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SUMMARY

Liquid chromatography with diode-array (LC-DA) and positive ion (PI) mode
thermospray LC-mass spectrometry (LC-MS) were used for the determination of
atrazine, cyanazine, simazine, deethylatrazine and deisopropylatrazine and their pho­
tolysis products, The LC analyses were performed on RP-18 columns using metha­
nol-water (70:30) or methanol-water (70:30) + 0,05 M ammonium formate for LC­
DA or LC-MS, respectively. The main degradation products observed after photoly­
sis experiments with the suntest apparatus at 44°C were the corresponding
hydroxytriazines, which could easily be differentiated from their parent compounds
by the structured and distinctive UV spectral information given by LC-DA. The
degradation rates after 5 h of irradiation varied from atrazine, deethylatrazine and
deisopropylatrazine, which rapidily disappeared, to cyanazine and simazine, with 22
and 36%, respectively, remaining. Special emphasis was devoted to the character­
ization of the different photolysis products. By employing PI mode thermospray
LC-MS, the identification of several photodegradation products such as the hydroxy,
2-H and 2-methoxy analogues was feasible, showing the [M + Ht ion as the base
peak and a second abundant ion corresponding to [M + CH 30H + H]+. The
combined approach allows the identification directly after the photolysis experiments
of the different solutions containing chlorotriazines, which is a clear advantage over
current methods that require isolation of the photolysis products and elimination of
water prior to MS characterization,

INTRODUCTION

Chlorotriazine herbicides are of interest owing to their wide use as herbicides
for pre- and post-emergence weed control and as algicides 1

,2. The potential for con­
tamination of water and sediment samples with pesticides is high owing to their
physico-chemical properties such as water solubility> 30 mg/I, adsorptivity Koc (par­
tition coefficient between soil organic carbon and water) < 300-500 and hydrolysis

0021-9673/90/$03.50 © 1990 Elsevier Science Publishers B,V.
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Fig. 2. UV spectra of peaks 1-5 in Fig. 1 corresponding to the hydroxy metabolites of the chlorotriazines.
Abs. = Absorption.

relative intensity was formed which corresponds to [M + CH30H + H] + , which has
previously been explained by the gas-phase equilibrium between [M + H] + and
CH 30H, strongly dependent on pressure and temperature22

. The formation of[M +
CH 30H + H] + is unique to the Hewlett-Packard thermospray system in comparison
with the use of the Finnigan thermospray system20, where the abundance of adduct
ions with the LC eluent is generalIy less than 10%. An extensive comparison of these
two thermospray LC-MS interfaces for chlorinated organic pollutants, which will be
published elsewhere26

, showed that the Hewlett-Packard interface has higher tenden­
cy than the Finnigan interface to form eluent adduct ions.

For the hydroxychlorotriazines, in which a chlorine atom has been replaced
with a hydroxy group, the rest of the triazine molecule remaining identical, a similar
behaviour to the corresponding parent compounds is to be expected. In Fig. 3, the PI
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Fig. 3. Gradient elution (I) in the normal-phase mode of a mixture of six flavanones on CSP III (125 x
4.6 mm 1.0.). For details, see Experimental. Peaks: I = pinocembrin; 2 = isosakllranetin;' 3 = naringenin;
4 = hesperetin; 5 = homoeriodictyol; 6 = eriodictyol (cf, Table I). (- )-Enantiomers are eluted before
(+ )-enantiomers.

Another example of the separation of complex mixtures is the analysis of
a tomato skin extract on a short column (125 x 4,6 mm J.D.) applying gradient II in
the normal-phase mode (Fig. 4). Naringenin enantiomers are separated from the
matrix substances. Peak identification was performed by co-chromatography of
naringenin enantiomers and by recording the UV spectra with a diode-array detector.
Most naturally occurring tlavanones were isolated in an optically active form 29

. The
observation that in tomato skins both enantiomers were present may be due to
racemization or spontaneous cyclization of naringenin-chalcone during sample
preparation. This point is now under investigation.

Flavanone glycosides, which are diastereomers due to the chiral sugar moiety,
were separated from the aglycones and were also resolved on CTA-diol (CSP III), as
demonstrated in Fig. 5. The elution order with respect to C2 stereochemistry was
confirmed by enzymatic hydrolysis of the enriched fractions of the diastereomers and
determination of the enantiomeric aglycone. Flavanone glycosides have been sepa­
rated as their acetates30 or benzoates31 on a silica gel column previously, but direct
separation by HPLC has not yet been reported.
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Fig. 4. Naringenin enantiomers in a tomato skin extract on CSP III (CTA-diol) by gradient elution (11) in the
normal-phase mode. For details, see Experimental. Peaks: I = (- )(2S)-naringenin; 2 = (+ )(2R)­
naringenin.

Fig. 5. Separation of naringenin enantiomers and diastereomeric naringenin glycosides in a single
chromatographic run on CTA III by gradient elution. For details, see text. Peaks: 1= naringenin, R = H;
II = naringenin-7-0-g111coside, R = p-D-gillcopyranose; III = naringenin-7-0-neohesperidoside, R =

a-L-rhamnopyranosyl-p-D-( I,2)-glucopyranose.
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Fig. 3. Relationship between glucose concentration (L) and (V - VO)-I for (a) mannobiose-immobilized
and (b) mannotriose-immobilized columns. Analytical conditions as in Fig. I.

approximately one order of magnitude higher than that of biose in both series of
oligosaccharides. Also, the Ka values for the immobilized mannose oligomers were
several times larger than those of the corresponding glucose oligomers having the same
DP values.

The K a value for mannobiose (4.82 . 105 I mol- 1
) is approximately 60 times

larger than the literature value for methyl a-mannopyranoside (8.3 . 103 I mol- 1 at
27°q, obtained by a spectrophotometric method based on displacement of Con
A-bound p-nitrophenyl a-mannopyranoside with methyl a-mannopyranoside in

TABLE I

ASSOCIATION CONSTANTS OF CON A TO VARIOUS IMMOBILIZED OLIGOSACCHARIDES

Immobilized
oligosaccharide

Glucose oligomer:
Biose
Triose
Tetraose

Mannose oligomer:
Biose
Triose
Tetraose

Association
constant
(Ka• 105 I mol- 1)

1.30
2.04

/14.4

4.82
5.33

41.0

Square of
decision
coefjicient (,.2)"

0.92
0.97
0.94

0.90
0.91
0.89

II' (obs - obs,)2 - I' (cal; - obs,)2]
u r2= ,where

I' (obs - obsY

obs = average of observed values; obsi = the ith observed value and cali = the ith calculated value.

























































HPLC OF INSULIN 331

TA6LE II

PREDICTED RELATIVE ELUTION TIMES FOR THE SAME ANALOGUES AS IN TABLE I,
DETERMINED FROM ELUTION COEFFICIENTS 12

· l3 ·
15 ALONE

Basis

Guo, pH 2

Guo, pH 7

Houghten high

Houghten mean

Houghten low

Insulin

DOl
Bovine insulin
DAA insulin
DPI
001
Bovine insulin
DAA insulin
DPI
001
Bovine insulin
DAA insulin
DPI
001
Bovine insulin
DAA insulin
DPI
001
Bovine insulin
DAA insulin
DPI

RET

0.84
1.00
0.99
0.95
0.83
1.00
0.99
0.94
0.82
1.00
0.99
0.93
0.81
1.00
1.00
0.95
0.75
1.00
1.07
1.06

The elution times of bovine insulin, DAA insulin, DPr and Dar at pH 2 and 6.5
are presented in Table r and there are several significant features. Firstly, DAA
insulin elutes close to both native bovine insulin and DPI at pH 2, but its relative
elution time (RET) with respect to native insulin is increased from 1.20 to 2.00 at pH
6.5; none of the other analogues behave in this way. Second, 001 elutes significantly
before native insulin at both pH values, suggesting that it is much more hydrophilic.

