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FREDGA K, DAVRING L, SUNNER M, BENGTSSON BO, ELINDER C-G, SIG­
TRYGGSSON P, BERLIN M. Chromosome changes in workers (smokers and nonsmok­
ers) exposed to automobile fuels and exhaust gases. Scand j work environ health
8 (1982) 209-221. The incidence of chromosome changes in men occupationally exposed
to automobile fuels and exhaust gases was investigated. Blood samples were taken
from the following four groups of 12 men: drivers of diesel-engine trucks, drivers of
gasoline-engine trucks, automobile inspectors, and a reference group. The men in the
groups were matched with respect to age, smoking habits, and length of time in their
respective jobs. Chromosome preparations from lymphocytes were made and analyzed
by standardized routine methods, and the frequencies of gaps, breaks, and sister
chromatid exchanges were recorded. Statistical analysis of the results gave no evidence
for a marked occupational effect, though there remains a grave suspicion that working
with diesel motors may cause an increased level of chromosome changes. Smokers
showed a significant or near significant increase in breaks, total aberrations, and sister
chromatid exchanges over the nonsmokers in three of the groups. An analysis of the
data revealed a weak positive correlation between the frequencies of chromosome
breaks and sister chromatid exchanges in an individual.
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Several investigations have 'shown that an
increased incidence of chromosome aber­
rations occurs in occupational groups
handling certain types of chemicals (12).
Although no definite connection between
these chromosome changes and the devel­
opment of cancer has been established, a
number of carcinogenic substances has
proved to give rise to chromosome
changes. Benzene is an example of a sub­
stance that can produce an increased in-
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cidence of chromosome aberrations and
has also been reported to have a carcino­
genic potential (28).

We have previously investigated the
benzene exposure '(4) and incidence of
chromosome changes (9) among workmen
occupationally exposed to atmospheric
concentrations of benzene higher than
those encountered by the general public.
Three groups of men handling gasoline
were studied, namely, road tanker drivers,
coastal tanker crews, and filling station
attendants. A group of men engaged in
the distillation of benzene was also
studied. A significant increase in the in­
cidence of chromosome changes was ob­
served in the workers at the benzene dis­
tillation plant, but, of the gasoline work­
ers, only the road tanker drivers showed
such an increase. The tanker crews were
occasionally exposed to higher benzene
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levels, but their long-term integrated ex­
posure was less. It seems unlikely that
the effect seen in the road tanker drivers
was due to exposure to benzene, for, al­
though the result was confirmed for
another group of road tanker drivers con­
veying gasoline, the same effect was ob­
served in drivers of tankers conveying
milk. These results suggested that the
chromosome changes observed in the
driver3 of road tankers were not due to
exposure to benzene but were, in some
way, associated with the driving of diesel­
powered vehicles. An alternative hypo­
thesis is that these changes are observed
in those exposed to heavy traffic involv­
ing both gasoline and diesel vehicles. A
further investigation ha3 now been under­
taken to test these two hypotheses, and
also to assess the influence of the smoking
habits of the subjects.

Subjects and methods

Groups investigated

Four groups of 12 men were selected for
the inve3tigation by means of a question­
naire. Information wa3 requested on pres­
ent and past employment, and also on
exposure to factors that might bring
abou~ chromosome changes, eg, contact
with solvents and other chemicals, smok­
ing habits, radiographic examinations, and
':ecent viral infections. The men in the
groups were matched as far as possible
with relation to age, length of time at
work, and smoking habits; details are
shown in tables 1-4. Each group con­
tained six smokers and six nonsmokers.

DieseL vehicLe drivers. Drivers of diesel
vehicles were approached through their
trade union. All of the men selected
worked for the same organization and
drove heavy trucks (8-10 t).

GasoLine vehicLe drivers. The main con­
cern in the selection of drivers of gaso­
line-powered vehicles was that they should
not have previously been employed on
diesel vehicles. On account of the dif­
ficulty in tracing men with a diesel-free
background, this group was not as homo­
geneous as the diesel group. The following
three different types of gasoline vehicles
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were involved: light vehicles for short
hauls (Ford Taunus, Volkswagen van)
(4 men), light 8-cylinder vehicles for
longer journeys {5 men), private cars in
taxi service (3 men).

Mixed exposure group. Inspectors involved
in automobile testing were selected from
a group of volunteers '3ubmitted by their
trade union. On the average, 90 % of the
exhaust gases to which these men were
exposed came from gasoline engines, and
10 Ofo from diesel engines.

Reference group. The referents were
selected partly from office workers em­
ployed outside the center of Stockholm
and partly from guards at the Stockholm
prison. One-half of the referents traveled
to their work by automobile.

