


Analysis of chromosomal aberrations in workers exposed to low level benzene

those ofprevious personal and workplace air samples
collected over a period of years from individuals in
similar jobs. The exposure data were classified accor-
ding to shift time weighted average (TWA) and level.
Values for the TWA of benzene were 1-10 ppm and
for the level of benzene 10-100 ppm. Details of the
classification and various categories are reported
elsewhere.45 Some jobs such as loading and unload-
ing ofbenzene on the jetty had strict requirements for
the wearing of protective breathing apparatus. In
other jobs the wearing of respiratory protection was
sporadic. Control individuals were selected because
of their presumed non-exposure to known genotoxic
agents. Each individual completed a detailed ques-
tionnaire on health status, social habits such as
smoking and drinking, exposure to diagnostic ionis-
ing radiation, and recent viral infection.

BLOOD SAMPLE COLLECTION AND CULTURE
Samples of 5 ml heparinised blood were collected
from eight individuals a week by venepuncture
during the early morning and stored at room tem-
perature for up to six hours before starting blood
cultures. For each sample, 0-8 ml of freshly remixed
blood was added to each of two plastic universal
bottles containing 10 ml of Eagle's minimal essential
medium (Gibco). Cells were sedimented by centri-
fugation (170 x g, 5 min), the supernatant withdrawn
and discarded. The cell pellet (about 0 5 ml) was
disrupted and resuspended in 9 5 ml medium sup-
plemented with 15% fetal calf serum (Sera-Lab,
Crawley, Sussex) and 50 IU/ml penicillin/50 pg/ml
streptomycin (Gibco). Then 100 p1 of reconstituted
phytohaemagglutinin (PHA-R, Wellcome) was
added per culture. The cultures were incubated at
37'C in humidified 5-0± 0-1% CO2 in air.

CELL HARVEST AND SLIDE PREPARATION
After 48 hours incubation, 50 p1 of 10 ug/ml demecol-
cine (Sigma) was added to each culture. After two
hours reincubation cells were harvested by centri-
fugation, swelled in 0-075 M KCI, and fixed in
repeated changes of 3:1 methanol and glacial acetic
acid. Chromosome spreads were prepared using the
air drying technique and stained with 5% Giemsa
(Gurr's, BDH) for five minutes. Preparations were
mounted in DePex (Gurr's, BDH). Where possible
50 metaphase spreads per culture were scored for
chromosome aberrations (100 per individual).
Aberrations were classified according to a simplified
version of that recommended by the United King-
dom Environmental Mutagen Society.6

STATISTICAL ANALYSIS
The data were analysed by a series of statistical
methods. Comparison between replicate cultures
within an individual were carried out by Fisher's
exact tests. Comparisons between groups exposed to
differing "lifestyle" factors such as smoking or
drinking were made using analysis of variance or

pooled two sample t tests after arcsin transformation
of the proportion of the individual's cells that con-
tained the class of aberration. Comparisons between
the groups of exposed and control individuals were
made using analysis of variance methodology and by
Fisher's exact tests. In the latter case tests of the
homogeneity ofthe proportions ofaberrations within
the control and exposed groups were carried out
using the chi-squared test of homogeneity of bi-
nomial values. Multiple linear regression was also
used to investigate all the lifestyle factors simultan-
eously.
The data for each individual were summarised by

expressing the number of aberrations as the total
aberrations observed or as the number of cells
showing aberrations. In both cases the statistics were
calculated either including or excluding gaps.

Results
Of the 100 individuals recruited for the study, 99
completed a questionnaire. Cultures were obtained
from 22 from which no metaphases could be scored.
This left samples from 48 exposed and 29 controls
where spreads could be evaluated. Sixty individuals
had two cultures that could be-scored and 17 only one
culture.

VARIABILITY BETWEEN DUPLICATE CULTURES
There was no evidence of significant differences
between the duplicate cultures for any of the classes
of aberrations from the 60 individuals using two
sided Fisher's exact tests.

EFFECT OF LIFESTYLE FACTORS ON CHROMOSOME
ABERRATION FREQUENCIES
Each of the classes of aberration was analysed using
analysis of variance on the arcsin transformed
proportion of aberrations per cell. One way analyses
of variance were carried out based on the classifica-
tion of the responses to the questionnaire. The
considerable number of analyses performed,
together with the potential confounding effects ofthe
various different factors, made this statistical
approach unsuitable for precise significance testing
but useful for exploratory data analysis.
There were no significant analyses of variance of

differences in the number of gaps apart from the
analysis using presence or absence of recent viral
illness as a factor. The five subjects responding to this
question had slightly raised numbers of gaps
(F(1,75)= 12-66 p < 0 001; transformed mean and SD
8-86±3-15 n=5 v 2 93±3-63 n=72). Most of this
effect, however, was probably traceable to an
individual where three gaps were found in the 50 cells
from the single culture available for scoring.

