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Abstract:  Tobacco is an important cash crop of Pakistan and tremendous amount of irrational pesticides are 
being used to control insect growth. The frequency of plasma pesticide residues above acceptable daily intake 
(ADI) and its correlation with biochemical markers for assessment of adverse health effects in the tobacco 
farmers at district Sawabi, Pakistan was determined. Total 109 adult males consisting of 55 tobacco farmers 
exposed to pesticides and 54 controls were included. Pesticides residues in blood were analyzed on HPLC and 
GC-NPD. Plasma butyrylcholinesterase (BChE) was analyzed by Ellman’s method. Biochemical markers including 
serum calcium, phosphorus, urea, creatinine, bilirubin and liver enzymes were measured on Selectra-E auto 
analyzer. The tobacco farmers had multiple pesticides residues above ADI in their blood consisting of 35 (63%) 
methomyl; 31 (56%) thiodicarb; 34(62%) cypermethrin; 27 (49%) Imidacloprid; 18 (32%) Methamidophos and 15 
(27%) endosulfan.  BChE activity was significantly decreased in the pesticides exposed farmers as compared to 
controls (P<0.001).  Plasma biochemical markers including ALT, AST, CK, LDH and phosphate were significantly 
raised in the pesticides exposed farmers as compared to control group (P<0.001). Total pesticides residues 
revealed a significant positive correlation with AST (r=0.42), LDH(r= 0.47), ALT (r=0.20) and phosphorus (r= 
0.51). Excessive exposure to pesticide caused cytotoxic changes in the hepatic and renal biochemical markers 
which were positively correlated with pesticide residue. Hence these biomarkers might be used in addition to 
BChE activity for monitoring of adverse effects of pesticides on the health of farm workers. 
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Introduction 
 
Pesticides are widely used through out the 
world in agriculture to protect crops. Tobacco 
is one of the important cash crops and 
approximately 73% of the total tobacco is 
cultivated in district Swabi of North West 
Frontier Province (NWFP), Pakistan [1]. 
Tobacco is a pesticides dependent crop as its 
broad and succulent leaves provide favourable 
conditions for the development of many pests 
and diseases [2]. To safeguard the crop from 
damage, tremendous amounts of pesticides 
are being used in the tobacco growing areas.  
Although it has beneficial effects on tobacco 
yield but lack of observance and unavailability 
of protective measures to counter harmful 
effects of pesticide have posed a real threat to 
the health of farmers [3]. 

Prolonged exposure to pesticides & then 
elevated concentration in the body causes 
adverse effects. Pesticides differ greatly in 
their mode of action, uptake by the body, 
metabolism and toxicity to humans.  WHO 
(2001) has classified pesticides according to 
their toxic effects as class I (extremely 
hazardous) to class III (slightly hazardous) [4].  
Depending upon the toxicity of the compound 
and exposure time, the symptoms of pesticide 
exposure vary from headache, vomiting, skin 
rash, respiratory problems, and convulsions 
[5].  Several studies have shown that farmers 
exposed to pesticide for prolonged period  are 
more likely to develop leukemia’s, brain and 
prostrate cancers than the general population 
[6-7]. 
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Pakistan is an agricultural based country. Lack 
of knowledge, careless attitude and appalling 
safety practices in handling of pesticides pose 
a serious health risk to our farmers. Pesticide 
residues including cypermethrin, deltamethrin, 
diazinon, monocrotophos were reported in the 
blood of farm workers from Gadap, Karachi 
[8]. Pesticide exposure may produce 
biochemical changes even before adverse 
clinical health effects are manifested in these 
farmers. Prolonged exposures to pesticide 
affect multiple organs including liver and 
kidney which can be detected by serum 
enzymes and other biochemical parameters 
among farm workers [9]. It is important to 
identify susceptible groups or individuals who 
are at risk of exposure to certain types of 
environmental and occupational agents [10]. 

The acceptable daily intake (ADI) for human is 
considered to be a level of intake of a 
chemical that can be ingested daily over an 
entire lifetime without any appreciable risk to 
health [11]. Blood concentration of pesticides 
and different biomarkers can be used for the 
risk assessment, biological monitoring and 
estimation damage caused by pesticides 
residues in the farm workers [12].  