Another six men were also investigated at
the same time, but the results from them
were used only when the relationship be­
tween chromosome aberrations and sister
chromatid exchanges {SCEs) was studied.

Chromosome preparations

Blood sample3 were collected from the
subjects in 10-ml Vacutainers during May
and June 1978. They were sent to the
laboratory in batches of 12, three from
each of the four groups. All samples were
analyzed for chromosome aberrations and
SCEs. Lymphocytes were cultured and
harvested by the routine standard method
of our laboratory (9). Cultures were pre­
pared by a micromethod and were ini­
tiated within 24 h of sampling; the me­
dium was McCoy's 5a with 20 Ofo fetal
calf serum, and phytohemagglutinin was
used as the mitogen. The cultures were
harvested after 72 h for the analysis of
chromosome aberrations; fixation was pre­
ceded by hypotonic and colchicine treat­
ments. The air-dried preparations were
stained with Giemsa.

For the SCE analyses 5-bromodeoxy­
uridine {BrdU) wa3 added initially to the
cultures at concentrations of 3 and 30
,Ltg/m!. The cells were grown in total
darkness and harvested (fixed) in the
usual manner after 74.5 h. The prepara­
tions were stained in alkaline Giemsa
without previous "Hoechst 33258"-staining
and ultraviolet activation {1). We obtain-



ed the best result after 6 min of staining
at room temperature in a 3 % solution of
Giemsa (Merck) in 0.3 M sodium phos­
phate, adjusted with 1 N sodium hydro­
xide to pH 10.6.

Chromosome analyses

The slides were analyzed blind, that is, the
investigators were unaware of the occu­
pation, smoking habits, or medical history
of the subjects. The same experienced
person performed all the analyses, and all
aberrant, as well as doubtful, cells were
further checked by another trained cyto­
geneticist.

In the study of chromosome aberrations,
200 cells from each subject were analyzed
under the microscope. Special attention
was directed to the A, D, and G group
chromosomes in order that any possible
rearrangements of a stable nature would
be discovered. The recommendations given
by Buckton & Evans (5) were followed for
the classification of aberrant cells.

The SCE analyses were also performed
directly under the microscope; 20 cells
from each subject were scrutinized, which
involved as a rule 100-200 SCEs per in­
dividual. Only cells with 46 chromosomes
(with the exception of cells with 47
chromosomes from one 46/47 mo'saic) and
with a distinct differential staining of the
two chromatids were included in the
analyses. Terminal SCEs were classified
as a single exchange, interstitial as two.
SCEs in the centromeric region were in­
cluded.

All analyses with the exception of 11
were based on cultures treated with
a BrdU concentration of 30 ,ug/ml. With
these 11 subjects the cultures containing
BrdU in a concentration of 30 ,ug/ml failed
for unknown reasons, and cultures treated
with BrdU in a concentration of 3 ,ug/ml
were analyzed instead. These cultures
represented a random subset of our sam­
ple; in other words, all four occupational
groups were represented among the 11
exceptions. Both of the concentrations
used were relatively low, and comparative
studies of the SCE frequency in three
individuals at the two BrdU concentrations
revealed no marked difference. No
distinction was therefore made with re­
spect to the BrdU concentrations in the
further analysis.

Statistical analyses

Nonparametric methods were used for all
the statistical comparisons; these tests are
not based on the assumption that the
values follow a normal distribution. In
order to establish whether a specified
group was significantly different from the
other three groups, or whether an ob­
served difference could be due to chance,
a special test was devised. The test is an
extension of the sign test and is similar
to Friedman's two-way analysis of vari­
ance '(27). The details of the test are de­
scribed in appendix 2 of Fredga et al (8).

Results

Chromosome aberrations

The results of the chromosome analyses
are presented in tables 1-4. These tables
are divided into smokers and nonsmokers
and give the age and length of employ­
ment in the job for individual subjects
and also the frequency of aberrant cells
and the frequency and type of chromo­
some aberrations. The aberrations were
divided into gaps and breaks, further sub­
divided into chromatid and chromosome
type. The results in tables 1-4 are sum­
marized in table 6 (along with the data of
table 5) and fig 1.

The majority of the breaks was reg­
istered as acentric fragments. Only one
cell with a chromatid interchange and six
with dicentric chromosomes were en­
countered in the 9,600 cells analyzed. No
ring chromosomes were observed in this
investigation.

The highest frequency of breaks (group
mean) was found for the nonsmoking
diesel vehicle drivers and the gasoline
vehicle drivers that smoke (3.6/100 cells).
The nonsmoking gasoline vehicle drivers
and nonsmoking referents showed the
lowest frequency of breaks (1.4). The
highest and lowest frequency of total
aberrations (breaks + gaps) was found for
the automobile inspectors that smoke (9.0)
and the nonsmoking referents (4.4), respec­
tively.

