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ABSTRACT
Objectives: Measurement of cholinesterase (ChE) activity is considered as an
important diagnostic tool in the cases of human poisoning with organophosphate (OP)
and carbamate insecticides.
Patients and methods: One hundred and seventy four subjects working in different
fields and exposed to OP and carbamate compounds were conducted in this work plus
fifty apparently healthy volunteers, who were neither exposed to OP and carbamate
insecticides nor taken any drug during the course of this study (control group).
Subjects were categorized into three groups according to the place of their work. An
electrometric method was used for the measurement of blood ChE activity.
Results: The results showed significant differences at p < 0.05 of ChE activity in the
3 groups in comparison with the control. Also the relationship between ChE activities
concerning the age of the subjects and the duration of exposure in the market group
was significantly different at p < 0.05.
Conclusion: The electrometric method is simple and efficient for multiple samples
and field conditions and offers a lower cost, also it is suitable for monitoring human
exposure to OP and carbamate insecticides.
Key words: Cholinesterase activity, human poisoning, insecticides.
اﻟﺨﻼﺻﺔ
 ﻳﻌﺘﺒﺮ ﻗﻴﺎس ﻧﺸﺎط ﺧﻤﻴﺮة اﻟﻜﻮﻟﻴﻦ اﺳﺘﻴﺮاز ﻣﺆﺷﺮا ﺗﺸﺨﻴﺼﻴﺎ ﻟﺤﺎﻻت اﻟﺘﺴﻤﻢ ﻋﻨﺪ اﻻﻧﺴﺎن ﻓﻲ ﺣﺎﻟﺔ:هﺪف اﻟﺪراﺳﺔ
. ﺗﻌﺮﺿﻪ ﻟﻤﺒﻴﺪات اﻟﺤﺸﺮات اﻟﻔﻮﺳﻔﻮرﻳﺔ اﻟﻌﻀﻮﻳﺔ واﻟﻜﺎرﺑﺎﻣﺎﺗﻴﺔ
 ﺷﺨﺼﺎ ﻳﻌﻤﻠﻮن ﻓﻲ ﻋﺪة اﻣﺎآﻦ وﻳﺘﻌﺮﺿﻮن ﻟﻤﺒﻴﺪات اﻟﺤﺸﺮات174  درﺳﺖ ﺣﺎﻻت:اﻟﻤﺮﺿﻰ وﻃﺮاﺋﻖ اﻟﻌﻤﻞ
 ﺷﺨﺼﺎ ﻳﺒﺪون اﺻﺤﺎء وﻻﻳﺘﻌﺮﺿﻮن ﻟﻤﺒﻴﺪات اﻟﻔﺴﻔﻮر اﻟﻌﻀﻮﻳﺔ50  اﺿﻴﻒ اﻟﻰ اﻟﺪراﺳﺔ. اﻟﻤﺬآﻮرة اﺛﻨﺎء ﻋﻤﻠﻬﻢ
.  وﻟﻢ ﻳﺘﻌﺎﻃﻮا اي ﻋﻼج اﺛﻨﺎء ﻓﺘﺮة اﻟﺪراﺳﺔ اﻋﺘﺒﺮوا ﻣﺠﻤﻮﻋﺔ ﺳﻴﻄﺮة،وﻻ ﻟﻠﻜﺎرﺑﺎﻣﻴﺖ
.ﻗﺴﻢ اﻻﺷﺨﺎص ﺟﻤﻴﻌﻬﻢ اﻟﻰ ﺛﻼﺛﺔ ﻣﺠﺎﻣﻴﻊ آﻞ ﺣﺴﺐ ﻧﻮع اﻟﻤﻜﺎن اﻟﺬي ﻳﻌﻤﻞ ﻓﻴﻪ
اﺳﺘﺨﺪﻣﺖ ﻃﺮﻳﻘﺔ اﻟﻘﻴﺎس اﻟﻜﻬﺮﺑﺎﺋﻲ ﻟﻤﻌﺮﻓﺔ ﻣﺴﺘﻮى ﻧﺸﺎط اﻟﻜﻮﻟﻴﻦ اﺳﺘﻴﺮاز ﻓﻲ ﻧﻤﺎذج دم اﺧﺬت ﻣﻦ اﻟﻌﺎﻣﻠﻴﻦ
. اﻟﻤﺘﻌﺮﺿﻴﻦ ﻟﻠﻤﺒﻴﺪات وآﺬﻟﻚ ﻣﻦ ﻣﺠﻤﻮﻋﺔ اﻟﺴﻴﻄﺮة
 ﻋﻨﺪ اﻟﻤﺠﺎﻣﻴﻊ اﻟﺜﻼﺛﺔ ﻣﻘﺎرﻧﺔ ﻣﻊ ﻣﺠﻤﻮﻋﺔp < 0.05  ﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ ﻟﻬﺬﻩ اﻟﺪراﺳﺔ وﺟﻮد ﻓﺮق ﻣﻌﻨﻮي:اﻟﻨﺘﺎﺋﺞ