Significant variation between batches in the total
number of aberrations including gaps was detected
(F( 1,65)= 2-79 p < 0 01). This resulted from the three
individuals from two batches (Nos 5 and 6) where
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Table 1 Total number of aberrations in control and exposed
individuals

Control Exposed Total
(n= 29) (n= 48) (n= 77)

Cells scored 2481 4255 6736
Gaps 13 36 49
Chromosome deletions 14 32 46
Chromosome exchanges 1 5 6
Chromatid deletions 11 33 44
Chromatid exchanges 0 0 0
Hyperdiploidy 0 5 5
Others 2 0 2
Total aberrations (+ gaps) 41 111 152
Total aberrations (- gaps) 28 75 103
Cells with aberrations (+ gaps) 37 103 140
Cells with aberrations (- gaps) 25 69 94

cells could be scored having no aberrations (or gaps)
and from higher frequencies in individuals in two

other batches. Reanalysis excluding the three
individuals from batches 5 and 6 reduced but did not

remove the statistical significance. The difference
between individuals reporting a viral illness and the
rest was again significant (F(1,75) = 4.39) probably
because of the number ofgaps in the culture from the
single individual mentioned previously.

COMPARISON OF INDIVIDUALS EXPOSED TO BENZENE

WITH CONTROL GROUP
Table 1 shows the total number of chromosomal
aberrations in the control and exposed individuals.
The two groups were compared in two ways: firstly,
by pooled two sample t tests on the arcsin trans-
formed proportion and, secondly, by Fisher's exact
tests of the actual numbers of classes of aberrations.
Both tests were one sided, testing the hypothesis of
increased incidence of aberrations in the exposed
individuals. The parametric t test approach showed
no significant differences between the two groups
although in some cases such as the proportion of cells
showing aberrations including gaps the p value (table
2) was close to significance in a one sided test
(p = 005). In all classes of aberrations except those
classified as others the proportion of cells with
aberrations were higher in the exposed than in the
control group.

Analysis of the actual number of cells showing
aberrations using Fisher's exact test showed highly
significant increases in the exposed group when all
classes of aberrations were included especially when

Table 3 Chi-squared (X') test of homogeneity within control
and exposed groups

Control Exposed
(n= 29) (n= 48)
x2 (28) X2 (47)

Gaps 31 06 NS 55 48 NS
Chromosome deletions 41-17 NS 68-24 *
Chromosome exchanges 23 82 NS 37 59 *

Chromatid deletions 21-89 NS 72 00 *

Hyperdiploidy 37-59 NS
Others 32-24 NS
Total aberrations (+ gaps) 41 64 NS 76 92 **
Total aberrations (- gaps) 41 02 NS 83-66 *
Cells with aberrations (+ gaps) 40-41 NS 73-73**
Cells with aberrations (- gaps) 35 44 NS 70-27 *

*p < 0 05; **p < 0 01; ***p < 0-001.

gaps were included in the analysis (p = 0023 and
p = 0006 respectively). Several of the individual
aberration classes were close to significance at the
p = 0 05 level, particularly chromatid deletions
(p = 0 07). Such an analysis assumes that the
individuals within the group are homogeneous in
their responses. Tests for homogeneity (chi-squared)
tests were carried out and significant heterogeneity
detected within the exposed group (table 3).
The transformed proportion of cells showing

various classes of aberration were correlated with
various other biological parameters measured in the
same study-that is, maximum mitogenic response

to phytohaemagglutinin, mean corpuscular volume,
urinary phenol concentration, sister chromatid
exchange (SCE) frequencies, and a cell cycle kinetic
index (proliferative rate index) from the SCE
preparations. No significant correlations were detec-
ted except between the different classes of aberra-
tions and the aggregate measures of aberrations. The
correlation, for instance, between the transformed
proportion of cells with aberrations including gaps

and the SCE frequency of the same individuals was

0-15 (only 46 individuals had measures for both SCE
frequencies and chromosome aberrations).