One of the subjects in table 2, a gaso­
line vehicle driver who smoked, was a
chromosome mosaic. He showed a small
chromosome in excess of the 46 normal in
82.5 % of his lymphocytes. This chromo-
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some was seen in both the 48- and 72-h with active nucleolar orgamzmg regions
cultures and also in the BrdU experiment, (silver-nitrate staining) terminally at both
so it cannot be regarded as an in vitro ar- arms. It is likely that its arms correspond
tifaet. The chromosome was a metacentric to the short arms of two D or G group

Table 1. Chromosome aberrations in the drivers of diesel vehicles (group 1); 200 cells were ana-
lyzed from each subject.

Cells
Type of aberration

Time with Gaps Breaks Total Total Total
Age aber-
(a) in job aberr- gaps breaks rations(a) rations Chroma- Iso- Chroma- Iso- (%) (%)

(%) tid locus tid locus (%)
(N) (N) (N) (N)

Smokers
Subject 8 44 18 4.5 6 0 2 1 3.0 1.5 4.5
SUbject 6 51 28 9.5 12 1 0 12 6.5 6.0 12.5
Subject 19 49 23 4.0 5 1 1 1 3.0 1.0 4.0
SUbject 32 34 15 9.0 3 5 6 7 4.0 6.5 10.5
Subject 40 31 7 6.0 6 1 3 2 a 3.5 2.5 6.0
SUbject 47 35 9 4.5 3 4 1 1 3.5 1.0 4.5

Nonsmokers
Subject 16 31 11 10.5 12 4 3 6 8.0 4.5 12.5
Subject 12 46 11 5.0 3 0 1 b 6 1.5 3.5 5.0
Subject 23 42 17 4.0 3 0 1 4 1.5 2.5 4.0
Subject 109 39 15 5.5 3 1 2 6 2.0 4.0 6.0
Subject 42 30 11 10.5 12 3 3 4C 7.5 3.5 11.0
Subject 37 31 8 7.0 8 0 5 2 4.0 3.5 7.5

a One dicentric chromosome.
b Interchange.
C Two dicentric chromosomes.

Table 2. Chromosome aberrations in the drivers of gasoline vehicles (group 2); 200 cells were
analyzed from each subject.

Cells
Type of aberration

Time with Gaps Breaks Total Total Total
Age in job aberr- gaps breaks aber-
(a) (a) rations Chroma- Iso- Chroma- Iso- (%) (%)

rations

(%) tid locus tid locus (%)
(N) (N) (N) (N)

Smokers
Subject 21 39 15 11.5 14 1 5 4 7.5 4.5 12.0
SUbject 105 56 20 6.5 8 1 1 8 4.5 4.5 9.0
SUbject 101 46 9 7.5 6 5 1 5 5.5 3.0 8.5
Subject 26 30 10 2.5 0 0 2 3 0.0 2.5 2.5
Subject 31 36 11 9.5 9 6 1 3 7.5 2.0 9.5
Subject 48 a 29 3 7.0 5 2 5 5 3.5 5.0 8.5

Nonsmokers
Subject 2 28 6-10 2.0 2 1 1 0 1.5 0.5 2.0
Subject 103 40 11 5.5 6 0 3 3 3.0 3.0 6.0
Subject 18 43 27 5.0 9 0 1 0 4.5 0.5 5.0
Subject 27 38 16 2.5 3 0 0 2 1.5 1.0 2.5
Subject 44 30 3 6.0 8 2 1 1 5.0 1.0 6.0
Subject 35 35 14 5.0 6 0 5 0 3.0 2.5 5.5

II 46/47 mosaic; 82.5 % of the cells with an extra chromosome {i(15p)?}.
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chromosomes or that it is an isochromo­
some for any of these. It seems very
unlikely that the origin of this small
chromosome can be attributed to exposure
to automobile exhaust gases.

Sister chromatid exchanges

Table 5 shows the mean number of SeEs
from the analyses of 20 cells taken from
each subject, together with the standard

Table 3. Chromosome aberrations in the automobile inspectors (group 3); 200 cells were analyzed
from each subject.

