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M0LLER M, DYBING E. Mutagenicity studies with urine concentrates from coke plant
workers. Scand j work environ health 6 (1980) 216-220. Urine from coke plant workers,
collected before and after work, were tested for the content of mutagenic substances
in the Salmonella test system. Urine extracts from exposed smokers showed mutagenic
activity, whereas urine from exposed nonsmokers did not. The mutagenicity of exposed
smokers' urine was not significantly different from that of urine from nonexposed
smokers. Mutagenicity of smokers' urine was only evident in the presence of a rat
liver metabolic activation system. The addition of /i'-glucuronidase did not enhance
the mutagenic effect. The facts that coke plant workers are exposed to very high levels
of polycyclic aromatic hydrocarbons (PAH) and that there is no observed enhanced
mutagenicity of their urine indicate that the mutagenicity observed with urine from
smokers is not due to conventional PAH.
mutagens, polycyclic aromatic hydrocarbons, Salmonella typhimurium,
urinary excretion.
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Introduction
Workers in coke plants are exposed to
high concentrations of coal tar pitch
volatiles containing a large number of
polycyclic aromatic hydrocarbons (PAH),
some of which [including benzo(a)pyrene
(BP)] have been reported to be carcinogenic (8). Such workers are under an increased risk of cancer of the lungs and
respiratory tract, and also of the urinary
bladder (3, 4, 5, 12). A recent study showed
that coke plant workers were exposed
to P AH concentrations of between 5 and
1,000 {lg/m 3 , and up to 39 different PAH
and heterocyclic compounds were identified (2). Smokers, who are exposed to
much lower concentrations of P AH, are
also known to have elevated risks of
bladder cancer (13).
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A modification of the Salmonella mutagenicity test using concentrates of human
urine has been suggested as a convenient
assay for demonstrating exposure to
mutagens/carcinogens (17). This system
has been used to detect mutagenic substances in the urine of smokers (17), rubber
workers (6), and anesthesiologists (9). In
the present study we have examined
urine from smoking and nonsmoking coke
oven workers for mutagenic activity and
compared these findings with results from
nonexposed smokers and nonsmokers.

Materials and methods
Chemicals

Aroclor 1254 was purchased from Monsanto Chemical Co, USA, and glucose-6phosphate and NADP (sodium salt) were
obtained from Sigma, USA. Dimethylsulfoxide (DMSO) and p-glucuronidase
(Patella vulgata) were purchased from
Koch Light Laboratories, England, and the
Amberlite XAD-2 resin came from Supelco
Inc, USA.

Urine samples
Urine samples were collected from 10
smokers and 10 nonsmokers working in
a coke plant. All of the smokers rolled
their own cigarettes and smoked between 10-20 cigarettes/d. Seven persons
(5 smokers, 2 nonsmokers) worked at the
battery, 10 (4 smokers, 6 nonsmokers)
were truck drivers and 3 (1 smoker, 2 nonsmokers) were shift foremen. The occupational exposure varied a great deal
among the workers within each group,
but the two groups of workers were considered comparable with respect to the
degree of exposure. Samples were taken
from both the morning urine (or urine
passed before a worker went on a shift)
and the first urine passed after the worker quit work for the day. They were
kept in glass bottles at - 20°C until
analysis.
In addition, morning and evening urine
samples from six smokers and four nonsmokers not occupationally exposed to
P AH were studied. The smokers smoked
between 10-40 cigarettes/d, rolling their
own cigarettes or smoking commercial
cigarettes with or without a filter.
The samples were thawed shortly before
loading on XAD-2 resins. Precipitated
matter was removed by centrifugation,
and the pellets were discarded before the
urine was passed through the column.

sample was loaded on the column, eluted
as described above, and the extract was
dissolved in 0.5 ml of DMSO. The resin
was then treated with acetone in a Soxhlet
apparatus for 16 h to increase possibly the
recovery, and the extract was evaporated
and dissolved in 0.5 ml of DMSO.
Mutagenesis assay

The Salmonella typhimurium strains TA
98 and TA 100 were kindly supplied by Dr
BN Ames, Berkeley, CA, USA. Liver
9,000 X g supernatant fractions (S-9) were
prepared from male Wistar rats injected
with Aroclor 1254 (500 mg/kg intraperitoneally) 5 d prior to preparation. The
mutagenesis assay was carried out as described by Ames et al (1). To each test
tube containing 2 ml of molten top agar
the following were added: 0.02-0.1 ml of
the test solution, 0.1 ml of an overnight
nutrient broth culture of the bacterial
tester strain, and 0.5 ml of the S-9 mix
containing (per milliliter) 0.1 ml of S-9,
8 /lmol of magnesium chloride, 33 /lmol of
potassium chloride, 5 flmol of glucose6-phosphate, 4 flmol of NADP, and 100
/lmol of a sodium phosphate buffer, pH
7.4. The ingredients were mixed and
poured onto minimal medium plates. After
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The XAD-2 resin was washed before use
(17). Urine samples of 100 ml were loaded
on the resin with an effluent flow rate of
2-3 ml/min; the column was then washed
with 1.5 ml of water and eluted with 10
ml of acetone according to Yamasaki &
Ames (17). The samples were evaporated
to near dryness, 0.4 ml of DMSO was
added, and the rest of the acetone was
removed by evaporation. A standard
volume of 100 ml of urine was applied to
the resin, as the mutagenic activity per
milliliter of urine decreases with increasing amounts of urine (17, and own unpublished observations). Various amounts
of the DMSO extract were tested for
mutagenicity. In a test of the recovery
from the resin, 50 flg of BP was added to
50 ml of urine from a nonsmoker, the
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Fig 1. Concentration-dependent mutagenicity of
urine extracts from exposed smokers. 0--0
exposed smoker after work; X--X exposed
smoker before work; A--A pooled urine concentrates from six exposed smokers after work;
0--0 pooled extracts from six exposed
smokers before work. Spontaneous revertants
have not been subtracted.
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Fig 2. Individual variations in the mutagenicity of urine extracts from exposed smokers, exposed
nonsmokers, nonexposed smokers and nonexposed nonsmokers. The samples were treated as
described in the Materials and Methods section. Each bar represents one urine sample, and mutagenicity is expressed as revertants per 25 ml of urine. Spontaneous revertants, 35 colonies per
plate, have been subtracted. Each test person is referred to by number.
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served with strain TA 100. Strain TA 98
was therefore used for further studies.
With this strain spontaneous revertants
were 35 ± 6 (N = 12) per plate. Differences in the results of groups were checked
for statistical significance with Student's
t-test.
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Fig 3. Mean ± SO values of the mutagenicity
of urine extracts from the four different
categories of persons tested.