Table II shows the predicted RETs for the native bovine insulin monomer,
001, DPr and DAA insulin, calculated from elution coefficients alone, with no cor­
rection for accessiblity. Five predictions are presented, two based on coefficients from
Guo et al. 12 for pH 2 and 7, and three based on coefficients from work by Houghten
and De Graw 15

, where it was demonstrated that each residue type may have a range
of elution coefficients based on its sequence environment. These are designated
Houghten 'high', 'medium' and 'low', and are derived from the maximum, mean and
minimum values for each amino acid type as specified in ref. 15. It can be seen that
there is basic agreement between the predictions based on both of the Guo coefficient
sets and all three Houghten sets. The Houghten low coefficient set generally gave
more variable results than the others in all of our predictions and, for this reason, the
following arguments are based on predictions calculated from the other four sets,
although all predicted RETs are presented in the tables.

Comparing these predictions with the experimentally determined values, it can
be seen that the prediction gives a general idea of the RETs observed experimentally
in that the RETs for DPI, DAA insulin and native bovine insulin cluster together at
pH 2 whereas Dar appears more hydrophilic. This method fails, however, to predict
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TABLE IV

PREDICTED RELATIVE ELUTION TIMES DETERMINED FROM ELUTION COEFFICIENTS
AND RESIDUE ACCESSIBILITIES CALCULATED FROM THE TWO-ZINC INSULIN MONO­
MER UNFOLDED AT B24

Basis Insulin RET

Guo, pH 2 DOl 0.82
Bovine insulin 1.00
DAA insulin 1.0 I
DPI 0.99

Guo, pH 7 DOl 0.79
Bovine insulin 1.00
DAA insulin 1.02
DPI 0.96

Houghten high DOl 0.84
Bovine insulin 1.00
DAA insulin 1.07
DPI 1.00

Houghten medium DOl 0.79
Bovine insulin 1.00
DAA insulin 1.03
DPI 1.00

Houghten low DOl 0.75
Bovine insulin 1.00
DAA insulin 1.17
DPI 1.53

TABLE V

PREDICTED RELATIVE ELUTION TIMES DETERMINED FROM ELUTION COEFFICIENTS
AND RESIDUE ACCESSIBILITIES CALCULATED FROM THE TWO-ZINC INSULIN MONO­
MER UNFOLDED AT B23

Basis Insulin RET

Guo, pH 2 DOl 0.68
Bovine insulin 1.00
DAA insulin 1.23
DPI 0.99

Guo, pH 7 DOl 0.66
Bovine insulin 1.00
DAA insulin 1.26
DPI 0.96

Houghten high DOl 0.67
Bovine insulin 1.00
DAA insulin 1.18
DPI 0.95

Houghten medium DOl 0.63
Bovine insulin 1.00
DAA insulin 1.20
DPI 1.00

Houghten low DOl 0.41
Bovine insulin 1.00
DAA insulin 1.30
DPI 1.30
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to a disruption of the conformation of insulin by placing a negative charge close to
the hydrophobic core of the molecule. In an earlier HPLC investigation of insulin
analogues 11 we found, unexpectedly, that DAA insulin eluted before native bovine
insulin in the shallow gradient system used. This finding was explained by the fact
that, at pH 2, the carboxylate of A20 Cys is likely to be partially protonated, leading
to a reduction in charge. In the current series of experiments, DAA elutes slightly
after native insulin at pH 2, but still close to the position predicted by all methods. At
pH 7, however, its RET is significantly greater than both the pH 2 results and all of
the predictions for pH 7.

This result suggests that there is ct significant conformational disturbance when
the carboxylate of A20 becomes charged. Looking at the structure of the molecule,
the residues closest to A20 are 824 and 825, the A20-824 C-cx to C-cx distance being
4.17 Aand the A20-B25 distance being 6.61 Ain the crystal structure for molecule 1.
If we assume, however, that the 8-chain is unfolded from 823, the accesssibilities of
824 and 825 will be significantly increased so that any further increase due to the
repulsive effect of the charge on 820 is likely to be small. Predictions at both pH 2 and
7 for 823 unfolded insulin, where the accessibilities of both 824 and 825 are maxi­
mized, give little indication of an RET for DAA insulin as large as the experimental
value of 2.0 at pH 6.5, whilst the predicted result for B23 and B24 unfolded DAA is
similar at both pH values. These results suggest a more drastic disturbance in the
conformation of DAA insulin when the terminal carboxylate of A20 is charged;
possibly the altered charge environment in the B19-820 region acts to destabilize the
conformation of the molecule as a whole, leading to great exposure of core residues.

CONCLUSION

It is clear that the approach adopted here has some value in interpreting the
HPLC elution of closely related molecules. Regnier26 proposed that the interaction of
a folded protein with the stationary phase in a chromatographic system is dependent
on a chromatographic contact area which, in reversed-phase chromatography, may
occupy a significant proportion of the surface of the molecule. From our previous
work ll

, we have concluded that, with a small molecule such as insulin, the reversed­
phase chromatographic contact area is effectively the whole surface of the molecule
and that a change at any position on the surface is likely to affect the chromatograph­
ic behaviour. It has been possible, using this assumption, to combine experimentally
derived HPLC elution coefficients with accessibility calculations in interpreting the
elution behaviour of insulin analogues and to provide experimental evidence for the
extent of flexibility of the C-terminal portion of the insulin B-chain.
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min

Fig. 6. Chromatogram obtained with a 100 x 4.6 mm 1.0. PLRPS column and a 30 x 4 mm 1.0.
silica-based enzyme reactor.

Fig. 7 shows a chromatogram obtained with the polymer-based system using
a 60 x 2 mm J.D. separation column and a 30 x 2 mm J.D. enzyme reactor operated
at 35°C, using a flow-rate of200 ttl min - I. The working electrode was a 1mm diameter
Pt electrode operated at 450 mV and 10 ttl of an 8 ttM ChCl and AChCl solution were
injected.

A calculation of the number of theoretical plates28 based on Fig. 7 results in
30 000-40 000 plates/m. The result can be corrected for the contribution from the
enzyme reactor, assuming the variance (j2) to be additive, and using Fig. 1 to estimate
the variance from the enzyme reactor the result is 40 000-50 000 plates/m for the
separation column alone. The slight fronting observed is probably due to channels in
an imperfectly packed column, the fronting becoming more pronounced at large. k'.

Fig. 8·shows log k' VS. SDS concentration at 2% acetone and log k' VS. acetone
concentration at 0.2 mM SDS for ACh and Ch. The reason for the non-linear
behaviour of log k' VS. SDS concentration is probably micelle formation and the
adsorption isotherm for adsorption of SDS to the stationary phase. The critical
micellar concentration for SDS in water is found in this concentration region 29

.

