
Research Article

Urinary 8-Hydroxydeoxyguanosine and 
Biochemical Alterations as Biomarkers for 
Occupational Health Exposure to Pesticides 
and Fertilizers in Egypt - 
Khaled Yassin Abdel Halim1*, Nabila Mhoumed Said Bakry2 and Marwa 
Adel Abdel Wahab El Meseiry1

1Mammalian & Aquatic Toxicology Department, Central Agricultural Pesticides Laboratory (CAPL), 
ARC, 12618, Dokki, Egypt
2Pesticide Chemistry and Technology Department, Faculty of Agriculture, Alexandria University, 
Alexandria, Egypt

*Address for Correspondence: Khaled Y Abdel Halim, Mammalian & Aquatic Toxicology 
Department, Central Agricultural Pesticides Lab. (CAPL), ARC, Egypt, Tel: +202-023-760-2209; 
E-mail: 

Submitted: 22 April 2019;  Approved: 30 September 2019; Published: 03 October 2019

Cite this article: Abdel Halim KY, Said Bakry NM, Wahab El Meseiry MAA. Urinary 
8-Hydroxydeoxyguanosine and Biochemical Alterations as Biomarkers for Occupational Health 
Exposure to Pesticides and Fertilizers in Egypt. Adv J Toxicol Curr Res. 2019;3(1): 006-0014.

Copyright: © 2019 Abdel Halim KY, et al. This is an open access article distributed under the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Advanced Journal of Toxicology: 
Current Research



Advanced Journal of Toxicology: Current Research

SCIRES Literature - Volume 3 Issue 1 - www.scireslit.com Page - 007

INTRODUCTION
Occupational exposure to either pesticides or fertilizers occurs 

directly during manufacture of the products, transport and storage as 
well as during preparation, and spreading by the user [1,2]. Chemical 
inhalation mainly occurs during preparation in manufacturing plants. 
Occupational exposure of workers might be the most signifi cant 
and has been extensively studied [3,4]. Concerning chemical group, 
pesticides are chemicals used in agriculture to control pests, and most 
of them are mixtures of several agents. However, fertilizers in concern 
are sulfur, nitrate, superphosphate, and acids, where the workers are 
exposed at the workplace by inhalation. Some data were recorded 
such as higher blood and urinary cadmium levels of 7.8 and 10 times, 
respectively [5]. Th e health hazards of workers who are exposed to 
risk factors have highlighted the need to develop a model study of the 
future of occupational health [6]. In regard this fi nding, pesticides 
and some fertilizer's by-products are associated with the increase of 
various types of cancer at specifi c sites such as skin, lung, prostate 
and brain tumors, non-Hodgkin lymphoma, Hodgkin's disease 
[7,8], leukemia [9], multiple myeloma [10], cancers of the immune, 
nervous, reproductive and hematological systems [11,12] and lipid 
discords [13,14]. On the other hand, many studies have pointed to 
the action of these chemicals as inducers of Chromosomal Aberration 
(CA) [15,16] and the formation of Micronuclei (MN) [17]. Also 
exposure to fertilizers is most commonly associated with contact 
dermatitis [18]. 

Many investigators demonstrated that, pesticides and heavy metals 
are capable of generating Reactive Oxygen Species (ROS) or Nitrogen 
Species (RNS) which cause oxidative damage to biomolecules. DNA 
is probably the most biologically signifi cant target of oxidative attack. 
Among numerous types of oxidative DNA damage, the formation of 
8-hydroxydeoxyguanosine (8-OHdG) which considered the major 
product of DNA oxidation and a sensitive biomarker of oxidative 
stress [19,20]. It is an adduct formed as a result of the reaction 
between free radicals and DNA and excreted in urine without 
further metabolism. Concentrations of 8-OHdG within a cell are a 
measurement of oxidative stress. As reviewed by [21], increased levels 
of 8-OHdG are frequently found during carcinogenesis. For human 
studies, several investigations demonstrated the association between 
workers exposure to chemicals and DNA damage. For example, 
workers who exposed to organophosphorus pesticides (applicators 
and farmworkers) showed 8-OHdG levels (8.5 and 3.4 times) greater 
than control [22]. Similar pattern was noted for pesticide sprayers and 
farmworkers in India, where urinary levels of 8-OHdG were found to 

be signifi cantly greater than control group [20]. Another investigation 
by [23] noted that, paints workers exposed to ethylbenzene observed 
8-OHdG levels greater than non-exposed group. On the other hand, 
prolonged exposure to multiple pesticides aff ects the liver, kidney, 
and physiological status [24]. Moreover, workers occupationally 
exposed to pesticides and heavy metals with high levels may alter 
creatinine, urea, uric acid and other parameters compared with 
non-exposed groups [25,26]. Th us, the study was done to evaluate 
the levels of 8-OHdG and some biochemical parameters in urinary 
samples of two exposed pesticides and fertilizers groups in Kafr El-
Zayat region as biomarkers for occupational health status. 

