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Ethylene oxide doses in ethene-exposed fruit store workers
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Blood samples from 10 ethene-exposed fruit store workers and 10 referents were analyzed for the level
of hydroxyethyl adducts to N-terminal valine in hemoglobin (Hb). A statistically significant difference
was obtained between the nonsmoking workers (N =7) and the nonsmoking referents (N =6). This find-
ing demonstrates that ethene is metabolized to ethylene oxide in man. According to this preliminary study,
ethene exposure at 0.3 (uncertainty range 0.1—1) ppm during workhours increases the adduct level by
23 pmol/g Hb. This figure is compatible with a metabolic conversion of 3 % (1—10 %) of the inhaled

ethene to ethylene oxide.
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The determination of adducts in hemoglobin (Hb) is
a useful approach for monitoring tissue doses of ulti-
mate carcinogens (1, 2), and it provides a basis for risk
estimation (3).

The measurement of hydroxyethyl adducts to N-
terminal valine in hemoglobin (4) by gas chromatog-
raphy-mass spectrometry has been used as dosimetry
for ethylene oxide in smokers and nonsmokers (5, 6).
The adduct level in smokers [an increment of about
85 pmol/g Hb and 10 cigarettes/d (7)] indicates that
the ethene in tobacco smoke may be the source. This
hypothesis is based on the assumption that humans and
experimental animals metabolize inhaled ethene to
ethylene oxide (8—10) and detoxify ethylene oxide (see
references 11 and 12) at approximately equal rates or
that the ratio of the rates of bioactivation and epox-
ide detoxification is approximately the same for man
and rodents, with the same epoxide dose per milligram
of inhaled ethene as a consequence (5).

However, this quantitative agreement between found
and expected adduct levels cannot be considered proof
that ethene in tobacco smoke is the source of the ad-
ducts. Natural metabolites may give rise to hydroxy-
ethyl adducts, ethene may be formed endogenously (5,
13), and it cannot be excluded that such processes are
affected by smoking in a way that results in increased
2-hydroxyethyl adduct levels. Unequivocal proof that
ethene is metabolized to ethylene oxide in humans
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could be gained in studies of the adduct level in per-
sons with a specific exposure to ethene. For this pur-
pose employees in a company using ethene for con-
trolling the ripening of bananas were examined with
regard to the N-(2-hydroxyethyl)valine (HOEtVal) level
in their hemoglobin.

Subjects and methods

Blood samples were obtained from 10 stockroom
workers and 10 referents. Data were recorded on ex-
posure to tobacco smoke, urban air pollution, and
other conditions that might influence the results. Per-
sonal and stationary monitoring of ethene in the work-
place was carried out for 2 d in connection with the
blood sampling. The analysis was based on the enrich-
ment of ethene on a solid sorbent (13X, Union Car-
bide) and subsequent thermal desorption for gas chro-
matographic analysis. The blood samples were col-
lected in heparinized tubes with gamma-sterilized can-
nulae. The red cells were recovered by centrifugation
and were carefully washed with an 0.9 % sodium chlo-
ride solution. The cells were stored at —70°C. Globin
was precipitated according to the method described by
Mowrer et al (14). The samples were analyzed by gas
chromatography-mass spectrometry with respect to
HOEtVal in hemoglobin by an updated version (10)
of the N-alkyl Edman method (4). For practical rea-
sons, the samples from the referents were collected one
month later than the samples from the exposed per-
sons, but replicate blood samples from two of the ex-
posed persons were collected at the same time as the
reference samples. This repeated sampling was con-
sidered necessary as a check that the storage of sam-
ples, through artefact formation of HOEtVal, had no
influence on the results (15).



Results and discussion

The results from the analyses of the HOEtVal levels
in hemoglobin and the data on smoking habits are
presented in table 1.

A statistically significant difference (P <0.01) was
obtained between the nonsmoking fruit store workers
and the nonsmoking referents with respect to the level
of HOEtVal in hemoglobin. This result is important
since it supports qualitatively the assumption, based
on animal experiments and studies on smokers-non-
smokers, that ethene is metabolized to ethylene oxide
also in man. Personal and stationary monitoring of
ethene in the workplace showed air concentrations in
the range of 0.02—3.35 ppm, the average concentra-
tion being estimated as 0.3 (uncertainty range 0.1—1)
ppm. According to this preliminary study, ethene ex-
posure at a level of 0.3 ppm during workhours would
thus increase the HOEtVal level by 23 pmol/g Hb.

With the use of a probable value of the rate of clear-
ance of ethylene oxide in man [approximately 3 h~!
(11)], a ventilation rate of 0.2 1-kg~!-min~!, ab-
sorption of 80 % of the inhaled amount (16), and a
rate constant of k=0.45-10~*1- (g Hb)~' - h~' (17)
for the reaction of ethylene oxide with N-terminal va-
line in hemoglobin, the steady-state level of HOEtVal
established during long-term exposure at, eg, 1 ppm
of ethylene oxide during workhours is estimated to be
2.2 nmol (g Hb)~'. This estimate agrees with deter-
minations of adduct levels in workers well character-
ized with respect to ethylene oxide exposure [2.4 nmol
HOEtVal/g Hb, corresponding to exposure at 1 ppm
for 40 h/week (12)].

Accordingly 1 ppm of ethene in ambient air would
give rise to the same adduct level as 0.03 (range 0.01—
0.1) ppm of ethylene oxide and would correspond to
a conversion rate of 3 %. Cigarette smokers have been
estimated to convert about 6 % of the inhaled ethene
to ethylene oxide (5, 7). This value falls within the in-
terval found in the present study. For attaining a more
accurate value for the conversion rate — useful for the
hygienic surveillance of work environments and for
risk assessment — studies with a better characteriza-
tion of exposure doses are required.

A comparison of exposed and unexposed smokers
indicates that the former exhibit a larger adduct level
increment per cigarette and gram of hemoglobin
(15.7 pmol) than the latter (9.3 pmol), and, in fact,
a t-test showed this difference to be weakly significant
(P=0.02). A difference of this kind would apply if the
system bioactivating ethene is induced in smokers. This
possibility, of importance to risk assessment, will be
subjected to further studies.
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Table 1. Degree of N-2-hydroxyethylation of N-terminal valine
(HOEtVal) in the hemoglobin of workers with occupational ex-
posure to ethene and in the hemoglobin of referents.

Smoking habits HOEtVala (pmol/g hemoglobin)

(cigarettes/d)

Subject

Individual®  Average
Ethene-exposed
subjects
2 Nonsmoker 52
3 Nonsmoker 42
4 Nonsmoker 22
5 Nonsmoker 28 15
5a (replicate Nonsmoker 42> 3
sample)
7 Nonsmaoker 47 50
7a (replicate Nonsmoker 52~
sample)
8 Nonsmoker 65
10 Nonsmoker 34
1 15 234
6 10—20 254 } 283
9 15—20 360
IReferents
B Nonsmoker 23
E Nonsmoker 27
F Nonsmoker 27 20
G Nonsmoker 17
H Nonsmoker 16
| Nonsmoker 12
A 10—15 129
(o] 20 229 169¢
J 15 149
D 6 + pipe 251

¢a HOEtVal = N-(2-hydroxyethyl)valine.

tv The values are based on one analysis. For reproducibility and calibra-
tion, see reference 10.

¢ The person smoking both cigarettes and a pipe excluded.
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