Cells
Type of aberration

Time with Gaps Breaks Total Total Total
Age in job aberr- gaps breaks

aber-
(a) (a) rations Chroma- Iso- Chroma- Iso- (0J0) (0J0) rations

(0J0) tid locus tid locus (0J0)

(N) (N) (Nl (N)

Smokers
Subject 17 47 9 4.5 4 0 3 3 2.0 3.0 5.0
Subject 11 46 8 9.5 11 1 1 6 6.0 3.5 9.5
Subject 5 44 3 9.0 16 2 4 1 9.0 2.5 11.5
Subject 34 33 9 8.0 3 4 8 4 3.5 6.0 9.5
Subject 46 32 2 8.0 10 3 2 3 6.5 2.5 9.0
Subject 39 34 12 9.0 12 5 2 0 8.5 1.0 9.5

Nonsmokers
Subject 4 34 5 0.5 0 0 0 1 a 0.0 0.5 0.5
SUbject 24 35 12 4.0 7 0 0 1 3.5 0.5 4.0
Subject 22 37 13 3.5 3 0 2 2 1.5 2.0 3.5
Subject 38 31 6 2.0 1 2 0 1 a 1.5 0.5 2.0
Subject 28 32 3 8.5 10 2 3 4a 6.0 3.5 9.5
Subject 43 30 8 8.5 11 1 5 2 6.0 3.5 9.5

a One dicentric chromosome.

Table 4. Chromosome aberrations in the referents (group 4); 200 cells were analyzed from each
subject.

Cells
Type of aberration

Time with Gaps Breaks Total Total Total
Age aber-
(a) in job aberr- gaps breaks rations(a) rations Chroma- Iso- Chroma- Iso- (OJo) (0J0)

(0J0) tid locus tid locus (0J0)
(N) (N) (N) (N)

Smokers
Subject 9 37 8 10.0 14 3 3 2 8.5 2.5 11.0
Subject 1 53 5 4.0 1 0 4 5 0.5 4.5 5.0
Subject 15 52 12 13.5 14 1 3 11 7.5 7.0 14.5
Subject 33 34 17 7.5 11 2 2 3 6.5 2.5 9.0
Subject 41 28 4 3.5 2 0 2 3 1.0 2.5 3.5
Subject 30 24 7 3.0 2 1 1 2 1.5 1.5 3.0

Nonsmokers
Subject 3 35 4 3.5 5 0 1 1 2.5 1.0 3.5
Subject 7 44 20 2.0 0 1 2 1 0.5 1.5 2.0
Subject 13 42 26 3.5 3 1 2 2 2.0 2.0 4.0
Subject 36 36 9 6.0 11 2 2 0 6.5 1.0 7.5
Subject 25 27 5 1.0 1 0 0 1 0.5 0.5 1.0
Subject 45 26 2 8.0 11 1 4 1 6.0 2.5 8.5
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Table 5. Frequency of sister chromatid exchanges (SCEs) in the four groups under study. Twenty
cells were analyzed for each subject, and the entries in the table are the means and standard
deviations of the number of SCEs/celi observed.

Diesel vehicle
drivers

Gasoline vehicle
drivers

Automobile
inspectors

Referents

Mean SO Mean SO Mean SO Mean SO

Smokers Smokers Smokers Smokers

Subject 8 7.80 5.62 Subject 21 12.75 3.48 Subject 17 11.65 4.25 Subject 9 8.95 2.63
Subiect 6 12.15 4.15 Subject 105 10.35 4.86 Subject 11 10.00 3.03 Subject 1 9.30 5.43
Subiect 19 8.80 2.46 Subject 101 12.65 9.21 Subject 5 10.40 3.72 Subject 15 9.30 3.51
Subject 32 14.85 4.26 Subject 26 9.85 3.54 Subject 34 10.05 3.87 Subject 33 8.95 3.07
Subject 40 5.05 2.06 Subiect 31 10.95 4.01 Subject 46 9.50 2.33 Subject 41 7.65 2.41
Subject 47 14.10 7.27 SUbject 48 8.60 2.52 Subject 39 8.05 2.27 Subject 30 7.20 2.59

All smokers 10.46 4.66 All smokers 10.86 5.09 All smokers 9.94 3.35 All smokers 8.56 3.43

Nonsmokers Nonsmokers Nonsmokers Nonsmokers

SUbiect 16 11.55 3.22 Subject 2 5.00 2.66 Subject 4 9.65 3.28 Subject 3 9.15 4.34
Subject 12 7.00 3.23 Subiect 103 7.15 3.62 Subject 24 8.15 4.17 Subject 7 6.30 3.23
Subject 23 7.10 2.75 Subject 18 5.85 2.28 Subject 22 6.95 2.96 Subject 13 7.00 4.36
Subject 109 6.35 3.27 Subject 27 6.35 2.30 SUbject 38 6.55 2.48 SUbject 36 7.75 2.73
Subject 42 8.00 2.66 Subject 44 11.60 3.78 Subject 28 6.95 2.61 Subject 25 5.60 2.80
Subject 37 6.55 3.07 Subject 35 9.40 3.27 Subject 43 6.10 3.08 Subject 45 7.80 2.46