Fig. 7. Chromalogram obtained wilh a 60 x 2 mml.O. scparalion column ano a 30 x 2 mm 1.0. enzyme
reactor, both based on Dynospheres. For details. see text.
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SUMMARY

Clarithromycin is a semi-synthetic antibiotic. High-performance liquid chro­
matography is used to identify and estimate both manufacturing and degradation
impurities. The sample is chromatographed on a YMCC 18 column using an eluent of
acetonitrile-0.033 M KH zP04 (48:52) at an apparent pH of 5.4 and ultraviolet detec­
tion at 205 nm. Due to the limited availability of impurities, all related substances are
referenced to a single impurity standard. A computing integrator is programmed to
compensate for differences in detector responses and to identify and calculate the %
(wjw) of all known impurities. The majority of all currently identified impurities are
detectable at the 0.10% (wjw) level.

INTRODUCTION

During the synthesis of today's complex pharmaceutical drugs, many potential
impurities can be produced. Some sources of these impurities are solvents, reagents,
starting materials, inorganics, catalysts, reaction byproducts, reaction intermediates
and degradation products. The latter three sources generally produce compounds
which are structurally related to the drug substance and are commonly referred to as
related substances. The identification and quantification of these related substances
have become more important with the concern for the overall chemical purity of the
drug substance 1

-
s. Due to the similarity of these related substances, high-performance

liquid chromatography (HPLC) is typically the method of choice.
Clarithromycin is a semi-synthetic antibiotic which was discovered by Taisho

Co., Japan. A HPLC method has been developed for clarithromycin to monitor the
levels of related substances. Preliminary identification is made based on retention time.
Bulk drug purity has been estimated by many different methods6

- 8 . The best approach
is a direct identification and quantitation versus a referende standard ofeach impurity.
However, for complex molecules like clarithromycin, it is not practical to produce and
characterize reference standard quantities ofall possible related substances. Therefore,

0021-9673/90/$03.50 © 1990 Elsevier Science Publishers B.V.



352 D. MORGAN et al.

most of the existing methods are based on the assumption that the detector response is
identical for all compounds of interest. In some cases, the differences in detector
response might be within the scientific error; however, using ultraviolet detection at
205 nm for compounds such as clarithromycin, this assumption can lead to errors ofan
order of magnitude. Thus, our approach is based on an indirect quantitation which
compensates for differences in the molar extinction coefficient for each compound.
This method should eliminate errors due to the variable detector response.

EXPERIMENTAL

Apparatus
Method development was performed on two different systems. The first system

consisted of a ConstaMetric I1IG pump (LDC/Milton Roy, Riviera Beach, FL,
U.S.A.), a Shimadzu SIL-6A autosampler, a CTO-6A column oven, and a CR-3A
integrator (Shimadzu, Kyoto, Japan). The second system consisted of a SP-8700
solvent delivery system, a SP-4270 computing integrator (Spectra-Physics, San Jose,
CA, U.S.A.), a CTO-6A column oven (Shimadzu, Kyoto, Japan) and a IBM LC/9505
autosampler (IBM, Danbury, CT, U.S.A.). Kratos Model 783 variable-wavelength
detectors (ABI, Ramsey, NJ, U.S.A.) were used on both systems. The HPLC column
used was a YMC A-303 5-Jlm 120-A C 18 column (YMC, Japan) 250 x 4.6 mm J.D.

Reagents and solvents
HPLC-grade acetonitrile and methanol were either purchased from Mal­

linckrodt (Paris, KY, U.S.A.) or J. T. Baker (Phillipsburgh, NJ, U.S.A.). The
potassium phosphate, monobasic, reagent grade was also supplied by Mallinckrodt.
The 6-0-methylerythromycin A and 6,Il-di-O-methylerythromycin A reference
standards were synthesized by Abbott Labs. (N. Chicago, IL, U.S.A.). All other
related substances were either synthesized and/or isolated by either Abbott Labs. or
Taisho (Tokyo, Japan).

Optimum chromatographic conditions
The mobile phase consisted of acetonitrile-0.033 M KH 2P04 (48:52, v/v). The

apparent pH of the mobile phase was maintained between 5.3 and 5.5. A flow-rate of
1.0 ml/min was used at a column temperature of 50°C. A constant sample injection
volume of 50 Jll was maintained. The detector was operated at 205 nm with a rise time
of 2.0 s and a range of 0.03 a.u.jlO mY. The chromatograms were graphed at 1.0
em/min with an attenuation of 4 mV full scale.

Standard and sample preparation
About 105 mg ofclarithromycin reference standard was added to a 50-ml

volumetric flask containing 25.0 ml of acetonitrile. After dissolution the solution was
diluted with water to volume. This was the stock clarithromycin solution. A bulk
6,II-di-O-methylerythromycin A solution was prepared from 45 mg of 6,II-di-O­
-methylerythromycin A diluted with methanol to 100.0 m!. A lO-ml aliquot of this
solution was further diluted with acetonitrile-water (1:3) to 100.0 ml to give a stock
6,II-di-O-methylerythromycin A solution. The working standard solution was
prepared from 5.0 ml of the stock clarithromycin solution and 10.0 ml of the stock
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6, II-di-O-methylerythromycin A solution diluted with acetonitrile-water (I :3) to 50.0
m!.

The sample solution was prepared from 105 mg of clarithromycin dissolved in
25.0 ml of acetonitrile and diluted with water to 50.0 m!. A lO-ml aliquot of this
solution is further diluted with acetonitrile-water (I :3) to 50.0 m!.

RESULTS AND DISCUSSION

Clarithromycin is a semi-synthetic antibiotic which is a derivative of erythro­
mycin A. The structures ofclarithromycin and its related substances are given in Fig. I.
From the similarities in the structures it was obvious that column selectivity was an
extremely important parameter in the column selection. Using a test mixture of
clarithromycin and seven related substances, several different columns were in­
vestigated: (I) NUcleosil, CIS 5 11m, 150 x 4.6 mm J.D. and 250 x 4.6 mm J.D. (2)
Zorbax Golden Series, Cs 311m, 80 x 6.2 mm J.D. (3) IBM, Cs 311m, 100 x 4.5 mm
J.D. (4) YMC, CIS 5 11m, 150 x 4.6 mm LD. and 250 x 4.6 mm J.D.

Of these columns both columns 2 and 3 did not have high enough efficiencies to
provide the needed separation. The low efficiencies are due to tailing. Column I in the
250 x 4.6 mm LD. configuration did provide a usable separation; however, the
column life-time was unacceptable. Also comparing columns I and 4 for peak
symmetry, the YMC offered the best performance. The 250 mm length was selected for
a sight additional efficiency over the 150 mm. Since selection of the YMC column,
several additional columns have been tested for equality. These columns were all 250
x 4.6 mm J.D. 5 11m with the following stationary phases: Phenomenex Carbosphere,
Whatman ODS, TSK Gel ODS, and Regis ODS II. Of theses columns only the

NRI

:0 NAME RI R2 R3 R4 85
OR2 ' Clarithromycin (CH,n CH, 0 OH OH

, CH! _.0 EM-NOH (CH,n H NOH OH OH
-NOH (CH,n CH, NOH OH OH

o CH, -NOH,NH H(CH,) CH, NOH OH OH
CH, -NH H(CH,) CH, 0 OH OHQrn, 6,ll-Di (CH,n CH, 0 CH, OH
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6,4"-Di (CH,n CH, 0 OH CH,
-NOMe (CH,n CH, NOCH, OH OH
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CH,
I

H:QN(CH,n 0
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Fig. I. Structure of clarithromycin and related compounds. Definitions of abbreviations are found in Table
I.
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Phenomenex Carbosphere gave promISIng results; however, it was not totally
equivalent.

