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ABSTRACT  
Introduction: Neurotoxicity due to occupational pesticides exposure is well-known. Many 

studies attributed neurological toxicity of pesticides to inhibition of acetylcholinesterase, 
butyrylcholinesterase and other enzymes. Aim of work: To identify the prevalence of neurological 
manifestations in highly educated researchers occupationally exposed to pesticides during their 
research works, and to determine the potential role of proper safety measures in protection against 
these neurological manifestations. Materials and methods:  Fifty researchers exposed to pesticides 
during their research works, and fifty researchers who are not occupationally exposed to pesticides 
were recruited. Occupational and medical questionnaires including history of neurological 
manifestations were fulfilled. The use of personal protective equipment (PPE) and safety applications 
were assessed through the questionnaire. Neurological examination and assessment of 
acetylcholinesterase and butyrylcholinesterase activities were done. Results: The prevalence of all 
neurological manifestations among exposed group was higher than the control group, however not 
reaching the level of significance, except for olfactory nerve affection. Acetylcholinesterase and 
butyrylcholinesterase were significantly decreased among exposed group compared to the controls. 
Only 52% of the exposed researchers used personal protective equipment, 87% did not reuse them 
and 50% of them washed their hands properly. Prevalence of neurological abnormalities was 
decreased among researchers properly using personal protective equipment compared to those not 
using them in a proper way. Conclusion: Neither proper use of PPE nor high education was sufficient 
to provide full protection from neurological hazards due to occupational exposure to pesticides. 
Periodic training for the proper application of safety measures may have a beneficial effect. 

 
Keywords: Pesticides, Neurological abnormalities, Personal Protective Equipments, 
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Introduction 

Occupational exposure to pesticides usually occurs among workers involved in agriculture, 
public health sanitation programs and industrial manufacture of pesticides (Damalas and 
Eleftherohorinos, 2011). Organophosphorus compounds (OPs) are considered one of the most 
neurotoxic compounds (Gorecki et al., 2016). Pesticide researches are an essential source of 
information about toxicity of pesticides as they are occupationally exposed to various amount and 
types of these chemicals (Casida and Durkin, 2017). Exposure can be through inhalation of the 
volatile pesticides or contact with bared skin, and rarely through ingestion of pesticide residues if they 
eat or drink in the working areas. The liver is the primary site for biotransformation beside other 
tissues including kidney and plasma (Herbert et al., 1990). Several studies denoted the 
neurobehavioral toxicity associated with pesticide exposure. Toxicity included some cognitive 
functions, olfactory and peripheral nerve affections which were observed in fumigation workers 
(Calvert et al., 1998). Affection of psychomotor, visuomotor skills, and language functions were also 
observed (Wesseling et al., 2002). Amyotrophic lateral sclerosis (Wang et al., 2017), and Parkinson's 
disease (Jacobs et al., 2016) were detected among subjects exposed to pesticides. 
Acetylcholinesterase (AChE) is an enzyme that catalyzes the breakdown of acetylcholine and some 
other choline esters that function as neurotransmitters. Multiple epidemiological studies tried to 
explain the associations between occupational exposure to OPs and the development of neurological 
abnormalities to be through AChE inhibition (Voorhees et al., 2017). This inhibition of AChE causes 
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accumulation of acetylcholine at cholinergic synapses, leading to overstimulation of muscarinic and 
nicotinic receptors. Some OPs can also induce delayed neuropathy due to inhibition of neuropathy 
target esterase enzyme. The effects of OPs with respect to AChE can last for 3–4 months while 
inhibition by carbamates lasts only minutes or hours. Thus, carbamates cause reversible inhibition of 
AChE (Marina et al., 2008). Butyrylcholinesterase (BuChE) is the plasma cholinesterase that 
hydrolyses ester-containing drugs (Delacour et al., 2016). Similarly, BuChE activity can be inhibited 
by OPs. The extent to which AChE or BuChE are inhibited among exposed workers depends upon the 
rate of exposure, the activities and the metabolism of these pesticides, and to its affinity for AChE and 
BuChE (Nigg and Knaak, 2000). 

