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PRECONCENTRATION, SAMPLE CLEAN-UP, AND
HPLC DETERMINATION OF PHENOL AND ITS
CHLORO, METHYL, AND NITRO DERIVATIVES

IN BIOLOGICAL SAMPLES. A REVIEW

F. BOSCH REIG, P. CAMPINS FALCO, AND J. VERDU ANDRES
Departament de Quimica Analitica
Facultat de Quimica
Universitat de Valéncia
¢/Dr. Moliner, 50
E46100-Burjassot, Valéncia, Spain

ABSTRACT

This critical review shows the different high performance liquid chromatography
methods proposed for phenol and its chloro, methy! and nitroderivatives determination in
biological samples, with special attention to the sample treatment.

INTRODUCTION

Phenol denatures and precipitates cellular proteins, and thus may rapidly cause
poisoning [1]. It is metabolized by conjugation to yield pheny! glucuronide and phenyl
sulphate [2]. In addition, phenol (and p-cresol and 4-ethylphenol) is produced in the gut by
microbial degradation of tyrosine [3]. So, for urine samples obtained from healthy,
unexposed men, concentration values from 4.5 to 10 ppm were obtained [4]. Acid-labile
phenol conjugates are present endogenously in serum at concentrations of about 0.1 pg/mL.
Niwa et al [5] quantified serum phenol and p-cresol in uremic patients on hemodialysis.
Concentrations of phenol and p-cresol in uremic serum were significantly higher than those
in normal serum. Reduction rates of phenol and p-cresol by hemodialysis were lower than
those of urea and creatinine, suggesting a protein-binding property of phenol and p-cresol.

Phenol and its derivatives are among the most toxic and widely spread pollutants in industrial
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effluent and natural waters. Due to their toxicity, measurement in biological materials
(expired air, blood, serum and urine) would be of interest. In addition, they are also
metabolites of other toxic compounds (e.g. benzene), and their measurement would indicate
exposure. An excess of respiratory cancer has been associated with phenol in Finnish
woodworkers [6]. Moreover, phenol is a metabolite of benzene. Benzene is considered as a
group I carcinogen [7]. It is also a constituent of engine emissions and tobacco smoke. The
most commonly used method for biological monitoring of benzene exposure is measurement
of phenol in urine. In the body, benzene is metabolized by the microsomal cytochrome P-450
monooxygenase system into benzene epoxide [8]. This benzene epoxide is metabolized in
three different pathways which end in excretion of trans,trans-muconic acid,
phenylmercapturic acid and different phenols. By using enzymes it is possible to differentiate
between conjugated (glucuronides and sulphate esters) and unconjugated metabolites. About
30% of retained benzene gives rise to phenol in vivo. Therefore, the measurement of
excreted urinary phenol has applications in the evaluation of exposure [9], but urinary
phenolic compounds are not useful biological markers for exposure to benzene below 1 ppm.
No significant increase in phenolic compounds was observed after exposure to benzene (0.01-

0.63 ppm) for both smoking and non smoking workers [10].

For cresols, only p-cresol is endogenously produced in normal subjects, and may be
present in urine at concentrations of 20 to 200 pg/mL (mainly in conjugated form) [1]. o-
and m-cresol are reported to occur in the urine as a result of exposure of an individual to
toluene {11] and not as a result of the microbial degradation of tyrosine. Consequently, the
occurrence of o- and m-cresol would be expected to be rare, except in those individuals
subjected to toluene exposure. However, only a small fraction of the inhaled vapour is

oxidized at the aromatic ring with the production of cresols.

The urinary concentration of p-nitrophenol has been proposed for assessing the
exposure to nitrobenzene [12], which is used in many industrial processes. Skin is the

principal route of exposure to nitrobenzene solution [13].

