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Abstract: Aim ― This study aimed at providing baseline information for the first time in Ghana, on the extent of organophosphorus (OP)
pesticide exposure and risk of poisoning by a qualitative estimation of serum acetylcholinesterase activity.
Material and Methods ― The study was cross-sectional, involving 963 participants who consented to being screened for serum
acetylcholinesterase (SAChE) activity, using the dry chemistry test strips. The SAChE activity was then categorized into normal, low or high
risk of developing symptoms associated with OP poisoning.
Results ― The total group included 54.5% females and 45.5% males. Majority were crop farmers (46.3%) and students/pupils (30.8%). The
remaining 22.9% consisted mainly of traders, teachers, fishermen/fish processors, drivers and dressmakers. Very low SAChE activity unit of
<30 U/ml (high risk of OP poisoning) was detected in 50.7%, while 41.8% had fairly low activity unit =30 U/ml (low risk of OP poisoning).
Only 7.5% had normal activity unit of >30 U/ml. By this, a significant majority had either low or high risk of developing OP poisoning
2
(χ =4.43, 95%CI: 4.12–4.65, p=0.014) compared with those with normal activity. Most of the participants were in the 10–19 years age
group of which 15.6% were in the high risk category, while 13.6% had low risk of OP poisoning. Reduced SAChE activity was predominant
among all age groups compared with those with normal activity of the enzyme. As well, 27.3% who were females had reduced SAChE
activity rate <30 U/ml (high risk of OP poisoning). Similarly, 23.4% of males were also at high risk of OP poisoning. There was however no
2
statistical significance between the sex with regards to the numbers at risk of OP poisoning (χ =4.80, 95% CI: 4.25–4.75, p=0.160).
Conclusion ― This study provides some evidence of exposure, deduced from reduced SAChE activity, which potentially puts participants at
a high risk of developing symptoms associated with OP poisoning. A follow-up study might be able to suggest to physicians in Ghana
considering diagnostics of OP poisoning, especially for clients from farming communities where pesticides are used extensively.
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Introduction
Over the past decade, Ghana has seen an increased use of
pesticides in farms and in most homes which are burdened by
pests, including vectors of various tropical diseases [1, 2]. It is
estimated that between 1995 and 2000 alone, about 21 types of
pesticides were imported into the country [2]. Available pesticides,
mostly organophosphates (OP) and carbamates, kill, deter or
attack pests that have harmful outcomes. These are classified as
herbicides, insecticides, fungicides, rodenticides, molluscicides,
plant growth regulators, desiccants and defoliants, and acaricides
depending on the targeted pest [3]. In Ghana and elsewhere, OPs
are regularly used as a form of pest control on most farms, and

crop farmers have improved their appreciation of pesticide use
and handling. However, many are still not meeting the full range of
personal protection standards in their handling and application [46]. This exposes crop farmers, their households, consumers and
domesticated animals to such fatally harmful chemicals. Routes of
human and animal exposure include dermal absorption, inhalation
and ingestion [7]. It is also known that practices such as mixing
pesticide-contaminated laundry, storing pesticides in the home
[8], and storing food and drinking water in used/empty pesticide
containers (personal communication with a Ministry of Agriculture
Extension Officer) are not only common causes of exposure to the
farmer and farm worker, but may also be placing other household
members, particularly children at risk.
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Efutu, Nyinasin and Koforidua (Figure 1). Some individuals from
Asenadze and other surrounding villages of these main communities
who had previously been briefed also participated.

Figure 1. Map showing study sites (Credit: Charles Gyamfi, PhD,
Department of Civil Engineering, Tshwane University of Technology,
Pretoria, South Africa).

