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Objective The relationship between exposure to naphthalene and urinary excretion of naphthols was exam- 
ined. 
Methods Concentrations of naphthalene and naphthols in breathing-zone air during a workshift and 
1-naphthol and 2-naphthol in urine collected after the workshift were determined for 102 male workers. Gas 
chromatography with a flame ionization detector (GC-FID) was used to determine the air concentration. Urine 
naphthols were extracted after acid hydrolysis by solid-phase extraction and separated by the GC-FID method. 
Naphthalene homologues in air and their metabolites in urine samples were identified by gas chromatography- 
mass spectrometry. 
Results 1-Naphthol, 2-naphthol and 1,4-naphthoquinone were identified in the urine samples. The time- 
weighted average concentrations of naphthalene and naphthols in the breathing-zone air showed that the 
exposure level of the workers was rather low. The geometric mean values were as follows: 0.77 and 0.87 mg/mi 
for naphthalene, 0.016 and 0.034 mg/m3 for 1-naphthol, 0.012 and 0.067 mg/m3 for 2-naphthol during tar 
distillation and naphthalene oil distillation, respectively. The corresponding urinary concentrations of 1- and 
2-naphthols were 693.1 and 264.4 pmol/mol and 264.4 and 297.7 pmollmol creatinine, respectively. The 
correlation coefficients between the naphthol concentrations in urine and the breathing-zone air concentrations 
of naphthalene were statistically significant, varying in the range of 0.64-0.75 for 1-naphthol and 0.70-0.82 
for 2-naphthol. There was linear dependence (r = 0.76) between the summary concentration of naphthols in urine 
and the naphthalene concentration in air. 
COI ICI I IS~O~S Workers in tar distillation and naphthalene distillation are exposed to rather low concentrations 
of naphthalene and methylated naphthalenes and naphthols. Naphthols and 1,4-naphthoquinone identified in the 
urine appear to be the products of the hydroxylation of naphthalene present in the breathing-zone air. These 
findings suggest that the summary concentration of naphthols in urine can be used as a biomarker for 
naphthalene exposure. 
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Naphthalene is used in the production of phthalic anhy- 
dride, phthalate plasticizers, resin, phthaleins, and other 
materials. The distillation and fractionation of coal tar is 
the most common production process. Naphthalene and 
the methylated naphthalenes are also found in petroleum 
products and tobacco smoke (1). 

Earlier data have shown that naphthalene can be ab- 
sorbed by pulmonary (2), gastrointestinal (3), and cuta- 
neous routes (4). In animals naphthalene has been 
shown to affect hematologic parameters or cause histo- 
pathological lesions of the liver (5), carcinogenicity in 
female mice (6),  and cataractogenicity (7). The Interna- 
tional Agency for Research on Cancer (1) has deter- 
mined that naphthalene is not classifiable as a carcino- 
gen to humans. The most common hematologic effect 

in humans following the ingestion of naphthalene is 
hemolytic anemia (3, 8) and hepatic and neurological 
effects (8). 

The metabolism of naphthalene has been studied in 
experimental animals (7, 9-12). Little information is 
available pertaining to the metabolism of naphthalene by 
humans. Naphthalene is effectively metabolized to the 
toxic compound naphthoquinone (7, 13) and 1,2-dihy- 
dro- l,2-naphthalenediol(14). An earlier report presented 
what appeared to be a case of oral ingestion in which the 
urine of an 18-month-old child was found to contain 1- 
naphthol, 2-naphthol, 1,2-naphthoquinone, and 1,4-naph- 
thoquinone (1 3). 

Naphthol was found in the urine of workers exposed 
to naphthalene (15, 16) and to the insecticide carbaryl 
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(17), as well as in the urine of animals after the adminis- 
tration of 1-naphthol. 

1-Naphthol as a metabolite of naphthalene has been 
used as an indicator of naphthalene exposure in biologi- 
cal monitoring. Increased urinary levels of 1-naphthol 
have been measured in several environments for iron 
foundry workers (IS), coke plant workers (15), and as- 
semblers handling creosote-impregnated wood (16). This 
study aimed at identifying naphthalene homologues and 
urinary metabolites of workers exposed to naphthalene 
and investigating the relationship between exposure to 
naphthalene measured by personal air sampling and the 
excretion of 1 - and 2-naphthols in urine. 