 ﺑﻴﻦ اﻋﻤﺎر اﻟﻤﺘﻌﺮﺿﻴﻦ وﻣﺪد ﺗﻌﺮﺿﻬﻢ ﻟﺘﻠﻚp < 0.05  وآﺬﻟﻚ ﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ وﺟﻮد ﻓﺮق ﻣﻌﻨﻮي.اﻟﺴﻴﻄﺮة
.اﻟﻤﺒﻴﺪات ﻟﺪى ﻣﺠﻤﻮﻋﺔ اﻟﻌﺎﻣﻠﻴﻦ ﻓﻲ اﻟﺴﻮق
 ﻟﺬا اﻋﺘﺒﺮت اﻟﻄﺮﻳﻘﺔ اﻟﻜﻬﺮﺑﺎﺋﻴﺔ ﻟﻘﻴﺎس ﻧﺸﺎط ﺧﻤﻴﺮة اﻟﻜﻮﻟﻴﻦ اﺳﺘﻴﺮاز ﺳﻬﻠﺔ وﻳﺴﻴﺮة وﻓﺎﻋﻠﺔ وﻻ ﺗﻜﻠﻒ:اﻻﺳﺘﻨﺘﺎج
اﻟﻜﺜﻴﺮ ﻣﻦ اﻟﻨﺎﺣﻴﺔ اﻟﻤﺎدﻳﺔ وهﻲ ﻣﻼﺋﻤﺔ ﻟﻘﻴﺎس ﻧﺸﺎط اﻟﺨﻤﻴﺮة ﻓﻲ دم اﻟﻤﺘﻌﺮﺿﻴﻦ ﻟﻤﺒﻴﺪات اﻟﺤﺸﺮات اﻟﻔﻮﺳﻔﻮرﻳﺔ
. اﻟﻌﻀﻮﻳﺔ واﻟﻜﺎرﺑﺎﻣﺎﺗﻴﺔ ﺑﺸﻜﻞ ﻓﺎﻋﻞ
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and carbamate compounds were
recruited in this work. A control group
of 50 apparently healthy volunteers
from Erbil city were also included,
their ages were 31 ± 9.79 years, they
were
neither
exposed
to
anticholinesterases nor taken any drug
during the course of this study.
Subjects were categorized into 3
groups. The first group included 31
individuals the mean of their ages was
38 ± 13.12 years, who were working in
market shops selling pesticides, and
they
were
exposed
to
anticholinesterases during mixing,
preparing, handling and by inhalation
and dermal contact. The duration of
exposure was 15.3 ± 0.69 years. The
second group included 67 individuals,
the mean of their ages was 47 ± 0.86,
who were working in agricultural
fields in different sites of Erbil city and
surrounding villages, and exposed to
anticholinesterases by inhalation and
dermal contact during spraying, mixing
and handling of these compounds. The
duration of exposure was 19.1 ± 9.03
years. The third group included 76
individuals the mean of their age was
42 ± 12.40 years, some were working
in veterinary clinics at different sites of
Hawler Province, and exposed to
anticholinesterase
compounds
by
inhalation and dermal contact, during
mixing, handling, sheep dipping with
these compounds in Baharka, Ashwka,
Bansellawa, Kawshtaba, Enkawa and
Bastura villages. The mean of years of
exposure was 16 ± 9.03 years.
Venous blood samples (2-5 ml)
were obtained from the subjects and
transferred into dry clean test tubes
containing anticoagulant (EDTA).