During the column screening process, the effects of mobile phase variations were
investigated. The effect ofmobile phase pH was studied and found to be minimal; thus,
the apparent pH is monitored only to verify the proper value. Also, the column
temperature does not greatly affect the retention, but is necessary to maintain good
peak symmetry and resolution. The organic-aqueous ratio however, has a dramatic
effect on the separation. Fig. 2 illustrates this critical relationship. The test compounds
in Fig. 2 include those related substances which most closely elute with clarithromycin.
At the lower organic concentrations, the separation between most compounds
increases; however, 6-0-methylerythromycin A-N-oxide and 6,ll-di-O-methylery­
thromycin A coelute. These two compounds are separated at the higher organic
concentration at the sacrifice of resolution of early eluting compounds. To compro­
mise between detection limits and resolution, a mobile phase consisting of 0.033
M KHzPOcacetonitrile (52:48) was selected. Typical chromatograms of the reference
standard c1arithromycin and the reference standard spiked with various different
related substances at both the 0.2 and 1.0% (w/w) levels are presented in Figs. 3 and 4.

16...-------------------------------,

14

12

10

8

6

4

• N-Oxide

[] 6,II-Di

• IO,II-Anhydro

+ Clarithromycin

o -NH

6 =NOH(E)

• =NOH,NH (E)

52504846444240
2+---.---,---...---,.---.--,.---....---.----.---,---.----,.----..-----l

38

Concentration Acetonitrile (% v/v)

Fig. 2. Effect of acetonitrile concentration on retention time. 0.067 M KH 2P04 buffer was used to maintain
a constant apparent pH of 5.4. Definitions of abbreviations are found in Table I.
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Fig. 4 also illustrates the need to correct for the various detector responses. Even
though all of the impurities are at the same concentration, the peak area of each
impurity can differ dramatically. To correct for the different molar extinction
characteristics, a normalization factor is determined for each impurity. The reference
compound selected was 6,II-di-O-methylerythromycin A. This compound was
selected for various reasons: it is the most likely produced impurity, it has very similar
absorption properties to clarithromycin and it can easily be synthesized in good purity.
The procedure for determination of the normalization factor is quite simple. First, the
structure and purity of each compound was determined by using techniques such as
HPLC, thin-layer chromatography, IH NMR, l3C NMR and mass spectrometry.
Then, binary mixtures of the impurity and the reference compound were made at six
different concentrations ranging from approximately 0.6 to 20 J1g/ml. The peak
response calibration curve for each compound was obtained and the slope of the
calibration curve was defined as the response factor of that compound. If the intercept
of the calibration curve is essentially the origin, then the normalization factor can be
obtained from the ratio of the response factor of the related substance to the response
factor of 6,II-di-O-methylerythromycin A. This relationship is only true if the
intercept of the calibration curve is zero. If the intercept is positive, then at low
concentrations the concentration will be overestimated and at high concentrations,
a low bias will result. If the intercept is negative then the reverse systematic error exists.
The inability to accurately integrate the area ofN-demethyl-6-0-methylerythromycin
A, which is located on the front slope of the major peak, causes a positive intercept and
thus peak heights were used to obtain a zero intercept that guarantees the accuracy of
the quantitation. Table I summarizes the normalization factors and relative capacity
factors of the most common impurities. The preliminary peak identifications are made

TABLE I

RELATIVE CAPACITY FACTOR AND NORMALIZATION FACTORS FOR CLARITHRO­
MYCIN RELATED SUBSTANCES

Compound' Abbrevialion Rei. capacil)' Normalizalion
faclor faclor

Decladinosyl-6-0-Me-ery A DECLAD 0.21 1.12
Ery A-9-oxime (E) EM=NOH (E) 0.30 1.39
6-0-Me-ery A 9-oxime (Z) =NOH (Z) 0.37 2.00
N-De-Me-6-0-Me-ery A-9-oxime (E) =NOH,NH (E) 0.44 2.48
6-0-Me-ery A-9-oxime (E) =NOH (E) 0.50 2.41
N-De-Me-6-0-Me-ery A -NH 0.56 1.72
1O,II-Anhydro-6-0-Me-ery A 10,II-ANHYDRO 0.89 2.62
6.II-Di-O-Me-erv A 6.l1-Di 1.00 1.00
Di-O-Me:-e:rv A Di-O-Me: 1.10 1.00
6-0-Me-ery A-N-oxide N-oxide 1.10 0.95
6,4"-Di-O-Me-ery A 6,4"-Di 1.15 0.88
6-0-Me-ery A-N-oxime (Z) =NOMe (Z) 1.28 2.34
3-Decladinosyl-8,9;10, Il-dianhydro- 9, 12-HEMIKETAL 1.70 4.50

-9,12-hemiketal
6-0-Me-ery A-9-Me-oxime (E) =NOMe (E) 2.02 2.74
N-De-Me-N-formyl-6-0-Me-ery A N-formyl 2.15 5.47

a De-Me = Demethyl; Me = methyl; ery = erythromycin.



IMPURITY PROFILING OF CLARITHROMYC[N 357

TABLE II

DIRECT VERSUS INDIRECT QUANTITATION FOR IDENTIFIED IMPURITIES IN A RE­
PRESENTATIVE LOT

Compound

=NOH,NH (E)
=NOH (E)
-NH
10, [ I-ANHYDRO
N-oxide

Direct (%. w/w)

~0.25

0.25
0.24

~0.25

0.48

Indirect (%, w/w)

~0.25

0.23
0.29

~0.25

0.40

based on the relative capacity factor of each peak. The calculation of both the relative
capacity factor and % (w/w) for each peak is performed by the integrator using
in-house developed software which is based on the following equation:

(Response impurity) (concentration of 6,1 [-Di) (dilution factor)
% (w/w) = -------------------­

(Response 6, I. [-Di) (sample weight) (normalization factor)

All of the related substances were found to exhibit linearity from at least 1 to 10
fig/ml and had zero intercepts. The detection limit was obtained for 6, ll-di-O-methyl­
erythromycin A from a calibration curve of areas. The linear analysis of a range of0.14
to 34 Itg/ml gave an intercept of -967 counts, a slope of 3216 counts ml/,ug, with
a correlation coefficient of0.9996. The detection limit for a peak with a signal-to-noise
ratio of 3 was found to be 0.14Itg/ml which was approximately 0.04% (w/w). Due to
the limited availability of all related substances and since almost all compounds have
a normalization factor ofgreater than one, a minimal reportable value of 0.1 0% (w/w)
was defined.

To provethat identification and quantitation versus a reference compound gives

TABLE III

REPRODUCIBILITY OF THE METHOD

A representative lot was assayed ten times (1-10), values are % (w/w).

Impurity 2 3 4 5 6 7 8 9 IO Mean S.D.

