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ABSTRACT 
Background: Organophosphates pesticides (OPs) exert their toxicity on the 
body through inhibition of Cholinesterase Enzyme (ChE) in the nerve and 
muscle tissues. Inhibition of cholinesterase itself cannot account for the 
wide range of disorders that have been reported following OPs exposure as 
oxidative stress has been implicated as one of the mechanisms for the 
adverse health effects of OPs exposure.  
Aim of the study: To study oxidative stress among agricultural workers 
through assessment of blood level of Butyl Choline Esterase enzyme 
(BuChE), as an indicator of exposure to OPs, assessment of blood level of 
Malondialdehyde (MDA), as an indicator of oxidative stress, and 
erythrocyte activity of Superoxide Dismutase (SOD), as an indicator of 
antioxidant activity and identification of occupational and personal risk 
factors that may be associated with oxidative stress among agricultural 
workers. 
Subjects and methods: A comparative cross sectional study was conducted 
among 48 agricultural workers exposed to OPs and 48 subjects non-exposed 
to OPs. Both two groups were subjected to a structured questionnaire 
included questions about Socio-demographic and Occupational history, 
followed by laboratory investigations to measure BuChE, MDA and SOD.  
Results: This study showed that the median level of MDA was significantly 
higher among exposed group compared to non-exposed group, while the 
median levels of BuChE and SOD were significantly lower among exposed 
group compared to non-exposed group. The level of BuChE, MDA and 
SOD were significantly correlated with each other and with work duration 
(years), number of worked hours/day, hours of spraying pesticides/day. 
Non-usage of personal protective equipment (PPE) and lack of washing 
facilities increased the risk of abnormal MDA and SOD. Duration of work 
(years) and number of worked hours / day were the significant predictors for 
abnormal oxidative indices. 
Conclusion: The study concluded that exposure to OPs can induce 
abnormal oxidative stress indices among agricultural workers. So, it is 
recommended to do regular screening of agricultural workers, design 
strategies that can reduce pesticide exposure, provide PPE all time and 
encourage workers to take antioxidants regularly. 
Keywords: Oxidative Stress Indices, Organophosphate Pesticides, 
Agricultural workers, Egypt  

 
INTRODUCTION 

gypt as one of the most populous 
countries in Africa depends mainly on 

agricultural activities as major sources of 
national income of Egypt, contributing up to 
14.5 % of Growth Domestic Production 
(GDP). Therefore, pesticides are frequently 

used in Egypt to control and prevent pests [1]. 
Pesticides are defined by Food and 
Agriculture Organization (FAO) of the United 
Nations as any chemical substance or 
organism or device used to attack, inhibit, 
control and/or get rid of pests, plants (weeds), 
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animals, and insects that cause harm to 
crops [2]  
Pesticide use in crop production worldwide 
was increased nearly twenty fold from 1960 to 
2000 and further increased from 1.0 billion 
tons in 2002 to 1.7 billion in 2007. During 
2010 and 2014, the mean pesticide 
cost/benefit was 0.645 g pesticide use (total) / 
kg crop production, and the mean annual 
pesticide use (total) was to be 2.784 kg / kg 
crop production [3].   
Worldwide, approximately five billion tons of 
pesticides are consumed annually, among 
which organophosphate (OPs) and carbamate 
insecticides present (70%), dithiocarbamate 
fungicides present (18%) and phenoxyl 
herbicides present (12%) [4].  
Organophosphates pesticides exert their 
toxicity on the target through inhibition of 
Cholinesterase Enzyme (ChE) in the nerve 
and muscle tissues. Inhibition of 
cholinesterase itself cannot account for the 
wide range of disorders that have been 
reported following OPs pesticides exposure as 
oxidative stress has been implicated as one of 
the mechanisms for the adverse health effects 
of OPs pesticides exposure [5].    
Oxidative stress is a term used to describe 
various hazardous processes resulting from an 
imbalance between the excessive formation of 
Reactive Oxygen Species (ROS) and/or 
Reactive Nitrogen Species (RNS) and limited 
antioxidant defenses [6]. Oxidative stress 
induced by pesticides, either by 
overproduction of free radicals or by 
alteration in antioxidant defense mechanisms, 
including detoxification and scavenging 
enzymes [7].  
Pesticides results in production of reactive 
oxygen species which in turn brings down the 
antioxidant levels and their defense against 
oxidative damage in the cellular system. 
Lipids, proteins and nucleic acids are targeted 
due to this imbalance and cellular signaling 
pathways are affected. Oxidative stress and 
reactive oxygen species induce the long-term 
health effects such as carcinogenesis, neuro-
degeneration, cardiovascular, respiratory, 
renal, endocrine and reproductive problems 
[8]. 
 