The aim of this work is to identify the prevalence of neurological manifestations in highly 
educated researchers occupationally exposed to pesticides during their research work, and to 
determine the potential role of proper safety measures in protection against these neurological 
manifestations. 

 
Materials and Methods 
 
Study design: Observational case-control study 
 
Place and duration of the study:  

Agriculture Division at National Research Centre and Agriculture Research Centers of Ministry 
of Agriculture. The duration of the project was two years. 
  
Study sample:  

Fifty pesticides exposed researchers were selected from the Agriculture Division at the National 
Research Centre and from Agriculture Research Centers of Ministry of Agriculture (exposed group). 

All the included exposed researchers were occupationally exposed to pesticides; mainly OPs 
compounds, for more than 5 years. Exposed researchers from rural areas were excluded from the two 
compared groups to minimize the confounding effect of exposure to pesticides in residential rural 
areas. They were exposed to pesticides in their laboratories during experimental researches and in 
agricultural fields or greenhouses during application or spraying of their research plants. In 
laboratories, they were exposed during the preparation of new forms (different concentrations and 
compositions), weighting, and analysis of pesticides, packing, selling, mixing, dividing them into 
small packs from big containers and storing. They may be exposed also during the evaluation of 
pesticides in experimental studies. They are exposed mainly to organophosphates; Monict, Monserine, 
Dyanin, Diazinone, Cianor, Chlorpyrohpos, Malathion, Pyritheroids, Carbamates, Dithiocarbamates, 
Diconazol and Tetraconazol, Bristine, and Roforal.  

Another fifty researchers not exposed to pesticides were selected as control subjects from the 
Environmental Research Division at the National Research Centre (control group). 
 
Study Methods 
1-A questionnaire was fulfilled through personal interviews including detailed personal, 
environmental, medical, and occupational histories including the use of PPE; in the form of boots, 
gloves, masks, special clothes as aprons and coats and hand washing.  
2-Clinical and neurological examinations were done for all researchers, by the research team.  
Neurological questionnaire and examination were adopted from “UCSD's Practical Guide to Clinical 
Medicine”, https://meded.ucsd.edu/clinicalmed/neuro2.htm. 
   
Laboratory investigations:  

About 3 ml of the venous blood was collected from each subject and divided into two EDTA 
tubes; each was left for 30 min at room temperature to coagulate then centrifuged for 10 minutes at 
3000 rpm for separating serum. 
1- Serum AChE: One tube was for AChE determination using immunoassay kit for in vitro 

quantitative determination by (Sandwich-ELISA) Sunredbio, Shanghai.  
2- Serum BuChE: the second tube was for determination of BuChE activity that was measured by 

colorimetric method according to Knedel and Bottger (1967). Normal range was 3500-8500U/L. 
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Data management:  
The results were computerized. Statistical analysis was done through SPSS version 22. 

Pearson's Chi-square, Likelihood Ratio, and Analysis of Variance (ANOVA) were used in the 
analysis of the results. P-value < 0.05 was considered significant.  

 
Consent:  

An informed written consent was taken from subjects who agreed to participate in the study 
before the start of work with the assurance of confidentiality and anonymity of data. 

 
Ethical approval:  

Approval of the National Research Centre Ethical Committee was carried out before starting of 
the project. 
 
Results 

The exposed researchers were matched with their controls regarding age (42.44±9.4) versus 
(40.3±10.3) years, gender (74%) vs. (66%) were males and (26%) vs. (34%) were females. Smokers 
were (16%) vs. (18%) and married subjects were (74%) vs. (74%). Occupational exposure to 
pesticides was (14.3±8.1) years. All included researchers were living in non-industrial urban areas in 
Greater Cairo. 