DECLAD 0.04 0.01 0.04 0.04 0.02 0.05 0.04 0.04 0.02 0.04 ±0.013
EM=NOH (E) 0.02 O.O[ O.O[ 0.02 0.01 0.02 0.02 0.02 ±0.005
=NOH (Z) 0.02 O.O[ 0.02 0.03 0.03 0.03 0.03 0.02 0.03 0.02 ±0.007
=NOH, NH (E) 0.02 0.Q2 ±O.OOO
=NOH (E) 0.12 0.[7 0.08 0.12 0.[2 0.12 0.10 0.27 0.12 0.12 O. [3 ±0.053
-NH 0.16 0.[7 0.16 0.13 0.14 0.17 0.06 0.13 0.12 0.19 0.14 ±0.037
6.II-Di 0.17 0.20 0.15 0.18 0.16 0.22 0.14 0.18 0.19 0.23 0.18 ±0.029
Di-O-Me 0.21 0.23 0.19 0.20 0.33 0.22 (l.10 0.21 0.30 0.24 0.23 ±0.046
6,4"-Di 0.08 0.10 0.08 0.08 0.07 0.08 0.06 0.09 0.08 0.[0 0.08 ±0.0[2
=NOMe (Z) 0.04 0.05 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.04 ±0.007
=NOMe (E) 0.37 0.39 0.29 0.32 0.37 0.38 0.34 0.32 0.36 0.36 0.35 ±0.032
N-formyl 0.04 0.03 0.04 0.05 0.Q2 0.02 0.04 0.06 0.04 ±0.014
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compatible results with a direct quantitation using individual standards, a typical
production intermediate sample was assayed against individual standards as well as
indirectly versus 6,II-di-O-methylerythromycin A. For five selected impurities,
individual calibration curves were obained and the representative lot was quantitated
directly versus the individual standards curves. This direct value was compared with
the concentrations obtained using the normalization factors and a single 6,II-di-O­
-methylerythromycin A reference standard. The results (Table II) indicate an excellent
agreement between the two techniques.

Table III demonstrates the reproducibility of the method. A representative lot
was assayed a total often times by two different analysts using entirely different HPLC
systems. To better illustrate the reproducibility of the methodology, all values below
0.10% (wjw) were estimated to the nearest 0.01 % and standard deviations (S.D.) to
±0.001 %. Considering the low levels of all of the related substances, the agreement
between various analysts and chromatographic systems is very good.

CONCLUSIONS

Clarithromycin is a complex antibiotic and has several potential impurities. The
related substances are structurally very similar to the parent compound and the
separation is quite difficult. By compensating for differences in absorbance properties
of different compounds, this method allows for an accurate, simple procedure using
a single standard to identify and quantitate all related substances. Thus, this method
provides identification and quantitation ofmost of the related substances at the 0.10%
(wjw) level. When used with other techniques for the determination of moisture,
residual solvents and inorganic material, a complete impurity profile of the bulk drug
is possible. This type of normalization procedure can be adapted for any set of
compounds and thus eliminates errors associated with techniques such as peak area
percent.
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SUMMARY

The fibrinogenolytic enzyme hementin, present in extracts of the posterior sali­
vary glands of the giant leech Haementeria ghilianii, was isolated by ultrafiltration,
high-performance ion-exchange chromatography and subsequent reversed-phase
liquid chromatography. Approximately 100 J1g (I nmol) of hementin, present at less
than 0.5% in the crude leech salivary extract, was brought to about 90% purity in
three steps, Hementin migrated at an Mr of about 73000 on non-reducing sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and at 82000 on
reducing SDS-PAGE. The amino terminal sequence was determined to be TTLTE­
PEPDL. The amino terminal sequences of two inactive proteins that partially coelut­
ed with hementin in the first chromatographic step were also determined.

INTRODUCTION

Extracts of the salivary glands of the leech Haementeria ghilianii contain
proteolytic activity. The enzyme present in the anterior gland is more abundant than
that in the posterior gland, so the extract of the anterior gland has been the principal
object of investigation. Fibrin strip zymography of electrophoretic separations of
extracts of posterior and anterior glands indicated that the enzymatic activity may
originate from the same protein resident in both glands 1

,2. Hementin is a fibrinogeno­
lytic enzyme acting as a blood anticoagulant with properties substantially different
than those found in other leech species. Unlike hirudin3

, an inhibitor of thrombin,
hementin acts directly on fibrinogen, proteolyzing it such that it is rendered incoagu-

"Present address: Polymer Laboratories, Inc., Amherst Fields Research Park, 160 Old Farm Road,
Amherst, MA 01002, U.S.A.
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lable. Only a few, discrete bands are observed on sodium dodecyl sulfate polyacryl­
amide gel electrophoresis (SDS-PAGE) of hementin-treated fibrinogen, indicating
that the enzyme has a high degree of specificity. Hementin was previously observed to
be inactivated by metal-chelating and disulfide-reducing reagents, but the proteolytic
activity was found to be unaffected by typicai inhibitors of serine protease activity4.
In a previous attempt to isolate hementin4, chromatography on diethylaminoethyl­
cellulose (DEAE), followed by ammonium sulfate (AS) precipitation and chromato­
graphy on carboxymethylcellulose (CMC), did not afford a homogeneous prepara­
tion, so non-denaturing polyacrylamide gel electrophoresis was used to prepare
sufficient material for a determination of molecular weight (M,), which was reported
to be 120 000 daltons.

The extract of the posterior salivary gland of Haementeria ghilianii is a complex
mixture, containing many proteins. In this work, the proteins associated with activity
of hementin were isolated. The amino terminal sequences of three proteins that co­
eluted in ion-exchange chromatography during hementin purification were deter­
mined by automated Edman sequencing.

EXPERIM ENTAL

Materials
Ammonium hydrogencarbonate was purchased from Sigma (St. Louis, MO,

U.S.A.). Calcium chloride dihydrate, sodium chloride, 25% glutaraldehyde, ammo­
nia solution, HPLC-grade 2-propanol (iPA) and gradient-tested trifluoroacetic acid
(TFA) were obtained from J. T. Baker (Phillipsburg, NJ, U.S.A.). Bromphenol blue
and N,N,N',N'-tetramethylethylenediamine were purchased from LKB Instruments
(Gaithesburg, MD, U.S.A.). The silver stain kit, which used ammoniacal silvers, was
from ICN Biochemicals (Irvine, CA, U.S.A.). Utrapure 4-(2-hydroxyethyl)-I-piper­
azineethanesulfonic acid (HEPES) was obtained from Boehringer Mannheim Bio­
chemicals (Indianapolis, IN, U.S.A.). Molecular weight markers (composed of a mix­
ture of proteins of M r equivalent to 14300,18400,25700,43000,68000,97400 and
200 000 daltons), ultrapure glycine and ultrapure Tris were from Bethesda Research
Labs. (Gaithesburg, MD, U.S.A.). Ultrapure acrylamide, ultrapure N,N'-methylene­
bisacrylamide and Coomassie Brilliant Blue R250 (CBB) were obtained from
Schwarz/Mann Biotech (Cleveland, OH, U.S.A.). Sodium dodecyl sulfate (SDS) and
2-mercaptoethanol (BME) were purchased from Pierce (Rockford, IL, U.S.A.). The
fibrinogen used to test for hementin activity was of human origin (Grade L; Kabi
Vitrum, Stockholm, Sweden). Solvent filters (0.2 f.lm) were from Rainin Instrument
(Woburn, MA, U.S.A.). The preparation of the posterior gland extract has been
described previously4. Briefly, dried posterior salivary glands, obtained from a breed­
ing facility at the University of California (Berkeley, CA, U.S.A.). were homogenized
with a cell disruptor in 20 mM HEPES buffer (pH 7.8) containing 10 mM calcium
chloride. Cell debris was removed by centrifugation and the supernatant collected.