  

SUBJECTS AND METHODS 
Study design and settings: A comparative 
cross sectional study was conducted at Mit 
Ghamr district, Dakhlia governorate in the 
period from October 2016 to December 2018.  
Target groups: Exposed group included 
agricultural workers exposed to OPs 
pesticides on performing their job. Non-
exposed group which included relatives, 
friends and neighbors of the participants who 
were working as drivers, seller men, 
carpenters and employees, and not exposed to 
OPs pesticides at their current occupation nor 
even had a past occupational history of 
exposure to OPs pesticides.  
Sample size: Calculated through Open-EPI, 
according to the following collected data: The 
mean of malondialdehyde (MDA) level 
among pesticide applicators was 0.458 (±0.03) 
u/mg protein and among non-exposed group 
was 0.489 (±0.07l) u/mg protein [9], the 
power of precision was 80%, and the 
confidence interval was 95%, so the sample 
was 96 participants (48 exposed and 48 non- 
exposed workers). 
Sample technique: Multistage random 
sampling, firstly Mit-Ghamr district was 
divided in to 40 villages, then  five villages 
were selected by simple random sampling 
(Kom Elnor, Sempo, Dkadose, Damas, 
Sanafa), then at each village workers in their 
agricultural areas were selected by cluster 
random sampling.  
Data collection: All participants in the study 
were subjected to a structured questionnaire 
which was used to collect information about 
Socio-demographic data such as age, marital 
status, level of education, income and 
smoking habits. Occupational history such as, 
duration of work (years), number of worked 
hours/ day, type of used pesticides, frequency 
of pesticides exposure, hours of spraying 
pesticides, usage of personal protective 
equipment (PPE), presence of washing 
facilities and  facility of agricultural 
association. Laboratory investigations were 
done for both groups by measuring Butyl 
Choline Esterase Enzyme (BuChE) to assess 
exposure to OPs pesticides, Malondialdehyde 
(MDA) to assess oxidative stress status and 
Superoxide dismutase (SOD) activity to assess 
antioxidant status. Blood samples were 
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collected by a trained medical assistant using 
sterile syringes. Four ml venous blood were 
collected and divided into2 halves. Half of the 
blood collected into tubes containing 
potassium Ethylenediaminetetraacetic acid (k-
EDTA) for measuring of SOD. The other half 
of the blood collected in plain glass tubes and 
was left to clot, serum was obtained to 
measure BuChE and MDA. The samples were 
measured by Spectrophotometry in molecular 
biology department of scientific research 
center, Faculty of Medicine, Zagazig 
University. BuChE activity was determined by 
the method of Knedel and Bottger [10], 
where Butyl Cholinesterase hydrolyses 
butyrylthiocholine to give thiocholine and 
butyrate, the reaction between thiocholine and 
2-nitrobenzoic acid (DTNB) gives 2-nitro-5-
Mercaptobenzoate, a yellow compound which 
can be measured at 405 nm, and the reference 
range of BuChE is 3500 -8500 U/L. MDA 
was estimated by the method of Ohkawa et 
al. [11], where Thiobarbituric acid (TBA) 
reacts with Malondialdehyde in acidic 
medium at temperature of 95°C for 30 min to 
form thiobarbituric acid and the absorbance of 
the resultant pink product can be measured at 
534 nm, and the reference range of MDA is 
0.12 - 1.71 nmol/ml. SOD was estimated by 
the method of Nishikimi et al. [12], which 

relies on the ability of the enzyme to inhibit 
the phenazine methosulphate-mediated 
reduction of nitroblue tetrazolium dye, and the 
reference range of SOD is164 – 240 u/ml. 
These indices were considered abnormal when 
exceeding the normal ranges.   
Data management: The collected data were 
entered, checked and statistically analyzed 
using SPSS program (Statistical Package for 
Social Science) version 22.0 [13]. For the 
statistical calculations, data coding was done, 
and qualitative data were represented as 
frequencies and percentages, Chi-square test 
(χ 2), Fisher Exact test were carried out for 
testing the association between the qualitative 
data (Risk and Outcome). Quantitative data 
were presented as median and compared using 
Mann-Whitney-U test. Correlations were 
tested by pearson test. Multiple linear 
regression analysis was conducted to identify 
the predictors of each indicator. The test 