2 d of incubation at 37°C, histidine revertant colonies were scored. The results are
reported as means of duplicate plates, and
most experiments were repeated once.
Preliminary results revealed that very
little or no mutagenic activity was ob218

Based on the mutagenic activity of the
sample when compared with the activity
of BP (518 revertants/5 fig) with strain TA
98, a 56 % recovery of BP from the resin
was obtained when BP was added to nonsmokers' urine. This is a reasonable recovery, which could only be increased by
4 % after treatment of the resin with
acetone in a Soxhlet apparatus for 16 h.
In comparison, Yamasaki & Ames reported a recovery of only 19 0J0 with BP (17).
Fig 1 shows the concentration-dependent mutagenicity of the urine concentrate
from one exposed smoker and of pooled
concentrates from six exposed smokers
tested in strain TA 98 in the presence of
S-9 mix. No activity was observed in the
absence of the S-9-mix.

The results from the testing of individual samples are given in fig 2 as revertants
per 25 ml of urine (0.1 ml of DM80 extract). It was found that urine from exposed smokers contained substances which
could be activated to mutagens in the
Salmonella test. However, the mutagenicity of samples from exposed smokers was
not significantly different from that of
samples from nonexposed smokers at the
95 % significance level. The mutagenicity
of the urine extracts from exposed workers was higher for most samples taken
after than for those taken before work;
the situation was the same for nonexposed
smokers. The mutagenic activity of urine
from exposed nonsmokers was not significantly different at the 95 % level when
compared to the mutagenic activity of the
urine samples from nonexposed nonsmokers or to the number of spontaneous
revertants.
Fig 3 shows the mean values of the
mutagenicity of the tested samples from
exposed smokers and nonsmokers, as well
as from nonexposed smokers and nonexposed nonsmokers.
Many metabolites of xenobiotic compounds are excreted in the urine as conjugates such as glucuronides and sulfates,
some of which can be hydrolyzed by
enzymes present in the 8-9 fraction.
Further addition of ,B-glucuronidase to the
urine extracts did not lead to any enhanced mutagenic effects in strain TA 98.
In a coke plant the P AH exposure
varies strongly with the type of job.
Bj0rseth et al (2) reported that BP concentrations for different job types varied
between 0.5 and 43.2 fig/m3 for personal
sampling and between 14 and 134 fig/rna
for stationary sampling. A suggestion of
higher mutagenic activity of urine extracts
fr<>m high exposure workers compared
with lower exposure workers was found.
One would, however, need a much greater
number of samples to verify this possible
difference statistically.
The present method has been proposed
as a general screening procedure to detect
unsuspected mutagens/carcinogens in human urine (17). However, the possibility
of detecting mutagenic activity with this
test would be dependent on the chemical
nature of the excretory products. PAH,
being very apolar, would only be excreted

in very small amounts unchanged. More
polar metabolites, such as phenols, dihydrodiols or quinones, can be excreted
as such, or they form water-soluble conjugates with glucuronic and sulfuric acids.
Certain phenols (7, 10, 16) and dihydrodiols
(15, 16) of PAH are known to be activated
to mutagens in the Salmonella test. Conjugates could conceivably be first hydrolyzed and then activated by microsomal
monooxygenases. It is highly improbable
that the short-lived, ultimate mutagenic
species of PAH, the diolepoxides (15),
would be excreted in urine.
The content of unmetabolized BP in
urine from coke oven workers has recently
been stated to vary between 0.9 and 11.3
p.g/I(14), and the BP content of smokers'
urine in the evening was determined to lie
between 0.11 and 0.51 pg/l (11). The concentration of other possibly mutagenic
PAH in the urine of coke oven workers or
smokers is not known.
The present study shows that workers
who are exposed to high concentrations of
PAH do not excrete significant amounts of
mutagens in their urine when they refrain
from smoking. On the other hand, Doll
et al (5) have shown that there is an increased risk of bladder cancer in coke
oven workers. This increment could not
be ascribed to a difference in the smoking
pattern of the workers and controls (4).
One might speculate that exposure to
promoting factors could be involved in the
development of bladder cancer in exposed
workers, since the mutagenic activity of
urine could not be demonstrated. As
smokers are exposed to much lower concentrations of PAH than coke oven workers, it is probable that these compounds
are not the mutagenic principles in smokers' urine. More probable candidates are
aromatic amine pyrolysates, which have
been shown to be potent mutagens and to
occur in high concentrations in cigarette
smoke condensates (13).
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