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SUMMARY 

A simple and easily manipulated method is described for the determination 
of total urinary phenol. This modification of earlier procedures incorporates the en- 
zymatic hydrolysis of conjugated phenol, extraction of the hydrolysis products into 
isopropyl ether and final quantitation by gas-liquid chromatography-flame ion&- 
tion detection. The method employs benzyl alcohol as internal standard. 

. . 

lNTRODUClYIO& 

Prolonged inhaktion of benzene at LOO ppm can cause toxic symptoms, while 
acute exposure due to ingestion or inhalation, can cause irritation of mucous mem- 
branes, restlessness, convulsions, excitement and depression. Death from respiratory 
failure may follow acute exposure. Chronic exposure can cause bone-marrow aplasia 
and, rarely, leukemia. The level of benzene exposure may be directly related to the 
level of conjugated phenol that is excreted by the kidneys. The mechanism of this 
relationship is that the liver oxidizes benzene to phenol and subsequently detoxifies 
the phenol by conjugation with either sulfate or glucuronide. 

Exposure to benzene may not be the only source of urinary phenol. Several 
drugs commonly available, such as phenyl salicylate, zinc phenyl sulfonate (both in 
Pepto-Bismof), phenol itself (from throat soothing preparations) and phenobarbital, 
are metabolized by the liver and are excreted as conjugated phenol. Intestinal flora 
especially in patients with gastro-intestinal disorders may also contribute to the uri- 
nary phenol level through their degradation of tyrosine’. 

The quantitation of total urinary phenol has only been practical from a clinical 
standpoint for about sfry years. Early methods of urinary phenol analysis had been 
limited to calorimetric procedures which laclced specificity, could not guarantee the 
total hydrolysis of conjugated phenol or required precise manipulation and excessive 
time to complete. Although the early method of Theis and Benedict2 using diazotized 
pnitroaniline was straightforward, results were arbitrarily high since p-cresol, usually 
found in urine in higher coGentrations than phenol itself, interfered with the de- 

termination. ‘Later methods of Gibbs3 and Walkley et al.’ were either clifheuh to 
manipulate or may aIs0 have been plagued by p-eresol interference. 

In 1965, Van ?&u&en and Se5 developed a gas chromatographic technique 
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for determining total urinary phenol. The method used an on-cohmm phosphoric 
acid hydrolysis of the conjugated phenol. An internal standard was not used and 
chromatograms showed a relatively high background making quick chromatographic 
analysis difhcuh. Duran et al.’ have described a gas-liquid chromatographic (GLC) 
technique using hydrochloric acid hydrolysis of conjugated phenol at 100’ with II- 
vaIeric acid as internal standard. The method does not lend itself to simple manipula- 
tion and the authors indicate that n-vale& acid and crotonic acid are not separated 
by the technique. Crotonic acid can be formed from ,&hydroxybutyric acid during 
acid hydrolysis. Fell and I_& have also described a gas chromatographic method 
that will. separate monohydric and dihydric phenols as acetate or trimethylsilyl 
(TMS) derivatives. The hydrolysis of the conjugated phenols was done enzymatically 
using a mixture of arylsulfatase and &&.rcuronidase. The method of Fell and Lee 
will separate many phenolic compounds but, in that capacity, the assay may be too 
sensitive for use as a method for quantitating phenol alone. Early attempts in our 
laboratory to duplicate the perchloric acid hydrolysis method of Sherwood and 
Carter’ yielded disappointing results. The method did not use au internal standard 
and the rest&s showed poor replication. It was found that benzyl alcohol could be 
used as an internal standard with an improved standard deviation, but the method 
still gave disappointing results. 

