows. University of Wisconsin Ex
tcnsion

Fcc: $200. Write: Univcrsity of Wis
consin EXlension. Dept. of Engineering &
Applicd Science. 432 N. Lake St.. Madi
son. Wis. 53706

Fehruary 14-16 Athens. (ia.
Applied Ecology Seminar, Course No.
146. Environlllcntal Protectiun
Agency

Fcc: $(,6. Write: Instructional Rc",urcc,
Ccntcr. ational Trainingand Operational
Technology Center. U.S. Environmcntal
Protection t\gl.:llcy. Cincinnati. Ohio
~526X

Fehruary 13-16 Cincinnati. Ohio
Planning Monitoring Activities in
Water Quality Management Pro
grams, Course No. 161.2. Environ
mental Protection Agcncy

Fcc: $HH. Write: Instructional Resources
Center. National Training and Operational
Tcchnology Center. U.S. Envirnnmenlal
Prntection Agcncy. Cincinnali. Ohio
~52hX

Fehruary 12-17 Blacksburg. Va.
Institute for Water and Wastewater
Managers. Amcrican Water Works
Associa I ion

Fcc: $225 Writ ..: .1ohn Kcmpcr. Amer
ican Water Works Association. P.O. Bo,
10XO. Norfolk. Va. 23501

February 6-10 Cincinnati. Ohio
Biological Treatment Technology,
Course No. 162.2 Environmental
Protection Agcncy

Fcc: $110. Write: Instructional Re
sources Center. National Training and
Operational Technology Cenler. U.S.
Environmental Protection Agency. Cin
cinnati.Ohi04526H

February 6-9 Cincinnati. Ohio
Occupational Respiratory Protection,
Course No. 593. ationallnstitule for
Occupational Safely & Hcalth

Fcc: $250. Writ ..: ationallnstitute for
Occupational Safety & Health. Division of
Training & Manpower Development. 4676
Columbia Parkway. Cincinnati. Ohio
45226

January 30-February 3 Chicago.
III.
Energy Consenationl Application
Fundamentals. Institute of Gas Tech
nology

Fcc: $310 (member): $360 (nonmem
ber). Write: Gerald G. Wilson. director.
Industrial Education. Institute or Gas
Technology. 3424 S. State St.. Chicago. III.
60616

January 30-Fehruary 3 San Fran
cisco. CaliI'.
Legal Aspects of the Occupational
Safety & Health Act of 1970. Course
No. 599 Nationallnstitlltc for Occu
pational Safety & Hcalth

Fcc: $250. Write: National Institute for
Occupational Safety & Hcalth. Division of
Training & Manpower Developmcnt. 4(,76
Columbia Parkway. Cincinnati. Ohio
45226

Fehruary 6-8 Chicago. III.
Solar Energy. New York University

Fcc: $495. Writ ..: Ikidi E. Kaplan_
Dept. I~NR. New York Managcment
Cenler. .160 I.exington Ave.. Ncw York.
NY. 10017

January 27-28 Bcrkeley. CaliI'.
Solar Energy for Buildings, I-louses and
Pools. University of California at
BerkeleyIColiege of Engineering and
the C Extension

Fcc: $100. Write: Continuing Ed",.:ation
in Engineering_ University of California
hlension. 2223 Fulton St.. Berkeley.
Calif. 94720

California
Tennessee
Texas

AIR & WATER ANALYSIS
TOTAL SOURCE TESTING & DATA ANALYSIS
FEATURING: IN-SITU PARTICLE SIZING

& RESISTIVITY MEASUREMENTS

EnVIROnmEnTAl
TESTinG SERVICES Inc.

2141 PATTERSON AVE. ROANOKE. VA .• ,7031342-3171

$~t&4If
LABORATORIES INC.

545 Commerce St Fren~hn Lelt:cs, N J 01417
201-337-4774 201-891-B181

• Atomic Abtorpllon • Optical E",I"lon
• Chemical • X...n SpectrometrY

Compl~t~ AndlyhCttl Serv.c~s for
Env.ronm~ntdl StudIes a Pollution Control

Baton Rouge. LA/Cleveland. OH Concord. NH
DecalUf GA Houston TX los Angeles. CA

Melalrle LA Nashville. TN Oklahoma City, OK
Richmond VA New York City. NY Silver Sprlllg MD

Wesl Chester. PA Wilmette, Il

PHoNE (201) 432-9385

General Environmental Testing laboratories. Inc.
Specl3lll1ngll1 Walt! AnalysIs Water Ou<thtylnveSIIg,aIIOIlS

Chemoc.allnveshgahon. Mon'101i1"':1 arcl 5ampl""'9 Serv(:l!S

EPA <nl APHA MelhOds
()(I-s1/e testing

AA. lA, GC

.l-RSl Y CITY. N.J 07305

rr;., Environmental Quality
~ laIxxatory, Inc.

