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A Biological Monitoring Method for 
o-Toluidine and Aniline in Urine Using High 

Performance Liquid Chromatography with 
Electrochemical Detection 

Kenneth K. Brown, Alexander W. Teass, Steve Simon, and Elizabeth M. Ward* 

Division of Biomedical and Behavioral Science and *Division of Surveillance, 
Hazard Evaluations, and Field Studies, National Institute for Occupational Safety and Health, 

4676 Columbia Parkway, Cincinnati, Ohio 45226 

A urinalysis method for o-toluidine and aniline was developed for 
biological monitoring. Urine specimens were made 4.7 M in sodium 
hydroxide and heated at 80°C for 2 hours to convert the metabolites 
acetanilide and N-acetyl-o-toluidine to the free amines. Extraction of 
the hydrolysate with butyl chloride and back extraction with 0.1 M 
aqueous hydrochloric acid gave an amine fraction, which was sub- 
jected to paired-ion reversed-phase liquid chromatography with cou- 
lometric electrochemical detection. For o-toluidine and aniline, re- 
spectively, the average recovery was 91 and 100 percent, the precision 
for field specimens was 13 and 16 percent relative standard deviation, 
and the limit of detection was 0.6 and 1.4 pg/L. This method was 
applied to 171 urine specimens from chemical plant workers. The 
median levels for o-toluidine were: exposed preshift, 11 pg/L; ex- 
posed postshift, 65 pg/L; nonexposed preshift, 0.7 pg/L; non- 
exposed postshift, 2.6 pg/L. For aniline the median levels were: 
exposed preshift, 11 pg/L; exposed postshift, 23 pg/L; nonexposed 
preshift, 2.0 pg/L; nonexposed postshift, 3.2 pg/L The urinary lev- 
els of the two amines, especially o-toluidine, demonstrated significant 
uptake of the amines during the work shift and an accumulation of 
part ofthe dose with each passing work shift. BROWN, K.K.; TEAS, A.W.; 
SIMON, S.; WARD, E.M.: A Biolo~icni MONKORING MWD FOR ~TOLUIDINE AND 

ANIUNE IN URINE USING HIGH PERFORMANCE  WID CHROMATOGRAPHY wrrti EKTRO- 
CHEMICAL DEIECTDN. APFL &CUP. ENVIRON. HYG. 10(6):557-565; 1995. 

nvestigating the incidence of cancer at a plant producing an I antioxidant and an accelerator used in the manufacture of 
rubber, epidemiologists at the National Institute for Occupa- 
tional Safety and Health (NIOSH) found an elevated risk of 
bladder cancer in workers employed there since 1957.(’) The 
chemicals used in this plant were reviewed as possible causes of 
these cancers. Among these chemicals, o-toluidine was classi- 
fied as demonstrating “sufficient evidence,” and aniline as 
demonstrating “limited evidence,” for carcinogenicity in ani- 
mals by the International Agency for Research on Cancer.(2) 
Consequently, NIOSH investigators planned a follow-up 
study of the plant to determine the extent of the exposure of 
the workers to o-toluidine and aniline. The work situation at 
the plant suggested the likelihood of both inhalation and 
dermal exposure of the workers to these two amines, both of 

which are adsorbed to a significant extent through the   kin.(^,^) 
Thus, to obtain a complete picture of the extent of the work- 
ers’ exposures, biological monitoring was necessary. 

In previous studies, biological monitoring of workers for 
exposure to aniline has been accomplished by monitoring the 
end-of-shift urinary output of 4-aminophenol, a major metab- 
olite of aniline. The American Conference of Governmental 
Industrial Hygienists has recommended a biological exposure 
index (BEI) for aniline of 50 mg of total 4-aminophenol per 
milligram of creatinine in urine obtained at the end of the 
work shift, “total” being free plus conjugated 4-aminophenol. 
The relationship of urinary 4-aminophenol to exposure to 
aniline is confounded by exposure of the workers to other 
chemicals, such as the common drug 4-acetylaminophenol 
(acetaminophen), which are metabolized or converted by the 
analytical procedure to 4-aminophenol. Additionally, applica- 
tion of this BE1 requires that the samples be analyzed by a 
particular colorimetric method based on the indophenol reac- 
tion and having a relatively high detection limit of 10 mg/L.(4) 

Other methods of biological monitoring for exposure to 
aniline have been reported. El-Bayoumy et ~ l . ( ~ )  used urinalysis 
for aniline and o-toluidine to investigate smokers’ and non- 
smokers’ exposures to these two amines. Lewalter and Koral- 
1 d 6 )  determined the relative levels of aniline and metabolites 
in the urine of exposed workers and the relationship between 
those levels and the levels of aniline conjugated with blood 
protein. Stillwell et ~ l . ( ~ )  studied the levels of hemoglobin 
adducts of aromatic amines, including 0-toluidine and aniline, 
in the blood of smokers and nonsmokers. 

