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Table 8 Lymphocyte activation by maximum stimulation
ofPHA in vitro. Data show the mean value + SEM.
(Number ofindividuals are given in parentheses)

Plant workers Controls Statistical
(n = 25) (n = 25) analysis

Maximum
stimulation*
(cpm) 51864 t 4133 45362 t 3711 NS

Backgroundt
(cpm) 598 ± 104 428 t 77 NS

Stimulation indext 80 + 14 98 t 17 NS

NS = Not significant (p > 0-05).
*Normal distribution.
tLog normal distribution.
Stimulation index = SStimulated culture-cmUsiuated culture
found (p > 0-05) between the amount of N' - (2'-
hydroxyethyl) - L - histidine in haemoglobin and
haematological or immunological parameters
(tables 6 and 7). Tables 8-10 summarise the effects
of variables on T and B cell function. Table 8 shows
the data for the in vitro lymphoproliferative
response to the mitogen PHA of cultures from plant
workers and the control group; table 10 shows the
data for humoral immunity. There was no
statistically significant difference between plant
workers and the control group in respect of any of
the parameters recorded in these tables.
Furthermore, no statistically significant difference
was found between groups 1 and 2 or between these
groups and the control group in any of the
parameters recorded in tables 8 and 10. Of the other
variables, smoking was associated with a statistically
significant decrease on serum IgG and IgM levels
(table 10). The response of cultures stimulated by
PHA was increased in smokers compared with
non-smokers, but the difference was not statistically
significant. Furthermore, a statistically significant

decrease in the PHA response was observed in the
group aged 40-59 compared with groups aged
30-39 and 20-29 (table 9). Regression analysis
showed that the PHA response of cultures from
plant workers was negatively correlated (p < 0-01)
with duration of employment. This effect was
undoubtedly influenced by age: the relation between
age and PHA response was highly significant (p <
0-01). Other parameters recorded (tables 8 and 10)
showed no correlation with either duration of
employment or with age.
No significant correlation was found between the

amount of Nt-(2'-hydroxyethyl)-L-histidine in
haemoglobin and immunological parameters (tables
8 and 10).

Discussion

Exposure levels to EO in modern manufacturing
plants are usually low, generally below 1 ppm (M
Kokestsu, unpublished data). In the current study
occupational EO exposure (8 h TWA) measured
under normal plant operating conditions during
1974-82 was generally below the detection limit of
0-05 ppm. Nevertheless, occasional transient
concentrations of up to 8 ppm were recorded. It is
also possible that higher exposures than 0-05 ppm
may have occurred before 1974 and during planned
closures for maintenance purposes-that is, during
the shut down and start up procedures.
No statistically significant increase in the

frequency of chromatid or chromosome aberrations
was observed in the current study. In the group of
plant workers the positive correlation (p < 0.05)
found between the frequency of chromosome breaks
and duration of employment was independent of

Table 9 Effect ofother variables on lymphocyte activation. Data show the mean value ± SEM

No of individuals Maximum stimulation (cpm) Background (cpm) Stimulation Index

Smoking 34 53594 ± 3460 487 + 72 100 ± 14
Non-smoking 16 40152 ± 3932 547 ± 128 69 ± 16
Age group 20-29 22 58139 ± 3947 645 ± 136 86 + 19
Age group 30-39 17 47472 ± 4555 521 ± 82 86 ± 14
Age group 40-59 11 31325 ± 3239* 297 ± 71 100 ± 22

*Statistical significant difference compared with age groups 20-29 and 30-39 years (p < 0-05).

Table 10 Serum immunoglobulin concentrations. Data show the mean value + SEM. (Number ofindividuals are given in
parentheses)

Plant workers Controls Statistical Smoking Non-smoking Statistical
(n = 24) (n = 27) analysis (n = 35) (n = 16) analysis

IgG* (mg%) 1565 ± 58 1500 ± 41 NS 1467 ± 39 1679 ± 57 p < 0-05
IgMt (mg%) 152 ± 11 127 ± 9 NS 127 ± 9 164 ± 8 p < 0 05
IgA* (mg%) 159 ± 13 160 ± 10 NS 150 ± 9 181 ± 17 NS

NS = Not significant (p > 0-05).
*Log normal distribution.
tNormal distribution.
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age, suggesting an occupational effect. This
statistically significant correlation was based on a
single finding of 2% chromosome breaks in a plant
worker with nine years of employment in the EO
plant. In six other plant workers and seven control
subjects this type of aberration occurred at a rate of
1%. No chromosome breaks were recorded in 29
plant workers and 26 controls. When coupled with
the absence of a statistically significant difference in
the frequency of chromosome breaks in group 1
compared with group 2 or between these groups and
the control group and the consistency with published
values for control populations,'6 17 it is unlikely that
the statistically significant correlation between
duration of employment and frequency of
chromosome breaks is of biological significance.
These essentially negative findings are in close
agreement with the reported absence of
chromosome damage in the lowest exposure group
in the study conducted by Johnson and Johnson.7 It
should also be noted that the EO exposures
measured in the current study were similar to those
determined for the lowest exposure group in the
Johnson and Johnson study.