Treatability & Pilot Plant Studies

Mathematical Modeling of
Natural Waters

Classical & Modern

Methods of

Laboratory Analysis

t:I.,lri.u·('(inj( ~nlllli"Il" I"
•:n ..irurlllwnt~1 I'robl .. m"

·CHEMICAL & BACTERIOLOGICAL ANALYSIS

• ECOLOGICAL RESEARCH

·LAND USE & WATER RESOURCE STUDIES

• ENVIRONMENTAL IMPA" ASSESSMENT

118 Environmental Science & Technology



An Equal Opportunity Employer MfF

JOS. SCHLITZ BREWING CO.
219 W. Galena 5t.

Milwaukee. WI 53212

ENVIRONMENTAL AND
ENERGY CONTROL

ENGINEER
We are seeking a highly analytical Environmental and Energy Control Engineer with a
minimum of two years experience. The successful candidate will possess a Chemical
Engineering degree (P,E. registration and graduate degree would be an asset). The in
cumbent should have a background in environmental engineering, energy conservation,
process design, and the application of computers to technical problem-solving.

We offer art excellent wage and benefit program, along with definite promotional oppor
tunities lor' this position. For confidential consideration, please send your resume to:

Corporate Employment Office
Dept. E-9

CLASSIFIED SECTION • POSITIONS OPEN

February 22-24 I-Iouston, Tex.
Environmental J-Iealth Management.
International Safety Academy

Fcc: $300. Write: International Safety
Academy, 10575 Katy Freeway, P.O. Box
19600, I-Iouston, Tex. 77024

March 6-7 Basic, Switzerland
First World Recycling Congress. The
Royal Society, U.S. Burcau of Mines
and others

Write: Michacl E. I-Ienstock, Dcpt. of
Metallurgy and Materials Scicnce. Uni
versity of Nottingham. Nottingham, NG7
2RD, England

International

January 30-February to Geneva,
Switzerland
International Environmental Man
agement Seminar. Center for Educa
tion in International Management

Write: The Admissions Secretary. CEI,
4 chemin de Conchcs. CI-I-1231,
Conches-Geneva. Switzcrland

February 22-24 Washington, D.C.
Air Pollution Control Equipment Op
eration and Maintenance, Course No.
489. George Washington University

Fcc: $375. Write: Martha Augustin,
Continuing Engineering Education,
George Washington .University. Wash
ington. D.C. 20052

March 10-19 Rome, Italy
25th International Exhibition of Elec
tronics, Nuclear Energy, Aerospace
Technologies. Rassegna Internazionale
Elellroniea, Nucleare Ed Aerospaz
iale

Nuclear power stations. protcction and
control equipment: and alternative energy
sources will bc includcd. Write: Rasscgna
Internazionale Electtronica, Nuclearc Ed
Aerospazialc, Via Crescenzio 9. 00193.
Roma. Italy

March 20-22 Oxford, United
Kingdom
Resources Policy Conference 78: An
International Conference on the Eco
nomics, Politics and Social Implica
tions of Resource Use and Conserva
tion. Resources Policy Journal

Write: I PC Science and Technology
Press Ltd., 32 High St., Guildford. Surrey,
England GUI 3EW

March 26-30 Riyadh, Saudi Ara
bia
First World Congress on Resource
Depletions, Energy Alternatives, and
the Quality of Life in the Year 2000.

RESEARCH SCIENTIST-DIRECTOR OF TRACE ANALYSIS
LABORATORY, Ncwth Texas State University/Institute of Applied
Sciences. Salary and rank open. Candidates ShOuld hold the
Ph.D., preferably in chemistry. wllh demoostrated expertise in
GC/MS and trace organic analysis, ability to market and manage
projects. supervise employees and stlldents also required. Re
search ScientiSlS hold protessional positions with opportunity
for advancement and multi-year confracts. NTSU is an equal
opportunity employer; applications from minority groups and
women are par1iculas-ly sought. Inquiries and resumes to Dr. W.
H. Glaze, NT Ball 5057, Denlon, Telas, 76203.