results were considered significant when p-
value ≤ 0.05. 
Ethical Considerations:  
All procedures followed were in accordance 
with the ethical standards of the responsible 
committee on human experimentation 
(institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 
2000 [14]. Institutional Review Board (IRB) 
of the Faculty of Medicine, Zagazig 
University approved the study protocol (No. 
2761). An informed consent was obtained 
from all participants of this study and they 
were told about the aim of the study, and were 
informed that the data would be used for 
scientific purposes only.  

RESULTS 
The exposed and non-exposed groups were 
comparable as regards age, marital status, the 
level of education and income. More than half 
of the workers in both  groups were current 
smokers, 53.9% of smokers of exposed group 
have been smoking for 20 to less than 30 
years, while 46.9% of smokers of non-
exposed group have been smoking for 10 to 
less than 20 years. Smokers in both groups 
were smoked two and more packs /day and all 
those differences between both groups were 
statistically not significant. Fifty two percent 
of the workers of exposed group worked for 
20 to less than 30 years, while 47.9 % of 
workers of non-exposed group worked for 10 
to less than 20 years. More than half of the 
workers in both groups worked for 8 to less 
than 12 hours/day, and all those differences 
between both groups were statistically not 
significant. 
Results demonstrated that the workers in 
exposed group used malathion, parathion and 
dimethoate  (20,8%, 20,8% and 8.4% 
respectively) however, 50.0% of workers used 
more than one type of pesticides (Figure 1).  
Figure (2): showed that 47.9% of exposed 
workers spray pesticides monthly, about 69% 
of the studied agriculture workers didn't use 
PPE and 60% of the studied agriculture 
workers didn't have washing facilities after 
pesticides use. 
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Figure 1 Frequency of types of used pesticides among  studied agricultural workers      

 

 

 
 

 

Figure 2 Frequency of ways of handling with pesticides among studied agricultural workers.  
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Figure 3 Frequency of levels  BuChE & MDA & SOD among studied agricultural workers. 

 
Table 1 Levels of BuChE, MDA & SOD among both exposed and non-exposed groups. 
                                 

 
P –value 

 
Mann- 

Whitney 

Non exposed group 
N=48 

Exposed group 
N=48 

Biomarkers 

Median  (Range) Median  (Range) 
 

0.000* 
 

8.09 
3990.62 

(1000  -  6897.98) 
1069.03 

(228.70 – 2853.34) 
BuChE 

 
0.000* 

 
7.22 

0.99 
(0.23  -  4.56) 

3.55 
(1.58 -  6.60) 

MDA 

 
0.000* 

 
3.92 

251.54 
(99.01  -  380.80) 

135.49 
(44.70  -  325.85) 

SOD 

 
Table 2 Pearson correlation coefficient between some socio-demographic and job characteristics and 
levels of BuChE & MDA & SOD among exposed group. 

SOD MDA BuChE Socio-demographic  and  job 
characteristics P-value r P-value r P-value r 

0.25 0.17 0.37 0.13 0.08 0.25 Age 
0.28 0.22 0.85 0.02 0.32 0.19 Duration of smoking 
0.49 0.14 0.44 0.12 0.63 0.09 No. of smoked cigarettes 

0.02* -0.32 0.01* 0.36 0.02* -0.32 Duration of work (years) 
0.02* -0.33 0.004* 0.41 0.01* -0.37 No. of worked hours /day 
0.01* -0.34 0.001* 0.45 0.002* -0.43 Hours of spraying pesticides /day 
0.000* 0.51 0.000* - 0.69 - - BuChE 
0.000* -0.62 - - 0.000* - 0.69 MDA 

- - 0.000* - 0.62 0.000* 0.51 SOD 
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Table 3 Effect of ways of handling pesticides on the level of MDA and SOD among exposed group.  
p- value OR (CI 95%)  

Abnormal 
 

 
Normal 

Ways of handling pesticides  
 

% NO. % NO. 
 