In contrast to the documentation for an i l i r~e , (~-~)  reports of 
biological monitoring for exposure to o-toluidine are limited 
to the two cited in the previous However, data 
on the metabolism of o-toluidine by rats are available. Cheever 
et al.@) reported that, after receiving an oral dose of o-[methyl- 
‘‘C]toluidine, rats excreted 92 percent of the radioactivity in 
the 24-hour urine. While that 24-hour urine contained con- 
jugates of 4-amin0-2-methylpheno1, roughly estimated to be 
50 percent of the dose, also present was unchanged o-toluidine, 
representing 21 percent of the dose. Son et ~ l . ( ~ )  found that rats 
injected with o-[methyl-14C]toluidine excreted 53 to 74 per- 
cent of the radioactivity in the 24-hour urine, which contained 
44 percent of the dose as ring-hydroxylated products, 5 per- 
cent as unchanged o-toluidine, and 0.2 percent as N-acetyl-o- 
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toluidine. These findings suggest that, like aniline, o-toluidine 
will be substantially metabolized by hydroxylation of the aro- 
matic ring and rapidly excreted in the urine. 

The investigation of the chemical plant required b i o l o g d  
monitoring methods that would assess both the recent uptake 
and the accumulated doses of o-toluidine and aniline. T o  
estimate recent exposures, we chose to measure the urinary 
levels of the parent amines and their N-acetyl metabolites, 
even though the ring-hydroxylated metabolites are the pre- 
dominant species in the urine. This eliminated the ambiguity 
of aminophenol precursors from the interpretation of the 
biological monitoring results. The measurement of blood pro- 
tein adducts is being investigated as a means of estimating the 
accumulated dose; this research will be reported elsewhere. 

The urinalysis method had to meet three requirements. 
First, to quantift. the differences between exposed and nonex- 
posed workers, we needed to measure the background levels of 
the two amines, reported for nonsmokers to average 3 pg/24 
hours (2 pg/L) for aniline and 4 pg/24 hours (2 pg/L) for 
~-toluidine.(~) Second, to remove the bias of acetylator status 
from the analytical results, the analytical method needed a 
hydrolysis step to convert the acetyl derivatives to the free 
amines. Humans of the metabolic phenotype to rapidly acety- 
late amines, fast acetylators, excrete 90 percent of the urinary 
aniline as acetanilide; slow acetylators excrete only 7 percent.@) 
Third, to analyze the anticipated 200 specimens from this field 
investigation, we wanted maximum sample through-put. 

In the method of El-Bayoumy et ~ 1 . , ( ~ )  urine was treated 
with diethyl pyrocarbonate to stabilize the o-toluidine and 
aniline as the respective N-ethoxycarbonyl derivatives during 
sample storage, and reduced to a dry powder. The chloroform 
extract of the powder was hydrolyzed with 2 M sodium 
hydroxide at reflux for 2.5 hours. The amines in the chloro- 
form extract of the hydrolysate were converted to the pen- 
tafluoropropionyl amides for quantification by gas chromatog- 
raphy with electron-capture detection. Although this method 
appeared to meet our needs for analytical range and hydrolysis 
of the acetyl derivatives, it seemed too labor intensive. More- 
over, it seemed unwise to transport from the field to our 
laboratory sealed bottles of urine containing diethyl pyrocar- 
bonate, since carbon dioxide is generated in its reactions with 
amines and water. Therefore, we sought another method. 
Among the other analytical methods for aromatic amines in 
urine, we had working knowledge of those for 4,4'-methy- 
lenedianiline(".' ') and 4,4'-methylenebis(2-~hloroaniline). In 
the former, the urine was subjected to base hydrolysis, fol- 
lowed by solid-phase extraction of the hydrolysate. Base hy- 
drolysis converted the N-acetyl derivatives to the free amine. 
The 4,4'-methylenedianiline was eluted from the solid-phase 
extraction bed and quantified by high performance liquid 
chromatography (HPLC) with electrochemical detection. Ul- 
lucci et a1.(I2) improved that method by fractionating the 
hydrolysate using liquid-liquid extraction with butyl chloride, 
instead of solid-phase extraction, and adding an ion-pairing 
reagent in the HPLC mobile phase. W e  successfully adapted 
that improved method to our analysis of urine for o-toluidine 
and aniline. This report describes the method and its evaluation 
and use with field samples. 