Subjects and methods 

Measurements were carried out in a coke plant. The 
survey was performed on the 4th or 5th day of a work- 
week. Workers exposed to naphthalene and its homo- 
logues were engaged as operators in the tar distillation 
process (group A) and as operators in the naphthalene oil 
distillation process (group B). Information about some 
characteristics of the attendants (age, length of employ- 
ment, smoking habits) were obtained from self-com- 
pleted questionnaires (table 1). Unfortunately, better age 
selection was impossible because of the small number of 
workers employed in a particular job. The reference 
group (C) comprised 25 men and 11 women who lived in 
the same area as the workers, but who were not occupa- 
tionally exposed. 

Air sampling 
Vapor samples of the breathing-zone air of the workers 
were collected during the workshift. Personal sampling 
was performed using a battery-operated pump (type AFC 
123 Casella Ltd, London) connected to a filter holder 
attached to the shoulder of the subject. Air was aspirated 
through the charcoal tubes (cat no 226-01, SKC Inc, 
Eighty Four, PA, USA) with the flow rate of 0.5 llmin. 
The sucked air volume was 180 1, and the sampling time 
was 6 h. The naphthalene was released from the charcoal 
by treatment with 1 ml of carbon disulfide in an ultra- 
sonic bath for 15 minutes. The amount of the compound 
in the shorter layer did not exceed 10% of the compound 

in the longer one. Otherwise the measurement was re- 
peated. 

Naphthalene analysis 
Naphthalene in the air samples was determined gas chro- 
matographically using a capillary column Ultra 2 (cross- 
linked 5% phenylmethyl silicone) with an inner diameter 
of 25 m x 0.32 mm, and a film thickness of 0.52 pm 
(Hewlett-Packard). A gas chromatograph (HP model 
5890) equipped with a flame ionization detector (FID) 
and autoinjector (HP 7673) was used. The gas chroma- 
tographic analysis of the carbon disulfide extract was 
performed as previously described (Cisowska, Lusiak, 
Siwek, unpublished data). The oven temperature was 
programmed as follows: 40°C for 1 minute, increasing 
12"Iminute to 140°C, and held for 2 minutes. The injec- 
tor and detector temperatures were set at 200°C and 
220°C, respectively. Helium gas was used as a carrier 
with a low of 2 mllmin. The split rate was 1.75 and the 
injection volume was 1 p1. The detection limit was 
0.06 mg/m3. Accuracy was defined as the percentage 
derivation between the average concentration obtained 
from the experiment, and the theoretical concentration 
was 6%. The average desorption efficiency over the 
working range of 0.03-0.3 pglml varied between 0.5 
and 0.56. 

Naphthol analysis 
Air was aspirated at a flow rate of 0.5 I/min through 
kieselgel (kieselgel40, 0.2-0.5 mm, Fluka). The naph- 
thols were released from the kieselgel by treatment with 
1 ml of ethanol. The gas chromatographic (GC) condi- 
tions were the same as previously described for the urine 
analysis (19). The detection limit was 3 pglm3. The des- 
orption efficiency for analytes was higher than 0.93. 

Urine sampling and analysis 
The exposed workers and unexposed reference group 
were asked to urinate 4th-hour urine collected at the end 
of an 8-h shift. The samples were transferred to the 
analytical laboratory and kept frozen until the analysis. 
The GCIFID analyses for 1-naphthol and 2-naphthol in 
urine were carried out as described earlier (19). The 1- 
and 2-naphthol concentrations were corrected for creati- 
nine or specific gravity of 1.024. 

Table 1. Basic characteristics of the coke plant workers and occupationally unexposed subjects. 

Group Total Smokers Age (years) Length of Cigarettes 
number (N) employment (years) consumed per day (N) 

Mean SD Range Mean SD Range Mean SD Range 

Operators of the tar distillation process 69 56 41.4 8.7 20-56 21.2 11.6 5-41 17.6 8.5 4-35 
Operators of naphthalene oil distillation process 33 33 39.9 10.8 21-59 17.6 10.6 3-36 16.2 6.5 3-40 
Unex~osed workers 36 28 36.3 8.0 18-56 14.9 9.6 5-26 14.1 6.3 5-20 
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Gas chromatographic-mass spectrometric 
identification 

Gas chromatographic-mass spectrometry (GC-MS) sys- 
tem was employed to separate and identify the compo- 
nents of the air and urine samples. A carbon disulfide 
extract of air and an ethyl acetate extract of urine were 
used. Air sampling for the identification of naphthols 
and for naphthalene was not performed at the same time 
because of the necessity to use a different adsorbent for 
naphthalene. Naphthalene and its homologues in air and 
the metabolites of naphthalene in urine were identified 
with the same GC-MS conditions as described elsewhere 
(Bieniek & Kurkiewicz, submitted for publication). 