 
Table 1: Neurological manifestations among the studied groups 

 Exposed Researchers 
(ER) (50) 
No.  (%) 

Control Researchers 
(CR) (50)  
No. (%) 

Chi-square p- value 

Sensory system  
                Normal 

Abnormal 

 
30(60%) 
20 (40%) 

 
34 (68%) 
16 (32%) 

 
0.69 

 

 
>0.05 

 
Motor system   

                Normal 
Abnormal 

 
29 (58%) 
21 (42%) 

 
34 (68%) 
16 (32%) 

 
1.07 

 
>0.05 

Reflexes  
                  Normal 

Abnormal 

 
42 (84%) 
8 (16%) 

 
43 (86%) 
7 (14%) 

0.08 >0.05 

Others** 
Normal 

                   Abnormal 

 
28(56%) 
22(44%) 

 
37 (74%) 
13(26%) 

3.56 >0.05 

**Others are: symptoms of increase intra-cranial tension (ICT), sphincters troubles, speech troubles and other system 
affection. 

 
Table 2 showed that there was a significant abnormality of the olfactory nerve (anosmia) 

among the exposed group compared to the control group. Other cranial nerve examination revealed 
higher prevalence of affection among exposed than control but with no statistically significant 
difference. 
 
Table 2: Cranial nerve examination of the studied groups 

 Exposed Researchers 
(50) 

No.  (%) 

Control Researchers 
(50) 

No.  (%) 

Chi-
square 

p- value 

Olfactory Nerve 
Normal 

Abnormal 

 
35 (70%) 
15 (30%) 

 
49 (98%) 

1 (2%) 

 
14.58 

 

 
<0.01* 

 
Optic Nerve 

Normal 
Abnormal 

 
47 (94%) 

3 (6%) 

 
47 (94%) 

3 (6%) 

 
0.00 

 
>0.05 

Ocular Nerves 
Normal 

Abnormal 

 
48 (96%) 

2 (4%) 

 
47 (94%) 

3 (6%) 

 
0.21 

 
>0.05 
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Trigeminal Nerve 
Normal 

Abnormal 

 
48 (96%) 

2 (4%) 

 
49 (98%) 

1 (2%) 
0.35 >0.05 

Facial Nerve 
Normal 

Abnormal 

 
48 (96%) 

2 (4%) 

 
49 (98%) 

1 (2%) 
0.35 >0.05 

Vestibulo-cochlear Nerve 
Normal 

Abnormal 

 
48 (96%) 

2 (4%) 

 
49 (98%) 

1 (2%) 

 
0.35 

 
>0.05 

Bulbar cranial Nerves 
Normal 

Abnormal 

 
48 (96%) 

2 (4%) 

 
49 (98%) 

1 (2%) 

 
0.35 

 
>0.05 

Hypoglossal Nerve 
Normal 

Abnormal 

 
48 (96%) 

2 (4%) 

 
49 (98%) 

1 (2%) 

 
0.35 

 
>0.05 

 
Table 3 showed that the levels of AchE and BuChE were higher among the controls compared 

to exposed (normal and abnormal) researchers regarding all the studied neurological manifestations. 
However, the significant decrease in BuChE was detected in cases of abnormal reflexes and olfactory 
nerve affection among abnormal exposed subjects. Concerning AChE, it was significantly decreased 
in the abnormal exposed researchers with optic nerve affection.  
 
Table 3: Association between neurological manifestations and pesticides biomarkers.  

Researchers 
AchE(ng/ml) BuChE (U/L) 

