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iUMMARY 

Two simple and sensitive higb-performance liquid cbromatographic methods for the 
letermiuation of bippuric acid and o-cresol in urine have been developed Tbe cbromato- 
[raphic system is the same for the two methods and is based on dynamicaliy modified silica_ 

The detection limits were found to he 0.05 mg/mI and 0.05 pg/mi of urine for hippuric 
!cid aud o -cm&, respectively, when using W detection at 254 nm. The recovery for 
lippuric acid was about 100% and for o-cresol 33-36%. The detection limit for o-cresol 
:ouid be lowered by a factor of ten by using fluorescence detection. 

The methods were used for investigations of the urine from tiersons exposed to 100 ppm 
oluene for 6.5 b. Tbe metbod for o-cresol may aiso be used for determination of other 
!henois in urine. 

CNTRODUCTION 

~Tolu&& is a .klvent &dely used in industry as a replacement for .the 
zarc~o+li~~ henzen 9, .but toluenc also. ~&xhibits consjderabl& toxicity [l] _ Its 
maiu I&&&~‘ in-gxm & beuzoic acid; w+&_ is cxqekj as its glyciue conju- 
gat& hippu~$c~ acid, Hipp+ -.acid is -an endqgeno? .rnetabofi$e -common in 
hum&_ uri+, but- oq exposure tq toluene the level is enhanckd: [Z-6] :-Toluene 
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is, amongst several other substances, metabohsed to ocresol [l, 7, 81, which 
until now has not been reported as a usual component in human urine. It may 
therefore be regarded as a more specific metabohte and thus a better index of 
toluene exposure. 

In this paper we present a chromatographic system based on dynamicahy 
modified silica [9, lo], in which the content of both hippuric acid and o-cresol 
in human urine may be determined_ 

Apparatus 
A Waters liquid chromatograph consisting of a Model 6000A pump, a Model 

710A WISP autoinjector, a Model 440 uhraviolet (UV) absorbance detector 
(254 run), a Model 730 data module and a Model 720 system controller was 
used. The cohunns were thermostated in a LC 250/3 Kratos oven. A Kontron 
SFM 23 LC spectrophotofluorimeter was used as the fluorescence detector 
(excitation at 273 nm, and emission at 298 run)_ 

For centrifugation a Sigma 3K-1 was used at 3000 g in all cases. 

Chemiccds 
Acetonitriie HPLCS grade was obtained from R.athburnChemicak(WaIker- 

burn, Great Britain). AU other chemicals were of analytical-reagent grade and 
obtzined from E. Merck (Dannstadt, G.F.R.). 

Sample pre$amtion 
Hippuric acid_ A l-ml volume of urine was mixed with 1 ml of acetonitrile 

and centrifuged for 5 min; 10 ~1 of the supematant were injected onto the 

coIumn. 

o-C!resoZ_ To 10 ml of urine, 1 ml of internal standard (0.005% 2,5-dimethyl- 
phenol or 0.015% 2,3,5+imethylphenoI) and 1 ml of concentrated sulphuric 
acid were added. The mixture was placed in a boiling water bath for 1 h_ After 
cooling, 3 ml were extracted with 7.5 ml of cyclohexane and the phases were 
separated by centrifugation, The cyclohmrane phase was then first extracted 
with 2 ml of 0.2 M potassium phosphate buffer and finahy extracted with 300 
~1 of 0.1 N sodium hydroxide; 25 ~1 of the sodium hydroxide phase were 
injected onto the cohunn. Careful centrifugation was necessary before 
separating the phases_ 