The OP class of pesticides affects the nervous system with
poisoning most common among crop farmers and children [9, 10].
Acetylcholinesterase (AChE), also known as cholinesterase is a
protein in the body whose biological role is the termination of
impulse transmission at the cholinergic synapses by rapid
hydrolysis of the neurotransmitter acetylcholine (ACh) to yield
choline [11]. Symptoms of OP toxicity are caused by inactivation of
AChE, where the serine hydroxyl group located at the active site is
phosphorylated [12]. This will result in the subsequent
accumulation of acetylcholine at the cholinergic synapses of
nerves, causing an over stimulation of muscarinic and nicotinic
receptors, and eventually, an uncontrolled firing of the synapse
[12-14]. There is therefore an overstimulation and subsequent
blockage of nerve stimuli (cholinergic crisis). Subclinical effects of
chronic OP exposure such as AChE inhibition may be detected
early by biological tests. Recovery from AChE depression is
prolonged, due to the permanent binding of OPs to the red blood
cell and its consequent 120 day life cycle [15]. When
cholinesterase levels are low because of excessive inhibition, the
nervous system can malfunction, producing pesticide-poisoning
symptoms such as fatigue, lightheadedness, nausea, vomiting,
headaches, and seizures. If levels get low enough, subsequent
exposure to OP or carbamate insecticides can result in death.
Monitoring exposure to organophosphates involves the
measurement of serum cholinesterase (SAChE) and/or erythrocyte
cholinesterase (EAChE) which are peripheral cholinesterase enzymes
that are inhibited by organophosphates. Since the effect of these
pesticides is cumulative, it is obligatory that all exposed individuals
are monitored. This study aimed at an estimation of SAChE activity,
and highlights pesticide exposure as a risk of developing OP
poisoning for crop farmers, their families and consumers of farm
produce. It is as well expected to form the basis for trumpeting the
use of personal protective equipment (PPEs) in farming
communities. The study will also provide baseline information to
health care providers and suggest the integration of cholinesterase
testing procedures into point of care (POC) health checks.
Material and Methods
Study population and design
The study was cross-sectional involving a total of 963 participants
from five main farming communities, namely, Enyinase, Ankwanda,

Consent
Consent was sought from chiefs/community leaders and briefed
on the essence of the test as well as the procedure involved. Prior to
being tested, participants were briefed extensively at a public forum
in the presence of Agricultural Extension Officers on the sample
required for the test. As many as consented were made to fill a
consent form. Minors were also asked to fill assent forms, after
which copies were given to them. Before venous blood sample
collection, information such as participant’s name, age, sex,
occupation, telephone numbers and the town where they reside
was documented. They were assured that the information will be
used for scientific and educational purposes as explained, and that
identities of participants will be secluded.
Blood collection
The closed system of blood draw was used in the blood
collection. This was done by three experienced Biomedical
Laboratory Scientists from the Metropolitan Hospital and the Cape
Coast Teaching Hospital (CCTH), both in Cape Coast. The Becton,
Dickinson (BD) Eclipse™ Safety Needles, Holders, and 5ml BD
Vacutainer® Rapid Serum Tubes (RST) were used to collect
approximately 2.5ml of blood, as has been expansively outlined by
the manufacturer. The entire sample collection took a period of
one month. After collection each day, samples were transported
to the Metropolitan Hospital Laboratory, by which time serum had
already separated from blood corpuscles, paving way for testing.
SAChE testing
The Dry Chemistry Acetylcholinesterase Activity Assay kit
(Nantong Egens Biotechnology Co. Ltd) was used. This involved a test
strip which produced a range of colours specified by the manufacturer
on a scale (modified from Ellman et al., 1961 [16]). The colours
produced indicate a specific activity unit, which was a measure of the
extent of exposure and therefore risk of OP poisoning.
Principle of test
Acetylcholine (ACh) is hydrolyzed by cholinesterase to produce
acetic acid and choline. The acetic acid produced reduces the pH
of the serum, which changes the test strip from blue to yellow:
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30
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0

This indicates that there is cholinesterase activity. If the test kit
remains blue, it indicates no activity. There are also different
shades of blue, bluish-green or yellowish-green, which depicts
different levels of activity. In this study 30 U/ml was seen as
intermediate (low risk of OP poisoning) as per manufacturer’s
classification. Values with colours below 30 U/ml are classified as
low/no cholinesterase activity (high risk of OP poisoning). Likewise,
values above 30 U/ml indicate high cholinesterase activity (normal
– no risk of OP poisoning).
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Table 1. Demographics of participants
Sex
10-19
20-29
Female
163
79
Male
132
72
Total
295
151
Table 2. Occupation of participants in the study
Occupation of participants
No. involved
Crop farmers
446
Students/Pupils
297
Traders
71
Teachers
25
Drivers
22
Seamstresses
18
FishProcessors
12
Fishermen
11
Carpenters
9
Hairdressers
7
Cooks
5
Masons
5
Food vendors
4
Agric extension officers
3
Security personnel
3
Tailors
3
Laborers
2
Welders
2
Cassava processors
1
Civilservants
1
Electricians
1
HeadPorters
1
OilProcessors
1
Poultry farmers
1
School administrators
1
Shoe repairers
1
Waiters
1

30-39
74
55
129
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Age range of participants, years
40-49
50-59
74
60
55
49
129
109

Percentage, %
46.3
30.8
7.4
2.6
2.3
1.9
1.2
1.1
0.9
0.7
0.5
0.5
0.4
0.3
0.3
0.3
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Table 3. Risk categorization among participants after testing
Risk categories*
No. involved (%)
Normal-activity unit >30 U/ml
72 (7.5)
Low risk-activity unit =30 U/ml
403 (41.8)**
High risk-activity unit <30 U/ml
488 (50.7)**
Total
963
*Normal activity – No risk of OP poisoning; Low risk – Low risk of OP
poisoning; High risk – high risk of OP poisoning.
**Level of risk significant compared with participants with Normal
2
activity/no risk (χ =4.43, 95%CI: 4.12–4.65, p=0.014).