considered to be an ideal biomarker for
monitoring exposure and diagnosis of
poisoning with ChE inhibitors1,2.
Cholinesterase is inhibited due to
exposure to organophosphate (OP) and
carbamate insecticides3. This inhibition
prevents
the
destruction
of
acetylcholine (Ach) leading to its
accumulation at the receptor sites (both
nicotinic and muscarinic)4. The action
of carbamate insecticides is similar to
that of OP, but inhibits the AChE
reversibly, continuous inhibition of
ChE express the level of intoxication
in the people exposed to OP and
carbamate insecticides5.
The electrometric method of
Mohammad et al.6,7 was used for
measurement of blood ChE activity,
and the percentage of ChE inhibition in
human blood samples is compared
with control blood samples taken from
non exposed individuals to these
compounds
(apparently
healthy
subjects). All subjects in this study
except the control dealt with OP and
carbamate insecticides and varied in
the way of exposure according to the
time consumed in the work and the
nature of work place.
The purpose of this study was to
examine the degree of inhibition of
ChE activity in subjects exposed to
ChE inhibitors by inhalation, skin
contact and sometime; through
ingestion of contaminated food in
markets, agricultural fields, and
veterinary clinics.
Subjects and methods
One hundred and seventy four subjects
working in fields and exposed to OP
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The agricultural group showed plasma
ChE activities significantly below ChE
activities in the control group, and
there was no significant difference
between this group and veterinary
group (Table 1).
Also plasma ChE activities in
veterinary group were significantly
below ChE activities in the control
group, and there was no significant
difference between this group and
agricultural group (Table 1).
The relationship between ChE
activities and duration of exposure in
market group showed a significant
correlation. However, the relationship
between ChE activities and duration of
exposure in agricultural and veterinary
groups
showed
no
significant
correlation between ChE activities and
duration of exposure (Table 2).