The method described here is a modification of the gas chromatographic (CC) 
technique of Van Haaften and Sies as modified by Sherwood and Carter’. Along 
with benzyl alcohol as an internal standard an enzymatic hydrolysis technique was 
used. This technique was a modification of the procedure recommended by Endo 
Labs (Garden City, N-Y., U.S.A.)*_ 

Apparatus 
The apparatus used for analysis was a Hewlett-Packard 7620A gas chromato- 

graph equipped with a hydrogen flame ionization detector (FID) and interfaced with 
a Hewlett-Packard 3380A reporting integrator. Separation was effected on a boro- 
siiicate g1ass column (4 ft. x 4 mm I.D.) packed with 10% polyethylene glyco16000 
on Anakrom ABS (IOO-110 mesh). The column was conditioned overnight at 190” 
with a helium flow-rate of 15 ml/mm. Final conditioning was achieved by multiple 
solvent injections on to the column under assay conditions. Chromatograms were 
run at an oven temperature of 175” with the injector at 210” and the FID at 250”. 
Helium was the carrier with a flow-rate of 35-40 ml/min. A sample volume of 5 ~1 
was injected using a standard lo-p1 Hamilton syringe or a 2%~1 Hamilton syringe 
iittcd with a 26-gauge needle. 

Calculations 
Results were calculated by determinin g the peak area ratio of the sample peak 

area to the internal standard peak area, comparing this ratio with an extracted four 
point standard curve and finally all resuhs were normalized (as suggested by Fish- 
beck et irr.ls) to urine with a specific gravity of 1.024 by the following formulai: 

24 
:otal corrected urinary phenol = mg% phenol-- 

digits 
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Digits in the formula referred to the last two digits of the sample’s specific gravity. 
Twenty four referred to the last digits of the assumed normal urine specXc gravity 
as determined by Levine and Fahy” and recommended by the Occupational Safety 
and Health Administration ~O.S.H.A.)g. 

Procedures 
Sample collection. Urine specimens were collected at random intervals from 

workers normally exposed to low levels of benzene and from those who were not 
exposed. Samples were frozen upon collection and maintained at -20” until they 
were thawed for analysis. 

Extraction. The specific gravity of the urine samples was determined by re- 
fractometry and those of less than 1.010 or more than 1.030 were excluded from 
analysis. Phenol standards ranging from 0.5 rng% to 10 mg% were prepared in 
pooled urine. Volumes of 5 ml _of standard urine blank, standards or samples were 
pipetted into 15-ml glass-stoppered centrifuge tubes to which was added 1.0 ml of 
pH 5.0,2 M acetate buffer which contained 1 mg benzyl alcohol as internal standard 
and 0.1 mg amoxycillin as preservative. After thorough mixing, 50 ~1 of Glusulase 
(Endo Tabs: ca. 1500 &&.rcuronidase units and 400 arylsulfatase units per ml of 
urine) were added. The tubes were stoppered, thoroughly mixed and incubated in 
a water bath at 37” for 24 h. After cooling, 0.5 ml of concentrated HCl and 1.0 ml 
of diisopropyl ether were added. The stoppered tubes were slowly shaken on a recip- 
rocating mechanical shaker for 20 min. Centrifugation separated the organic and 
aqueous phases. The diisopropyl ether layer was transferred to a clean set of 15-ml 
glass-stopper& centrifuge tubes, stoppered and kept at room temperature until it 
could be analyzed. 

Thin hyer chromatography (TLC). The presence of p-cresol in the urines was 
confumed through a modification of the TLC procedure of Crumplo~lL using a mod- 
ified extraction scheme in which the Glusulase hydrolysis technique was scaled-down 
five fold and the incubation conditions were left unchanged. After incubation, the 
samples were acidified and extracted into 2 ml of diisopropyl ether. The organic phase 
was then back extracted with I ml of 1 N NaOLL The alkaline phase was transferred 
to @-ml screw-cap centrifuge tubes placed on ice and then reacted for 1 min with 
1 ml of diazotized o-nitroauiline (0.75 ml 10 % NaNO, + 25 ml O-15 % o-nitroanihne) 
which was kept at 4”. After adding 2 ml of 20% Na,CO,, the reaction mixture was 
extracted with 10 ml of diethyl ether. The ether phase -was evaporated to dryness in 
a 10 x 75 mm tube and the residue was dissolved in 100 ~1 of chloroform. 5-1.11 
aliquots were spotted on silica gel plates slurried from 0.5 N NaOEL The chromato- 
gram was developed in an equilibrated chromatography tank using chloroform- 
acetone (9 : 1). 

