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Chromosome analysis from peripheral blood
lymphocytes of workers after an acute exposure to
benzene
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ABsTRAcr A spillage of about 1200 gallons of benzene occurred during the loading of a ship, and
10 workers on a single shift were exposed to benzene. Shortly afterwards, an assay of the urine of
these individuals showed that substantial amounts of phenol were being excreted. About three
months after the incident samples of venous blood were taken from 10 individuals exposed to
benzene and 11 men on a comparable shift who acted as controls. The lymphocytes were
stimulated to divide in short term cultures. For each subject, 200 cells at metaphase were
examined for chromosome damage using 48 h cultures, and sister chromatid exchanges (SCE)
were analysed from about 30 cells in their second division, using 72 h cultures. The most frequent
types of aberrations in all the individuals were chromatid gaps, with occasional breaks of
chromatids and chromosomes. There were few exchanges within or between the arms of
chromatids or chromosomes. More cells in the control than in the exposed group showed damage,
an effect that was especially noticeable for chromatid gaps. All values, however, were considered
to be within a normal range. There were slightly more SCE in some of the exposed individuals
than in the controls and there was a trend towards a positive association between the frequency of
SCE recorded for each individual and the maximum value for the excretion of phenol in the urine
on the day after the incident. There is no evidence to indicate that benzene induced any type of
lasting chromosome damage in the lymphocytes of the 10 exposed workers when cells were
examined about three months after the incident.

People exposed to benzene may be at an increased
risk of developing leukaemia, pancytopaenia, and
chromosomal aberrations compared with people not
so exposed.' Men employed in factories where ben-
zene had been used as a solvent had significantly
more chromosome aberrations in their peripheral
blood lymphocytes than those working in areas
where toluene had been substituted for benzene.23
In these studies exposure to benzene took place over
a long period, and it is impossible accurately to esti-
mate details of exposure in retrospect, but exposure
must be assumed to have been high.
At Stanlow, Cheshire, on 8 January 1981 some

1200 gallons of benzene were accidentally released
into the dock and on to the surrounding berth. The
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amount of phenol in the urine of some of the men
had been estimated the day before, or on the day of
the spillage. Shortly after the incident, assays of the
urine of 10 workers on a single shift who were pres-
ent on the dockside showed that substantial amounts
of phenol were being excreted. These results
confirmed that most of these men had been exposed
briefly to a high concentration of benzene.4
About three months after the incident, samples of

peripheral blood were collected from these men and
from 11 individuals from another shift at Stanlow
and forwarded to the Shell Toxicology Laboratory.
The lymphocytes were stimulated to divide in tissue
culture medium. Cells were examined for all types of
chromosome damage and for sister chromatid
exchanges (SCE). The results for the workers on the
two shifts were compared, since the two groups were
similar apart from their exposure to the benzene
spillage.
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Procedures

Samples of 10 ml blood were obtained by venepunc-
ture from all subjects on four separate days between
28 April and 6 May 1981. The samples were trans-
ported by road in polystyrene collection tubes con-
taining 500 IU dried heparin. Short term cultures
were initiated on receipt of the samples. A number
from one to 21 was randomly allocated to each sam-
ple.
The detailed method for the culture, harvesting,

and staining of lymphocytes has been described5 and
will only be outlined here. The method for staining
chromosomes to show SCE was modified from that
described by Perry and Wolff.6
Tubes containing the whole blood were gently

shaken to mix the plasma and cells, and 0-8 ml was
removed aseptically and added to a sterile 30 ml
universal tube containing 10 ml of Hams Fl0 culture
medium (supplied in powder form by Flow Labs
Ltd and sterilised by filtration), supplemented with
fetal calf serum, sodium bicarbonate solution, ben-
zyl penicillin, streptomycin sulphate and
phytohaemagglutinin. To half the containers,
5-bromode-oxyuridine was added, to a final concen-
tration of 3*07 ,ug/ml (10 ,umoles). For each sample,
four cultures were incubated at 37°C, two for 48 h
for chromosome analysis and two containing
5-bromode-oxyuridine for 72 h for counting SCE.
These latter cultures were incubated in complete
darkness and subsequent processing was performed
under subdued lighting conditions until the potas-
sium chloride solution was added. Three hours
before the end of the incubation period, Colcemid
solution was added to a final concentration of 0-2
,ug/ml.
Tubes of medium containing the cells were cen-

trifuged at 1000 rpm for eight minutes and the
supernatant was discarded. The pellets of cells were
resuspended in 10 ml of 0-075 M potassium chloride
solution and incubated at 37°C for eight minutes.
The centrifugation process was repeated and the
supernatant was discarded. A fixative solution con-
taining three parts of methanol to one part of glacial
acetic acid was added to each pellet of cells. Cen-
trifugation was repeated twice more, each time
resuspending the cells in fresh fixative. For each cul-
ture, two slides were prepared.
Those slides prepared from cultures terminated at