Instrumentation
Ultrafiltration was performed using an 8MC stirred cell (Amicon, Danvers,

MA, U.S.A.) equipped with a YM-I00 (Amicon) 100 OOO-dalton cutoff membrane.
Some samples were concentrated using a Centricon 30 (Amicon) 30 OOO-dalton mi-
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coupled with changes (usually broadening) of the pore-size distribution (samples 3 and
4b, Table II). Such a modification (interpenetration of two porous networks) resulted
in a more heterogeneous pore structure with a reduction in the number of theoretical
plates and the separation capability of the column (Table III).

The most promising results were obtained with the fifth type of IPN synthesis,
where the swelling medium was a toluene solution of a cross-linking monomer, DMN
(sample 4a, Table II). Regardless of the decrease in surface area and pore volume, there
was a standardization of pore sizes combined with a lowering of the retention times
and enhanced column efficiency (Table Ill, Figs. 1-3). Similar effects have been
reported previously by Woeller and Pollock 10, who used incompletely cured
styrene-divinylbenzene copolymers. They were swollen with a toluene solution of
divinylbenzene and subjected to further polymerization. Such a two-stage bead
preparation resulted in high performance and shortening of retention times of test
mixtures was observed. Although no information about the actual structure was given,
the method of modification indicates that synthesis giving rise to an interpenetrating
polymer network was achieved.

The shortening of the retention times observed for IPN 4a might be a conse­
quence of a decrease in specific surface area and its more uniform pore size distribution
(Fig. 1). The higher performances observed with this copolymer might be explained by
the more uniform structure expected as a result of cross-linking of the strongly
inhomogeneous porous polymer network. Post-polymerization of such a system, built
from more or less cross-linked units ("hard" and "soft" sites), must result in some level
of interpenetration of the two-component network, i.e., at least "soft" sites
cross-linked by DMN2 ,11,12.

Such interpenetration, for IPNs based on MMA-DMN copolymer, has been
confirmed previously in studies of their glass temperatures and chromatographic
behaviourS. Examination by scanning electron microscopy (SEM) of some selected
IPNs based on MMA-DMN copolymers has been reported s

,6. The SEM studies of
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Derivatization and automation in high-performance liquid chromatographic
(HPLC) analysis is very profitable for biomedical and clinical purposes, because of the
gain in sensitivity and selectivity of the derivatization combined with a higher sample
throughput. The most often used automated precolumn derivatization procedure is
the analysis of amino acids and biogenic amines with o-phthalaldehyde1

: The
automation of this procedure is relatively simple as the agents and reagents are
predominantly water soluble and the reaction kinetics are fast at room temperature.

Difficulties encountered by the automation of precolumn derivatization proce­
dures in HPLC may include the use of elevated temperatures, the addition of two
reagents at different time intervals, the addition of solid compounds, solvent
extraction and the use of organic solvents as reaction media, which may result in peak
distortion after direct injection in reversed-phase (RP)-HPLC2

.

In the HPLC of acidic compounds, bromomethylmethoxycoumarin (BrMMC)
and its analogues have been extensively used as labels for derivatization3

-
22

. Recently,
we published a general method for the automated precolumn derivatization of fatty
acids in serum and rat brain homogenates23 for labels with a bromomethyl group,
including BrMMC. In the manual procedure the label in coupled to the acid in an
aprotic medium such as acetone or acetonitrile and this coupling is catalysed by the
addition of solid potassium carbonate at 60°C. For the automation the following
modifications were explored (see also ref. 23): lowering of the reaction temperature,
replacement of the solid potassium carbonate and injection of a pure organic solvent.
A satisfactory procedure was achieved by using a suspension of potassium carbonate
in a solution of a crown ether and relatively high reagent concentrations. Peak
distortion was reduced with a minimum decrease in peak height by using acetonitrile as
solvent and acetonitrile-water mixtures as the mobile phase.

In our previous study the emphasis was more on the principle ofthe automation
and solutions found for the indicated problems. The equipment used there had some
drawbacks such as high blanks and clotting of the tubing by the suspension. With the
use of a newer type of autosampler, the technical problems were solved. With the
current modifications a very versatile system is obtained. Another disadvantage ofour
previous procedure was the formation of double peaks for every fatty acid.

0021-9673/90/$03.50 © 1990 Elsevier Science Publishers B.V.
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Investigations were made on the origin of this double labelling. In this paper we
present an improved automated derivatization procedure for acidic compounds with
BrMMC as label. The system can be used for a greater variety of reactions. As an
example of the current procedure in biomedical research, we report the determination
of fatty acids derived from small samples of rat blood taken during a stress procedure.
The usefulness of this improved method has also been shown in drug studies24

,25.

EXPERIMENTAL

Reagents and chemicals
Analytical-reagent grade solvents were obtained from either Merck (Darmstadt,

F.R.G.) or Baker (Deventer, The Netherlands) and were used without further
purification except that methanol and acetonitrile were distilled. 4-Bromomethyl-7­
methoxycoumarin, potassium carbonate (anhydrous) and 18-crown-6 were purchased
from Aldrich (Beerse, Belgium) and the fatty acids from Sigma (St. Louis, MO,
U.S.A.). 4-Bromomethyl-7-methoxycoumarin was dissolved in acetonitrile to give
a working solution of 1 mg/ml. The suspension was prepared as follows: to 5 ml of
a 20 mM solution of 18-crown-6 in acetonitrile were added 100 mg of potassium
carbonte and 50 Jll ofwater. After sonification for 30 min, the mixture was diluted with
5 ml of acetonitrile; the supernatant was separated from the solid potassium carbonate
on the bottom of the vial.

Autosampler
The PROMIS autosampler (Spark, Emmen, The Netherlands) is equipped with

a digital dispenser system, a miniaturized "finger pump". A coaxial pair of needles is
inserted into the sample vial. Nitrogen pressure applied through the outer needle
ensures that no air or vapour bubbles are formed during sample withdrawal. In our
setup we used a commercially available two-way dispenser system, one line for the
sample-suspension mixture and the other for the BrMMC solution. The coaxial needle
is extended to approximately 1 mm above the hole in the side-port injection needle so
that the needle is sufficiently under the liquid surface to ensure thorough mixing of the
sample-suspension solvent.