RESULTS 

Three prominent peaks were separated by the GC technique used in this study 
(Fig. I). The f?rst was the internal standard, benzyl alcohol, which was given a relative 
retention time (?A of 1.00. The second was the phenol peak with an tR of 1.55. 
The third peak was p-cresol having an tR of 2.05. Under normal assay conditions, 
phenol had an absolute retention time of ca. 8 min. 



Fig. 1. Gas-liquid chrornatogram of an extracted Eruman urine sample (see text). Con&ions: 10% 
polyethylene giycol6000 on Anakrom ABS (IOO-I10 mesh) packed in a 4 ft. X 4 mm borosiIicate 
glass-column; injection port, 210”; colusnn oven, 175”; FLD, 250”; helium carrier flow-rate, 35 
ml/min (5+1 samples). 

Phenol was used as the assay standard because phenyl sulfate and phenyl 
glucuronide were not commercially available. The complexity of their chemical syn- 
thesis and the impossibility of predicting the ratio of sulfate to glucuronide for use 
as a standard also mitigated for the choice of phenol as standard. In order to show 
that the procedure was measuring end-point values for the enzymatic hydrolysis of 
conjugated phenol, the time course for the hydrolysis was studied using urines from 

workers exposed to benzene. Appropriate phenol standards in pooIed urine were also 
carried through the time course to demonstrate the stability of phenol under assay 
conditions, as well as p-cresol release from the standard pool& urine. The p-cresot 
release was monitored ill these experiments as a further indication of complete hy- 
drolysis. .The results of two time course experiments shown in Figs. 2 and 3 indiate 
that the enzymatic hydrolysis of both the conjugated phenol and the conjugated p- 
cresol was compIete in 20-24 h_ These figures also show that even the hydrolysis 
of an abnormally high urinary phenol sample is complete in tbe~period stated and 

that the hydrolysis of the sample p-cresol was also complete at the same point. In 
Fig. 4, pcresol data are presented as peak area ratios (PARS) since p-cresol standards 
were not included. During the same time conrse experiments, no variation in the 
net PARS of the standards was noted although, as expected, *he PAR for the p- 
cresol in the standard pooled urine increased and plateaued in 20-24 h. 

It was found that 0.5 mg% phenol was the convenient limit of sensitivity for 
the procedure. Reported analysis of a 0.5 mg% standard gave a 4% coefficient of 
variation for two standard deviations_ Concentrations of a less thar~O.5 mg% could 
‘be determined with a somewhat higher ~coefficient of variation. Repeated anaIysis of 
a random urine specimen from a worker exposed to benzene gave a 7% coefficient 
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Fig. 2. Plot of phenol peak area ratios versl~p incubation time (b) for five human SalIpks (I-v). 5 ml 
of urine sample was combined with 1.0 ml of 2 M acetate buffer, pH 5.0, containing 1.0 mg benzyl 
alcohol and 0.1 ing anoxycillin. Samples were incubated at 37” for various periods cf time, acidified 
and extracted with dikopropyl ether. 
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Fig. 3. Plot ofpcresoi peak area ratios -vemts incubation time for five human sarnpks (r-v). %rnpkS 
and incubation conditions were identical to those in Fig. 2. 
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Fig. 4. Stabiity of added phenol under incubation conditions. Urine samples um spiked with 
known amour+ of phenol. Extractions at various times demonstrate the stabZty of phenol to assay- 
conditions. The gradual appevance of p-cresol restits from hydrolysis of conjugated paresol 
normally present ia urine. Incubation temperature w-as 37”. 

of variation for the phenol results. The coe5cients of variation for the p-cresol re- 
st&s for’the 0.5 rng% sample and the random urine specimen were 3 oA and 2% re- 
spectively- 

The plot of the extracted four point standard curve in Fig. 5 passed through 
zero and was linear over the assay range of 0.5 mg%-10 rng% having a normal co- 
e5cient of determination (COD) of 0.999. Earlier work demonstrated linearity out 
to 300 mg% with a similar COD. 

