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Effect of exposure to organophosphorus
compounds on S-cholinesterase in workers
removing poisonous depots

by Kay-Ole Larsen, MD, Henrik K Hanel, MSc'

LARSEN K-O, HANEL HK. Effect of exposure to organophosphorus compounds on
S-cholinesterase in workers removing poisonous depots. Scand j work environ health
8 (1982) 222-226. Biological monitoring and the control of safety precautions against
organophosphorus compounds (parathion, malathion, and methylparathion) was per­
formed through the measurement of S-cholinesterase (E.C.3.1.1.8) in personnel removing
poisonous depots. Depressions in S-cholinesterase activity where found in a majority of
62 workers in comparison to their preexposure values. After the last exposure the
S-cholinesterase activity of the workers returned to the individual preexposure values;
a few individuals needed about half a year for their S-cholinesterase activity to reach
the preexposure level. As no workers showed either pathological values for the enzyme
or poisoning symptoms, it was concluded that the measurement of S-cholinesterase
activity is an adequate and sensitive method for monitoring and controlling exposure
to organophosphorus compounds.
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From 1957 to 1962 the chemical works of
a major pesticide plant in Denmark used
an area in the dunes near the plant as a
waste depot for chemical compounds. Dur­
ing the 1970s the Danish Department of
Environments became aware of this con­
taminated area, because fish and shellfish
caught in the North Sea close to the area
had been found to contain mercury. In
March 1981 the Danish Government de­
cided to have the contaminated depot re­
moved.

The removal of the depot involved ex­
posing men to organophosphorus com­
pounds and therefore provided a unique
opportunity to carry out the biological
monitoring and controlling of safety pre­
cautions against these compounds (para­
thion, malathion, methylparathion).
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Materials to be removed

After removal of the material the content
of the depots was examined for the
amounts of the chemical compounds. The
amounts of the following chemicals were
estimated: 37 t of parathion, 5.5 t of
methylparathion, 1.4 t of malathion, 27 t
of thiophosphate esters, 3.7 t of mercury
compounds, and 600 t of other unidentified
organic compounds.

Subjects and methods

Subjects and exposure conditions

According to the ·severity of the exposure,
the employees, all males, could be divided
into three groups: high exposure, low ex­
posure, and others. The men in the high­
exposure group worked in the contam­
inated area for 8 h, 5 d a week. The low­
exposure group consisted of men who
stayed for short periods of time in the
contaminated area, ie, engineers, truck
drivers, caretakers, and the physician. The



group called "others" included persons
with an occasional chance of exposure, ie,
mechanics, electricians, and some engineers
and caretakers working part-time at the
depot.

Sixty-two men participated in the work,
all of whom were included in our study:
thirty-four in the high-exposure group,
thirteen in the low-exposure group, and
ten characterized as "others." Five men
were excluded, three stopped work before
being exposed, and two stayed less than
3 d at the depot.

The average age of the high-exposure
group was 28 a I(range 18-48 a), that of
the low-exposure group was 37 a (range
23-53 a), and that of "others" 32 a (range
18-56 a).

Safety precautions

All men in the contaminated area wore
safety equipment according to the risk of
exposure. Workers in the highly exposed
group who were not operating trucks and
excavators wore a neoprene suit, neoprene
gloves, chemical-resistant rubber boots,
and a neoprene hood with a fresh air
supply. Workers in the group who operat­
ed trucks and excavators were dressed in a
polyethylene suit, polyvinyl chloride
gloves, and chemical-resistant rubber
boots. Truck and excavator cabins were
equipped with fresh air supply, and the
operators wore masks with combined uni­
versal pesticide filters when moving to and
fro in the contaminated area outside these
cabins. The low-exposure group used the
same equipment as the highly exposed
group. Workers in the group characterized
as "others" were in some instances
equipped as the workers with high
exposure, and in other instances (depend­
ing on the degree of exposure) they wore
the same equipment as the truck drivers.

Design

The original plan involved a sample
scheme. Blood samples would be collected
before the exposure had taken place (pre­
exposure values), and subsequent samples
would then be taken after exposure of one
week and continue weekly until the expo­
sure had ceased. However, it proved im­
practical to follow this scheme rigorously,
because the employees worked on two

shifts and blood samples could not be
taken during the night.