Discussion
Individuals exposed to a low level ofbenzene showed
a slightly increased incidence of chromosomal
aberrations (mainly chromatid deletions and gaps).
The average incidence of cells with aberrations
including gaps was 2-5% for the exposed and 1-67%

Table 2 Average aberrations per 100 cellsfrom control and exposed individuals

Chromosomes Chromatids Total aberrations Cells with aberrations
Cells Hyper-

No scored Gaps Deletions Exchanges Deletions Exchanges diploid Others (+ gaps) (- gaps) (+ gaps) (- gaps)

Control 29 85-6 0 59 0 65 0 03 0 50 0 00 0 00 0 10 1-88 1 29 1 67 1 12
SD ±22-1 ±0-87 ±1-14 ±0-19 ±0-71 - - ±0-41 ±2-21 ±187 ±1-85 ±1-45

Exposed 48 88-6 0 90 0 73 0 10 0-81 0 00 0 10 0 00 2-65 1-75 2-50 1 63
SD ±218 ±1-21 ± 109 ±0-31 ±1-28 - ±0-31 - ±2-45 ±1-90 ±2-36 ±1-79

Pooled t test 0 09 0-26 0 14 0-21 - - - 0-07 0 09 0-05 0-08
Fisher's exact 0 09 0-23 0-29 0 07 - 0 10 1 00 0 006** 0-02* 0-006** 0.02*
test

*p < 0-05; **p < 0-01.
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for the control individuals. The corresponding per-
centages with gaps excluded were 1-63 and 1-12%.
Much of the difference between the two groups

could be traced to a few exposed individuals who had
a higher incidence of aberrations. The presence of
such heterogeneity, especially in the exposed group,
may cause an overestimate of the significance level
associated with the chi-squared or Fisher's exact
tests. This has been recognised by Weil' and others
for some time and results from a more similar chance
of aberrations in cells from the same individual than
in cells from two different individuals. Ifthe exposed
individual with the highest frequency of aberrations
(three chromatid deletions, one chromosome dele-
tion, and two gaps in 50 cells scored) is excluded from
the analysis then the significance ofthe comparison is
reduced appreciably. In the case of cells with aberra-
tions including gaps the probability associated with
Fisher's exact test changes from 0-006 to 0-012 and
excluding gaps from 0-023 to 0 039.
The alternative analyses such as the parametric t

tests or non-parametric Mann-Whitney U test gave
borderline significance at the p = 005 level. Such
tests may estimate significance inaccurately when
there are a high proportion ofzeros or small values in
the data.
The increased incidence of aberrations in the

exposed individuals therefore results from the
heterogeneity-ofthe exposed group. Whether this is a
consequence of sampling variability or represents a
subgroup of either more exposed or more sensitive
individuals cannot be determined. Further analysis
of the work history records of those individuals who
had the highest number of aberrations provided no
extra information to explain the differences. The
sample sizes available in this study do not allow
statistical tests with sufficient power to detect a 50%
increase over the control incidence of chromosome
aberration with any confidence.
Other factors that might account for the variability

between individuals were investigated but there was
little evidence that lifestyle factors influenced the
incidence of aberrations, apart from a few isolated
observations. Individuals reporting recent viral ill-
nesses had higher incidences of aberrations; a high
proportion of chromosome exchanges were found in
the oldest individuals in the study and there were
significant reductions in two batches where cultures
could be scored from only three ofthe 16 individuals
sampled.

Step wise multiple linear regression of
chromosomal aberration data using lifestyle factors
identified exposure to benzene and a recent viral
infection as a possible explanation for the incidence
of aberrations. The best fitting regression line,
however, explained only a small proportion of the
variation in 77 individuals (approximately 10%). A
similar analysis also showed a significant reduction in
gaps with an increased history of smoking. The
biological significance, if any, of this finding is
unknown.

The results from other biological parameters
measured in this study showed no differences be-
tween the exposed and control groups.4" Some of
these parameters are thought to reflect relatively
recent genotoxic insults. It can be argued, therefore,
that exposures at, and for a short time before, the
study were not responsible for the differences seen
between the groups in the chromosomal aberration
data. Owing to the long half life of lymphocyte
populations, the accumulation of genetic damage by
lymphocytes allows monitoring of chronic as well as
acute effects from exposure to clastogenic agents.
The increased incidence of aberrations in the
exposed group, ifrelated to exposure to benzene, may
have resulted from higher exposures in the past.
These exposures, though, were within the relatively
higher exposure limits then permitted.

Follow up studies to investigate possible benzene
related effects are difficult to carry out in these types
of investigation. Possibly more detailed analysis of
the material using chromosomal banding techniques
could have shown more subtle effects resulting from
the more recent lower limit exposure. Such an
analysis was, unfortunately, not practicable with this
study.
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