Results 

The GC-MS analysis of the compounds adsorbed on 
active carbon revealed the presence of aromatic hydro- 
carbons, mainly naphthalene and methylated naphtha- 
lenes, in the breathing-zone air of the coke plant work- 
ers. A representative chromatogram is shown in figure 1. 
The hydrocarbons were identified as being naphthalene, 
methyl- and dimethylnaphthalene isomers, and tri- 
methylnaphthalene, biphenyl, and benzo[b]thiophene. 
These compounds are included in the high-temperature 
naphthalene fraction of tar. In figure 1 naphthols are not 
seen because these compounds were adsorbed on silica gel 
as separate samples. Figure 2 illustrates a chromatogram 
obtained for samples prepared from the urine of workers 
engaged as operators of the naphthalene oil distillation 

process and exposed to naphthalene and its homologues. 
Three oxygenated naphthalene metabolites isolated from 
urine were identified as 1-naphthol, 2-naphthol, and 1,4- 
naphthoquinone. In the urine of the exposed workers, 1- 
(4-hydroxy-3-methoxypheny1)ethanone and 1,3-dihydro- 
2H-indol-2-one were identified. The two last-mentioned 
compounds were also found in the urine of the unex- 
posed subjects, possibly because of the normal metabolic 
process, as well as because of environmental exposure. 

The naphthalene and 1- and 2-naphthol concentra- 
tions that were above the analytical detection limits for 
the air and urine samples were found to be distributed 
log-normally. Table 2 presents the concentrations of 
naphthalene in the breathing-zone air and those of 1 - and 
2-naphthols in the urine collected from the workers di- 
rectly after the end of the workshift. The urinary metabo- 
lite levels are expressed as observed or corrected for 
creatinine concentration or corrected for a specific gravi- 
ty of urine equal to 1.024. Urine samples with creatinine 
concentrations below 2.6 pmoltl or above 26 pmoltl and 
with the specific gravity values below 1.010 and above 
1.030 were removed from the analysis. The presence of 
the 1- and 2-naphthols in the urine of workers is a result 
of the exposure to naphthalene, as well as to low amounts 
of naphthols found in the breathing-zone air. Concentra- 
tions of the 1- and 2-naphthols in air were about 40 to 60 
times lower than the concentrations of naphthalene. 
Group B comprises workers for which 1- and 2-naph- 
thols were found simultaneously. The percentage of 1- 
naphthol in the mixture of naphthols (1- and 2-naph- 
thols) differed for subsequent workers, covering the 

2 4 . 0 0  25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 3 3 . 0 0  
Time 

Figure 1. Chromatogram of the  aromatic hydrocarbons identified in the breathing-zone air of the workers. (Numbered peaks identified as follows: 
1 = naphthalene, 2 = benzo(b)thiophene, 3 = 1-methylnaphthalene, 4 = 2-methylnaphthalene, 5 = biphenyl, 6 = 2-ethylnaphthalene, 7-11 = 
dimethylnaphthalene izomers, 1 2  = trimethylnaphthalene) 
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Figure 2. Chromatogram of metabolites isolated from an acid-hydrolyzed urine sample. (Numbered peaks identified as follows: 1 = 1,4- 
naphthoquinone, 2 = 1,3-dihydro-2H-indol-2-one, 3 = 1-(4-hydroxy-3-methoxyphenyl)ethanone, 4 = I-naphthol ,  5 = 2-naphthol) 

Table 2. Concentration of naphthalene and naphthols in the breath-zone air and I-naphthol and 2-naphthol in the ur ine  of the exposed 
workers and unexposed subjects. 

Group Exposure Workersa Concentration in Metabolite Observed Value corrected for 
(N) breathing value ( ~ m o l l l )  

zone air (mglm3) 

Geo- Geo- Geo- Geo- Creatinine Specific gravity 
metric metric metric metric (pmollmol) (pmolll) 
mean SD mean SD 

Geo- Geo- Geo- Geo- 
metric metric metric metric 
mean SD mean SD 

Operators of the tar 
distillation process Naphthalene 69 0.773 3.77 

I-Naphthol 51 0.016 3.28 I-Naphthol 6.9 2.143 693.1 2.904 7.08 1.943 
2-Naphthol 47 0.012 3.36 2-Naphthol 2.1 1.788 264.4 2.724 2.33 1.698 

Operators of the naphthalene 
oil distillation process Naphthalene 33 0.867 4.22 

I-Naphthol 33 0.034 3.32 I-Naphthol 4.8 2.114 548.8 3.083 6.21 2.057 
2-Naphthol 33 0.067 2.66 2-Naphthol 2.2 1.567 297.7 2.410 2.54 1.504 

Unexposed workers - 36 - - I-Naphthol 0.09 1.022 7.8 2.069 0.07 2.063 
- 17 - - 2-Naphthol 0.06 1.632 4.6 1.668 0.05 1.862 

a Number of workers l o r  which the phenols were excreted above the analytical detection limits. 

range of 22.5-90.7% with the mean value of 64.8 (SD 
61.3)%. 