Various aspects of lifestyle may influence the
degree of chromosome damage in peripheral blood
lymphocytes. For example, several reports indicate
increased frequencies of chromatid and
chromosome aberrations in smokers compared with
non-smokers.'8 19 These increases appeared to be
dose related-that is, dependent on the frequency
and the total duration of smoking. The results
obtained in the current study provide no evidence to
support an association between smoking and
chromosome aberrations. This failure to detect an
effect may have been due to the relatively low
average age of the subjects and, possibly, to a low
frequency of smoking, particularly among plant
workers who are not allowed to smoke on the plant.
Analysis of the results of haematological and
immunological tests showed no statistically
significant differences between plant workers and
the control group which suggests that immune
function was not altered under the conditions
prevailing in the EO manufacturing plant. The
finding that in the group of plant workers the
percentage of neutrophils in a differential white cell
count was increased and the percentage of
lymphocytes decreased with duration of
employment to EO is probably not of biological
significance, because the absolute numbers
remained within the normal limits and also because
there was no statistically significant difference in the
percentages of neutrophils and lymphocytes
observed in the plant workers and in the control
group.

Smoking had a more profound effect on
haematological and, immunological parameters as
evidenced by a statistically significant increase in
white cell count and a decreased level of serum
immunoglobulins. These findings are in agreement
with several published reports.20 Nevertheless, the
values for smokers were within the normal range.
The fact that these values were significantly different
from the control values (non-smokers) suggests that
a change in immunological parameters may provide
a more sensitive criterion for detecting an effect of
smoking than does an increase in chromosome
aberrations. Although not directly relevant to the
main issue, it should- be noted that the previously
reported age dependent decrease in the
responsiveness of lymphocytes to PHA in vitro2' was
confirmed in the present study.

In the present study the degree of
2-hydroxyethylation of the Nt atom of histidine
residues in the haemoglobin of circulating
erythrocytes was measured in the plant workers and
in the control group in an attempt to develop precise
data regarding recent individual exposures to
EQ-that is, during the 18 week period immediately
before blood sampling.* A surprising-feature of the
results was the finding of variable but, in most
instances, readily measurable quantities of
NI-(2'-hydroxyethyl)-L-histidine in the haemo-
globin of the control group, who had not knowingly
been exposed to an exogenous source of EO.
Indeed, there was no statistically significant
difference between the results obtained in the
control group and the plant workers, although the
latter displayed a tendency towards higher values.
Calleman and co-workers calculated that an
exposure doset of 1 ppm x h would be equivalent to
an in vivo EO dose of -O106 MAM x h." Using this
criterion and assuming a repeated and regular
pattern of exposure, the average weekly in vivo
doses of EO in plant workers (16-5 ,uM x h.; table
3) and in control personnel (126 ,uM x h.; table 3)
would be equivalent to weekly EO exposure doses
of 156 ppm x h and 119 ppm x h respectively. The
observation that there was no statistically significant
difference between the in vivo doses in the plant
workers and in the controls indicates minimal
occupational exposures to EO during the present
study. The variable and relatively high background
levels of Nt-(2'-hydroxyethyl)-L-histidine in the
control group prevented the calculation of the
contribution of the in vivo dose, made by
occupational exposure to EO, on an individual basis.

*The life duration of the erythrocyte is 18 weeks in man.
tThe exposure dose is expressed in terms of a composite unit,
concentration x time-for instance, ppm x h.
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The origin of the variable background of

2-hydroxyethyl groups in the control group is
unknown. Several possible sources exist including
EO formed during the oxidative metabolism of
endogenously synthesised ethylene or an exposure
of both groups to ethylene used on site. Smoking
and age were not contributing factors of these
background alkylations. No statistically significant
differences in Nt-(2'-hydroxyethyl)-L-histidine
levels were found between smokers and
non-smokers, and regression analysis showed that
there was no significant correlation (p > 0.05)
between the amount of adduct and age.
The detection of a variable background of

2-hydroxyethyl groups in the histidine residues of
human haemoglobin has clear toxicological and
methodological implications. It would be premature,
however, to comtnent further on the possible
significance of this finding until the origin of these
2-hydroxyethyl groups has been established and
studies have been conducted to determine whether
or not a corresponding background of
2-hydroxyethyl groups occurs in DNA. Studies are
in progress to investigate these problems.

In summary, no statistically significant difference
was found in any of the biological parameters
investigated in this study between the"'group of plant
workers, employed in EO manufacture for periods
of up to 14 years, and the control group. The
association between duration of employment in EO
manufacture and changes in the frequency of
chromosome breaks and in the percentage of
neutrophils and lymphocytes in a differential white
cell count was not considered to be of biological
significance. No statistically significant correlation
was found between the amount of
Nt-(2'-hydroxyethyl)-L-histidine in the haemo-
globin of a particular individual and the frequency of
chromosome aberrations and immunological or

haematological parameters.

We thank Mr H de Jonge, Shell Nederland Chemie
BV, Rotterdam, for carrying out the statistical
analysis.
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