Mean SD Mean SD 

Sensory 

Control (N=50) 362.9 28.3 3040.8 83.4 
Normal (N=30) 236.6 47.5 2686.6 255.0 

Abnormal (N=20) 301.4 77.6 2201.8 222.3 

ANOVA 
F-ratio 2.408 2.161 
p-value 0.10 0.12 

Motor 

Control (N=50) 362.9 28.3 3040.8 83.4 
Normal (29) 290.4 69.1 2533.7 226.9 

Abnormal (21) 221.6 23.7 2455.1 306.3 

ANOVA 
F-ratio 2.469 1.428 
p-value 0.09 0.25 

Reflexes 

Control (N=50) 362.9 28.3 3040.8 a 83.4 
Normal (41) 259.5 48.9 2667.9b 193 

Abnormal (9) 275.7 33.8 1506.0a,b 293.2 

ANOVA 
F-ratio 2.013 4.401 
p-value 0.14 0.02* 

Others 

Control (N=50) 362.9 28.3 3040.8 83.4 
Normal (26) 282.7 57.8 2343.8 245.3 

Abnormal (24) 239.3 61.2 2693.4 268.9 

ANOVA 
F-ratio 2.19 2.847 
p-value 0.12 0.06 

Cranial nerves 

Olfactory Nerve 

Control (N=50) 362.9 28.3 3040.8 a 83.4 
Normal (35) 269.0 55.5 2812.9b 231.1 

Abnormal (15) 221.3 28.1 2093.2a,b 250.5 

ANOVA 
F-ratio 2.659 4.244 
p-value 0.08 0.02* 

Optic Nerve 

Control (N=50) 362.9 28.3 3040.8 a 83.4 
Normal (26) 263.9b 41.5 2596.4 b 194.6 

Abnormal (24) 108.3a,b 18.8 2414.0 a,b 330.4 

ANOVA 
F-ratio 3.072 0.826 
p-value 0.05* 0.44 

Ocular Nerve 
Control (N=50) 362.9 28.3 3040.8 83.4 

Normal (47) 260.6 40.8 2601.8 190.0 
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Abnormal (3) 107.5 32.5 2209.5 449.5 

ANOVA 
F-ratio 2.856 945 
p-value 0.06 0.39 

Trigeminal Nerve 

Control (N=50) 362.9 28.3 3040.8 83.4 
Normal (47) 260.6 40.8 2601.8 190.0 

Abnormal (3) 107.5 32.5 2209.5 449.5 

ANOVA 
F-ratio 2.856 945 
p-value 0.06 0.39 

Facial Nerve 

Control (N=50) 362.9 28.3 3040.8 83.4 
Normal (47) 260.6 40.8 2601.8 190.0 

Abnormal (3) 107.5 32.5 2209.5 449.5 

ANOVA 
F-ratio 2.856 945 
p-value 0.06 0.39 

 
Vestibule-cochlear 

Nerve 
 

Control (N=50) 362.9 28.3 3040.8 83.4 

Normal (47) 260.6 40.8 2601.8 190.0 

Abnormal (3) 107.5 32.5 2209.5 449.5 

ANOVA 
F-ratio 2.856 945 

p-value 0.06 0.39 

 
Bulbar Nerves 

 

Control (N=50) 362.9 28.3 3040.8 83.4 

Normal (47) 260.6 40.8 2601.8 190.0 

Abnormal (3) 107.5 32.5 2209.5 449.5 

ANOVA 
F-ratio 2.856 945 

p-value 0.06 0.39 

Hypoglossal Nerve 

Control (N=50) 362.9 28.3 3040.8 83.4 

Normal (47) 260.6 40.8 2601.8 190.0 

Abnormal (3) 107.5 32.5 2209.5 449.5 

ANOVA 
F-ratio 2.856 945 

p-value 0.06 0.39 

 a: significant difference between abnormal exposed and controls   b: significant difference between abnormal exposed and 
normal exposed 

 
Distribution of exposed researchers according to proper application of safety measures 

 
PPE: personal protective equipment; boots, gloves, masks, special clothes 

Fig. 1: Showed that 52.2% of ER used PPE and only 50% washed their hands after exposure.  
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Comparing neurologically normal and abnormal researchers regarding the use of safety 
measures, table (4) showed that the number of subjects who were using safety measures in a correct 
way was higher as neurologically normal than those who are not using them (in most cases), to reach 
the level of significance in cases of using special clothes and hand washing.  
 