Methods 

Reagents 

Water was purified by filtration and reverse osmosis using a 
Millipore Milli-R04TM purifier, followed by activated char- 
coal treatment, ion-exchange treatment, and filtration using a 
Millipore Milli-QTM purifier. The following were purchased: 
sodium dihydrogen phosphate (NaH,PO, * H20), American 
Chemical Society (ACS) reagent grade (Fisher Scientific); 
methanol, HPLC grade (Baxter); sodium dodecyl sulfate, 
HPLC grade (Fisher Scientific); butyl chloride, HPLC grade 
(Fisher Scientific); anhydrous citric acid, ACS reagent grade 
(Fisher Scientific); aniline hydrochloride, 98 percent (Kodak); 
acetanilide, 99 percent (Aldrich); o-toluidine, 99+ percent 
(Aldrich); 85 percent phosphoric acid, ACS reagent grade 
(Mallinckrodt); sodium hydroxide, ACS reagent grade (J.T. 
Baker Co.); 0.1 M hydrochloric acid, certified standard 
(Mallinckrodt) . 

N-Acetyl-o-toluidine was synthesized from o-toluidine and 
acetic anhydride, and purified by recrystallization from wa- 
ter.(13) The resulting colorless needles melted at 106.5 to 
107°C (uncorrected) (112OC in Reference 13). The mass 
spectrum (electron impact ionization) showed the molecular 
ion at m/z 149.0822, corresponding to C,HllNO (calculated 
m/z 149.0841). 

HPLC mobile phase was a 60:40 (v/v) mixture of 86 mM 
aqueous phosphate buffer and 150 mg/L sodium dodecyl sul- 
fate in methanol. The final concentration of phosphate buffer 
was 52 mM and of sodium dodecyl sulfate was 60 mg/L. 
Before mixing, the pH of the buffer was adjusted with 8.5 
percent phosphoric acid or 50 percent NaOH to 3.3 5 0.05. 
Standard solutions were prepared in 0.1 M hydrochloric acid 
to contain both o-toluidine and aniline. Aliquots (1 to 7 ml) of 
these solutions were diluted with mobile phase to give 11 
standard solutions of o-toluidine and aniline used for calibrat- 
ing the HPLC. Standard solutions containing both N-acetyl- 
o-toluidine and acetanilide were prepared in methanol. 

HPLC System 

The HPLC instrumentation consisted of the following com- 
ponents in sequence: Kontes 5-L solvent reservoir; Whatman 
in-line degasser and filter; Waters 510 HPLC pump set for a 
flow rate of 0.8 ml/min and a maximum pressure of 3400 psi; 
ESA pulse dampener; SSI in-line 0.2-pm filter; ESA guard cell 
at 1.0 V; Waters WISPTM 710 autoinjector making 50-pL 
injections; Waters Nova-PakTM C18 guard column; Waters 
Nova-Pak C18 300 X 6-mm analytical column 4-pm, held at 
30OC with a Waters column oven; SSI in-line 0.2-pm filter; 
and ESA 5011 detector cell with electrode 1 at  0.4 V and 
electrode 2 at 0.6 V. The ESA 5100 electrochemical controller 
for the ESA 501 1 detector cell was set at a gain of 10 X 15 and 
a response time of 4 seconds and interfaced with a Hewlett- 
Packard 3396 recording integrator. The run time was 60 
minutes. During idle periods, the HPLC mobile phase was 
40:60 methanol/water. When this was replaced with the an- 
alytical mobile phase, 16 hours were required for the retention 
times to stabilize. 
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Samples 
Field urine specimens were collected in wide-mouth 500-ml 
high density polypropylene bottles. Aliquots (50 ml) for anal- 
ysis were transferred to 2-02 polypropylene bottles containing 
5 g of anhydrous citric acid as a preservative. The samples were 
immediately frozen on dry ice; at the laboratory they were 
stored at -68OC until analyzed. 

Quality control samples were prepared as follows and were 
used for quality assurance and method development experi- 
ments. Anhydrous citric acid (150 g) was added to 1.5 L of 
urine from nonexposed, nonsmoking, unmedicated volun- 
teers. This acidified urine was spiked with o-toluidine and 
aniline, or N-acetyl-o-toluidine and acetanilide, by adding the 
urine to 1 to 10 ml of the appropriate standard solution in a 
250-ml volumetric flask. The spiked urine then was aliquotted 
into 10-ml high density polypropylene bottles and stored at 
-68°C. Samples of unspiked urine also were saved and sub- 
sequently analyzed. The nominal concentration of o-toluidine 
and aniline in a quality control sample was the sum of the 
amount added and the background level determined by anal- 
ysis of the unspiked urine samples. 