Chromatogmphy 
The column set-up has been described previously [9, lo]. The analytical 

column was a Knauer column, 120 X 4.6 mm I.D., packed with LiChrosorb 
Si 60 (5-m particles). The guard cohmm (100 X 4.6 mm I.D.), situated 
between the pump and the autoinjector, was dry-packed with LiChroprep Si 
60. Both colunnns were operated at 40°C_ The mobile phase was acetonitrile- 
0.2 M potassium phosphate (pH 7_5)-water (30:5:65) containing 1.25 mM 
N&N-trimethylhexadecylammonium bromide; the flow-rate was 1.5 ml 
mm-’ _ 
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Toluene exposure 
Forty-two printing workers (occupationally exposed to toluene during their 

daily work for ten years or more) were matched with control persons 
according, among others, to age and smoking habits. All persons were men. 
Each matched pair was randomly selected for either exposure to LOO ppm or 
0 ppm of toluene in air for 6.5 h, The exposure was performed in an exposure 
chamber pl] _ Three portions of urine were collected from each person at the 
following iutervals: 2.5 h before the start of the experiment to time zero; horn 
thestartoftheexposureto3hlater;andfrom3to6.5hafterthestartofthe 
exposure. The samples were stored at -20°C until analysed. 

RESULTSANDDISCUSSION 

Recovery, reproducibilify and detection limits 
Hippuric acid can be determined by injecting diluted urine onto the column. 

Plotting the detector response in arbitrary units of area for hippuric aicd in the 
concentration range O-l-IO n&ml gave a rectilinear standard curve with tire 
regression equation Y = 23237X + 3.7 (r = 0.999). The reproducibility and 
accuracy of this simple method were determined for urine using the standard 
addition method. The results in Table I show a recovery close to 100% with a 
good precision. Typical chromatograms are shown in Pig. I. 

TABLE1 

DEIYEXMWATION OF HIPPURIC ACIDINURlNE 

Added Found Recovery + R.S.D.(%) 
0WW (mg/W +=4) 

0 0.23 - 
0.20 0.44 102.7 i 2.1 
0.50 0.73 100.3 2 1.5 
1.00 1.20 96.9 f 1.8 
2.00 2.19 98.1 + 2.0 

The phenolic metabolites (o-cresol and p-cresol) of toluene are present in 
urine as their sulphate and glucuronide conjugates. As pcresol is also an 
endogenous metabolite only the specific metabolite ocresol is quantitated, and 
the first step in the procedure is cleavage of the conjugates. As the concen- 
tration range of total ocresol .in urine is between zero and a few ppm, the 
development of a sufficiently reliable method involved investigation of the 
pre-chromatographic extraction and concentration procedures. The lower 
phenols including o-ems01 are known to be volatile, and consequently it was 
decided to include the concentration step in the extraction procedure. 

Several organic solvents were investigated with respect to efficiency and 
selectivity of extraction for o~resol. In Table II .the recoveries are shown for 
three of the solvents, Mixtures. of hexane .and diethyl ether were also 
investigated but a great-tendency to emulsify was observed. Furthermore, the 
final extracts from these extractions caused severe baseline disturbance when 
injected onto the column, probably due to diethyl ether dissolved in the 
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Fig_ l_ Determination of urinary hippuric acid (HA). (A) Normd urine (HA = 0.29 mg/ml). 
(B) Urine fi-om a person exposed to toluene (H-A = 3.35 mg/d). 

RECOVERY OF G-CRESOL (1 ppm) FROM 3 ml OF 2 M SULPHURIC ACID EX- 
TRACTED ONCE WITH 7.5 ml OF THE STATED SOLVENTS AND RE-EXTRACTED AS 
DESCRIBED IN THE PROCEDURE 

Values are given in per cent (n = 4). 

Rf==v S, Sd after correction by 
intemaJ standardizstion 

Dichloromethane 72 

Cyclohexane 33 
Hexane 27 

2.6 

I;-z 34 
15:o i:1 

aqueous phase. DichIoromethaue gave the highest recovery, but when using 
urine too many co-extractants compromised the determination& Extraction 
with hOme and cycIohexane gave low recoveries with a relative standard 
deviation of X2-15%, but the la&r problem was solved by using an intirnd 

standard. Due tu the piurification. step with phosphate buffer pH 7.0, only a 
few co+xtractanI~ from urine were found in the final extract. 

