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Table 1 Total number of aberrations in control and exposed
individuals

Yardley-Jones, Anderson, Lovell, Jenkinson

Table 3 Chi-squared (¥*) test of homogeneity within control
and exposed groups

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

(n=2%) (=¥ 77 £ (28) £ (47)

2481 4255 6736
8:11?8 scored 13 36 49 Gaps . 31-:06 NS 55-48 NS
Chromosome deletions 14 32 46 Chromosome deletions 41-17 NS 68-24 *
Chromosome exchanges 1 5 6 Chromosome exchanges 23-82 NS 3759 *
Chromatid deletions 11 33 44 Chromatid deletions 21-89 NS 72:00 *
Chromatid exchanges 0 0 0 Hyperdiploidy R 37-59 NS
Hyperdiploidy 0 5 5 Others . 32:24 NS e
Others 2 0 2 Total aberrations (+ gaps) 41-64 NS 76-92 **
Total aberrations (+ gaps) 41 111 152 Total aberrations (— gaps) 41-02 NS 83-66 ***
Total aberrations (— gaps) 28 75 103 Cells with aberrations (+ gaps)  40-41 NS 73-73 **
Cells with aberrations (+ gaps) 37 103 140 Cells with aberrations (— gaps) 3544 NS 70-27 *
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,;=4.39) probably
because of the number of gaps 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 ¢ 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 ¢ 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=0:05). 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

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

gaps were included in the analysis (p=0-023 and
p=0-006 respectively). Several of the individual
aberration classes were close to significance at the
p=0:05 level, particularly chromatid deletions
(p=007). 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 of benzene showed
a slightly increased incidence of chromosomal
aberrations (mainly chromatid deletions and gaps).
The average incidence of cells with aberrations
including gaps was 2-59%, for the exposed and 1-67%,

Table 2 Average aberrations per 100 cells from control and exposed individuals

Chromosomes Chromatids Total aberrations Cells with aberrations
Cells Hyper-

No scored  Gaps Deleti Exchanges Delets 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 <114 +0-19 +0-71 —_ — +0-41 +2-21 +1-87 +1-85 +1-45
Exposed 48 886 0-90 073 010 0-81 0-00 010 0-00 2-65 1-75 2:50 1-63
SD +21-8 +121 £1-09 +0-31 +1-28 _ +0-31 —_ +2:45 +1-90 +2-36 +1-79
Pooled ¢ test 0-09 0-26 014 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 1-129,.

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. If the 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 of the 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 ¢
tests or non-parametric Mann-Whitney U test gave
borderline significance at the p=0-05 level. Such
tests may estimate significance inaccurately when
there are a high proportion of zeros or small values in
the data.

The increased incidence of aberrations in the
exposed individuals therefore results from the
heterogeneity.of the exposed group. Whether thisisa
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 509,
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 of the 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 109,). 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.*’ 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, if related 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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