All All All All
nonsmokers 7.76 2.73 nonsmokers 7.56 3.06 nonsmokers 7.39 3.15 nonsmokers 7.27 3.41
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Fig 1. Diagrammatic representation of chromo­
some aberrations (chrom aberr) in the four oc­
cupational groups, divided into smokers (S) and
nonsmokers (NS). (D = diesel vehicle drivers,
G = gasoline vehicle drivers, I = automobile
inspectors, C = referents)

Fig 2. Diagrammatjc representation of sister
chromatid exchanges (SCEs) jn the four occu­
pational groups, divided into smokers (S) and
nonsmokers (NS). (D = diesel vehicle drivers,
G = gasoljne vehicle drivers, I = automobile
inspectors, C = referents)
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deviations of the observations. The sub­
jects were divided into ~heir occupational
groups and into smokers and nonsmokers.
The table also shows the mean SCEs per
cell for each of these eight groups. These
means vary from 7.3 for the nonsmoking
referents to 10.9 for the gasoline vehicle
drivers that smoke. The results are in­
cluded in table 6 and shown in fig 2.

Analyses

The following three measurements of
chromosome changes were applied in the
study of the possible effects of the environ­
ment and smoking on the 48 subjects: (i)
the total frequency of chromatid and iso­
chromatid breaks per 100 cells, (ii) the
total frequency of aberrations (breaks +
gaps) per 100 cells, and (iii) the mean
number of SCEs per cell. In the text and
in the tables these measurements have
been designated as breaks, aberrations,
and SCEs, respectively. Other factors
such as age, length of employment, etc,
have not been specially studied, but they
were taken into consideration in the
matching of the occupational groups. The
matched individuals occupy corresponding
places in tables 1-5. The results have
been summarized in table 6 in order to
facilitate comparisons.

Effect of occupation

The investigation was planned to test two
slightly different hypotheses: (i) whether
the work environment of the drivers of
diesel vehicles leads to a higher incidence
of chromosome changes among these work­
ers than that observed for other occu­
pational groups (a comparison of group 1
versus groups 2-4) and (ii) whether those
working in a traffic and vehicle environ­
ment, irrespective of the nature of the fuel
involved, have a higher incidence of
chromosome changes than that of a
reference group {groups 1-3 versus
group 4).

Comparisons between the groups for
each of the three kinds of measurements
were made with the nonparametric method
described in the Subjects and Methods
section; this test is designed to ascertain
whether or not a difference between a
specified group, relative to the three other

matched groups, can be attributed to
chance. In these tests smokers were com­
pared viith smokers and nonsmokers with
nonsmokers since the subjects were
matched. In addition to these tests on
the whole sample, we also tested the sub­
groups of smokers and nonsmokers sep­
arately, as it is possible that the effects
of occupation may be apparent only among
smokers (due to synergism) or nonsmokers
(due to an effect of the work environment
being hidden by smoking).

Thus altogether 18 tests were performed
to investigate the effects of the work en­
vironment ·(three kinds of measurements
used for investigating two hypotheses over
two subgroups plus the whole sample).
The results are summarized in table 7.

The tests confirmed what is obvious
from the summarized data in table 6 and
fig 1 and 2, namely, that there is no strong
effect of any of the work environments
studied on the frequency of chromosome
changes. Not a single test concerning the
frequency of aberrations gave an asso­
ciated probability value smaller than 5 %.

The frequency of seEs among smokers
indicated that the personnel working with
vehicles had a higher frequency of SCEs
than the referents, but the tendency was
weak and may well have been due to
chance.

The strongest sign of an effect of the
work environment was the frequency of
breaks in that the drivers of diesel vehi­
cles had significantly more breaks than
other workers. Smoking, however, was an
important confounding factor since a sig­
nificant effect of diesel exposure was only
observed among the nonsmokers. No sig­
nificant effect was found when any of
the other measurements of chromosome
changes were used.

The conclusion we have drawn from this
investigation concerning the effect of the
work environment on chromosome changes
is that there remains a grave suspicion
that working with diesel motors may cause
an increased level of chromosome changes.