The respiratory and dermal absorption of chlorophenols results in measurable levels
of these compounds in blood and urine of occupationally exposed individuals [14]. Food and
drinking water are considered to be the major sources of chlorophenols in serum, urine and

adipose tissues of general population. Pentachlorophenol concentration of 10 ug/Kg in food
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and of 60 ug/Kg in drinking water have been reported [15]. This can be due to an average
daily intake of 1-6 ug pentachlorophenol. A large proportion of pentachlorophenol is excreted
in urine, which leads to average levels of 1-6 ppb [16]. The presence of pentachlorophenol
in urine has been shown to be a sensitive indicator of human exposure not only to those but
also to other organochlorine compounds being metabolized to chlorophenols, e.g.
hexachlorocyclohexane and chlorobenzenes. Once adsorbed in the body, a significant amount
of the chlorophenols may be retained due to the formation of lipophilic conjugates of fatty
acids [17). An accumulation of such conjugates in membranes of tissues and their further
metabolism may have deleterious consequences. Selective toxicity of
palmitoylpentachlorophenol was found in exocrine pancreas in rats [18]. In urine samples
from people working in the wood industry, concentrations of 0.1-10 ppm of
pentachlorophenol have been found [19]. About 25% of the pentachlorophencl present in
urine is excreted as its glucuronide [20]. Therefore, in order to measure the total amount of
pentachlorophenol in urine, hydrolysis is necessary before analysis. Acid hydrolysis has been
used, but 70-95% of pentachlorophenol is present in the precipitate formed upon hydrolysis.
2,4-dichlorophenol has been also determined as a common metabolite of the 8-blocker B
24/76 {21).

The United States Environmental Protection Agency list eleven substituted phenols,
with a variety of substituent such as chloro, methyl and nitro groups, as priority pollutants
phenols (PPP) [22], as shown in table 1. Analytical procedures are needed to detect and
quantify phenolic compounds at very low -concentrations. The present study reviews the
determination of phenol and its chloro, methyl and nitro derivatives by high performance
liquid chromatography (HPLC) in biological samples. This technique is more suitable than
gas chromatography for polar analytes with low vapour pressure (as in the case of phenols)
in aqueous samples. Our objective is to consider the different HPLC methods proposed in
the recent literature (especially referred to the eleven PPP) with attention to all the different
kind of biological samples studied, and the preconcentration techniques used. A previous
review of 1984 was centered around the determination of priority toxic pollutants in urine,
where chlorinated phenols were considered [23]. As it can be seen in figure 1, about 20%
of the published works in the last 10 years, as reviewed by Chemical Abstracts, about phenol

and its derivatives are directly related with biological samples.
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Table 1
The Eleven Priority Pollutants Phenols (PPP) Listed by the United States Environmental
Protection Agency.

Phenol

2-chlorophenol

4-chloro-3-methylphenol

2,4-dichlorophenol

2,4-dimethylphenol

2 4-dinitrophenol

2-methyl-4,6-dinitrophenol

2-nitrophenol

4-nitrophenol

Pentachlorophenol

2.4,6-trichlorophenol

9,0% Others
3,09% Cosmetics
H 3,0% Wood

4,5% Air

.

i
T

19,4%

Urine and
Water and biological
wastewater fluids

'61,2%

Figure 1 Distribution of the HPLC procedures for the analysis of phenols according to the
samples assayed during the last decade.
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SAMPLE TREATMENT

Preliminary treatment is often necessary to both separate and preconcentrate the
analytes, although direct aqueous sample injection has been also used. Generally, hydrolysis
and/or sample clean-up procedures are carried out prior to the chromatographic separation.
Direct injection of enzymatic hydrolysed urine samples have been used [24]. After
acetonitrile deproteinization, plasma phenol was determined [25]. Diluted urine samples after
filtration and hydrolysis were injected [26], and Ogata et al. [27] diluted the urine sample
and after centrifugation injected the supernatant. Although for phenol determination,
enzymatic hydrolysis (Helix Pomatia) was necessary. Automatic HPLC methods, not

involving solvent extraction, described [28]. Table 2 summarizes the different methods.