 

0.03* 

 
 
 

4.00 
(1.11 – 14.47) 

 
 
 
 

40.0 
72.3 

 
 
 
 
6 
24 

 
 
 
 

60.0 
27.3 

 
 
 
 
9 
9 

MDA: 
 
Usage of Personal Protective 
equipment  
Yes (n=15)  
No (n=33) 

 
0.02* 

 
4.32 

(1.24 – 15.02) 

 
42.1 
75.9 

 
8 
22 

 
57.9 
24.1 

11 
7 

Washing facilities  
Yes (n=19) 
No (n=29) 

 
0.04* 

 
 

3.57 
(12996– 11 91) 

 46.7 
7597 

7 
25 

53.3 
2493 

8 
8 

SOD: 
 

Usage of PPE 
Yes (n=15) 
No  (n= 33) 

0.02* 4.25 
(15919 – 1919) 

4794 
7993 

9 
23 

52.6 
2197 

10 
6 

Washing facilities  
Yes (n=19) 
No (n=29) 

       (Only significant factors were presented in the table) 
o The factors such as types of used pesticides, frequency of spraying pesticides, facility of 

agricultural association didn’t significantly associated with abnormal MDA neither 
abnormal SOD.     

Table 4 Multiple linear regression analysis for the significant predictors of abnormal BuChE, MDA 
and SOD. 

Predictors B S.E t P- value 

Butyl Choline Esterase: 

No. of worked hours /day 

R2=0.42   

 

-29.91 

 

14.5 

 

2.06 

 

0.04* 

Malondialdehyde: 

Duration of work/ year 

No. of worked hours /day 

R2= 0.53 

0.07 

0.28 

0.03 

0.10 

2.01 

2.81 

0.05* 

0.007* 

Superoxide Dismutase: 

Duration of work/ year 

R2= 0.38 

 

- 4.1 

 

1.97 

 

2.08 

 

0.04* 

            (Only significant predictors were presented) 
o Predictors were: duration of work, no. of worked hours /day, hours of spraying pesticides, 

non-usage of PPE and lack of washing facilities. 
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Table (1): demonstrated that the median level 
of MDA was significantly higher among 
exposed group compared to non-exposed 
group, while the median levels of BuChE and 
SOD were significantly lower among exposed 
group compared to non-exposed group (p-
value = 0.000). 
All workers in exposed groups showed 
abnormal level of BuChE (100%), while 
62.5% of workers had abnormal MDA and 
66.7% had abnormal SOD (Figure 3). 
There were no statistical correlations between 
age, duration of smoking and the number of 
smoked cigarettes and the levels of BuChE, 
MDA and SOD, while the level of MDA 
significantly increased with increased work 
duration (years), no. of worked hours/day and 
hours of spraying pesticides/day and 
decreased levels of BuChE and SOD, and the 
levels of SOD and BuChE enzyme were 
significantly decreased with each other's and 
with increased work duration (years), no. of 
worked hours /day and hours of spraying 
pesticides /day (Table 2).  
Non-usage of PPE and lack of washing 
facilities significantly increased risk of both 
abnormal MDA  and abnormal SOD by about 
four times. (OR = 4.00 and 4.32 ) for MDA, 
and (OR = 3.57 and 4.25) for SOD (Table 3).  
Table (4): demonstrated that the duration of 
work(years) was the significant predictor for 
increased level of MDA and decreased level 
of SOD, and no. of worked hours/day was the 
significant predictor for decreased level of 
BuChE and increased level of MDA.  

DISCUSSION 
Oxidative stress as a possible mechanism of 
toxicity for pesticides has become a focus of 
toxicological research because it is considered 
as a critical pathophysiological mechanism in 
different human pathologies, including 
cancer, immunosuppression and 
neurodegenerative diseases that are associated 
with pesticide exposure [5]. There are many 
studies which depend on the metabolites of 
organophosphates pesticides as markers for 
exposure to these pesticides [15]. In our 
study; we estimated level of BuChE as a 
marker of exposure to OPs. The advantages of 
this biomarker for prediction of pesticides 
exposure may be because of their high 
sensitivity, easy measurement and depending 