Effect of smoking

There is a clear indication in tables 1-6
and in fig 1 and 2 that smoking affects
the level of chromosome changes. The ef­
fect of smoking was tested within the dif­
ferent occupational groups by the Mann-
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Whitney U-test, and the results are shown
in table 8. Of the 12 tests performed, six
showed that the smokers had significantly
more chromosome changes than the non­
smokers. Of the remaining six compari­
sons, which did not yield significant re­
sults, four had an associated probability
value smaller than 0.15. Only among the
diesel drivers were results obtained which
went against the general trend. For them
the frequencies of breaks and aberrations

were higher among the nonsmokers than
among the smokers. The frequency of
SeEs was, however, higher among the
smokers than among the nonsmokers (with
an associated probability value of 0.09).

The conclusion is clear. There is an
obvious effect of smoking on chromosome
changes, irrespective of which measure­
ment is used for estimating the chromo­
some changes. The effect of smoking is
greater than any possible effect of the

Table 6. Summary of the data in tables 1-5. The subjects are grouped according to their
matched pair in each of the four study groups, smokers and nonsmokers separately. Gaps and
breaks are given as the number per 100 cells, and sister chromatid exchanges (SCEs) as the
number per cell (mean of 20 cells).

Smokers Nonsmokers

Matched subject

Gaps
Breaks
SCEs

Matched subject

Gaps
Breaks
SCEs

Matched subject

Gaps
Breaks
SCEs

Matched subject

Gaps
Breaks
SCEs

Matched subject

Gaps
Breaks
SCEs

Matched subject

Gaps
Breaks
SCEs

Means

Gaps
Breaks
SCEs
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Diesel
vehicle
drivers

8

3.0
1.5
7.80

6

6.5
6.0

12.15

19

3.0
1.0
8.80

32

4.0
6.5

14.85

40

3.5
2.5
5.05

47

3.5
1.0

14.10

3.9
3.1

10.5

Gasoline
vehicle
drivers

21

7.5
4.5

12.75

105

4.5
4.5

10.35

101

5.5
3.0

12.65

26

0.0
2.5
9.85

31

7.5
2.0

10.95

48

3.5
5.0
8.60

4.7
3.6

10.9

Automo­
bile

inspec­
tors

17

2.0
3.0

11.65

11

6.0
3.5

10.00

5

9.0
2.5

10.40

34

3.5
6.0

10.05

46

6.5
2.5
9.50

39

8.5
1.0
8.05

5.9
3.1
9.9

Refer­
ents

9

8.5
2.5
8.95

1

0.5
4.5
9.30

15

7.5
7.0
9.30

33

6.5
2.5
8.95

41

1.0
2.5
7.65

30

1.5
1.5
7.20

4.3
3.4
8.6

Diesel
vehicle
drivers

16

8.0
4.5

11.55

12

1.5
3.5
7.00

23

1.5
2.5
7.10

109

2.0
4.0
6.35

42

7.5
3.5
8.00

37

4.0
3.5
6.55

4.1
3.6
7.8

Gasoline
vehicle
drivers

2

1.5
0.5
5.00

103

3.0
3.0
7.15

18

4.5
0.5
5.85

27

1.5
1.0
6.35

44

5.0
1.0

11.60

35

3.0
2.5
9.40

3.1
1.4
7.6

Automo­
bile

inspec­
tors

4

0.0
0.5
9.65

24

3.5
0.5
8.15

22

1.5
2.0
6.95

38

1.5
0.5
6.55

28

6.0
3.5
6.95

43

6.0
3.5
6.10

3.1
1.8
7.4

Refer­
ents

3

2.5
1.0
9.15

7

0.5
1.5
6.30

13

2.0
2.0
7.00

36

6.5
1.0
7.75

25

0.5
0.5
5.60

45

6.0
2.5
7.80

3.0
1.4
7.3



work environments studied.
No positive correlation was found be­

tween the chromosome changes and the
tobacco consumption measured as ciga­
rettes per day (table 9), but the data are
not ideal for this calculation as only 4 of
the 24 smokers belonged to the category
of moderate smokers (less than 10 ciga­
rettes/d).

Relationship between sister chromatid
exchanges and chromosome breaks

In this investigation three different mea­
surements were used to study the chromo­
some changes in an individual. Of these,
the frequency of chromosome aberrations
is naturally correlated with the frequency
of chromosome breaks since every break
is recorded as an aberration. In an effort
to ascertain whether there was also a cor­
relation between SCEs and breaks, the
data from the 48 individuals from this in­
vestigation, and that from six others whose
chromosomes were studied in a similar

manner at the same time, were examined
statistically.

In this sample of 54 individuals we
found a weak but well established positive
correlation between the frequency of
SCEs and the frequency of breaks. Ken­
dall's rank correlation coefficient was 0.26,
and the associated probability value lay
between 0.001 and 0.01 (27).