Table 1. The number (%) of tobacco farmers having pesticides residues above the ADI (mg/kg)  
               at Sawabi NWFP, Pakistan (n=55) 
Parameters  ADI  Farmers (%) Pesticides 

Median 
Range 

Methomyl  0.01  35 (63) .74 .01 – 5.83 
Thiodicarb  0.03  31 (56) .51 .01 – 3.90 
Imidacloprid  0.06  25 (45) .01 .01 – 5.70 
Cypermethrin  0.05  34 (62) .31 .01 – 8.49 
Methamidophos  0.0003  20 (36) .30 .01 – 7.00 
Endosulfan  0.006  16 (27) .39 .01 – 1.46 
 

 
Tobacco farmers in our study were involved in 
cultivation, pesticides application, picking and 
drying of its leaves in the field. The tobacco 
farmers were over exposed to different types 
of pesticide, either simultaneously or serially 
during work in the field. Unfortunately, very 
little work has been done on pesticide 
residues in blood and the biochemical 

changes at cellular level in 
pesticide exposed 
occupational workers. Thus 
the study was designed to 
determine pesticide residues 
in blood and their correlation 
with biochemical markers for 
the assessment of adverse 
health effects in the tobacco 
farmers of Sawabi district, 
Pakistan. This study paved 
the way for early diagnosis 
and monitoring of pesticide 
induced adverse effects 
among farmers by various 
biochemical markers.   
 
Materials and Methods 
 
The study was conducted in 
district Swabi, North West 
Frontier Province (NWFP) of 
Pakistan. Two tobacco 
growing villages Chota 
Lahore and Jangen Nath 
were randomly selected. This 

Figure 1: Scatter plot of different serum pesticides residues in tobacco 
farmers (n=55). 
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study proposal was approved by institutional 
review committee of AM College, Rawalpindi 
and Higher Education Commission (HEC) 
Pakistan. 
 
Subjects  
 
Total 109 adult males consisting of 55 
tobacco farmers and 54 control subjects who 
were not farmers but were the residents of the 
same area were included in the study after an 
informed consent. The potentially pesticide 
exposed tobacco farmers were randomly 
selected from the farms on the basis of their 
full time active involvement in preparation, 
storage and spraying of the pesticides on the 
tobacco crop. All participants were males. The 
pesticide exposed farmer and control group 
were age matched and ranged from 16-72 
years. Medical history and physical 
examination of the subjects was carried out 
before the start of the study. The farmers 
suffering from diabetes mellitus, hypertension, 
chronic renal failure, viral hepatitis or any 
other chronic illness not related to pesticide 
exposure were excluded from the study.  
 
Sample collection 
 

Blood samples (5ml) were collected in 
heparanized tubes and transported to 
laboratory. Plasma was separated by 
centrifugation at 1500g for 15 minutes. 
Biochemical analysis was carried out at the 
laboratory of AM College, Rawalpindi.   

Table2. Biochemical markers in pesticides exposed tobacco farmers as compared to controls 
(n=109) 
 
Parameter 

Tobacco farmers 
(n=55) 

Mean + SD 

Controls (n=54) 
Mean + SD 

 
p Value 

Total Bilirubin  9  +  2 9  +  2        0.448 

Alanine Aminotransferase  30  +  9 24  +  7        0.001 

Asparate Aminotransferase   39  +  14 27  +  7        0.001 

Alkaline phosphate  218  +  90 242  +  88        0.230 

Albumin  43  +  3 43  +  4        0.912 

Protein 75  +  4 74  +  3        0.506 

Creatine Kinase   155  +  65 91  +  36        0.000 

Lactate Dehydrogenase  459  +  108 285  +  110        0.000 
Creatinine  91  +  16 83  +  13        0.014 
Urea 5.14  +  1.24 4.45  +  1.07        0.011 
Uric Acid 297  +  62 318  +  60        0.130 

Phosphorus  1.95  +  0.18 1.78  +  0.23        0.000 

Calcium 2.36  +  0.19 2.31  +  0.17        0.200 

 

 
Pesticide residue analysis 
 
Blood pesticides extraction was carried out by 
method described by Agarwal et al., (1976) 
[13]. Clean up was made by USEPA Method 
3620B [14]. Florisil was activated at 130°C 
overnight and cooled in a desiccator before 
use. Column was packed with 1g of florisil. 
Extract was transferred to the column and 
eluted with hexane and diethyl ether. Eluent 
was collected and evaporated to dryness. Final 
samples were prepared in 2 ml acetonitrile. 
The residues of methomyl, thiodicarb, 
imidacloprid, cypermethrin and endosulfan 
were determined by using reverse phase C-18 
column (VA-ODS 150 x 4.6 Shimadzu, Japan) 
at wavelength of 254 nm with flow rate of 1 
ml/min on HPLC (Shimadzu, Japan). Analysis 
of methamidophos was done by using Elite -5 
column (HP-5ms, 30 m x 0.32 mm x 0.25 um) 
and NPD detector on GC Model Clarus -500 
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(Perkin. USA) with oven temp of 50°C (1 min) 
Ramp 120°C/min to 100°C Ramp 25°C/min 
to 150°C (5min) Ramp 310 oC/min to 200°C.  