The recovery of phenols from urine was found to be less than from 2 M 
sulphuric acid (Table III). The relative change in partition ratio was different 

for the three compounds and the relative standard- deviations were larger when 
-king- urine. It is therefore necessary to use urine when preparing the standard 
solutions. These data were reproduced several -tin16 during a three-month 
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TABLE III 

PERCENTAGE RECOVERY OF PHENOLS FROM 2 M SULPHURIC ACID AND URINE 
USING THE METHOD DEVELOPED 

Numberin parentheses are the relative standard deviations in per cent (n = 4). 

2 M H,SO, Urine 

0-(I&SO1 35 (i 10.1) 33 (* 13.7) 
Dimethylphenol 46 (2 4.1) 38 (* 9.2) 
Trimethylphenol 33 (5 9.8) 24 (2 20.7) 

TABLE IV 

RECOVERY OF o-CRESOL FROM URINE USING THE METHOD DEVELOPED 

All values are given in per cent (n = 4). 

Amount Recovery S, Sd using internal 
added standardization 

(ppm) 

0.1 29 20 5.5 
1.0 36 115 4s 
5.0 33 7.2 4.1 

period with different samples of urine. The recovery of o-cresol at different 
concentration levels is given in Table IV. 

The detection limits for practical work with the methods developed were 
found to be 0.05 mg of hippuric acid per ml of urine (UV, 254 run), 0.05 pg of 
ocresol per ml of urine (UV, 254 nm) and 0.005 pg of o-cresoi per ml of urine 
(fluorescence, excitation 273 nm, emission 298 run). The de+&ation of o- 
cresol was first developed for use with a UV detector, but in Fig. 2 it is seen 
that fluorescence detection is more selective, and it is most likely that the 
extraction procedure could be simplified when using fluorescence detection 
alone. 

Occupational studies 
The described methods have been used in a large investigation of workers 

employed in the printing industry compared with workers employed elsewhere 

1111. 
No difference in the metabolic pattern of toluene to hippuric acid and 

o-cresol in the two groups was observed (Table V), and the excretion of urinary 
hippuric acid and ocresol. showed a linear rise during the exposure. Urinary 
o-cresol discriminated better between exposed and non-exposed persons, 
especially during the first 3 h of exposure. This is due to the very low 
concentration of ocresol found in urine before exposure. The low levels of 
o-cresol fo,$rd in- all persons may be due to the toluene pollution in the atmos- 

phere. 
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* 1 L L 
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Fig_ 2_ D.&f5 - titan of urinary o-cresol (A) Normal urine (O-03 fig o-cresol per ml)_ (B) 
Urine fkom a person exposed to toluene (0.9 rg o-cresol per ml). Upper traces: fluOres4xnce 
detection (excitation 273 nm, em-ksion 298 nm). Lower traces: W detection at 254 mu. 
Peak identification: 17 phenol, 2 = o-cresol, 3 = m- and p+zresol, 4 = 2,5-dimethyIphenol, 
5 = 2,3,5-trimethylphenol, and X = unknowns. 

TABLE V 

=ARY EXCREY@ION OF HIE’PURIC ACID AND o-CRESOL IN 42 PRINTING 
WORKEZtS AND 43 CONTROL PERSONS DURING 6.5 h EXPOSURE TO 100 ppm OR 
0 ppm TOLUENE IN AN EXPOSURE CHAMBER 

Dose of No_ of Urinary hippuric acid Urinary o-cresol 
toIuene persons excretion (mmol) excretion (fimol) 
(ppm) 

Median (quartiles) Mediazl (quartiles) 

Printing 
workers 100 19 6.7 (6.3-7.4) 4-6 (4io-4.9) 

0 23 1-l (0.9-1.5) 0.2 (0.1+.4) 
control 

pefio= 100 21 6.7 (5.5-7-7) 4-2 (3.4-5.4) 0 22 1.5 (0.7-2.2) 0.1 (0.1-0.3) 
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Smoking was also found to have an influence on the o-cresol levels in the 
urine. Table VI shows that the levels are higher for smokers than for non- 
smokers during the whole experiment. Cigarette smoke is known to contain 
o-cresol [12], but smoking was not allowed during the experiment and at 
present no simple explanation for this observation can be given. 
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