72 h were stained for 12 minutes in a solution con-
taining 5.,ug/ml Hoechst 33258, diluted in distilled
water. After rinsing, they were transferred to a sol-
ution containing 8-4 g trisodium citrate and 17-4 g
sodium chloride per litre. The differential fluores-
cence between the sister chromatids was developed
by exposing the cells to' ultraviolet light at a

Clare, Yardley-Jones, Maclean, and Dean

wavelength of about 360 nm. The slides were then
warmed in the salt solution to 800C and incubated at
this temperature for 10 minutes before being rinsed
thoroughly in distilled water. All slides were stained
with a solution of Giemsa.

Generally, 200 cells at metaphase were analysed
for chromosome damage from each subject, using
cultures incubated for 48 h. Numbers of
chromosomes were counted in at least five cells from
each individual. Using the slides prepared from cul-
tures terminated at 72 h, cells at metaphase in their
second division which had clearly differentially
stained chromosomes were chosen to count SCE.
For most samples more than 1000 chromosomes
within 30 cells were scored. SCE about the cen-
tromere were counted only when clearly disting-
uishable from chromosome twisting. The frequency
of SCE for the whole sample was expressed:

Frequency of SCE per chromosome =
Total number of SCE
Total number of chromosomes.

When the analysis was completed, the samples were
decodified. Values for the excretion of phenol in the
urine of the employees present at the spillage of
benzene were provided by the medical department
at Stanlow.

Results

CHROMOSOME ABERRATIONS
All cells that were counted contained 46
chromosomes. The numbers of cells showing aber-
rations were recorded for each individual and the
percentages of cells showing damage were cal-
culated (table 1).
When the results for the two shifts were collated,

there were more cells showing all of the categories
of damage in the control than in the exposed group
(table 2). Significantly more gaps were registered in
the control than in the exposed group (p<0.05).

SCE AND PHENOL EXCRETION
Owing to bacterial contamination, not all of the
samples could be examined for SCE (table 3). There
was considerable variation in the frequencies of SCE
in different individuals, particularly those exposed
to benzene. The average frequency of SCE per
chromosome was slightly higher in the exposed
compared with the control group, but the difference
was not statistically significant (p>0.05).
The values for phenol in the urine of the indi-

viduals exposed to benzene varied, even when samp-
led at different times on the same day, though this
may be partly due to changes in the degree of
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Chromosome analysis on workers exposed to benzene 251

Table 1 Percentage ofcells showing chromosome damage in peripheral blood of workers exposed (individuals 1-10) or
not exposed (11-21) to spillage ofbenzene

Subject No of cells Polyploidy Gaps Isogaps Single Chromatid Exchange Acentric Rings
analysed fragments breaks figures fragments

01 200 1-0 + 07 1-0 + 07 05 ±0-5
02 200 1-5 + 09 05 + 05
03 135 0-7 ± 0-7
04 200 3*5+1-3
05 200 05 ± 05 05 ± 05
06 200 05 + 05 05 t 05 05 t 05
07 200 4-5 ± 1-5t
08 157 1-3 + 0.9 0-6 ± 0-6
09 200 1-5 + 09
10 200 1-5 t 0-9* 05 ±0.5
11 200 1-5 ± 0-9 0-5 ±05 05 ±0.5
12 200 2-5 t 1-1
13 200 1-5 + 0-9 0.5 05
14 200 30 t 1-2* 0.5 ± 0.5 05 0.5
15 200 0-5±0*5 3*0±1-2
16 200 1-5 t 0-9 1-0 + 0-7 0.5 0.5s 1-0 t 0.7*
17 200 3.0+1-2* 0.5±0.5
18 200 30± 1-2 05 ± 05
19 200 3.0 1-2* 05 ± 05 05 ± 05 05 - 05
20 200 1-5 _ 0-9
21 200 05 ± 05 35 t 1-3 0.5 - 05

*One ceHl contained two aberrations.
tOne ceil contained three aberrations.
sExchange figure was a single ring.
All results ± 1 SE. Standard error was calculated on basis of a Poisson distribution of aberrations within cells. Men with CYT numbers
1-10 were exposed to the benzene spiliage and those with numbers 11-21 were not.
The average age of individuals 1-10 was 47, while that of individuals 11-21 was 44 when blood was coilected.

Table 2 Percentage ofcells showing damage in the two shifts

Group No of Percentage of cels showing
cels (aps and Chromatid Chromatid Acentric Chromosome

Polyploidy isogaps breaks exchanges fragments exchanges

Exposed 1892 0 1-69 ± 0.30 0.21 ± 0-11 0 0-11 ± 0.07 0
Controls 2200 0.09 ± 0.06 2-55 ± 034 0.32 ± 0.12 0-05 ± 0.05 0.18 ± 0.09 0.05 ± 0-05

All results ± 1SE.
*Chromatid breaks include single fragments.