iochemical analysis 

ly). C.V. of the method 
as found to be 3-5%.  

 
m AST, ALT, CPK, LDH and 

rous.  p-value of <0.05 was 
ed to be significant. 

were 
ausea followed by vomiting, headache, 

ortness of breath, 
kin rash, diarrohea, and eye problems.  

ompounds (OC) above the 
DI (Table 1). Scatter plot of various pesticide 

a of tobacco farmers is 
hown in Figure 1.  

he control 
<0.001). Box plot of plasma BChE levels in 

 
B
 
Serum enzymes and biochemical analysis was 
carried out on Selectra E auto analyzer (Vita 
lab, Netherlands) following standard 
procedures of biochemistry by using Pioneer 
diagnostic kits (USA). Plasma ALT [15], AST 
[16], ALP [17], CK [18] were determined 
according to IFCC method whereas LDH [19], 
was estimated as per DGKC method. Serum 
total bilirubin was estimated by Jendrassik and 
Grof method [20], Plasma total protein and 
albumin were assayed by Biurate [21] and 
BCG methods [22] respectively. Serum urea 
was estimated by kinetic urease/glutamate 
dehydrogenase method [23] and creatinine by 
Jaffe reaction [24].  Serum phosphorous and 
total calcium were measured by using 
phosphomolybdic [25] and cresolphthalein 
complexone [26] colorimetric methods 
respectively. Plasma BChE activity was 
measured as per Ellman’s colorimetric method 
[27] by using GD kits (Ita
w
 
Statistical analysis  

The data was analyzed by using 
standard SPSS software version-15 
(SPSS Inc, Chicago). Descriptive and 
frequency distribution of BChE 
biochemical markers and pesticides 
residues was expressed as mean (SD) 
and median (range) respectively. 
Comparison of mean biochemical 
changes in pesticides exposed farmers 
and control subjects were analyzed with 
independent t-test. The Spearman’s 
coefficient correlation was calculated 
among plasma pesticides residues, 
BChE and biochemical parameters
including seru
phospho
consider
 
Results 
 
Age of pesticide exposed farmers and 
controls were 28 + 9 SD years and 27 + 
8 SD years respectively. All the tobacco 
farmers involved in pesticide handling 
and spraying were male and earning all 
their income from small scale crops. 

Five different classes of pesticides were used 
in this tobacco growing area. The main 
complaints of the farmers reported 

Figure 2: The boxplots of plasma Butryl cholinesterase in 
pesticides exposed tobacco farmers and controls (n=109). 

n
muscle weakness, cough, sh
s
 
Pesticides residues analysis 
 
Tobacco farmers had multiple pesticides 
residues above the acceptable daily intake in 
their blood.  Most of the tobacco farmers had 
Carbamate (CM) residues consisting of 
Methomyl and Thiodicarb followed by 
Cypermethrin, Organophosphate (OP) and 
Organochlorinated c
A
residues in the plasm
s
 
Biochemical analysis 
 
The present study demonstrated a significant 
decrease in plasma level of BChE 5596 U/L 
(929) mean (SD) in tobacco farmers as 
compared to 6821 U/l (1365) in t
(P
pesticides exposed farmers and healthy 
controls are illustrated in Figure 2.  
 

Int J Clin Exp Med (2008) 1, 274-282 277 



Khan et al/Pesticides and tobacco farmers 
 

The enzyme activity of AST, ALT, CPK, and LDH 
was significantly raised (p <0.001) among the 
pesticide exposed tobacco farmers as 
compared to control group. Serum urea, 
creatinine and phosphorous were also 
significantly raised in farmers as compared to 
controls (Table 2). The other biochemical 
markers did not exhibit any significant 
changes with pesticide residues. The 
correlation study also revealed that Methomyl, 
Thiodicarb and Methamidophos had inverse 
correlation with plasma BChE. The study 

vealed a positive correlation between 
esidue with AST, ALT, CPK, LDH 

nd phosphorous in the pesticides exposed 

after exposure to pesticide [28-29]. However, 
th
oth
c 0 e  

equency of micronucleus and sister 

one of the Organophosphate compounds was 
r study.  

y a w s had 

re
pesticides r
a
farmers (Table 3). 
 