Steam distillation.

The quantitative performance of steam distillation-extraction for different types of
organic substances at concentrations ranging from tens of ppm to ppb has been studied in
[29]. A theoretical model is introduced, describing the recovery of different classes of
organic compounds as a function of the process time. A 100% recovery is obtained within
20 min. for most substances. The effect of concentration, process time and solvent used were
also studied. Norwitz et al. [30] studied the distillation of 42 phenolics, and the recoveries
are related with the hydrogen-bondings (inter and intra molecular) present. As applications,
a small steam-distillation scheme for concentrating phenol, p-cresol and 4-ethylphenol from
faeces and urine samples was described [31]. Recoveries from 99.4 to 101.9% were obtained
for the three analytes for added concentrations ranged 0.1-1000 nmol/g wet weight sample.
For urine samples it was found that acid hydrolysis did not result in the loss of free phenols,
and the recoveries were 100.1-101.7%. Steam distillation has been also used for the
determination of phenol and cresols in urine [32]. After enzymic hydrolysis of urine (8-
glucuronidase), a 1 mL aliquot was submitted to steam-distillation in a micro-Kjendahl

apparatus for phenol and p-cresol extraction [33]. Recoveries were 95 to 107%.

Liquid-liguid extraction

The extraction of 25 monohydric alkylphenols with different solvents (n-pentane,

tetrachlorometane, trichlorometane, dichlorometane, benzene and diethy! ether) from water



BOSCH REIG, CAMPINS FALCO, AND VERDU ANDRES

2234

00€ = "™ W g Jouaydiyo-t
SLT = "N (1:6:68) : 06001 suun pue Tosaxo-d
[1€] T/8d 10> sousosatonid | SVH-NOSW-O'H (urd 5) 8- UONE|ISIp Wesls *OS™H 530084 Tousyd
q 8y
JolE
(ssmeqdinsiAre
pokesse {oc:0L) TONORIIXD Io/pue
spunodmos (um oL} HOYW-(v'£=Hd) (wr ) 1210 (AQIOp pue asepruomon(s suun
[8] 19710 1Bw 9¢ AN areydsond SQO T1s03onN 1e8uetoxe UoTY -g)) orukzug VN loudyd
(jousydonm
- pue Jouayd
Jo UOYEUTILISISP
oyroads
SNORUEINUIIS) (1 oqSIIeAD
pokesse (e 0L:0€ JolE
spunodwoo 08T ‘597) (Burmos108) 06:01 (201 epemod Tousydoniu-4
ozl BYIo An YOd*H % I-NOPW | (W ¢) z-sao (w zZ'0) paratd Xi[oH) omnAzuyg auLif jouagq
punoy 10w (@oa (wrig)
dOPL9'Y'E'T | dOqjoqdd | 10 quosuaydg | (g1d4¥ quosorgory 26001
ojdues (AN ao’y 02:08) *Od'H (i ) g1dy TONORNXO LR dD3L9YET
(31] JoTm ¢ | dod jo qdd oy AN W T-HOSIW QI0s0IYOY] aumn[oo-jsod SUT-UO IOH auun dod
1owmkjod
01 9send SUAZUIQIAUIAIP dOdLSPET
euIoN (1:6T:%L) 3021418 00001 dO1sET
o[dures pioe o1jsoe [eroed (ar’s) g9 © 10 TUIUMOLIUS qI dod
{191 T 40 ddd Jo qdd 1 aosa -oUIN[OT-AUEXAY-u | -1 QIOSOIGOI] 2001 QUI-UO DH auLn 40a9t
9ouarafey SAON W] wonoded J010319(¢] oseyd onqol aseqd A1euonels dn-ueopo ojdureg sisKjoIpAH sdureg affeuy

JTdH Aq sjouayd jo sis{reuy a1 10y pasodold SPOYISIN USRI a1 jo santadoig [eondreuy