Analytical Procedure 
All glassware and caps were rinsed with methanol, 0.1 M 
hydrochloric acid, and purified water in that order before use. 
Samples were prepared for HPLC as follows: 

1. Urine samples were thawed in a warm water bath and 
allowed to stand at room temperature for at least 10 min- 
utes. A 4-ml aliquot of each was transferred to a 15-ml 
centrifuge tube, which contained 1 g -t 50 mg of sodium 
hydroxide pellets. Each tube was tightly capped and vor- 
texed to aid dissolution of the sodium hydroxide. 

2. The samples were heated for 2 hours at 80°C in a water 
bath. 

3. After the samples cooled to room temperature, 8 ml of 
butyl chloride was dispensed into each tube. The tubes 
were recapped, tumbled for 10 minutes with a roto-torque 
at 50 rpm, and then centrifuged for 5 minutes at  3000 rpm. 

4. From each sample, 5 ml of the butyl chloride (upper) layer 
was transferred to a fresh 15-ml centrifuge tube, to which 
was added 1 ml of 0.1 M hydrochloric acid. These tubes 
were capped, tumbled for 10 minutes with a roto-torque at 
50 rpm, and then centrifuged for 5 minutes at 3000 rpm. 

5. The lower layer (0.5 to 0.8 ml) was removed with a 
Pasteur-type disposable pipette and transferred to the barrel 
of a 3-ml plastic syringe fitted with a 10-mm (0.2-pm pore 
size) Anotopm syringe filter. The syringe plunger was in- 
serted and the solution filtered into a 1-ml WISP vial for 
HPLC analysis. 

The filtered extracts from step 5, hereafter called treated 
solutions, were analyzed in an alternating sequence of one 
standard solution after every pair of treated solutions. The 
standard solutions in mobile phase covered 11 levels which 
ranged from 2 to 140 pg/L o-toluidine and 1.4 to 101 pg/L 
aniline. Quantification was by calibration curve derived by 
quadratic regression of peak height versus mass of aniline and 
o-toluidine per 50-pL injection of the standard solutions. 

Treated solutions with concentrations of analyte above 120 

pg/L frequently saturated the detector. Such samples were 
reanalyzed using 5-pL injection volumes to extend the effec- 
tive range to 1200 pg/L. Samples with concentrations above 
1200 pg/L were reanalyzed using 1 ml of urine diluted with 3 
ml of water and an injection volume of 5 pL. 

Results and Discussion 

Hydrolysis 
The first step in the work-up of the urine specimens was the 
hydrolysis of N-acetyl-o-toluidine and acetanilide to the free 
amines, a step to make the analytical results independent of an 
individual's relative urinary output of free amine and acetyl 
derivative. The optimum conditions for the hydrolysis step 
were estimated by an experiment in which sodium hydroxide 
concentration and heating time were varied using a central 
composite design. A pool of spiked urine samples with citric 
acid was prepared with acetanilide and N-acetyl-o-toluidine at 
the level of 30 pg/L. These were analyzed as in the Methods 
section, except that sodium hydroxide concentration and hy- 
drolysis time were varied over 20 specific combinations in the 
ranges of 1.0 to 9.5 M and 1.0 to 4.0 hours, respectively. Two 
samples were analyzed by each of the combinations. The water 
bath temperature was kept at a constant 80°C. The resulting 
recoveries of o-toluidine and aniline were examined as a func- 
tion of sodium hydroxide concentration and hydrolysis time, 
the contour plots for which are shown in Figure 1. 

The optima for the two hydrolyses, 4.8 M and 2.0 hours for 
N-acetyl-o-toluidine and 4.0 M and 3.0 hours for acetanilide, 
did not coincide, but each did lie in a region of high recovery 
for the other. As we were more interested in o-toluidine, we 
selected hydrolysis parameters close to the optimum for its 
recovery. Those parameters are still quite high on the broader 
recovery contour for aniline, so the method would still work 
well for aniline. Because the field samples were preserved with 
citric acid, enough sodium hydroxide (1 g) was added to field 
urine specimens to produce a final concentration of 4.7 M. 