Total
60-69
41
29
70

70-79
25
21
46

80-89
9
5
14

525
438
963

Testing procedure
For each serum sample, one labeled cholinesterase test strip
was dipped and allowed to soak for approximately 20 seconds.
Following this the strip was allowed to incubate for 10-30 minutes at
room temperature, as specified by the manufacturer’s testing
protocol. The resulting colour of the test strip was then compared to
the standard colour chart to obtain the cholinesterase activity unit.
Statistical analysis
Field results previously compiled into a Microsoft Excel sheet
was exported into the SPSS package® (Version 20) and used to
estimate frequencies, percentages and categorized the activity
units of cholinesterase into Normal (>30), Low risk (=30) and High
2
risk (<30). The Chi-square (χ ) test was performed to determine
the difference in significance at p=0.05.
Results
Participants’ information
A total of 936 participants including crop farmers and
individuals living or working in farming communities participated
in the study (Table 1). They consisted of 525 females and 438
males, ranging from 10-89 years. Majority of the participants were
between 10-59 years old (Table 1).
Occupation of participants
Participants were drawn from diverse occupations as
represented in Table 2. Of the total, 46.3% (446/963) were crop
farmers, while 30.8% (297/963) were students/pupils, and these
constituted the majority. Students were from both Junior High and
Senior High schools living in farming communities and were involved
in farming activities. Apart from these two categories, traders (7.4%,
71/963), teachers (2.6%, 25/963), fishermen/fish processors (2.4%,
23/963), drivers (2.3%, 22/963), and seamstresses (1.9%, 18/963)
constituted appreciable participation. The remaining occupations
were all below 1.0% represented the minority.
Risk categorization of OP exposure
Of the total number of participants, 92.5% (891/963) were at
risk (Table 3). Out of this number, 41.8% (403/963) belonged to
the low risk group, while 50.7% (488/963) were of high risk
2
(χ =4.43, 95%CI: 4.12–4.65, p=0.014). The remaining 7.5% (72/963)
had normal cholinesterase activity as indicated in Table 3.

Figure 2. Cholinesterase activity among age groups.
2
A significant majority were at risk of OP poisoning (χ =4.43, 95%CI: 4.12–
4.65, p=0.014).