The relationship between chromosome
aberrations and SCEs is visualized in fig 3.
In this figure the frequency of total aber­
rations in an individual is expressed in
"chromatid units," breaks and gaps of the
isochromatid type being given the value 2
and breaks and gaps of the chromatid type
receiving the value 1.

Discussion

Chromosome changes and occupation

It is not possible, based on the present
study, to conclude definitely whether oc-

Table 7. The effect of occupation on chromosome changes.

Hypothesis 1: group 1 versus groups 2-4
Nonsmokers
Smokers
Whole sample

Hypothesis 2: groups 1-3 versus group 4
Nonsmokers
Smokers
Whole sample

Basis of comparison

Breaks Aberrations Sister chromatid
exchanges

** NS NS
NS NS NS
* NS NS

NS NS NS
NS NS *
NS NS NS

* p < 0.05, ** P < 0.01, NS = not significant. (All tests have been performed "one-tailed.")

Table 8. The effect of smoking on chromosome changes.

Basis of comparison

Occupational group

Diesel vehicle drivers
Gasoline vehicle drivers
Automobile inspectors (mixed exposure)
Office workers (referents)

Breaks

NS
*

NS
*

Aberrations

NS
*
*

NS

Sister chromatid
exchanges

NS
*
**
NS

* p < 0.05, ** P < 0.01, NS = not significant. (All tests have been performed "one-tailed.")
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Table 9. Cigarette consumption and chromosome changes. Breaks and aberrations are given as
the number per 100 cells, and sister chromatid exchanges as the number per cell (mean of 20
cells).

Breaks Aberrations Sister chromatid exchanges

1-9 cigarettes/d
Subject 6 6.0 12.5 12.15
Subject 11 3.5 9.5 10.00
Subject 34 6.0 9.5 10.05
Subject 48 5.0 8.5 8.60
Mean 5.1 10.0 10.20

10-14 cigarettes/d
Subject 1 4.5 5.0 9.30
Subject 15 7.0 14.5 9.30
SUbject 21 4.5 12.0 12.75
Subject 33 2.5 9.0 8.95
Subject 40 2.5 6.0 5.05
Subject 46 2.5 9.0 9.50
Subject 47 1.0 4.5 14.10
Mean 3.5 8.6 9.85

1~19 cigarettes/d
Subject 5 2.5 11.5 10.40
Subject 8 1.5 4.5 7.80
SUbject 31 2.0 9.5 10.95
SUbject 39 1.0 9.5 8.05
Subject 41 2.5 3.5 7.65
Subject 105 4.5 9.0 10.35
Mean 2.3 7.9 9.20

20-40 cigarettes/d
Subject 9 2.5 11.0 8.95
Subject 17 3.0 5.0 10.65
SUbject 19 1.0 4.0 8.80
Subject 26 2.5 2.5 9.85
SUbject 30 1.5 3.0 7.20
Subject 32 6.5 10.5 14.85
Subject 101 3.0 8.5 12.65
Mean 2.9 6.4 10.42

% CHROMOSOME
ABERRATIONS

2.

0" 3 IJg/ml Brc«J •22 • "" 30 ug/ ml 8rdU
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18 •• •
18 • •
,. • •• • " •
12 • • •• •
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•
g
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cupational exposure to diesel exhaust
causes an increase in chromosome changes
in human lymphocytes. No significant
change was revealed with regard to either
frequency of aberrations or frequency of
SCEs. However, a significant increase in
the number of breaks {fig 1) was observed
among the diesel-exposed nonsmokers.
Among smokers no such effect could be
shown. Since altogether 18 statistical '3ig­
nificance tests were performed, there is an
apparent risk that the observation of a
higher frequency of chromosome breaks
among the nonsmoking diesel-exposed
drivers is a random one. We, however,
feel that it is worth serious attention,
even though a recent study by Nordenson
et al 1(22) revealed no increa3ed frequency
of chromosome aberrations in miners ex­
posed to diesel exhaust.

Chromosome changes and smoking

The present report presents conclusive
evidence that chromosome changes are
more frequent among smokers than among
non3mokers. At the time this investiga­
tion was made and first reported (8), no
investigation appeared to have been un­
dertaken to disclose any relation between
damage and smoking in a normal popula­
tion. Earlier publications on the effect of
occupation on chromosome changes did not
take smoking into consideration. More
recently several papers have described or
commented on the :smoking habits of the
experimental subject3, but the results of
these investigations have been contra­
dictory or difficult to interpret, probably
because of the differing techniques that
have been used to record the chromosome
effects and the widely different categories
of the subjects studied.