on the level of exposure [16]. The results of 
the present study showed a significant 
decrease in BuChE levels in  agricultural 
workers occupationally exposed to pesticides 
in comparison to the non-exposed group 
{1069 (228.70-2853.34)U/ml versus 3990 
(1000-6897.98)U/ml) }, (p-value=0.000) 
(table 1). This agrees with a study of Mecdad 
et al. in (Al-Salheya farms, Zagazig), which 
found that exposed agricultural workers 
recorded reduction in ChE level 1284.2 ± 
245U/ml versus non-exposed group 6768.8 
(±446.029) U/ml [7]. Also a lot of studies in 
Tunisia [17], Nigeria[9], Thiland [18] and 
India were in accordance with our results 
[19]. In contrast with this study, studies of 
Ogut et al. [20] and Sudjaroen [21] didn’t 
observe any statistical significant difference 
between both groups as regard BuChE levels. 
This contrast may be as a result of different 
levels of exposure in different countries due 
to usage of PPE or having washing facilities 
afire pesticides use. Also, different methods 
of assessing exposure may be the cause of this 
contrast.    
Oxidative stress, as said by Addollahi et al. 
plays an important role in the toxicity of 
various xenobiotics, including OPs, synthetic 
pyrethroid, organochlorine and carbamate 
pesticides, and more recently, 
Organophosphates free radicals (OFRS) have 
been implicated in the toxicity of pesticides. 
The ability of OPs to produce OFR may be 
due to their “redox-cycling” activity. They 
readily accept an electron to form free 
radicals and then transfer them to oxygen to 
generate superoxide anions and hence H2O2 
through dismutation reaction [22]. If oxidants 
are not efficiently removed by antioxidant 
defense systems, they may react with 
biological macromolecules causing enzyme 
inactivation, DNA damage, and lipid 
peroxidation in tissues [5]. 
The present study revealed a significant 
increase in MDA level, the biomarker of lipid 
peroxidation, in exposed group in comparison 
to non-exposed group {3.55 (1.58 - 6.60) 
U/ml versus 0.99 (0.23 - 4.56) U/ml}, (p-
value = 0.000) (table 1). Ayala et al. study 
said that MDA has been used for many years 
as a convenient biomarker for lipid 
peroxidation and is one of the most popular 
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and reliable markers to determine oxidative 
stress in clinical situations [23]. Furthermore, 
Kisby et al. study in USA reported that 
Serum MDA levels were 4.9 times and 24 
times higher in farm workers and applicators, 
respectively, than in controls [24], also 
Vidyasagar et al. results were in line with 
our results [25]. Moreover, our results are in 
consistent with a recent Egyptian study of 
Noshy et al which was conducted in El 
Monofya governorate, and reported an 
increased MDA levels in farm workers and 
pesticides applicators than the controls [26]. 
Moreover, other studies support these result 
[7] [9] [14] [27]. In contrast, Zepeda-Arce et 
al. study which was conducted in Mexico 
among 139 men and 69 women who worked 
as OPs sprayers and divided in to reference, 
moderately exposed and highly exposed 
groups, revealed that MDA levels were not 
different among these study groups [5]. This 
difference may be due different levels of 
exposure to OPs.   
Hernandez et al. said that oxidative stress 
induced by pesticide exposure may result in 
inhibition of SOD activity, leading to 
accumulation of superoxide radicals [28]. A 
plausible mechanism of pesticides leading to 
inhibition of SOD activity is interaction of 
reactive oxygen species with the thiol group 
present at the catalytic center of the enzyme 
and previous studies have shown that 
superoxide radicals may inhibit CAT and GPx 
activities resulting in excessive production of 
hydrogen peroxide and inhibition of SOD 
[29]. The present study revealed that SOD 
was significantly lower among exposed group 
compared to non-exposed group, (p-value = 
0.000) (table 1), this is in agreement with 
Vidyasagar et al. who reported that RBC 
SOD was lower among exposed versus 
control group [25]. Other studies in India and 
Egypt showed the same reduction in the SOD 
activity in the exposed groups [19-26]. In 
contrast to these results, some studies found 
an elevation of SOD levels in exposed group 
like Simoniello et al. [30]. Also, an Iranian 
study of Ahmadi et al. revealed an increase 
in SOD level to 61.0% [31], and this is 
attributed to an activation of the 
compensatory mechanism through the 