Blood samples were immediately kept
in an ice bath; plasma was separated by
centrifugation at 3000 rpm for 15 min,
then transferred into dry clean test tube
and placed in ice bath until its use for
assay during the next two days.
Cholinesterase activity was measured
by the modified electrometric method
of Mohammad et al7,8.
Duncan-test was used to compare
ChE activity among worker groups and
control9.
Results
Plasma ChE activities in market group
who dealt with and exposed to
insecticides were significantly below
ChE activities of the control group,
veterinarians and agricultural groups as
shown in Table 1.

Table 1. Plasma cholinesterase activities in normal (control), market,
veterinarians
Groups
Controls
Market group Agricultural
Parameter
(N = 50)
(N = 31)
group
(N = 67)
a
b
ChE Activity
0.74±0.07
0.83±0.07c
0.93±0.04
(∆pH/30min)

agricultural and
Veterinary
group
(N = 76)
0.84±0.07c

Different letters represent significant difference at p<0.05

Table 2. The relationship between plasma ChE activities, age, and duration of
exposure to insecticides in market, agricultural and veterinarian groups
Groups
Controls
Market group Agricultural
Veterinary
Parameter
(N = 50)
(N = 31)
group
group
(N = 67)
(N = 76)
ChE Activity
0.83±0.07
0.84±0.07
0.93±0.04
0.74±0.07
(∆pH/30min)
Age-year
47.3±08.62
42.1±12.40
31.5±09.79
38.0±13.22
Duration
of ----19.13±09.03
16.0±10.91
15.3±06.92*
exposure (year)
* Denote a statistically significant difference at p<0.05
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Our result was not in agreement
with Eddieston et al.20, who found that
the variability in toxic effect is unlikely
to be due to difference between
patients, but due to formulation of
OPs. Here a significant correlation
between ChE activity and duration of
exposure for market group, due to
continuous exposure for long time,
mostly in a close place and by different
routes of exposure, cause decrease in
ChE activity18, Mileson et al. and
Arcury et al.21 mentioned additional
factor for toxicity with ChE enzyme
inhibitors are food intake, water
drinking, and contaminated clothes,
sometime gloves also in close place.
Most workers think that these
chemicals are not dangerous to human,
but they only hurt insects and weeds.
The same opinion was given by and
Wesseling et al21 who mentioned that
some workers of farm work have no
idea about the harmful effect of the
chemical and have no regard for their
health.
This study showed no significant
correlation between duration of
exposure and plasma ChE activity for
agricultural and veterinary groups as in
table 2, this is because the workers in
these groups were not exposed to ChE
inhibitor continuously.
But the worker in close place (shops
and stores), had low ChE activity. The
results are in agreement with
Vidyasagar et al22, who found a
progressive fall in both RBC and
plasma ChE level which correlated
with the severity of poisoning.
Furthermore,
Karmer
et
al23,
demonstrated that, absorption through
the skin has been identified as a major
route for occupational exposure to OP

Discussion
Determination of ChE activity in the
blood and monitoring the signs of
intoxication is a basic method for
diagnosis of intoxication with OPs and
carbamates10,11,12.
Plasma cholinesterase provides a
more sensitive indicator of OP toxicity,
and it is considered a simple mean for
detecting subchronic or chronic OP
exposure13,14.
The
modified
electrometric method is simple, rapid
and efficient for multiple samples and
field conditions and offers a lower cost
also it is suitable for monitoring
exposure to OPs and carbamate
insecticides15.
The present study demonstrated
that human exposure to ChE inhibitor
at their work place among veterinary
clinics, agricultural fields and in
pesticides selling stores showed a
significant decrease in ChE activity,
especially in those who work in
market. This is because those people
exposed to a wide variety of ChE
inhibitors for along time by inhalation
and polluted air, mostly in closed
place, by dermal contact and probably
from contaminated food and drink by
these compounds in their shops16.
This results are in consistent with
the finding of Petrianu and Lotti17,18,
who found that ChE enzyme inhibited
in human exposed to ChE inhibitors at
the work place. Also, other workers19
found that occupational exposure to
most OPs caused poisoning by the
same mechanism of action. Others
reported that farm workers who
exposed to low-level chronic OPs
pesticides, showed neurobehavioral
impairment19.
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insecticides and repeated dermal
exposure increase its toxicity through
accumulation
and
prolonged
redistribution from skin. While Arcury
et al21, reported that the skin acts as a
barrier to exposure rather than as a
permeable membrane, through which
pesticides can absorbed.
Karmer et al.23 reported that
repeated long term exposures to OP
pesticides and carbamates decrease the
blood ChE activity without clinical
manifestation. This is due to tolerance
to cholinergic over stimulation after
repeated exposure, but the decrease in
ChE activity depend on the severity of
poisoning, where Gard and Hooper24
found that ChE activity decreased with
age. Age did not appear to have an
effect on activity of ChE enzyme. This
finding correlates with those reported
by Ahmed25. In Conclusion, the
modified electrometric method is
simple, rapid, and efficient method in
measuring ChE activities in workers
after exposure to OPs and carbamate
and the exposure to these compounds
in close place with poor ventilation
decrease ChE activities. Also long term
exposure (chronic exposure) to OPs
and carbamate depresses ChE activities
more than those caused by shorter
durations.
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