1102 Alenuer $z Z¥ €T

z 9IqeL

v pspeo jumog




2235

PHENOL AND DERIVATIVES IN BIOLOGICAL SAMPLES

071 93ueyoxa (0r:09)
uomry NOPWAS ¥=HD
sarednfuod 19JJ0q 9NeUNIO]
eJns pue Ldtiieng Tousydoxyu-¢
[2l apluomon|sy 11730 670 50 AN W $0°0 (wr ) Xvs-01 1063
dDd PUe dD219¥ET
‘dOLIYT PUR SHT
(1:6€) (w6 810 doave o saednfaoo
Ln (wmu 017) AN O'H-HOW asend posiaacy (1D pue *1D) proe Lneq
oFeiors
Suump
PIsBAINND
sadures 9 ¥2-07
Juun dwos Ul €1z DoLE
TONRITUIITOD (w62 =Hd) 'Od*'BeN (esepruomon(d 1osaa-d
le€] joudud PUE 687) AN INTIOZ-HOPIN TI810 NISY UOHENISTP-WENS ~¢) ormAzug UL} fouayd
(rousydonm ql
-d) 13w | UOLIORIIXI Dol€
pokesse os[e (sjosaro (1°0:0L:05) ¥oeq aprxoIpAy (osmendnsise jousydonm-d
Tousydourure pue Jouayd) 'Od*H (i ¢) 1D wWnipos pue -asepraomon Josaxo-d*uwi‘-0
l6l -d 18w s (U 17) AN -O°H-HOSW €xg araqdsooad | ORI YOCHD -§) ommkzuyg un 10U
(-uw TASIPEID
082) AN NOSWH8'€ TOIppE
pafesse 867 = ™\ 10 pg = HA) areqdms wmipos T 06
spunodwod vz =" JaJIng JeIzde (mr ¢} 81D Joye UonoRNXS .06
[o1] o /8w g0 S0UQSAOT | WNIPOS W 01 ¢ atendsnred Jomarimalq 1OH QL fouagd

1102 Alenuer $z Z¥ €T

v pspeo jumog




13: 42 24 January 2011

Downl oaded At:

2236 BOSCH REIG, CAMPINS FALCO, AND VERDU ANDRES

at mg/L concentration was compared [34]. The recoveries were obtained relative to n-
octadecane, being the lowest for phenol and its lower alkyl derivatives. A simple extraction
by ethyl acetate was used to measure phenol and p-cresol in uremic serum {5]. p-nitrophenol
was extracted from urine samples with dichloromethane, after hydrolysis with hydrochloric
acid {35]. Enzymatic hydrolysis of phenol, cresols and p-nitrophenol with 8-glucuronidase-
arylsulphatase for 12 h. at 37°C was made [9]. After hydrolysis, the analytes were extracted
with dichloromethane, and then the organic phase was extracted with 0.2 M sodium
hydroxide before injection. The recovery was about 95% for phenol and cresols and 90% for
p-nitrophenol. Urine samples, after acid hydrolysis, were saturated with sodium sulphate and
extracted by diethy! ether. The recovery for phenol was over 90% [10]. n-hexane extraction
was used in [14]. The recoveries ranged from 79 (2,4,5-trichlorophenol, 2,3,4,6-
tetrachlorophenol and 2,3,4,5-tetrachlorophenol) to 87 % (2,4-dichlorophenol) when 1 mL of
sample was used, and from 72 (pentachlorophenol) to 90% (2,4-dichlorophenol, 2,4,6-
trichlorophenol and 2,4,5-trichlorophenol) when 5 mL of sample was used. Ethyl ether was
used for determination of pentachlorophenol in human urine [36]. Mice urine hydrolysed with
B-D-glucuronidase was extracted with ethyl ether for unconjugated metabolites of benzene,

including phenol [38].