HPLC equipment
Two Kratos SF400 pumps and a Kratos SF450 gradient mixer were used for

solvent delivery. The samples were detected by a Kratos SF980 fluorescence detector
equipped with a 5-Jll cell, using an excitation wavelength of 325 nm and a cut-off filter
of 398 nm. Data were collected with either a Kipp & Zonen (Delft, The Netherlands)
BD8 recorder or an LDC CI-I0 (Interscience, Breda, The Netherlands) integrator. The
labelled fatty acids were separated on a Chrompack (Middelburg, The Netherlands)
Chromspher C18 column (200 x 3 mm J.D.). The sample loop had a volume of 20 Jll.
All the chromatographic studies were performed at ambient temperature. A gradient
of acetonitrile-water (80:20, v/v) to acetonitrile-methanol (50:50, v/v) in 45 min was
used. Phosphoric acid was added to a final concentration of 25 mM. Elution was
performed at 0.5 ml/min.
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The analysis of plant pigments using column liquid chromatography lies at the
foundation of the chromatographic sciences. Since the classic work of Tswett1,2, the
separation and analysis of chlorophylls, carotenoids, xanthophylls and related pig­
ments have undergone considerable refinement. Today, numerous methods exist for
the analysis of plant pigments3

-
8

. Prime criteria for modern methods of plant pig­
ment analysis are that they be rapid, avoid degradation of the pigments, and be
amenable to automation. This paper reports a method which we have found to meet
these criteria for the isolation and rapid analysis of pigments from leaf tissues.

The isolation of pigments from plant tissues usually involves maceration of the
tissue followed by repeated extractions with organic solvents such as acetone, metha­
nol, ethanol, dimethyl sulfoxide or aqueous solutions of these solvents. More recent­
ly, N,N-dimethylformamide has been applied to the extraction of plant leaf materials
without the need for maceration of the tissues 3 ,9-11. This technique presents obvious
advantages when it is necessary to extract large numbers of samples, Of equal signif­
icance, Bergweiler and L,utz3 have observed that pigments extracted and stored in this

. solvent remain stable for extended periods,
Following extraction, the other critical step in the determination of plant pig­

ment samples is that of quantitative analysis. A number of recent papers have report­
ed methods for quantitative chromatographic analysis of plant pigme[lts (for a review
see Schwartz and von Elbe12

), Typically, these methods require an analysis time of
approximately 30 min or more, including the time required for re-equilibration of the
initial mobile phase, The advent of 'high speed' liquid chromatographic techniques13

has led to considerable savings in time and solvent consumption in analyses of a wide
range of materials. We report here the application of this approach to the analysis of
Nicotiana tabacum green leaf pigments.

a Present address: Department of Plant and Soil Science, University of Tennessee, Box 1071, Knox­
ville, TN 37901-1071, U.S.A.
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EXPERIMENTAL

NOTES

General
Samples were kept on ice and exposed to a minimum of light and oxygen (air)

during field sampling, transport, and storage prior to and after extraction. Low actin­
ic glass volumetric flasks were used as containers for the extracted pigments which
were stored at - 78°C under nitrogen until analysed.

All solvents used were high-performance liquid chromatography (HPLC) grade
obtained from Fisher Scientific (Pittsburgh, PA, U.S.A.). Solvents, standard solu­
tions, and samples for HPLC were filtered through 0.45-Jim nylori 66 membrane
filters prior to use. Authentic standards were obtained from the following sources:
chlorophyll a, chlorophyll b, [J-carotene -Sigma (St. Louis, MO, U.S.A.); xantho­
phyll and lutein -Atomergic (Farmington, NY, U.S.A.); [J-apo-8'-carotenal-Fluka
(Ronkonkoma, NY, U.S.A.).

Pigment extraction and storage
Twenty disks (1.7 cm diameter) were removed from leaves of tobacco at a point

approximately two-thirds of the way from the base of the leaf and approximately half
the distance from the midvein to the leaf margin. Disks were transferred immediately
to plastic bags, sealed, and stored on dry ice in a darkened container for transport to
the laboratory.

At the laboratory, ten frozen disks were taken from the total of twenty and
placed in scintillation vials, 4.0 ml of N,N-dimethylformamide (DMF) [containing
0.1 % (v/v) butylated hydroxytoluene (BHT) as an antioxidant] were added, and a
nitrogen atmosphere introduced. The vials were then capped, covered with aluminum
foil, and placed on a reciprocating shaker operated at 120 cycles per min. The samples
were extracted for 24 h at the end of which time the pigment extracts were pipetted
into 1O.00-ml low-actinic glass volumetric flasks. The volumetric flasks were then
stored at - 78°C under nitrogen. An additional 4.0 ml of fresh DMF were added to
the scintillation vials containing the samples, the vials were recapped under nitrogen
and extracted as before for a second 24-h period. The second solvent extract was
transferred to the corresponding 1O.00-ml volumetric flask and the vial was then
rinsed with a small (approximately I ml) amount of fresh solvent. A I.OO-ml volume
of an internal standard solution of [J-apo-8'-carotenal (containing 0.1 %, v/v, ofBHT)
was added to each volumetric and the volume was then adjusted to 10.0 ml with DMF
as needed.

Samples were stored at -78°C under a nitrogen atmosphere and removed as
needed for analysis by HPLC. During analysis, samples were maintained at O°C in the
dark by immersion in an ice bath equipped with an opaque cover.

The remaining ten leaf disks from each sample were transferred to a tared
scintillation vial and weighed in order to obtain fresh weight of leaf tissue per sample.
The vials and disks were then lyophilized, reweighed in order to determine dry
weights of the leaf tissue samples, and discarded.

HPLC analysis
Pigment analyses were carried out on a Perkin-Elmer Series 4 liquid chroma­

tograph equipped with an LC 85B variable-wavelength detector set at 440 nm. The
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Fig. 3. HPLC ofculture broth during the fermentation process after sample preparation with a Sep-Pak CIS
cartridge. Detection at 215 nm; isocratic conditions as described. Peaks: I = herbicolin A; 2 = herbicolin B.

Fig. 4. Calibration graph for herbicolin A. Herbicolin A obtained from counter-current distribution
according to ref. 2.

The isocratic system was found to be superior to the gradient system using phosphoric
acid (0.1 %)-methanol owing to easier handling, lower solvent consumption and
shorter analysis time. Combined with sample preparation on Sep-Pak cartridges, the
method is suitable for rapid control of fermentation and for monitoring the different
fractions during the purification process.

Lipopeptides are widespread among microbial products. The diversity of
molecular variations in bacterial surfactants has been described9

. Most of these
compounds, such as surfactin lo

, bacil1omycinsll
, mycosubtilin12

, mycobacillin l3 and
iturin A14 possess antifungal activity. We have recently described the occurrence of
long-chain iturin AL, which differs from iturin A by its predominant C I6 p-amino
acid 15. Whereas the iturins have been shown to be separated by HPLC according to the
chain length, the herbicolins represent compounds of constant chain length (C 14) but
differ in the presence of a glucose residue. Hence the different polarities of the
herbicolins allow their separation on reversed-phase materials. The biosynthetic origin
of the herbicolins is still unresolved. They are obviously not secondary metabolic
products of the stationary growth phase as is the case with peptide antibiotics of the
bacillus group. As herbicolins are produced by strains of the non-spore-forming family
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Humic acid is derived from plant matter and is present in soils. Bauxites can
contain up to 0.6% of organic carbon, part of which is derived from humic acid. The
Bayer process is the main industrial process for producing alumina (aluminium oxide)
from bauxite ore. Bauxite is digested under pressure with hot sodium hydroxide
solution to give a sodium aluminate solution. This is clarified and aluminium
trihydroxide is precipitated by cooling and seeding. Aluminium trihydroxide is then
calcined to produce alumina.