Significant differences (P < 0.05) were found between 
the concentrations of 1- and Znaphthols in the urine of 
the exposed workers (groups A and B) and the reference 
group (C). 

The correlations between the time-weighted average 
naphthalene exposure and the 1- and %-naphthols in the 
end-shift urine were examined by regression analysis. 
After logarithmic transformation, they had a linear form. 
In table 3 the parameters of the linear regression calcu- 
lated for the observed values and values corrected against 
the specific gravity of urine are presented. Figures 3 and 

4 present the linear regression curves for results correct- 
ed against the creatinine content in urine. The correlation 
coefficients for the dependence between the naphthol 
concentrations in urine and the naphthalene concentra- 
tions in the breathing-zone air were statistically signifi- 
cant at P < 0.001. However, they were relatively low, 
varying within the range of 0.64-0.75 for 1-naphthol 
and 0.70-0.82 for 2-naphthol. The correction of the 
metabolite level against creatinine or the specific gravity 
of urine did not increase the correlation coefficients (ta- 
ble 3, figure 3). A strong correlation (r = 0.76) was found 
between the summary concentration of naphthols in urine 
and air (see figure 4 C). 
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Table  3. Correlation between naphthalene in air and 1- and 2-naphthol i n  urine. [ a a n d  P = t h e  slope and the intercept on  the vertical axis 
of the calculated regression line according t o  the equation: l o g y  = a t  P log x, where x is  the time-weighted average naphthalene concen- 
trat ion i n  breathing-zone air (mg/m3) and y is  the concentration of the urine metabolite (ymol/ l )  f o r  the observed values and the values 
corrected f o r  specific gravity of urine (1.024 g/ml), r = correlation coefficient] 

Group Solvent Metabolite Workers Observed value Values corrected for specific gravity 
in air in urine (N) of 1.024 g/ml 

Operators of the tar 
distillation process Naphthalene 1-Naphthol 69 0.01 0.58 0.52 t0 .001 0.07 0.50 0.41 <0.001 

Naphthalene 2-Naphthol 47 -0.39 0.52 0.67 tO.OO1 -0.35 0.45 0.54 <0.001 
Operators of the naphthalene 
oil distillation process Naphthalene 1-Naphthol 33 -0.05 0.6 0.57 <0.001 0.01 0.55 0.52 tO.001 

Naphthalene 2-Naphthol 33 -0.41 0.47 0.66 tO.OO1 -0.37 0.39 0.49 <0.001 
Naphthalene 1- and 2-Naphthol 33 0.13 0.53 0.65 < 0.001 0.22 0.46 0.62 < 0.001 

8 
I 

I I I I I I I I - 
-1.0 -0.5 0.0 0.5 1.0 

log of naphthalene in air (mg/m3 ) 

Figure 3. Relation between naphthalene in breathing-zone air and 1- 
naphthol in postshift urine (A)and 2-naphthol in postshift urine (B) of 
operators in the tar distillation process. (-=calculated regression 
l i n e , - - - - = 9 5 % C I , - - - - - =  range of individual samples) 

Discussion 

T h e  c o a l - t a r  i n d u s t r y  i s  a m a j o r  s o u r c e  of s m a l l  a m o u n t s  
of  n a p h t h a l e n e  t h a t  a r e  d i r e c t l y  e m i t t e d  t o  t h e  e n v i r o n -  

-1.0 -0.5 0.0 0.5 1.0 
log of naphthalene in air (mg/m3 ) 

Figure 4. Relation between naphthalene in breathing-zone air and 1- 
naphthol in postshift urine (A), 2-naphthol in postshift urine (B), and the 
sum of I-naphthol and 2-naphthol in postshift uririe (C) of operators in 
the naphthalene oil distillation process. (-=calculated regression 
line, ---- = 95% CI, - - - - - = range of individual samples) 