Table 4: The relation between the prevalence of neurological manifestations and the use of safety 

measures  
 Safety measures Neurological Manifestations 

 
Normal (27) Abnormal (23) 

Use of #PPE 

Yes  Count 14 12 
% 51.9% 52.2% 

NO Count 13 11 
 % 48.1% 52.4% 

 
Chi- square  

p-value 
0.01 

> 0.05 

Reuse of  PPE 

Yes  
Count 5 1 

% 18.5% 4.3% 

NO  
Count 22 22 

% 81.5% 95.7% 

Likelihood ratio  
p -value 

2.6 
>0.05 

Use special clothes 

Yes  
Count 10 3 

% 37% 13% 

NO  
Count 17 20 

% 63% 87% 
Chi- square  

p-value 
3.7 

< 0.05* 

Hand washing after exposure 

Yes  
Count 17 7 

% 63 % 30.4% 

NO 
Count 10 16 

% 27% 69.6% 
Chi- square  

p -value 
5.3 

<0.05* 
#PPE: Boots, Gloves, masks.  Chi-square: [0 cells (0.0%) have expected count less than 5].    Likelihood ratio: [(50.0%) 
have expected count less than 5] 

 
Discussion  

The Hazardous Substances Data Bank of the U.S. National Library of Medicine identified that 
about 45% of the neurotoxic substances are pesticides (Marina et al., 2008). Neurological 
questionnaire and examination in the current study revealed that neurological abnormalities were 
higher among exposed researchers than among the controls, but not to the level of significance. The 
most frequent complaints mentioned by the exposed researchers were sensory symptoms; in the form 
of paresthesia of upper and lower limbs, hypoesthesia and pain. For motor manifestations, tremors and 
weakness of upper and lower limbs, cramps and involuntary movement of extremities were the most 
common complaints. Abnormal reflexes were either hypo or hyperreflexia, in addition to frequent 
complaints from difficulty in speech. Moreover, psychological problems; such as headache, 
convulsions, unconsciousness, nausea, dizziness, restlessness with anxiety, sweating, miosis, blurred 
vision, tearing, ocular pain and conjunctival injection are group of symptoms related to OP poisoning, 
were more frequent among the exposed researchers compared to the controls  (Table 1,2). 

Similar to our results, Pilkington et al. (2001) and Buchanan et al. (2002) found that chronic 
low-level exposure to OPs increased the incidence of polyneuropathy in sheep dippers "Dipping kills 
parasites in the fur of animals"; especially sensory type among those handling OPs with high 
concentrates. Moreover, Jamal et al. (2002) in their study on clinical, neurological, 
neurophysiological, and neuropsychological study of sheep farmers and dippers exposed to OPs; 
detected that nerve conduction measurements ensured the presence of polyneuropathy affecting 
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sensory nerves more than motor nerves. In Japan, Yokoyama (2007) revealed that OPs and di-
thiocarbamate affected peripheral nerve conduction and postural balance in tobacco farmers. Among 
Chinese farmers, Hu et al. (2015) found the same results due to exposure to low-level pesticide 
mixture of OPs, pyrethroid and others for prolonged durations. Contrary to the present results, some 
studies denoted that long-term exposure to pesticides is not a predictor for neurological symptoms, 
vibration sense, or motor tremors; such as among South African farm workers (London et al., 1998), 

and among American chemical manufacturing workers with long-term occupational exposure to 
Chlorpyrifos (Albers et al., 2004). In their further study, Albers et al. (2007), found that nerve 
conduction studies on the previous group of workers provided little evidence that chronic chlorpyrifos 
exposures produced adverse effects on peripheral nerve electrophysiology.   