Analysis of nearly 200 specimens composed of individuals exposed to low lev- 
eb of benzene and individuals with no known exposure showed no statisticai differ- 
ence. The control group showed a mean phenol level of 1.0 rng% while the exposed 
group had a mean phenol levei of 0.7 mg%. A Student’s T comparison gave a p 
value of greater than 0.05 indicating a low probability of group difference. The mean 
corrected total urinary phenol concentration for 422 specimens was 0.8 rng% with 
a normal range from O-3.5 rng% for two standard deviations. The mean specific grav- 
ity for some 480 urine specimens in our jaboratory was 1.019. 

DISCUSSION 

The linearity of the standards even beyond the assay range and the sensitivity 
as well as the small standard deviation at 0.5 rng% are all imhcati~ons L+at the results 
are reliable. Early results using the ~rchloric acid hydrolysk method of Sherwood 
and Carter gave coefficients of variation of 5U-100°~ compared v&h the 4% as seen 
in this mod&d method. Additional sensitivity appears to be unnecessary because 
the total urinary phenol level is reported to be from 0.45 rngx to 1 mg% for indi- 
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Fig. 5, Plot of peak area ratios versus standard phenol ~ncenirations (II@%). GLC ~ndition~ were 
as indicated in tfre text. 

viduals not exposed to benzene s*7*8s12*w. A phenol level of more than I mg% indi- 
cates benzene exposure and a limit of 20 mg% might be considered medically s&es. 
These levels of detection were easily attained with this procedure. Values reported 
by the other investigators mentioned above compare well with the mean of 0.8 mg% 
phenol generated in this study. 

The time course studies showed that the hydrolysis of tie conjugated phenols 
was completed in 20-24 h. Completion of the reaction was also implied by the ap- 
parent completion of the hydrolysis of p-cresol. Since no variation &I the peak area 
ratios for thk standards included during the time course was observed, stability of 
the benzyl akohol (internal standard) and phenol could be inferred. Therefore, phenol 
and benzyl alcohol were considered the standard and internal standard of choice, 
respective1 yi 

~When data were analyzed to determine whether control samples contained 
statistically less phenol than those urines from workers exposed to low levels of 
benzene, no difference was demonstrated. The method, however, is certainly capable 
of easily detecting any phenol level that might fafl outside of the normal Zange. 

In the TLC procedure described, extracted urine samples showed phenol and 
~-C&OK as tie o&y detectable spots. Phenol had &II RF of 0.20 and p_cresoI had 
an RF of 0.74. ‘l&se spots compared weJl witk phenol axd p-cresol standards. 



u-Cresol and mcresol had RF values of 0.34 and 0.26, respectively. An. in&&on of 
pcresol into the gas ckromatograpk showed that it kad an R= identia with tke 
peak that had been assumed to be p-cresol (?R = 2.05) (Fig. 6). The presence of 
p-cresol in tke uriues was, therefore, demonstrated by two independent methods, GLC 
and TLC. Van I&&en and Sies also mentioned that p-cresol was normally present 
in urine along witk phenol while other pkenolic compounds appear only in minute 
quantities. 3‘ 

Fig. 6. Gas-liquid chromatogram of benzyl alcohol (Rr = 5.37), phenol CRT = 8.19) and p-cresol 
(Rr = 10.74). Pure umpounds were dissolved in dkopropyl ether and injected into the gas &mm- 
tograph- InstrumenM canditioas as indicati in Fig_ 1. 

Sherwood and Carter’ reported a mean specitic gravity of 1.018 and also in- 
dicated that their findings were essentially confirmed by other workers. Tke_mean 
observed in tkis study was 1.019. It appears that the normal specific gravity origi- 
nally reported by Leviue and Fahy” in i945 may no longer be valid and that a some- 
what lower value should be considered as normal. 

The hydrolysis procedure presented, as well as the extraction procedure, are 
easily manipulated, requiring no back. extraction or derivatization. Use of the in- 
ternal standard and four-point standard curve as well as the reprodudibility of the 
assay assure reliable results. ‘Ike separation of phenol and p-cresol by the technique 
removes the-01 interference which caused difficulties with other metkodsof anal- 
ysis of urinary phenol _ . 
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