The adequacy of the hydrolysis conditions was best dem- 
onstrated during the analysis of the 171 field specimens. 
Among the quality control samples were 13 quality control 
samples spiked with 22 pg/L of N-acetyl-o-toluidine (16 pg/L 
o-toluidine) and 21 pg/L acetanilide (19 pg/L aniline, includ- 
ing the background level). The average recovery for these 
quality control samples was 83 percent for o-toluidine and 96 
percent for aniline. 

Extraction 

The work-up of the samples called for isolation of the basic 
fraction by extraction of the hydrolysate with butyl chloride, 
which in turn was to be extracted with 0.1 M hydrochloric 
acid. These extraction steps were tested with standard solutions 
of aniline and o-toluidine in 0.1 M hydrochloric acid, each at 
300 pg/L, and the same made basic with solid sodium hy- 
droxide. Equal volumes of the standard solution and butyl 
chloride were mixed by rotating at 50 revolutions per minute 
for specific periods of time from 5 to 30 minutes. The con- 
centrations of the two amines in the aqueous phases were then 
determined by HPLC. Equilibrium was reached within 5 
minutes. The partition coeficients were calculated to be: o- 
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FIGURE 1 .  Contour plots of the recovery of o-toluidine and aniline 
from urine samples spiked with N-acetyl-o-toluidine and acetanilide. 
The procedure was as given in Methods, except that sodium hydrox- 
ide concentration and time at 8OoC were varied. o-Toluidine recov- 
eries are plotted as solid lines and aniline recoveries as dotted lines. 
The crosses mark the conditions of the experimental runs. 

toluidine, 38; o-toluidinium chloride, 0.08; aniline, 10; ani- 
linium chloride, 0.07. 

To minimize the detection limit, we tried to maximize the 
volume of urine and minimize the butyl chloride-to-urine 
ratio, with the constraint that all be contained in a 15-ml 
centrifuge tube. If the butyl chloride-to-hydrolysate ratio was 
less than 2, then emulsions formed upon mixing of the phases. 
We settled on starting with 4 ml of urine and extracting the 
hydrolysate with 8 ml of butyl chloride. Using the partition 
coefficients above and these volumes, the potential recovery 
for the method was estimated to be 85 percent for o-toluidine 
and 90 percent for aniline. In practice, the average recoveries 
were higher. 

During early use of the method, as much as possible of the 
8 ml of butyl chloride was transferred for extraction with 0.1 
M hydrochloric acid. Too frequently, trace quantities of the 
aqueous phase were included in the transfer, with the result 
that interfering peaks appeared in the liquid chromatograms. 
This problem was eliminated by centrifuging the mixtures and 
transferring only 5 ml of butyl chloride for back extraction. 

Chromatography 
HPLC of standard solutions and treated solutions was per- 
formed on a 30-cm X 3.9-mm column of end-capped octa- 
decylsilylated silica with a mobile phase of 52 mM dihydrogen 

o-Toluidine 

j i 

/a) Occupqionalli exposed person 1 ng 

I l,o ng 1 . 1  ng ie) Standard solution 

I 

,f) Mobile phase 
A 

I I I 

20 40 60 

Retention Time (min) 

FIGURE 2. Liquid chromatograms from samples carried through the 
work-up procedure (a through d), standard solution of o-toluidine 
and aniline in 0.1 M hydrochloric acid (e). and mobile phase (0. 
HPLC conditions are p e n  in Methods. 

phosphate and 60 mg/L sodium dodecyl sulfate in 40:60 
methanol/water. Chromatograms thus obtained are shown in 
Figure 2. The treated solution giving trace a was from an 
exposed worker's urine, which contained 17 pg/L of o-tolu- 
idine and 15 pg/L of aniline. In contrast, the treated solution 
giving trace c was from urine from an unexposed person. 
Typical of the specimens we pooled for the quality control 
samples, this urine sample contained 3 pg/L aniline, but no 
detectable o-toluidine. When spiked to give nominal levels of 
20 pg/L o-toluidine and 18 pg/L aniline, this urine yielded a 
treated solution giving the chromatogram in trace b. 

The same HPLC column was used for much of the study, 
with about 500 injected samples passed through it. Column 
deterioration was monitored by traclung the efficiencies and 
retention times of the o-toluidine and aniline peaks from the 
standard solutions. Linear regression of these parameters against 
run number revealed that the column efficiency for o-toluidine 
was initially 7782 plates and dropped 13 percent over the 
period. For aniline the initial efficiency was 6068 plates and 
dropped 6.5 percent. The retention time of o-toluidine 
dropped from 18.3 to 16.8 minutes; that of aniline dropped 
from 11.4 to 10.8 minutes. 
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FIGURE 3. Hydrodynamic voltammograms for aniline (M) and o- 
toluidine (0) at 100 pg/L in 0.1 M hydrochloric acid using the 
HPLC conditions in Methods. 