Solid-liquid_extraction

A global study of some chemically modified resins for phenolic extraction has been
made in [37, 39]. C,; reversed phase extraction used Sep-Pak C,; cartridges [14}. The
recoveries ranged from 59 (2,3,4,5-tetrachloropheno!) to 89% (pentachlorophenol) when 1
mL of sample was used, and from 69 (2,4,6-trichlorophenol) to 96% (pentachlorophenol)
when 5 mL of sample was used. Pentachlorophenol in urine was extracted in a Baker-1 C18
extraction column and eluted with the mobile phase used in the HPLC separation. The
recovery was 89 to 96% [40]. 4 mL of the hydrolysed mice urine (with B-glucuronidase
and/or arylsulphatase) was purified and separated by solid-phase extraction with an anion

exchanger, followed by extraction with diethyl ether [8].

Column switching

On-line post column liquid extraction was used, before electron-capture detection [15].

After hydrolysis of urine samples, the preconcentration was made. Recovery for
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pentachlorophenol at 10 ppb level was 70% and at 100 ppb level was 75%. For 2,3.4.6-
tetrachlorophenol, the recovery was 85%. Same authors, after hydrolysis of the urine, made
on-line trace enrichment of 100 ppb of 2,6-dichlorophenol, and 10 ppb of 2,3,5-
trichlorophenol, 2,3,4,5-tetrachlorophenol and pentachlorophenol using a pre-column packed
with a styrene-divinylbenzene copolymer. For the preconcentration of 0.4 mL of sample,

recoveries of the chlorophenols at the 10 ppb levels varied from 60 to 80% [41].

DETECTION

Figure 2 summarized the detectors usually employed in the HPLC phenol
determination. When biological samples are studied, electrochemistry detectors are used less

frequently.

UV detector is the most employed because of its universality. Phenol and chlorinated
phenols show absorbance maxima at 220 and 250/320 nm. Direct determination of phenol
and chlorophenols is possible if the preconcentration step leads to a higher concentration
level. Nitrophenols can be detected in the visible spectra (405 nm.). PCP was determined by
UV detection (254 and 313 nm.), with detection limit of 0.4 mg/L [36]. Absorbance at
270nm. was used for determination of benzene metabolites in urine of mice. The detection
limit for phenol was 36 mg/L [8]. A wavelength of 210 nm. was used for monitoring fatty
acid conjugates of chlorinated phenols [17], and of 215 nm. was used for the determination
of phenol, 0-, m- and p-cresol, p-aminophenol and p-nitrophenol in urine [9]. The detections
limit were 0.5 mg/1 for phenol and cresols and 1 mg/L for the others. 265 and 280 nm. were
used for determination of urinary metabolites of benzene, nitrobenzene, toluene, xylene and
styrene [26]. 254 nm. has been used with a detection limit of 0.25 mg/L for
pentachlorophenol [40], and for phenol determination [38]. 225 nm. for phenol determination
[27], with a detection limit of 0.4 ng/uL. 285 nm. for phenol and 295 am. for p-cresol in
[33].

The fluorescence detector provides better detection limits than UV detector (table 2).
Only phenol and cresols show native fluorescence. Dansyl chloride is used to convert phenols
into fluorescent dansyl derivatives. A complete study of a two-phase dansylation procedure

for phenolic compounds is described in [42], but we have not found any work which



13: 42 24 January 2011

Downl oaded At:

2238 BOSCH REIG, CAMPINS FALCO, AND VERDU ANDRES

Electron Capture 7,6%

Detector
Fluorescence
052 18,2%
uv
54.5% Electrochemistry
19,7%

Figure 2 Distribution of the HPLC procedures for the analysis of phenols according to the
detection system used during the last decade.

describes an application to biological samples. Fluorescence detection for identification of
phenol and p-cresol was used [5]. A A\, = 274 nm. and A, = 298 nm. were used, with
a detection limit for phenol of 0.3 mg/L {10], and A,. = 275 nm, and A, = 300 nm. for
monitoring phenol, p-cresol and 4-ethylphenol. The sensibility was of 10 pg. (in 100 L) [311.