Chromosome aberrations and smoking

No increased incidence of chromosome
break3 over that in a reference group was
observed in smokers among laboratory
staff (10), arsenic and lead workers (20,
21), toluene-exposed workers (19), and
referents. There was however an indica­
tion of synergism between smoking and
exposure to arsenic (20), and in miners and
a reference group there was an increased

frequency of both gap3 and breaks among
smokers (22). In a study of the frequency
of dicentric and ring chromosomes and of
chromatid translocations, a higher in­
cidence was found in heavy smokers
(40-60 cigarettes/d) than in an undefined
reference group (23). In the present study
an increased frequency of both breaks and
total aberrations was found in three of the
four occupational groups.

Sister chromatid exchange and smoking

The studies on smoking and the frequency
of SCEs are also somewhat contradictory.
Lambert et al (17), in a study of 18 pso­
riasis patients and 43 relevant referents,
showed that not only do smokers have a
higher SCE incidence than non3mokers,
but also that there is a stepwise increase
of about 15 % in the SCE frequency
among moderate « 10 cigarettes/d) and
heavy (::;;: 10 cigarettes/d) smokers. Bala
Krishna Murthy (3) also found a signifi­
cant increase in the mean SCE frequency
of smokers. Both the duration of smoking
and the number of cigarettes smoked per
day appeared to influence SCE frequency.
More recently Hopkin & Evan3 (14) and
Husgafvel-Pursiainen et al (15) also re­
ported a higher SCE frequency in smok­
ers in comparison to nonsmokers.

In the present study we found an in­
creased frequency of SCEs in the smokers
of all four groups in comparison to the
matched nonsmokers. The probability val­
ue3 were 0.09, < 0.05, < 0.01, and 0.07 for
diesel vehicle drivers, gasoline vehicle
drivers, automobile inspectors, and refer­
ents, respectively.

On the other hand, no correlation be­
tween smoking and SCE incidence has
been revealed in a number of studies (2, 7,
13, 17, 29, 30).

The discrepancy between different in­
vestigations is obvious and usually dif­
ficult to explain. One explanation may be
the condition3 of lymphocyte cultivation,
since variations in culture conditions
greatly affect the frequency of SCEs (16).
Factors influencing the considerable over­
lap in SCE frequency between smokers
and nonsmokers and also between moder­
ate and heavy smokers have been dis­
cussed by Hopkin & Evans (14) and Lam­
bert et al (16). Somewhat surpri3ingly,
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genetic factors do not seem to play any
major role in the frequency and distribu­
tion of SCEs in normal subjects (16, 24).

We feel convinced that smoking is a
potent etiologic factor in producing
chromosome changes in the human popu­
lation.

Relationship between sister chromatid
exchanges and chromosome aberrations

In vitro studies on cultures of fibroblasts
and human lymphocytes have shown that
SCE measurements provide a very sensi­
tive indicator for mutagenic and carcino­
genic substances (18, 31). All of the 15
substances studied by Perry & Evans (25)
induced both SCEs and chromosome aber­
rations; a marked increase in the SCE
frequency could be obtained at concentra­
tions too low for the conventional methods
of chromosome analysis. Moreover there
exists a good dose-response relationship be­
tween the concentration of many genotoxic
substances and SCE frequency 0(25), and a
linear relation has been recorded between
the number of SCEs and the number of
mutations per cell in cultures of the
Chinese hamster (6).

So far as we can trace, only a few other
epidemiologic investigations have dealt
with the relation between SCEs and
chromosome breaks in a direct and quan­
titative manner. Hansteen et al (11) found
no significant correlation for 16 polyvinyl
chloride workers and 16 referents, and
another study reported a negative corre­
lation between SCEs and chromosome
aberrations for female laboratory work­
ers (10).

Data on both chromosome aberrations
and SCEs were collected from 32 rotogra­
vure workers exposed to toluene and 15 re­
ferents (19), but the results were not ana­
lyzed with respect to the correlation be­
tween aberrations and SCEs. However,
smokers had a significantly higher SCE
frequency than nonsmokers, whereas the
rate of chromosome aberrations did not
seem to be significantly increased among
smokers.

We found a positive correlation between
the frequency of SCEs and the frequency
of chromosome breaks.

It appears urgent to throw further light
on the question of the correlation between
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SCEs and chromosome breaks, but it is
probably too early to substitute SCE
measurements for the more time-con­
suming conventional chromo-some analyses
before the underlying biochemical and
genetic mechanisms have been revealed.
It still seems appropriate to quote Savage
(26) in this connection: "That SCEs con­
stitute a highly sensitive test, and that
agents differ in their ability to induce
them is now established beyond reason­
able doubt, but ... it would seem unwise
to substitute them completely for tests
using conventional aberrations until more
is understood of their relative genetic
significance. Both would seem to be
necessary at present [p 104]."
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