Detection 

Using standard solutions of o-toluidine and aniline at 100 pg/L 
each, the response of the electrochemical detector was mea- 
sured as a function of applied potential, giving the hydrody- 
namic voltammograms shown in Figure 3. An optimal elec- 
trochemical window for the two detector electrodes was set at 
400 mV for electrode 1 and 650 mV for electrode 2. Thus, 
electrode 1 removed easily oxidized compounds, and electrode 
2 monitored the analytes at a potential on or close to the 
plateau for coulometric oxidation. This restricted the potential 
interferences with the method to basic organic compounds 
which survived or were produced by the base hydrolysis step 
and which were oxidized between 400 and 650 mV on glassy 
carbon. 

The identification of aniline and o-toluidine in the field 
samples was done by retention time. However, there were 
situations when confirmation of identity was required, such as 
the presence of an unexpectedly large peak close to the target 
retention time. In these cases, identification was confirmed by 
reanalyzing the samples with electrode 2 set at 600 and 530 mV 
and comparing the 600 mV:530 mV response ratio with that of 
a standard solution. The average response ratio for o-toluidine 
was 1.4 with a standard deviation of 0.12 and for aniline was 
3.7 with a standard deviation of 0.04. Unknown peaks match- 

I + 

....~, , , , , , , , , I  , , , , , , , , ,  , , , , , , , ,  l j  
ID I.. I888 I.@.. 

Picoarams 

FIGURE 4. Calibration curves for aniline and o-toluidine generated 
using multiple regression analysis and linear regression data analysis. 

ing these ratios within three standard deviations were consid- 
ered to be o-toluidine or aniline. 

The method was calibrated using external standards: stan- 
dard solutions of o-toluidine and aniline in HPLC mobile 
phase. These covered 11 levels over the range 2 to 140 pg/L 
o-toluidine and 1.4 to 101 pg/L aniline and were introduced 
into the procedure at the HPLC step, such that a standard 
solution of randomly selected level was run before and after 
every two unknown test solutions. This sequence allowed 
precise tracking of retention time drifting and yielded calibra- 
tion curves most representative of the detector response to the 
unknowns. 

Calibration curves, constructed using peak heights, were 
found to deviate from linearity at the lowest decade of the 
curve for both o-toluidine and aniline. There the peak heights 
were lower than predicted by linear regression. As a quadratic 
equation gave the simplest curve that fit the data well, we used 
quadratic regression to construct the calibration curves. The 
multiple regression analysis of standard mass data and the 
standard mass data squared against the peak height provided 
coeficients for the quadratic curve as shown in Figure 4. 

Limits of Detection 

The limits of detection were estimated from the analytical 
results from 18 samples of urine spiked with o-toluidine and 
aniline plus five blank samples, all from the same urine pool. 
The nominal concentrations were 0.12 to 15 pg/L o-toluidine 
and 3.9 to 15 pg/L aniline. Linear regession of the measured 
concentrations against the nominal concentrations gave lines, 
the slopes of which were estimates of the average recovery. 
The detection limits were defined as three times the standard 
error of estimate divided by the slope. For o-toluidine, the 
detection limit was 0.6 pg/L and the average recovery was 94 
percent. The detection limit for aniline was 1.4 pg/L and the 
average recovery was 97 percent. 
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FIGURE 5. Recovery of o-toluidine and aniline from quality control samples as a function of age. The samples were stored at -68OC. The samples 
labeled 16 pg/L o-toluidine (+) and 19 pg/L aniline (0) were spiked with N-acety-o-toluidine and acetanilide; the remaining samples were 
spiked with o-toluidine and aniline. 

Method Performance 

The 171 specimens obtained during the field investigation 
were analyzed with 39 quality control samples covering four 
levels between 4 and 102 pg/L for o-toluidine and 7 and 77 
pg/L for aniline. The recoveries for these samples are plotted 
as a function of time in Figure 5. Overall, the recovery of 
aniline averaged 100 percent with a relative standard deviation 
of 17 percent, and the recovery of o-toluidine was 91 percent 
with a relative standard deviation of 20 percent. Over the 
6-month period of analysis, there was no significant downward 
trend in recoveries, negating the possibility of analyte degra- 
dation during storage. Additionally, there existed no significant 
relationship between recovery and concentration. 