Environmenlal1y-Qflented undergraduate Earth Science program at
!he Univ6fsl!y 01 Wisconsin-f'ar1lside has an openning at the asslstanl
prolesSOf tevel beginning September 1. 1978. Applicanls must have
the Ph.D. clegee. be able 10 teach introductory courses In earth
science. and have demonstraled leaching and applied research In·
!6'I"&sls In one or more ollhe loilowil1Q areas: hydrogeology. water
chemistI)'. wat6f reSOlM"ce management. environmental geology.
Forward resumes and 1101 least three lel1llfs 01 recommendation by
March 110 Prof. EupMe I. SmIth, UnI'feRlty 01 Wl$Consln-Partlslde.
1(-.11_, WIK~n 53141. Par1lside is an equal-opporlllf'lity/alllr
mallve action employllf.

Assistant Professor of Engineering specializing in
analysis and design of systems for environmental
protection, resource utilization, and policy devel
opment. For further information write 10 S. Russell
Stearns, Thayer School of Engineering, Hanover,
NH 03755. Deadline for application is 20 February
1978. Dartmouth College is an Equal Opportunity!
Affirmative Action employer.

CLASSIFIED ADVERTISING RATES
Ilal" IlaM·d r>ll Ilumlwr "f ill';{'rli'''l~ u~ed within
I::! rn"nth,; t"r"m d:llt' of fin.! in~t'r!i,," and 111l! un
11ll' n\llllhl·r "I' indw~ used. Spar!' in da~silil·d

ad\'I'rlislllg ,';1I111I>l be l"olllIJirll'd f"r fn'tlUl'lll'y
wrth HOI' mh·l·rlising. ('la~,;ifi\'(l :ld\·t'(tising :ll'.
""plt'd III illdl rllllltipll·s"nly.

Unit 1-T 3-T 6-T 12-T 24-T
1 ;nch $59 $57 $55 $53 $51
I(·hl'l·k Classrfil'c1 Ad\'Nlislng 1lI'!':lrtIlH'1l1 fl,r
"til'S If ;td\'('(! i""lnt'nl I.. !fH~I'r 1han llf"·.)

SHIPPING INSTRUCTIONS:
S"nd all tllalf'ri:llll>

EnYlronmental Science & Technology
Classilled o\d'ferUsing Departmenl

25 Syr .... 11 Ad. South. Westport. CT. 06880

ECOLOGIST

ASSOCIATE DIRECTOR,

UCLA
Applications are invited Irom highly qualified ecol
ogists to become Chief of Division of Environmental
Biology and Associate Director of the Laboratory of
Nuclear Medicine and Radiation Biology. The po
sition carries a joint appointment, presumably at the
full professor level, in the Department of Biology, and
undergraduate and g-aduate teaching responsibilities.
Research interests should be in quantitative ecology
and applicants should be interested in resolving en
vironmental problems related to energy technologies
because the laboratory's research is funded pri
marily by the Department of Energy (formet'ly ERDA).
Send letters of inquiry or application, including cur
riculum vitae. description of research and teaching
interests, and names and addresses of three refer~

ences before February 15, 1978 to Director's Ofnce,
laboratory of Nuclear Medicine and Radiation
Biology, University ot California, 900 Veteran Av
enue, los Angeles, California, 90024. An equal
opportunity/affirmative action employer.

Engineer-Project Manager

The City of Columbus. Ohio is seeking an Engineer
Project Manager to coordinate the designing and con
struction of a 90 megawatt refuse/coal burning power
generating plant.

Applicants should have at least 15 years of heavy
construction experience and projects must include the
cOtlstruction of power generating plants. The salary is
open: send resume and salary requirements to:

Robert C. Parkinson, P.E.
Public Service Director

City Hall
90 West Broad Street

Columbus, Ohio 43215
(614) 222-8290

(colllinl/ed o/ll'agl' f20)
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MEETINGS (contin""d)

University of Riyadh and the Inter
national Association for Advancement
of Earth and Environmental Sci
ences

Write: Dr. Musa Qutub, Dept. of Ge
ography & Environmental Studies,
Northeastern Illinois University, Bryn
Mawr at St. Louis Ave., Chicago, III.
60625

April 3-6 London, United King
dom
Aprillt-t4 Paris, France
Envirotrol 78: Pollution Control and
Instrumentation Exhibit. U.S. Dept. of
Commerce

Write: R. Connan, Office of Interna
tional Marketing, U.S. Dept. of Com
merce, Washington, D.C. 20230