Regarding cranial nerve examination, the current results revealed that there was no significant 
difference in abnormalities of the cranial nerves between the two examined groups, except for 
olfactory nerve (Table 2). There was a significant elevation in the abnormality of olfactory nerve 
(anosmia) among the exposed researchers compared to the controls. Similarly, Calvert et al. (1998) 
detected significantly reduced performance on olfactory testing among fumigation workers exposed to 
methyl bromide and sulfuryl fluoride. It is worth mentioning that the cause of insignificance between 
exposed and controls regarding neurological abnormalities which were observed in our study can be 
attributed to some factors; firstly, the mixed types of pesticides used by the researchers, not all of 
them are severely toxic and perhaps they come in contact with mildly toxic pesticides alleviating their 
neurological hazards. Secondly, the use of some PPE in proper ways as will be mentioned later.  

In the present study, two of the most established enzymes known to be affected by OPs 
exposure; AchE and BuChE were estimated. The mean levels of the two enzymes were decreased 
among the exposed researchers than in controls. The mean level of AchE enzyme in exposed 
researchers was (281.9±224.8 ng/ml), while in controls (362.9 ±194.2 ng/ml) while the mean level of 
BuChE enzyme in researchers was (2618.3±1217.1 U/L) and in controls was (3091.6±528.9 U/L). 
Similarly, Farahat et al. (2003) in their study on neurobehavioral effects among workers 
occupationally exposed to OPs detected that AchE was significantly decreased among exposed 
pesticide workers compared to their controls, and multiple regression analysis showed that serum 
AChE was significantly associated with the duration of exposure. Several other studies reported 
decrease in cholinesterase activity upon exposure to pesticides (Abdel Rasoul et al., 2008, Ismail et 
al., 2010, Shadboorestan et al., 2016). Thetkathuek et al. (2014) detected abnormally low 
cholinesterase (ChE) levels among 77.8% of vegetable farmers in a Cambodian village. They found 
that the farmers are exposed to a mixture of four to six types of insecticides, and the abnormal ChE 
level was associated with central nervous system complaints. Additionally, Berent et al. (2014) 
declared that chlorpyrifos workers exposed during pesticide manufacturing had lower plasma BuChE 
activity than their controls, in spite of the normal neurobehavioral functions detected among workers 
as well as the controls. Similarly in the current study, the researchers often used a mixture of 
pesticides during their work, and there was no significant difference in their central and peripheral 
nervous manifestations compared to their controls; except for the olfactory nerve affection (Table 2). 
Statistical analysis in the present study also revealed that there was decrease in levels of AchE and 
BuChE enzymes in exposed compared to controls and further decrease in neurologically abnormal 
exposed compared to normally exposed researchers (Table 3).  

Safety protective measures and PPE are often discussed in studies of health hazards due to 
occupational exposure to pesticide. Prevalence of use of PPE varies with the nature of occupation due 
to the difference in the education levels. Hu et al. (2015) reported that 14% of the farmers usually use 
masks and/or gloves during working in pesticide application in China. While, Thetkathuek et al. 
(2014) reported that moderate personal hygiene scores (70.8%) were detected among Cambodian 
vegetable farmers.  Jallow et al., (2017) mentioned that 70% of the Kuwaiti farmers did not follow 
pesticide label instructions, and 58% did not use any PPE when handling pesticides. Farahat et al., 
(2003) studied Egyptian pesticide applicators and concluded that most participants (88%) reported 
that they had never used protective clothing, and the remaining 12% may occasionally use cloth-like 
masks worn over the nose and mouth to prevent particulate exposure. In the present study, safety 
measures use and availability for the researchers were assessed. Generally, the percent of researchers 
using PPE (52%) was higher in the current study compared to other studies (Figure 1). This could be 
attributed to their high educational levels; therefore, they have better awareness about the hazards of 
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occupational exposure to pesticides and the benefits of using safety measures. Moreover, the number 
of researchers who were neurologically normal used safety measures more frequently than those who 
were neurologically abnormal (Table 4).  

 
 Conclusion and recommendations:  

The current study confirms the occurrence of neurological manifestations among researchers 
due to pesticide exposure, however, the use of PPE failed to protect the researchers completely from 
these neurological abnormalities. We recommend periodic training for the proper applications of 
safety measures.  
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