Discussion 
 
Tobacco is cultivated over a large area in 
NWFP, Pakistan and most of the tobacco farm 
workers are at risk due to careless handling of 
pesticides on the crop. Extensive use of 
pesticides not only affects our ecosystem but 
also affects the health of the farm workers. 
Farmers had complaints of headache, 
dizziness, nausea, vomiting and respiratory 
problems as reported by other researchers 

self reported symptoms with blood 
cholinesterase among rice farmers in Vietnam 
[5].  
 
In our study most of the tobacco farmers had 
multiple pesticide residues above the 
allowable daily intake (ADI) in their blood 
which is injurious to health.  Most of the 
farmers had Methomyl and Thiodicarb 
residues above the recommended ADI levels 
because of their extensive use in tobacco 
fields without observing proper safety 
practices during spraying and mixing of these 
pesticides. Cypermethrin was the second 
highest residue found in our farmers where as 
in another study it was reported as the fourth 
most common cause of pesticide related 
illnesses [30]. Cypermethrin is a synthetic 
pyrethroid, toxic for the nervous system and is 
also carcinogenic. A study reported 25% of 
workers in Chinese cotton fields exhibited 
symptoms of cypermethrin poisoning [31]. 
Imidacloprid was detected in many of our 
farmers. Feng and co-workers (2005) reported 
that when concentration of imidacloprid 
reaches 0.1 mg/l, it significantly affects the 
fr
chromatid exchange [32]. Methamidophos, 

ese are generalized symptoms and mimic also reported in few farm workers in ou
er common health problems. Dasgupta and  

o-workers (2 07) reported poor corr lation of Our stud  revealed th t only a fe farmer

Table 3: Coefficient Correlations (Spe ) of various pesticides residues in plasma with  
han ch ark esticides exposed t o farmers (n=55)   

ical 
eters 

Methomyl Thiodicarb 
 

Imida- Cypermethrin 
 

Endosulfan 
)  

Methami-
s 

Total  
es 

arman’s
           c ge in bio emical m ers in p obacc

Biochem
Param (n=35) (n=31) cloprid 

(n=25) 
(n=34) (n=16 dopho

(n=20) 
pesticid

Cholines- 
  -0.64** -0.58** -0.18 0-.15 0.04 -0.60** -0.46** 

  *  

 0.25  

 

     

 

te      

-0.06 -0.03 -0.12 -0.09 0.01 0.06 

Albumin  -0.11 0.08 0.000 -0.12 -0.03 -0.10 -0.07 

.31

terase

ALT 0.49** 0.31* 0.39* 0.33* 0.33 0.15 0.66**

AST   0.40** 0.28* 0.45** 0.13 0.43** 0.71** 

LDH 0.36** 0.16 0.22 0.26 0.02 0.25 0.51**

CK  0.25 0.13 0.11 -0.10 0.04 0.09 0.10 

Creatinine 0.14 0.10 0.13 0.36** 0.09 0.43** 0.49**

Urea  -0.32* -0.28* -0.02 0.17 -0.20 0.04 0.01 

Phospha 0.35** 0.31* 0.43** 0.31* -0.01 0.28* 0.61**

Calcium  0.15 

Protein  0.03 0.07 -0.19 -0 * 0.30* -0.02 -0.16 
*P <0.05; ** p <0.01 
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endosulfan residues above the ADI and the 
maximum concentration observed was 1.46 
mg/Kg. Similar levels were also reported by 

ther studies [33-34]. Endosulfan was 

iagnostic 
for the risk assessment of exposure to 

of pesticides. CK 
 our exposed farmers was also raised. 

l 
idney impairment [51]. Attia (2006) reported 

ith other researches 
3]. Hyperphosphatemia has also been 

o
detected at the highest concentration of about 
90mg/kg in cotton farmers of Multan, 
Pakistan [35].   
 