The only described work with electrochemistry detector in biological samples showed
electrochemistry detector 30 times more sensitive than UV detection for phenol determination

in plasma [25].

Experimental modifications have to be made in order to use electron capture detector
(ECD) in liquid chromatography. On-line post-column extraction in column liquid
chromatography with a coupled ECD is proposed [15]. Detection limit of 1 ppb for PCP in
urine was achieved, when 40 ppb was the detection limit with UV detection. On-line trace
enrichment on a reversed phase pre-column for normal phase LC with ECD is described in
[41], for low ppb determination of chlorophenols in urine. On-line electron-capture detection

was used for determination of ppb levels of PCP in liver [43].

The mass spectrometry has been only used for confirmating phenol and p-cresol [5].

The radiochemistry detector has been used for quantification of radiolabelled benzene
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metabolites in liver tissue extract or urine of rats exposed to *H-benzene in air (47.6 ppm)

for 6 hours. UV absorbance at 265 nm. was also registered [44].

CONCLUSIONS

A review has been made of the procedures proposed for determination of phenols in
biological fluids. Hydrolysis and sample clean-up procedures, and also preconcentration, are
generally required for successful determination (table 2). Three types of analytical columns
are proposed: normal phase, reversed phase and anion exchange, the second type being most
popular. The UV detector is the most used. However, it does not always provide good
sensibility, and then other kind of detectors have been tested, as fluorescence and electron
capture detectors. The major number of papers referred to urine samples, as can be seen in

table 2, where ppb detection limits has been found.

ACKNOWLEDGEMENTS
The authors are grateful to the DGICYT (Project n® PB 91-0651) for financial

support. Jorge Verdd Andrés acknowledges a grant from the Conselleria d’Educacié i Ciéncia

of the Generalitat Valenciana for carrying out PhD studies.

REFERENCES

pgsjg-mgrlgm mg;erlals" The Pharmaceuucal Press London 2nd Edmon 1986

2. F.R. Brown, W.M. Draper, J. Chromatogr., 479:441 (1989)

3. B.S. Drasar,M.J. Hill, Human Intenstinal Microflora, Academic Press, London,
1974

4, E. Tesafova, V. Pacdkovd, Chromatographia, 17:269 (1983)
5. T. Niwa, Clin. Chem., 39:108 (1993)

6. T.P. Kauppinen, T.J. Partanen, S.G. Hernberg, J.J. Nickels, R.A. Lukkonen, T.R.
Hakulinen, E.I. Pukkala, Br. J. Ind. Med., 50:143 (1993)

7. International Agency for Research on Cancer, Vol. 29, Benzene, IARC, Lyon, 1982



13: 42 24 January 2011

Downl oaded At:

2240

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

BOSCH REIG, CAMPINS FALCO, AND VERDU ANDRES

H. Schad, F. Schifer, L. Weber, H.J. Seidel, J. Chromatogr., 393:147 (1992)
A. Brega, P. Prandini, C. Amaglio, E. Pafumi, J. Chromatogr., 535:311 (1990)
B.L. Lee, HY. Ong, C.Y. Shi, C.N. Ong, J. Chromatogr., 619:259 (1993)

I. Angerer, Int. Arch. Occup. Environ. Health, 43:63 (1979)

R.J. Levine, M.J. Turner, Y.S. Crume, M.E. Dale, T.B. Starr, D.E. Rickert, J.
Occup. Med., 27:267 (1985)

R.L. Bronaugh, H.I. Maiback, J. Invest. Dermatol., 84:180 (1985)
Z. Vasili¢, S. Fingler, V. Drevenkar, Fresenius’ J. Anal. Chem., 341:732 (1991)