Table 3 Frequency ofSCE in cultures from different individuals exposed (1-10) or not exposed (12-20) to spillage of
benzene

Subject No of ceUls No ofSCE No ofchromosomes SCE per chromosome No of cels with >IO SCE
± ISE

1 30 116 1226 0.09 0-01 0
2 30 171 1235 0-14 0-01 3
3 28 196 1148 0-17± 001 6
4 30 179 1220 0-15+ 001 2
5 30 161 1189 0-14 0.01 1
6 30 167 1257 0-13 t 0.01 1
7 30 186 1349 0-14 ± 0.01 3
8 20 108 698 0-15 ± 0-01 1
9 30 210 1265 0-17 ± 0.01 6
10 30 180 1330 0-14 ± 0-01 5

12 30 102 854 0-12 ± 0-01 1
17 30 167 1285 0-13 ± 001 3
18 30 131 1191 0.11 + 001 1
19 15 75 634 0-12 0-01 1
20 30 138 1237 0-11± 0.01 1

Ten exposed individuals were measured. Average frequency of SCE per chromosome (- 1 SD) was 0- 14 ± 0-02. Five control individuals
were measured. Their average frequency of SCE per chromosome (+ 1 SD) was 0 12 ± 0.01.
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Table 4 Values for phenol in urine (mgll) of workers exposed to benzene

Subject 2Jan 1981 7Jan 1981 8Jan 1981 9Jan 1981 12 Jan 1981

1 34,118,127 48, 36
2 20
3 18 5 213 8
4 4 331 16
5 18,184,12 12
6 2 16
7 9 154, 17
8 21 226, 112,144,172,175 6
9 12, 256 5
10 84,97,74,44

exposure during that period (table 4).
Workers in the exposed group, for whom high

maximum concentrations of urinary phenol were
recorded, tended to show higher frequencies of SCE
in their lymphocytes than those with low maximum
phenol values (fig).
There is a positive correlation between those

values (r = 0.55), though this is not statistically
significant (0.05 < p <0C10).

Discussion

When harvested for the analysis of chromosome
aberrations at 48 h, the majority of cells will be in
their first division.5 Since asymmetrical exchanges
are more readily detectable than symmetrical
exchanges on conventionally stained preparations,
translocations and inversions are noticed infre-

quently,' so their absence in this study was not sur-
prising.

Since storage of blood after treatment does not
affect the frequency of chromosome aberrations
subsequently recorded,8 the delay in the initiation of
cultures after the blood had been taken was not con-
sidered to influence subsequent analysis.
The men who were employed on the two shifts

were considered to form two similar groups, differ-
ing only in respect of their exposure to the benzene
spillage. Thus the control shift forms a useful basis
with which to compare the results from workers
exposed to this spillage.
The values for the frequencies of aberrations

obtained from both groups of workers are in agree-
ment with those reported by other authors for sub-
jects not known to have been recently exposed to
any chromosome breaking agents.9-'2
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Similar amounts of chromosome damage were
recorded in the control and exposed groups. This
suggests either that exposure to the benzene spillage
did not induce chromosome damage, or that any
damage induced was eliminated in the interval bet-
ween the incident and the chromosome analysis.'3
Nevertheless, human exposure to benzene has been
associated with slight, but significantly increased,
amounts of chromosome damage,2 3 1 1'5 even when
cells were analysed several years after the concen-
tration of benzene had been reduced in the work-
place. Potentially, the men in such studies had been
exposed to high ambient concentrations of benzene
for up to about 20 years. Thus the amount of ben-
zene was probably much greater than that received
by the subjects in the present study and the exposure
was chronic rather than acute.

Benzene, at 3100 ppm for 4 h, induced SCE but
not chromosome damage in the bone marrow cells
of mice.'6 Where the peripheral blood lymphocytes
of workers exposed to benzene have been examined
for SCE, equivocal results have been reported.'7 18
Compared with conventional chromosome damage,
SCE are considered to be a transient phenomenon.'9
Therefore we consider it to be unlikely that the
weak association between the maximum concen-
trations of urinary phenols and the frequencies of
SCE in blood samples collected three months after
the spillage of benzene was related to this particular
incident.

Condusions

The results provide no evidence for the presence of
long term lesions to the DNA, as manifested by
chromosome damage, in the lymphocytes of the 10
workers exposed to the spillage of benzene.

We are grateful for the skilled technical help pro-
vided by Mrs L J Reynolds, and to Mr H Bloom-
berg, Medical Centre, Stanlow, who collected the
blood samples and performed the biochemical
analysis.

Financial support was provided by Shell UK Oil.
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