All the employees had a sample taken
before they entered the contaminated
area. The majority had their blood serum
tested 3 d before the depot was opened.
Thereafter serum specimens were ex­
amined during the work period at time
intervals as shown in tables 1-3, the last
blood samples being taken not less than
four weeks after the cessation of work.
Blood samples were sometimes drawn on
request, when unusual exposure was sus­
pected.

Laboratory methods

The samples were taken in a shelter on
the site. None of the men had carried out
physically hard work prior to the blood
sampling. The blood samples were drawn
from a cubital vein into a test tube, and
separated sera were sent by mail (1 d
transportation) to the Department of
Clinical Chemistry of the Bispebjerg
Hospital for analysis. For the determi­
nation of S-cholinesterase (E.C.3.1.1.8)
activity the method of Kalow & Genest
(4) was used. For the characterization of
the normal phenotype of S-cholinesterase
the dibucaine number (DN) was measured
(4). In case of an abnormal DN, the
phenotype of the enzyme was determined
according to our routine procedure (8).

The reference interval for normal
S-cholinesterase (N = 453) was 680-1,560
U/I, and for the DN (N = 453) it was
78-86. The reference interval was ob­
tained from sera of healthy adults who
were examined for the phenotype of
their S-cholinesterase '(8). Persons with the
normal phenotype of the enzyme were in­
cluded. No significant sex difference was
observed for the activity of S-cholines­
terase. The coefficient of variation was
0.015-0.02 (1.5-2.0 Ofo).

The statistical evaluation of the data
was performed according to paired ob­
'servations using the Student t-test; p-val­
ues were calculated. For statistically sig­
nificant differences a probability level of
5 0/0 was used.

Sampling records were maintained so
that information about the level of S-cho­
linesterase was available for the individual
employees.
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Table 1. S-cholinesterase activity in the high-exposure group.

Before exposure During exposure After last exposure
Subiect
number Dayl

UII
Dayl

uti
Dayl

uti
Dayl

UII
Dayl Dayl

month month month month month utI month uti

2 li6 1,270 10/6 1,092 16/6 1,130
3 1/6 958 18/6 1,143 2/7 1,160 9/7 1,119 14/8 1,010 8/2 1,006
7 1/6 1,050 11/6 1,031 26/6 993 1/12 1,078
9 1/6 920 18/6 824 29/6 931 2/9 891

10 1/6 1,380 18/6 1,400 217 1,440 23/7 1,448
12 1/6 1,330 6/7 1,340 16/7 1,352 24/8 1,347
14 1/6 1,098 11/6 1,063 26/6 1,100 17/8 1,096
15 1/6 791 11/6 810 26/6 795 9/7 737
16 1/6 1,071 11/6 1,093 26/6 1,005 9/7 1,043 10/8 1,084
18 1/6 886 11/6 736 24/6 703 2616 646 6/8 641 2/12 863
19 1/6 1,430 18/6 1,460 217 1,339 9/7 1,247 15/8 1,328 4/12 1,417
21 1/6 1,270 11/6 1,145 25/6 1,132
22 1/6 1,179 18/6 1,067 2/7 1,075 9/7 1,057 14/8 985 6/2 1,053
23 1/6 839 18/6 658 24/6 710 29/6 765
24 1/6 1,070 11/6 935 2616 920 2/7 1,010 21/8 1,051
25 1/6 1,195 16/6 1,113 26/6 1,130
26 1/6 1,070 18/6 973 2/7 994 9/7 1,008 29/9 1,165
27 1/6 1,325 11/6 1,149 26/6 1,279 4/9 1,369 4/2 1,265
28 1/6 1,370 11/6 1,347 26/6 1,346 9/7 1,398 19/8 1,250
29 1/6 1,009 18/6 1,000 21/7 1,021 22/9 1,027
30 1/6 1,119 18/6 1,131 2/7 1,245 9/7 1,202 17/8 1,143
33 1/6 1,126 11/6 955 26/6 1,105 9/7 1,075
35 1/6 935 18/6 755 21/6 789 2/7 781
36 1/6 1,428 18/6 1,290 2/7 1,442 9/7 1,382 11/8 1,393
37 1/6 894 18/6 787 30/6 898 9/7 808 25/9 888
38 1/6 1,762 18/6 1,316 24/6 1,470 4/12 1,520
39 1/6 1,209 18/6 1,200 24/6 1,193 3017 1,187
40 1/6 1,184 18/6 1,040 30/6 1,200 6/8 1,230
41 1/6 947 18/6 880 317 969 21/8 960
49 2/6 1,810 11/6 1,580 26/6 1,690
50 2/6 952 18/6 863 217 929 9/7 1,002 16/8 898
51 2/6 938 11/6 896 18/6 844 26/6 827
55 916 894 11/6 787 29/6 863 6/8 860
57 9/6 588 18/6 526 21/6 540 26/6 521 20/8 510

Table 2. S-cholinesterase activity in the low-exposure group.