Plasma BChE activity has been used for 
several years to estimate the risk associated 
with pesticide induced toxicity in 
occupationally exposed workers. In this study 
we found that plasma BChE activity was 
significantly low in exposed farmers than the 
controls, indicating that our tobacco farmers 
had significant OP and CM residues in their 
body. Similar results were noted among the 
cotton growers in India [36] and the tobacco 
farmers of many other countries [1, 6].   Mc 
Connell and Magrotti (1994) reported 
significantly lower levels of cholinesterase 
among farmers who were involved in spraying 
of pesticides as compared to non-farm 
workers [37]. It has been reported that the 
plasma AChE activity is a better indicator of 
pesticide toxicity than erythrocyte AChE for the 
assessment of acute exposures to OPs, since 
a cumulative inhibition is observed due to the 
lower recovery rate of erythrocyte AChE [38]. 
For monitoring the exposure pesticides various 
analytical parameters are used. Inhibition of 
BChE in plasma can be used as a d
tool 
OPs and CM [39] as the analysis of pesticides 
residues is expensive and its facility is not 
available everywhere in our country.  
       
Liver dysfunction with raised AST, ALT and LDH 
was observed in most of the tobacco farmers. 
A similar increase in the AST and ALT levels 
was reported in agricultural workers in Israel 
[9], India [40] and selected farm workers in 
Gadap Karachi, Pakistan [8]. Tomei et al 
(1998) also reported considerable liver 
damage with significant increase in AST, ALP 
and total bilirubin among environmental 
disinfectant workers in Italy [41]. High degree 
of abnormal liver function in workers may 
indicate toxic effects of pesticides and the 
presence of pesticide residues in blood [42]. 
Pesticides residues and their metabolites in 
various human tissues and fluid are indicative 
of past and present exposure. Altered liver 
enzyme activities have been reported among 
occupational workers exposed to 
Organophosphorus pesticides alone or in 
combination with Organochlorine [43]. A study 

reported early biochemical changes in serum 
enzymes after exposure to mixture of 
pesticides in agricultural farmers [9]. Altuntus 
et al., (2002) reported increased activity of ALT 
and AST in workers engaged in agricultural 
and public health programs due to the effects 
of Methidathion, one of the most widely used 
Organophosphorus compound in this program 
[44]. Goel et al., (2000) also demonstrated a 
significant increase in the level of various 
serum and liver markers such as ALP, ALT and 
AST due to the effects of chloriphyrifos [45]. 
Greater the degree of pesticide exposure 
greater would be the levels of liver enzymes as 
reported in two cases of acute endosulfan 
toxicity [46].  Synthetic pyrethroid 
cypermethrin also showed a positive 
correlation with ALT, AST and LDH due to the 
sub cellular effects of pesticides [47].  
However, further study is required in this 
regard. Pesticide exposure causes leakage of 
cytosolic enzymes from hepatocytes and other 
body organs [48].  It may also be due to 
increased gene expression due to long term 
requirement of detoxification 
in
Friedman et al., (2003) reported similar 
elevations in CK in patients after acute 
exposure to pesticides [49].  
 
Our study revealed significantly elevated levels 
of serum urea & creatinine among exposed 
farmers. Previous studies have reported subtle 
nephrotoxic changes in workers occupationally 
exposed to pesticides with higher levels of 
serum creatinine and urea [50]. Exposure to 
pesticide in a chemical plant also showed a 
significantly higher serum creatinine 
concentration which supports the subclinica
k
serum creatinine and urea in upper reference 
range in the pesticide applicators which is 
similar to our present research finding [52].   
 
The present study also revealed that pesticide 
exposure increase serum phosphorous levels 
in pesticide exposed tobacco farmers. This 
finding is consistent w
[5
reported in fish and other animals [54-55] 
after exposure to various toxicants, like 
endosulfan and aldrin. 
  
The study demonstrated that prolonged 
exposure to pesticides leads to pesticide 
residues in exposed farmers which inturn 
leads to renal and hepatic dysfunction 
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because of their cytotoxic effects. Biomarkers 
are used to detect the hazardous health 
effects of pesticides before adverse clinical 
health effects occur. The study therefore 
highlights the need to properly evaluate and 
ontrol the potential health effects due to 

 toxic substances among farmers 
mployed in pesticide handling and spray on 

 positively correlated with 
esticide residues. Hence these biomarkers 

 monitoring of adverse 
ffects of pesticides on the health of farm 

cts of 
nvironment Pesticides Residues on the 

ndence to: Dilshad Ahmad Khan, 
athology, Army Medical College, Abid 

ajeed Road, Rawalpindi, Pakistan, Tel:+92-

c
exposure to
e
the crop. 
 
Conclusion 
 
The study demonstrated that the pesticide 
exposed tobacco farmers had multiple 
pesticide residues above the allowable daily 
intake at district Sawabi, Pakistan. Excessive 
exposure to pesticide caused cytotoxic 
changes in the hepatic and renal biochemical 
markers which were
p
might be used for
e
workers. 
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