m e n t .  T h i s  s t u d y  s h o w s  t h a t  o p e r a t o r s  in t h e  n a p h t h a l e n e  
o i l  a n d  t a r  d i s t i l l a t i o n  p rocesses  a r e  e x p o s e d  t o  r e l a t i v e l y  
l o w  c o n c e n t r a t i o n s  of  n a p h t h a l e n e .  In t h e  b r e a t h i n g -  
z o n e  a i r  t h e  c o n c e n t r a t i o n s  o f  n a p h t h a l e n e  w e r e  b e l o w  
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12 mg/m3 and were relatively low in comparison with 
the permissible exposure levels. The threshold limit val- 
ue (TLV) has been set at 10 ppm (52 mg/m3) (20). The 
National Institute for Occupational Safety and Health 
(NIOSH) (21) considers more than 500 ppm of naphtha- 
lene in air to be immediately dangerous to life or health. 
Bjeirseth et a1 (22) have reported vapor levels of 1.1 to 
11 pg/m3 in a coke plant. Higher levels would be antici- 
pated in naphthalene-producing industries and naphtha- 
lene-using industries such as wood preserving, coal-tar 
production, and the production of dyes, inks and similar 
compounds (1 3). 

Adsorbed naphthalene was determined by the meth- 
od recommended by NIOSH (23), which calls for des- 
orption of the charcoal with a carbon disulfide solution 
and quantification gas chromatographically. Naphthalene 
shows poor desorption efficiency at low loading. For 
higher efficiency NIOSH (23) recommends a minimum 
sampling volume of 100 1. In spite of the low desorption 
from charcoal, this method is the favored means of sam- 
pling naphthalene from air for analysis. 

The biological monitoring of naphthalene provides a 
better estimation of the adsorbed substances than mea- 
surements of the corresponding contaminates in air be- 
cause the skin can be the main route of exposure (16). 
Naphthalene metabolism is complex and leads to the 
formation of a wide assortment of hydroxylated deriva- 
tives, quinones, and conjugates of glucuronic acid, glu- 
tathione, and sulfate (24). 

Immunological techniques are being developed for 
the identification of naphthalene mercapturic acid deriv- 
atives in urine (25) and naphthalene hemoglobin adducts 
in blood (26). 

Traditionally, the most common method used for the 
biological monitoring of naphthalene exposure has been 
based on measuring a metabolite of naphthalene, usually 
urinary I-naphthol. Some caution must be exercised in 
using 1-naphthol as a biomarker of naphthalene expo- 
sure in the general population because this metabolite is 
also excreted after exposure to the common insecticide 
carbaryl (27). Investigations by Connor et a1 (28) have 
shown that smoking can contribute to the excretion of 1- 
naphthol in urine. Recent studies have demonstrated that 
the maximum concentration of 1-naphthol in the urine of 
operators working with the naphthalene oil distillation 
process appears 1 h after the end of a shift (15). The 1- 
naphthol concentration was the highest in the morning 
before the workday. Measurements taken at this time of 
day probably reflect the exposure on the previous day 
(16). 

The present study attempted to evaluate the relation 
between naphthalene exposure and various recently de- 
veloped biomarkers so that a biological exposure index 
corresponding to naphthalene exposure can be estimated. 
Our results show that most naphthalene is metabolized to 

1- and 2-naphthol and 1,4-naphthoquinone (figure 2). 
Small amounts of 1-naphthol and 2-naphthol are excret- 
ed in the urine after the dermal application of naphtha- 
lene (4). In an earlier study it has been shown that there 
is a good statistical correlation between 1-naphthol ex- 
cretion and naphthalene exposure in the concelltration 
range of 0.2-6 mg/m3. This urinary metabolite can indi- 
cate exposure to both naphthalene and low concentra- 
tions of 1-naphthol during the naphthalene oil distillation 
process (15). Our study confirms a previous assumption 
that there is a correlation between the presence of naph- 
thalene in air and the urinary excretion of 1-naphthol and 
2-naphthol, which are two major oxygenated metabolites 
of naphthalene. Significant correlations between I-naph- 
tho1 or 2-naphthol and naphthalene exposure (figures 3 
and 4) were found. 

It is important to stress that the present study was 
cassied out among workers in a coke plant. The workers 
were exposed to numerous other volatile compounds in 
addition to naphthalene (figure 1). Several aromatic hy- 
drocarbons in tar and naphthalene oil are known to have 
either synergistic or antagonistic effects on coexposure 
to naphthalene. The GC-MS analysis of breathing-zone 
air showed that the coke plant workers employed in the 
naphthalene oil distillation process are simultaneously 
exposed to naphthalene, 1 - and 2-methylnaphthalenes, 
dimethylnaphthalene isomers, trimethylnaphthalene (fig- 
ure 1) and other compounds (Bieniek & Kurkiewicz, 
unpublished results). 

In conclusion, our results show the existence of low 
exposure to naphthalene, which is however qualitatively 
diversified in coke plants. Urinary 1-naphthol and 2- 
naphthol seem to be useful biomarkers in the assessment 
of naphthalene exposure in a coke plant. 
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