Before exposure During exposure Aller last exposure
Subject
number Day!

UII
Dayl

UII
Dayl

U!I
Dayl

UII
Day!

U!I
Dav!

Uilmonth month month month month month

1 1/6 1,234 11/6 1,268 26/6 1,221 9/7 1,281 12/8 1,248
6 1/6 1,080 11/6 1,060 20/7 1,088

11 1/6 1,220 18/6 1,135 217 1,230 9/7 1,217 10/8 1,170
17 1/6 1,244 11/6 1,481 26/6 1,179 217 1,250
20 1/6 1,740 11/6 1,638 26/6 1,702 9/7 1,702
42 1/6 1,386 11/6 1,308 18/6 1,380 26/6 1,326 12/8 1,411
43 1/6 982 18/6 886 317 1,042 9/7 1,065
44 1/6 863 18/6 905 24/6 911 30/6 951 8/9 908
45 1/6 1,057 11/6 873 18/6 948 29/6 959 10/8 1,085
46 1/6 1,210 11/6 1,067 29/6 1,347 9/7 1,435 15/9 1,079 10/2 1,121
47 1/6 1,118 11/6 1,057 26/6 1,052 3/7 1,049 6/8 900 4/3 1,180
52 216 915 11/6 940 18/6 845 26/6 870 24/8 939
53 2/6 1,164 11/6 1,149 26/6 1,130 2/7 1,069 2/10 1,160

Table 3. S-cholinesterase activity in the group of "others."

Before exposure During exposure Aller last exposure
Subject
number Dayl

UII
Day!

UII
Dayl

U!I
Dayl

UII
Dayl

UII
Dayl

U!Imonth month month month month month

4 1/6 821 1816 744 2416 820 717 804 14/8 949
5 1/6 1,370 11/6 1,267 26/6 1,385 9/7 1,410 14/8 1,353
6 1/6 1,080 11/6 1,023 20/7 1,088

13 1/6 2,117 18/6 1,638 24/6 1,795 29/6 1,571 13/8 1,752 3/12 1,966
34 1/6 1,152 18/6 990 2/7 975
58 9/6 1,280 18/6 1,310 26/6 1,151 217 1,140 23/7 1,147 4/2 1,224
60 12/6 903 22/6 816 217 822 9/7 832 24/9 964
61 3016 1,160 6/7 1,082 16/7 981 12/8 1,057
62 30/6 1,316 6/7 1,240 9/9 1,334
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Results

When compared with our reference inter­
val, the S-cholinesterase of 59 of the 62
persons was normal before exposure to
the contaminated area. Three men, who
had depressed enzymatic activity, had
abnormal DNs. Phenotyping showed that
these persons' S-cholinesterase corre­
sponded to the heterozygeous dibucaine
resistant phenotype of the enzyme.

S-cholinesterase activity before, during,
and after last exposure to organophos­
phorus compounds are shown in tables
1-3 for the three groups. All men with
the normal phenotype of the enzyme
had normal activity of S-cholinesterase
before exposure to the contaminated
area. We therefore did not perform
further examinations of their liver
function.

The high-exposure group had a signifi­
cant decrease in the activity of S-cholin­
esterase during the whole work period in
comparison with the respective preexpo­
sure values; the p-values after the first,
3econd, and third examinations were
p < 0.0005, P < 0.05, and p < 0.01, respec­
tively. After a 4-week cessation of work
we also found a significant fall in the
activity of the enzyme (p < 0.05, table 1).

The low-exposure group had a signif­
icant decrease in S-cholinesterase only at
the time of the second examination
(p < 0.05). Later and after the cessation of
exposure, the activity of the enzyme was
reestablished (p > 0.15, table 2).