As additional quality control, duplicate and, in 11 cases, 
triplicate aliquots of 56 specimens were analyzed on different 
days. The precision of these analyses is shown in Figure 6. The 
relative standard deviation appeared independent of concen- 
trations, and averaged 13 percent for o-toluidine and 16 per- 
cent for aniline. 

The laboratory background levels of aniline and o-toluidine 
were monitored by analyzing two water blanks with each lot 
of specimens. Aniline was detected in the water blanks in 14 of 
16 lots and averaged 1.2 pg/L. o-Toluidine was found in only 
2 of 16 lots and averaged 0.9 pg/L. The results for the field 
specimens and quality control samples were adjusted for these 
background levels before being reported. 

Method Ruggedness 

After a change from the developing team to a trained analyst, 
the recoveries from the quality control samples became inex- 

plicably low. To solve the problem, we tested the ruggedness 
of the method with a screening experiment in which we varied 
eight procedural steps in a 16-run fractional factorial design. 
We  chose the eight steps we considered most likely to be 
subject to operator variation or error. Using urine spiked to the 
nominal concentrations of 40 pg/L o-toluidine and 42 pg/L 
aniline, 32 samples were analyzed by one of 16 modifications 
of the procedure dictated by the design, two by each modifi- 
cation. The eight steps, or factors, tested were: 

1. quantity of sodium hydroxide added, 0.8 and 1.2 g, giving 
approximate concentrations of 3.4 and 5.9 M; 

2. waiting time between the addition of sodium hydroxide to 
the urine and placing the samples in the heating bath, 0 and 
120 minutes; 

3. capping of the samples during hydrolysis, tightly capped and 
loosely capped centrifuge tubes; 

4. light exposure during hydrolysis, samples covered and un- 
covered; 

5. bath temperature, 75 and 85°C; 
6. waiting time between hydrolysis and extraction with butyl 

chloride, 0 and 60 minutes; 
7. lot of butyl chloride, old and new; 
8. concentration of hydrochloric acid, 0.1 and 0.01 M. 

The experimental data were subjected to statistical analysis 
of variance, the results of which are presented in Table 1. 
There the factors are listed in decreasing order by their con- 
tribution to the variance. The factors having the greatest effect 
were the quantity of sodium hydroxide and the hydrochloric 
acid concentration; using 1.2 g of sodium hydroxide or 0.01 M 
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FIGURE 6. Precision estimates for the measurement of aniline and 
o-toluidine in split field specimens as percent relative standard devi- 
ation, plotted as a function of the average concentration of the splits. 

hydrochloric acid caused substantially lower recoveries of both 
amines. Leaving the samples loosely capped during the hydro- 
lysis step substantially reduced the recovery of o-toluidine, but 
not aniline. The significance of the other factors was marginal 
to none. 

The revelations in Table 1 prompted us, in subsequent use 
of the method, to control more closely the quantity of sodium 
hydroxide to 1 .O g and the concentration of hydrochloric acid 
to 0.1 M and to tightly cap the centrifuge tubes containing the 
samples during the hydrolysis step. These procedural changes 
paid off, for recoveries from quality-control samples during 
subsequent analyses of field specimens were in control. As 
additional precautions, we continued to use the new lot of 
butyl chloride, to minimize the delay times on both sides of the 
hydrolysis step, and to cool the samples in an ice-water bath 
after hydrolysis. 

Biological Monitoring 
In the industrial hygiene study of the plant, preshift and post- 
shift urine specimens were obtained from 89 shift workers, 56 
exposed to both o-toluidine and aniline and 33 not exposed to 
either amine. The workers (both controls and exposed) were 
pulled from all three shifts. Analysis of these 171 specimens 
gave the results presented in Figure 7. Of the results for 
o-toluidine, 16 were below the detection limit of 0.6 pg/L, 

with 13 from specimens yielding no chromatographic peak for 
o-toluidine. Twenty-two specimens had aniline levels below 
the detection limit of 1.4 pg/L, with 4 of those being smaller 
than the laboratory blank value for aniline. For completeness of 
data analysis, the results were not truncated at the detection 
limits until they were reported to the workers. In the case of 
the 17 having no chromatographic response or being below 
the laboratory blank, the values were approximated by the 
quotient of the detection limit + ~. 