Risk categorization among age groups
As already described, the cholinesterase activity value determined
provides an estimation of the extent of OP poisoning. Participants
were placed in 10 years age groups (Figure 2) and cross-tabulated with
the extent of risk. Comparatively, majority of the participants were in
the 10-19 years age group, of which 15.6% (150/963) were at high risk,
while 13.6% (131/963) were at low risk of OP poisoning. The risk of
exposure (both low and high) was high in all the age groups compared
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with those who have normal cholinesterase activity (Figure 2).
Risk categorization among males and females
Although the difference was insignificant, more females than
males participated in the survey as shown in Figure 3. Of the total,
27.3% (263/963) who were females were at high risk, while 23.1%
(222/963) were low risk. More of the males 23.4% (225/963) were
in the high risk group while 18.8% (181/963) were in the low risk
group. The difference in risk among males and females was
2
insignificant (χ =4.80, 95%CI: 4.25–4.75, p=0.160).
Discussion
The eventual cumulative dire consequences of OPs on humans
are known worldwide but have been inadequately studied in
Ghana. As it stands, there are no laboratory diagnostic protocols,
or presumptive diagnosis available for detecting and managing OP
intoxication in any of the numerous health facilities scattered
across the Country. This study was therefore necessary as it
provides preliminary information on the extent of exposure in
some selected ‘at risk’ farming communities, to assist in future
management of such intoxication.
Pesticide poisoning can be differentiated by intentional and
unintentional exposure. Unintentional exposure can be broken
into occupational and non-occupational categories and defined by
long-term and short-term exposure. Most non-occupational
poisonings occur through ingestion of contaminated food and
water and, in cases suicide, by direct consumption [17]. The study
did not discriminate among participants; all those willing to
participate were included. However, crop farmers and students
constituted the majority. Other occupations that were in the
communities as at the time of the study and consented were
included. Students and pupils were included because extension
officers confirmed that they participated actively in applying
pesticides.
The study was preceded by community education on the risk
involved in pesticide application and ingestion of farm produce
where pesticides were applied. Non-farming residents who were
convinced of their being potentially exposed also consented.
Pesticides when applied on matured fruits/vegetables must
decompose in about 2 weeks before being harvested for the
market. If consumed without proper washing could lead to direct
ingestion of pesticides. Generally, the public is at risk since we
cannot be sure if these crop farmers do the right thing on the
farms prior to harvesting. It is worth mentioning that crop farmers
at the study sites are mostly vegetable and watermelon growers.
Vegetables are mostly eaten raw or partially cooked and therefore
require thorough washing, or risk ingesting high doses of OPs. We
recommend mass education of the general public on the dangers
involved in exposure to pesticides.
The extent of exposure was determined by categorizing the
SAChE activity levels into ‘Normal’ ‘Low Risk’ or ‘High Risk’. After
categorizing participants into the levels of risks, it became evident
that more than 95% were at risk (≤ 30 U/ml). This means they had
reduced cholinesterase activity. Especially of critical concern is the
over 50% who were in the high risk category. Individuals within
this category are considered to be at high risk of developing
symptoms associated with organophosphate bioaccumulation in
the near future. Three of the Authors from both Metropolitan
Hospital and Cape Coast Teaching Hospital were tasked to cross
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check not less than 500 folders in their hospitals to find out if any
Physician had previously diagnosed OP poisoning. The responses
(data not shown) clearly indicated that such diagnosis is unpopular
among the myriad of conditions documented. Enquiries made at
the District Health Information Management System (DHIMS) in
the two hospitals indicated that such information was unavailable.
It is uncertain if OP poisoning has been misdiagnosed for any of
the many tropical ailments with similar symptoms in the past. We
are hopeful that subsequent field studies will include Physicians to
enable us report on OP poisoning at our study sites.
This study presents data on women and children, who cannot
be overlooked in Ghana. They constitute major farm hands in most
commercial and subsistent agriculture in Ghana. Observations at
the study sites clearly indicate that their role in pesticide
application or their close proximity to the application site cannot
be overlooked. Although their interaction with the environment
may be different, each is exposed to hazards and illnesses [18, 19].
This study revealed that 50.4% of women were exposed and
therefore at risk of OP poisoning, compared to 42.2% of men.
Elsewhere in Kenya, out of 455 reported poisoning cases, 31.4%
were women while 38.5% were men. Similarly in Tanzania, of 736
cases, 48.4% were women while 44.8% were men [20]. Results
obtained in this study are consistent with that from these
mentioned countries.
The 10-19 year old age group was the majority at risk. These
were mostly students/pupils who were used as farmhands after
school by their parents. Informal communication with field
extension officers revealed that these children are assigned the
role of applying pesticides on the farms. Adult crop farmers
although have been trained on the use of PPEs, do not comply and
therefore are unable to transfer knowledge acquired. Noncompliance to the use of PPEs by the 10-19 year age group could
be blamed on parents who care less about the consequences on
their children. The Agric Extension officers suggest legislation on
the importation of pesticides, which must be accompanied by the
corresponding PPEs. It should be possible to enforce strict
measures to ensure that children <18 years are not allowed to
apply pesticides.
Conclusion
The extent of exposure deduced from the SAChE activity
prompts regulators to enforce the appropriate use of pesticides in
Ghana. Follow-up studies will in addition document clinical
manifestations to benefit management of poisoning due to
exposure to OPs.

Figure 3. Risk categorization among sex
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Limitations
Our initial decision to conduct this study was mainly to detect
only cholinesterase enzyme activity, and translate low activity as
possible exposure to organophosphates. Ideally blood samples are
to be collected within four hours of exposure. After four hours,
reactivation of the enzyme is expected, except for individuals with
consistent exposures. Blood sample collection was random and
not specific to time of pesticide application. It is documented that
enzyme activity may be reduced in female participants who
consume oral contraceptives. Hepatic disease may also cause up
to a 70% decrease in enzyme levels. Cholinesterase activity may be
slightly elevated in participants with obesity or diabetes. A
decision to include medical officers to provide us with clinical
summaries (signs and symptoms of exposure/poisoning) of
participants in this study came as a postscript. We therefore
recommend that future studies incorporate medical officers to
clerk participants for their clinical history and ascertain the impact
of the extent of exposure detected.
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