pesticide-induced overproduction of reactive 
species [28].  
The present study revealed that there were no 
statistical correlations between age, duration 
of smoking and the number of smoked 
cigarettes and the levels of BuChE, MDA and 
SOD (table 2). This is in consistent with a 
study of López et al. who reported that 
exposure to pesticides was a determinant in 
the alternation of SOD, independent of age 
[29]. However, Wafa et al. found that there 
was a significant relation between changes in 
biological markers, and the farmers' age [17]. 
Smoking during pesticide spraying may 
increase the absorption of pesticides both 
through inhalation of the airborne particles 
and through oral ingestion of the pesticide 
particles attached to cigarettes [32]. In this 
study there were non-significant correlations 
between BCHE, MDA, SOD levels and 
smoking duration neither number of smoked 
cigarette (table 2), and this agree with studies 
of Lopez et al. [29] and Zepeda-Arce et al. 
[5].  
The present study revealed that level of MDA 
significantly increases with increased work 
duration(years), number of worked hours/day 
and hours of spraying pesticides /day (table 
2), this in consistent with a study of Mecdad 
et al. who found that MDA levels positively 
correlated with the duration of exposure to 
pesticides, and higher MDA levels in 
populations with permanent work as sprayers 
compared to those who reported temporary 
work as sprayers [7]. However, Hernández et 
al. study showed no significant correlation 
between oxidative stress biomarkers and years 
of exposure [28]. Regarding SOD and 
BuChE, it was found that both significantly 
decrease with increased work duration 
(years), number of worked hours /day and 
hours of spraying pesticides /day (table 2), 
and this agree with studies of Mostafalou 
and Abdollahi [33] and Surajudeen et al. 
[9]. Moreover, Noshy et al. found a negative 
correlation between the inhibition in BuChE 
activities and the period of exposure to 
pesticides (day/year) in exposed workers [26]. 
The inverse correlation indicates that the 
longer the duration of exposure to OPs, the 
lower the ChE activity and the more the risk 
of adverse effect of OPs. 
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Correlations coefficient between the three 
oxidative stress markers revealed that a strong 
negative correlation between the level of 
MDA and level of BuChE (r = -0.69) (p-value 
= 0.000), and positive correlation  between 
the level of Superoxide Dismutase and Butyl 
Choline esterase enzyme (r = 0.56), (p-value 
= 0.000) (table 2), and these are in line with 
Surajudeen et al. [9], Zepeda-Arce et al. [5] 
and Noshy et al. [26] as all found an inverse 
correlation between BuChE and MDA 
activities. This suggests that the more 
depressed serum AChE activity in OP 
exposed farm workers, the higher the MDA 
level and the higher the risk of oxidative 
damage due to oxidative stress. In contrast, a 
study of Ahmadi et al. found that the 
inhibition in BuChE activity correlated with 
the increase in total anti-oxidant capacity 
[31], and these findings may be explained by 
the adaptive and defensive responses to the 
generated free radicals induced by pesticide 
exposure, respectively.                                                      
In bivariate analysis, Non-usage of PPE and 
lack of washing facilities significantly 
increased risk of abnormal MDA and  SOD 
among the studied agricultural workers by 
about four times. The same results were 
documented by a study in Mexico of Zepeda-
Arce et al. [5], so it is very important to 
educate agricultural workers how to use PPE, 
and to increase availability of washing 
facilities. 
Finally in multiple linear regression analysis, 
the significant predictors for oxidative stress 
indices were duration of work (years) and 
number of worked hours/day. Madani et al. 
reported that biochemical and toxic damage 
induced by OPs will suggest an association 
with the labor conditions as working hours 
[34].  
Conclusion: The study concluded that 
exposure to organophosphate pesticides can 
induce abnormal oxidative stress indices 
among agricultural workers. The median level 
of MDA was significantly higher among 
exposed group compared to non-exposed 
group, while the median levels of BuChE and 
SOD were significantly lower among exposed 
group compared to non-exposed group. The 
levels of BuChE, MDA and SOD 
significantly correlated with each other's. 

Duration of work (years) and number of 
worked hours/day were the significant 
predictors for abnormal oxidative stress 
indices. So it is recommended to regular 
screening of agricultural workers, design 
strategies that can reduce pesticide exposure, 
provide PPE all time and encourage workers 
to take antioxidants regularly. 
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