F. A. Maris, M. Nijenhuis, R. W. Frei, G. J. de Jong, U. A. Th. Brinkman, J.
Chromatogr., 435:297 (1988)

M. Sitting, Priority Toxic Pollutants: Health impacts and allowable limits, Noyes
Data Corporation, Park Ridge, NJ, 1980

B. S. Kaphalia, J. Chromatogr., 537:85 (1991)
G.A.S. Ansari, B.S. Kaphalia, P.J. Boor, Toxicol., 46:57 (1987)
S.S. Altuma, D.1. Oker, Bull. Environ. Contam. Toxicol., 35:406 (1985)

Pentachlorophenol: chemistry, pharmacology and environmental toxicology", K.
Rango Rao (Editor), Plenum Press, New York, 1978

A. Baumann, J. Hoffmann, F. Riemer, A. Grisk, Pharmazie, 45:218 (1990)

Sampling and Analysis Procedures for Screening of Industrial Effluents for Priority
Poliutants, U.S.E.P.A., Environment Monitoring and Support Laboratoty,
Cincinnaty, OH, 1977

A.J. Fatiadi, Environ. Int., 10:175 (1984)

M. Ogata, T. Taguchi, N. Hirota, Y. Shimada, S. Nakae, fnt. Arch. Occup. Environ.
Health, 63:121 (1991)

Z.K. Shihabi, R. Rauck, J. Lig. Chromatogr., 14:1691 (1991)

A. Astier, J. Chromatogr., 573:318 (1992)

M. Ogata, T. Taguchi, Int. Arch. Occup. Environ. Health, 61:131 (1988)
M. Ogata, T. Taguchi, Int. Arch. Occup. Environ. Health, 59:263 (1987)

J. Rijks, J. Curvers, Th. Noy, C. Cramers, J. Chromatogr., 279:395 (1983)



13: 42 24 January 2011

Downl oaded At:

PHENOL AND DERIVATIVES IN BIOLOGICAL SAMPLES

30.
31.

32.

33.
34.

35.

36.

37.
38.
39.
40.

41.

42.

43.

44,

G. Norwitz, N. Nataro, P. N. Keliher, Anal. Chem., 58:639 (1986)
K.E. Murray, R.F. Adams, J. Chromatogr., 431:143 (1988)

M. Buratti, O. Pellegrino, G. Caravelli, D. Xaiz, C. Valla, A. Colombi, Med. Lav.,
80:254 (1989)

W.E. Schaltenbrand, S.P. Coburn, Clin. Chem., 31:2042 (1985)
J. Hrivitdk, M. Steklaz, J. Chromatogr., 286:353 (1984)

H. Jian, S. Zhang, W. Zhang, Z. Zheng, Gongye Weisheng Yu Zhiyebing, 18:48
(1992) [C.A. 117: 227861q]

A. Yu, W. Chang, X. Dai, H. Shao, Gongye Weisheng Yu Zhiyebing, 15:42 (1989)
[C.A. 111: 128344¢]

I.F. Sun, 1.8. Fritz, J. Chromatogr., 590:197 (1992)

M.M. Gad el Karim, V.M.S. Ramanujam, M.S. Legator, Xenobiotica, 15:211 (1985)
B. Makuch, K. Gazda, M. Kamifiski, Anal. Chim. Acta, 284:53 (1993)

P.P. Chou, J.L. Bailey, Clin. Chem., 32:1026 (1986)

F. A. Maris, J. A. Stab, G. J. de Jong, U. A. Th. Brinkman, J. Chromatogr.,
445:129 (1988)

C. de Ruiter, R.R. Otten, U.A.Th. Brinkman, R.W. Frei, J. Chromatogr., 436:429
(1988)

F. A. Maris, G. J. de Jong, G.W. Somsen, U. A. Th. Brinkman, C.E. Goewie,
H.H. van denBroek, Chemosfere, 17:301 (1988), 301

P.J. Sabourin, W.E. Bechtold, R.F. Henderson, Anal. Biochem., 170:316 (1988)

Received: August 8, 1994
Accepted: January 24, 1995