April5-7 Geneva, Switzerland
8th Annual Symposium on the Ana
lytical Chemistry of Pollutants. Or
ganized by scientists throughout the
world

Write: Congress Secretariat. P.O. Box
I g2, CH-4013 Basic. Switzerland

Apri120-26 Manila, Philippines
Twelfth International Symposium on
Remote Sensing of Environment. En
vironmental Research Institute of
Michigan. the Natural Resources
Management Center (Philippines) and
the University of Michigan Extension
Service

Write: U-M Extension Service. Con
ference and Institutes, 412 Maynard St..
Ann Arbor, Mich. 4gl09

April 26-27 Buckinghamshire,
United Kingdom
Major Chemical Hazards. Harwell

Write: Ron Ely or Clive Fewins, Press
Office. PR Group, Building 329, Harwell.
Oxfordshire OX II ORA. United King
dom

April30-May 6 Dubai, United Arab
Emirates
Water Treatment and Environmental
Pollution Control Exhibition. Du ba i
Chamber of Commerce & Industry

Write: Fairs & Exhibitions Ltd, 21 Park
Square East. London NW I 4LH, United
Kingdom

('all for Papers

February t deadline
Conference on Carbonaceous Particles
in the Atmosphere. National Science
FoundalionjRA N N and Lawrence
Berkeley Laboratory
Conference will be held on March 20-22 at
Berkeley, Calif. Write~' T. Novakov, Law
rence Berkeley Laboratory. Building 73.
University uf Califurnia. Berkeley. Calif.
94720
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QUICK
AND

QUIEt
That's the Beckman 953 502

Analyzer. As the recorder chart shows
you, Beckman has been able to com
bine fast response (rise and fall)
with low operating noise in its new
953 Fluorescent Ambient 502

Analyzer ... the result: outstanding
performance, low operating cost, easy
serviceability,

Fluorescence and a lot more.
Using the fluorescent measuring
technique. the 953 eliminates the need
for reactant gases, sample dryers and
reagents associated with other 502
analyzers. In addition. an internal
zero gas scrubber permits ambient air
to be used as zero gas-thus doing
away with zero gas cylinders. and
reducing maintenance costs. And a
Beckman-developed interferent
reactor eliminates any poly-nuclear
aromatics.

Compare. Many detection sys
tems offer fast response-but only by
compromising noise performance.
Beckman gives you both fast response
-and low noise. Compare that to any
other 502 analyzer-and you'lI
choose the Quick & Quiet 953. Go
ahead, compare.

Process Instruments Division,
Beckman Instruments. Inc..
2500 N. Harbor Boulevard.
Fullerton, CA 92634.

nl;/".h,~t+"-md='o<JH-t++++++-+++
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IS :

va 0 :

m BECKMAN®



The System I
Mobile Monitoring Van With
Computer-Controlled Data System
• Hardcopy data reports generated

on site
• Continuous system status check

(on site or remote display)

Environmental
Monitoring

;~ Systems
'1lI

• Continuous monitoring
• Automatic daily zero and span

calibration
• Real time data processing
• Triple redundancy in data storage

• Housed in a 26 It. mobile van
• Large comfortable working space
• Exceptional strength for location

in unusual environments
• Programmable digital computer

based control

The New System III Portable Monitoring Shelter Provides for
On/Off Road Movement with Minimum Disturbance to Instruments

• Easy assembly /
disassembly

• Easy transport in a
standard pick-up truck

• Safety systems to
prevent electrical shock

• Vandal resistant and
weatherproof

• Automatic fire extinguisher
system

• Separate compart ment
for bottle gas storage

• Easy access to in
struments for repair
and maintenance

• Temperature-controlled
instrument compartment

The System II Portable Monitoring Station

• Lightweight modular
construction (4 modules)

Additional custom design features for a
variety of air quality and meteorological
monitoring are available on all three Radian
Corporation field monitoring systems.
Sales or Lease (Long or Short term). All
systems available including 10 and 60
meter meteorological towers.

Professional Technical Services
in Energy and Environment

• Separate compartment for bottle gas storage
• Minimum setup time
• Complete environmentally-controlled instrument and work

areas
• Ample work space for maintenance
• Maximum flexibility in interior layout

RADIAN
CORPORATION
P.O. Box 9948 I Austin, Tox.s 78766 I (512) 454-4797

CIRCLE 19 ON READER SERVICE CARD
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