Organic matter, including humic acid, enters the process with the bauxite. With
recycling of the liquor, the concentration of organics and their degradation products
increases until an equilibrium concentration is reached. The presence of a significant
amount of organic matter in Bayer liquor causes numerous process problems that
include a lower alumina yield, generation of excessive fine aluminium trihydroxide
particles, decreased alumina purity and colored liquor.

Attempts have been made to characterize and quantify the organics present in
Bayer liquor 1,2 . Many components such as formic acid, acetic acid, propanetri­
carboxylic acid and benzenetetracarboxylic acid have been successfully measured by
gas chromatographic-mass spectral analysis. The analysis of humic acid has been far
less successful. Yet, a knowledge of humic acid concentration is important for
monitoring and planning. process control.

Recently a quantitative high-performance liquid chromatography (HPLC)
assay for humic acid in environmental samples, including soils, was developed 3

. We
decided to investigate its applicability to the analysis of humic acid in Bayer liquor. In
this report we describe a new HPLC procedure with fluorometric detection. The
method is simple and rapid, results for a single sample can be obtained within 10 min.
Selectivity of this method is superior to that obtained by visible absorption
measurement, an in-house method sometimes used.

a Contribution No. 492 from the Australian Institute of Marine Science.

0021-9673/90/$03.50 © 1990 Elsevier Science Publishers B.Y.
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of HPLC and other high resolution techniques for the analysis and purification of proteins, peptides
and polynucleotides.

A special scientific and social program is being planned in order to highlight the tenth anniversary
of ISPPP and a decade of achievements in research in HPLC of proteins, peptides and polynucleo­
tides. Topics to be covered will foreshadow the trends for the next decades. The Organizing Commit­
tee welcomes your specific suggestions and comments.

You are invited to submit your latest research results for presentation at this meeting. Submission
deadline is July 1st, 1990.

The registration fee covering all scientific and social programs, including a copy of the collected
proceedings is DEM 720 (Students at DEM 360). A selected number of student scholarships will be
available.

For further information, contact: Secretariat 10th ISPPP, P.O. Box 28, S-751 03 Uppsala, Sweden.

XXVII CSI, XXVII COLLOQUIUM SPECTROCOPICUM INTERNATIONALE, BERGEN, NOR­
WAY, JUNE 9-14, 1991

The XXVII CSI organized by the Norwegian Chemical Society, will be held in the Grieg Hall, Ber­
gen, Norway, June 9-14,1991.

This traditional biennal conference in analytical spectroscopy will once again provide a forum for
atomic nuclear and molecular spectroscopists worldwide to encourage personal contact and the ex­
change of experience. participants are invited to submit papers for presentation at the XXVII CSI,
dealing with the following topics:
- Basic theory and instrumentation of atomic spectroscopy (emission, absorption, fluerescence),
molecular spectroscopy (UV, VIS and IR), X-ray spectroscopy, gamma spectroscopy, mass spectrom­
etry (inorganic and organic), electron spectroscopy, Raman spectroscopy, Mossbauer spectroscopy,
nuclear magnetic resonance spectrometry, methods of surface analysis and depth profiling, photo­
acoustic spectroscopy.
- Application of spectroscopy in the analysis of: metals and alloys, geological materials, industrial
products, biological samples, food and agricultural products. Special emphasis will be given to the
topics trace analysis, environmental pollutants and standard reference materials.

The scientific program will comprise both plenary lectures and parallel sessions of oral presenta­
tions. Specific times will be reserved for poster sessions.

For further details contact: Secretariat XXVII CSI, HSD Congress-Conference, P.O. Box 1721
Nordnes, N-50224 Bergen, Norway. Tel: (475) 318414; Telex: 42607 hsd n; Fax: (475) 324555.

8th DANUBE SYMPOSIUM ON CHROMATOGRAPHY, WARSAW, POLAND, SEPTEMBER 2­
6,1991

The symposium will be organized by: the Institute of Physical Chemistry of the Polish Academy of
Sciences, the Institute ofChemistry of the Military Technical Academy, the Department ofChemistry
of Warsaw University and the Comission of Chromatography Analysis of the Scientific Committee of
Analytical Chemistry of the Polish Academy of Sciences.

The scientific programme will comprise invited lectures, as well as submitted papers (oral and
poster presentations, and discussion sessions dealing with all aspects of chromatography and related
techniques. The proceedings of the symposium will be published in a special issue of the Journal of
Chromatography.

In connection with the symposium an exhibition of chromatographic instruments, accessories and
chromatographic literature is planned.

The conference language will be English; no translation facilities will be supplied.
For accompanying persons an attractive social programme will be arranged with tours and visits to

'places of interest.



Persons planning to attend the Symposium are requested to contact the organizers as soon as pos­
sible, preferably before August 1990. The second circular including more detailed information about
the symposium will be distributed in November 1990.

For further details, contact: 8th Danube Symposium on Chromatography, Janusz Lipkowski, Insti­
tute of Physical Chemistry of the Polish Academy of Sciences, Kasprzaka 44/52 01-224 Warsaw,
Poland.

SOFTWARE

THE REVISED AUTOSCAN PROGRAM FOR SPECTRA-PHYSICS DETECTORS, 8400 SERIES

In 1982, Spectra-Physics released the AUTOSCAN software program so that spectra, in the UV and
visible regions, could be obtained automatically as sample components were eluted in liquid chro­
matography. A Spectra-Physics, 8400 series, detector and a 4200 (or 4400) series integrator were
required. In 1985, they released the AUTOSCAN program on an EPROM chip with a slower scan rate
in order to improve the signal-to-noise ratio.

With permission of Spectra-Physics, the original program has been rewritten to include the im­
provements found on the EPROM chip and, in addition, the following features: the length has been
reduced from 7000 to 5250 bytes; the automatic peak detector is activated by the "go" time function
and is tripped by peak maxima; the dialog' has been extended; and the initial back-ground scan can be
re-used with a series of samples.

The revised AUTOSCAN program is available, without charge, on a "floppy disk", with instruc­
tions, to those with the necessary instrumentation. If you have current need for this program, please
contact: Bruce Flann, Pharmaceutical Chemistry Division, Bureau of Drug Research, H.P.B., Health
and Welfare Canada, Ottawa, Ontario, Canada KIA OL2.

Announcements are included free of charge. Information on planned events should be sent well in advance (preferably 6
months or more) to: Journal o[Chromatography, News Section, P,O, Box 330, 1000 AH Amsterdam, The Netherlands, Fax:
(31) 20-5862845.

CALENDAR OF FORTHCOMING EVENTS

April 3-5, 1990
Noordwijkerhout,
The Netherlands

April 4-7, 1990
York, U.K.

ANATECH '90, 2nd International Symposium on Applications of Ana­
lytical Chemical Techniques to Industrial Process Control
Contact: Professor Dr. Willem E. van der Linden, Laboratory for
Chemical Analysis-CT, University of Twente, P.O. Box 217, 7500 AE
Enschede, The Netherlands. (Further details published in Vol. 477, No.
2. )

2nd International Symposium on Pharmaceutical and Biomedical
Analysis
Contact: Mrs. J.A. Challis, Executive Secretary, The Chromatographic
Society, Trent Polytechnic, Burton Street, Nottingham NG I 4BU, U.K.
Tel.: (602) 418418, ext. 2187; Fax: (602) 484266. (Further details
published in Vol. 483.)
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