In the group characterized as "others"
there was a significant temporary decrease
in S-cholinesterase during the first and
second examination, p < 0.01 and p < 0.025,
respectively; at the third examination no
significant decrease in the activity of the
enzyme could be found in comparison with
the value before exposure (p > 0.05, ta­
ble 3). Four weeks after the last expo­
sure the activity of the enzyme was re­
establi3hed (p > 0.15, table 3).

About four weeks after the last expo­
sure (tables 1-3) significant depressions
in S-cholinesterase activity were found
in a few individuals from all three groups
in comparison with their respective values
before exposure: five men in the high-ex­
posure group, two in the 10w-exp03ure
group, and two in the group of "others."

When reexamined later than 140 dafter
the last exposure, the S-cholinesterase
activity of these men had returned to the
preexposure level.

Discussion

S-cholinesterase was used as a parameter
for parathion poisoning. The chosen
method (4) was precise enough to detect
small changes in the activity of the en­
zyme. We preferred the measurement of
S-cholinesterase(E.C.3.1.1.8) to acetyl­
cholinesterase (E.C.3.1.1.7.) in erythrocytes,
both of which are affected by parathion,
because the enzymatic activity of the
former decreases before and more rapidly
than the latter in parathion poisoning (1,
6, 7). In addition the applied method
allowed detection and characterization of
the phenotypes of S-cholinesterase.

In the case of abnormal phenotypes of
S-cholinesterase, which can have a lower
enzymatic activity than the normal en­
zyme, the reduction in activity was taken
into consideration. S-cholinesterase is a
relatively stable enzyme at room tempera­
ture. Less than 10 Ofo of the activity is lost
within 3 d, and the day-to-day variation
is less than 9 Ofo (2). To prevent cases of
poisoning, we considered a fall in en­
zymatic activity of more than 20-25 Ofo
to be due to organophosphorus compounds.

Normally, parathion causes symptoms of
intoxication with depressions in S-cho­
linesterase activity that are greater than
30 Ofo 1(5); thus our threshold of 20-25 Ofo
seems reasonable.

Later than 140 d after the last expo­
sure to organophosphorus compounds only
four man had an S-cholinesterase activity
that was decreased by 10-15 Ofo in com­
parison with the preexposure values.
These men did not show any symptoms of
poisoning, and their S-cholinesterase ac­
tivity was within the reference interval.
Since organophosphorus compounds are
lipophilic, this residual effect could be due
to an accumulation in adipose tissue dur­
ing exposure. The time for the normali­
zation of S-cholinesterase after exposure
depends not only on its biological half­
time of 8-12 d (9), but also on the detoxi­
cation of parathion within the body. Nor­
malization will therefore take longer than
time calculated on basis of the half-time
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value.
Only a few investigations comparable

with ours have been carried out previous­
ly. Grob et al {3) found that S-cholin­
esterase decreased at a rate of about
3--4 Ufo per day in humans after subtoxic
exposure to parathion. In a similar in­
vestigation Brown & Bush (1) found
S-cholinesterase normalized within five
months after the last exposure to para­
thion. Our results agree with the results
of Brown & Bush (1). When we found a
depression of the enzyme activity of
20-25 Ufo in relation to the preexposure
value, the protective equipment of the
men was checked and, if necessary, im­
proved. When the enzymatic activity de­
creased in spite of this, the worker was
temporarily removed from exposure.

Although the men in the high-exposure
group were equipped with a neoprene
suit, neoprene gloves, chemically resistant
rubber gloves, and a neoprene hood with
a fresh air supply, the activity of the en­
zyme was depressed. An explanation for
this depression could be that the safety
equipment was inadequate. Another ex­
planation could be that the employees did
not use the safety equipment properly or
that the instructions for using the safety
equipment were insufficient.

Workers in the low-exposure group had
decreased S-cholinesterase during the
second week. It was stormy at the depot,
and an explanation for the depression of
the enzyme could be contamination of the
whole area by poisoned sand.

No clinical symptoms of poisoning were
found, and no values of S-cholinesterase
were depressed to a pathological level,
since all activities of the enzyme were
within our reference range. Since no
workers exhibited symptoms of poisoning,
we conclude that the measurement of
S-cholinesterase is an adequate and sen­
sitive method for the biological monitoring
of exposure to organophosphorus com-
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pounds of the parathion type. Another
conclusion is that the precautionary ar­
rangements made for removal of the depot
were efficient enough to prevent poisoning.
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