The results in Figure 7 show that biological monitoring by 
measuring urinary o-toluidine and aniline was effective in 
revealing that those workers employed in the department 
where o-toluidine and aniline were used had been exposured 
to these compounds. In the more striking case of o-toluidine, 
the median postshift level for the exposed workers was twenty- 
sixfold higher than the median postshift level for the nonex- 
posed workers. The preshift results suggest that o-toluidine and 
aniline are not completely eliminated from the bodies of many 
of the exposed workers between work shifts. One worker had 
exceptionally elevated levels of urinary aniline. As this worker 
was taking several undisclosed medications, the possibility of 
increased aniline, or an interfering substance, from metabolism 
of the medications must be considered. The correlation coef- 
ficient between aniline excretion and o-toluidine excretion 
was r2 = 0.87 for postshift exposed samples after removing 
three outliers. 

The relative extent of exposure during the work shift is 
shown in Figure 8, in which are plotted the preshift-to- 
postshift increases in urinary o-toluidine and aniline for the 77 
workers for whom we had both specimens. Omitted are 15 
small aniline preshift-to-postshift decreases, 9 for nonexposed 
workers and 6 for exposed workers. The data in Figure 8 
suggest that, at  that workplace during the period of the study, 
exposure to o-toluidine was greater than was exposure to 
aniline. The median increase in o-toluidine concentration for 
the exposed workers was 48 pg/L (range 10 to 526 pg/L), 
while for the nonexposed workers the median was 1 pg/L 
(range 0 to 5 pg/L). For aniline, the median increase for the 
exposed workers was 12 pg/L (range -23 to 1500 pg/L) and 
for the nonexposed workers was 2 pg/L (range -3 to 7 pg/L). 
There was an increase in aniline and o-toluidine excretion even 
for the unexposed, albeit the increase was only 1 and 2 pg/L, 
respectively. The unexposed workers were at the same plant 
facilities as the exposed workers. Their exposure to atmo- 
spheric background levels of aniline and o-toluidine or ciga- 
rette sidesteam smoke may explain their small increase. 

Our method proved capable of estimating the background 
levels of urinary o-toluidine and aniline. Of the 64 specimens 
from nonexposed workers, only 15 (23%) were below the 
detection limit for o-toluidine (0.6 pg/L) and 21 (33%) below 
that for aniline (1.4 pg/L). Referring to Figure 7, the back- 
ground levels in the nonexposed workers were comparable 
with those reported by El-Bayoumy et ~ l . ( ~ )  for 19 healthy male 
adults: 0.3 to 13 pg/d (0.2 to 6 pg/L) for o-toluidine and 0.02 
to 9 pg/d (0.01 to 4 pg/L) for aniline. 

Conclusions 
We developed a method for the urinalysis for o-toluidine and 
aniline in which urine specimens were subjected to base hy- 
drolysis, enrichment of the amine fraction, and then quantifi- 
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TABLE 1. Analysis of the Variance in the Eiaht-Factor ScreeninQ Experiment 

Source* 

o-Toluidine Aniline 

Mean Mean 
Square F Value P Value Square F Value P Value 

Concentration hydrochloric acid 4800 130 0.0001 5700 62 0.0001 
0.1 111 or 0.01 M 

0.8g or 1.2 g 

Tight or loose 

New or old 

0 minutes or 60 minutes 

0 minutes or 120 minutes 

Uncovered or covered 

75OC or 85OC 

Added sodium hydroxide 740 19 0.0002 1200 13 0.0016 

Capping of vial 340 9 0.0063 3 0.04 0.85 

Butyl chloride lot 99 3 0.12 600 7 0.018 

Postheating wait 110 3 0.10 530 6 0.026 

Preheating wait 150 4 0.055 210 2 0.15 

Light exposure 140 4 0.067 160 2 0.20 

Bath temperature 5 0.1 0.72 28 0.3 0.59 

Model 800 21 0.0001 1100 11 0.0001 
Error 38 93 

*Factor setting giving higher recovery listed first in italics. 
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FIGURE 7. Workers' urinary o-toluidine and aniline concentrations in 
preshift (*) and postshift (0) specimens. The two dotted line seg- 
ments represent the estimated detection limits for the method. 
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FIGURE 8. Preshifi-to-postshift increases in urinary o-toluidine and 
aniline. 
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cation by HPLC. This method was used for biologcal mon- 
itoring of the exposure of workers to  o-toluidine and aniline at 
a plant producing chemicals for tire manufacturing. T h e  uri- 
nary levels of the two amines, especially o-toluidine, demon- 
strated significant uptake of the amines during the work shift 
and an accumulation of part of the dose with each passing 
work shift. As the levels of these amines in  the work environ- 
ment are reduced through implementation of improved con- 
trols and work practices, biological monitoring of these work- 
ers should demonstrate the resulting reduced exposures. 
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