MATERIALS AND METHODS
Study design and personal information

Th is study was performed in two factories in Kafr El-Zayat 
district, El-Gharbia governorate, Egypt. It is one of the main 
industrial regions because it includes factory for the pesticides 
(KZ) and factory for fertilizers production (El-Malyia Company). 
Pesticides factory employs 800 workers in operation, formulation, 
packing, storage and commercial functions. Also, another group 
(50 persons) maintains offi  cial works. Th e factory records the 
highest level of pesticide's production in Egypt e.g. fentrithion, 
diazinon, chlorpyrifos, imidacloprid, methomyl, mineral oils, copper 
oxychloride, carbendazim, thiram, glyphosate, thiobencarb and 
bispyribac-sodium. Also, it maintains the production of sulphur and 
foliar fertilizers. On the other hand, El-Malyia Company employs 
1.700 persons: 1.600 of them work in operation, formulation and 
commercial functions, as well as 100 persons are employed for offi  ce 
sector. Th e factory is considered the fi rst plant for production of 
phosphoric acid, sulphric acid, superphosphate, potash minerals 
and sulphur. Th e factories were established about 50 year ago and 
have become old and less well maintained. Moreover, bad hygiene's 
were observed concerning production chambers and the frameworks 
remain unchanged.

Th e selected groups were 19 participants from Kafr El-Zayat 
Company for Pesticides Production and 17 participants from El-
Malyia Company for Fertilizers and Chemicals. On the other hand, 
subjects in the control group consisted of 8 healthy men, who were 
not currently occupationally exposed to pesticides. Th ey were 
randomly recruited in the rural site which is about 20 km from 
Kafr El-Zayat region. Th e subjects provided information through 
questionnaires regarding the sociodemographic characteristics, 
occupational activities, smoking habits, clinical characteristics and 
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health status. Ethical report; IORG#..IORG0008812 was provided 
by Ethical Committee of Medical Research Institution, Alexandria 
University, Egypt.

Urine sample collection

Urine samples of all subjects were collected in sterile plastic 
tubes, marked and stored at -20°C till analyzed. Other samples were 
analyzed directly for some biochemical parameters e.g. creatinine, 
urea, uric acid and bilirubin.

8-OHdG determination

Each sample was brought to room temperature (25°C) and 
centrifuged at 2000 rpm for 5 min. Th e concentration of 8-OHdG 
in supernatant fraction was analyzed using Enzyme Linked 
Immunosorbent Assay (8-OHdG competitive ELISA kit-E0031 Ra, 
China). It is a competitive enzyme immunoassay developed for rapid 
detection and quantitation of 8-OHdG in urine, serum or other cell 
and tissue DNA samples. Th e quantity of 8-OHdG in the unknown 
samples is determined by comparing its absorbance with that of a 
known 8-OHdG standard curve. Th e kit has an 8-OHdG detection 
sensitive setting as 0.027 ng/ml. It provides suffi  cient reagents to 
perform up to 96 assays including standard curve and unknown 
samples. Th e oxidative DNA damage ELISA kit is a competitive 
technique for 8-OHdG measurement. Th e samples and 8-OHdG 
standards are fi rst added to an 8-OHdG/BSA conjugate per absorbed 
8-OHdG ELISA plate. Aft er a brief incubation, an anti-8-OHdG 
monoclonal antibody is added, followed by an HRP conjugated 
secondary antibody. Levels of 8-OHdG in the unknown samples are 
determined by comparison with predetermined 8-OHdG standard 
curve.

Biochemical analysis

Th e following biochemical parameters were measured to study 
the eff ect of chemical exposure on the health status of workers 
compared with non-exposed group.

Uric acid: Uric acid level was estimated colorimetrically using 
SPINREACT diagnostic kit (Gerona, Spain) according to the 
procedure given in the kit protocol.

Urea: Urea level in urine samples was estimated colorimetrically 
using Diamond diagnostic kit (30175 Hannover, Germany). Th e 
mechanism depends on its hydrolysis to carbon dioxide and ammonia 
(NH4+) which reacts with salicylate and hypochlorite to form green 
indophenol. Th e developed color was measured at 578 nm against 
blank.

Creatinine: Th e level of creatinine in urine samples was used 
as an indicative of renal insuffi  ciency. It is assayed according to 
procedure of Diamond diagnostic kit (30175 Hannover, Germany). 
Th e measurement was done at 492 nm against the blank and the value 
was expressed as mg/dl.

Bilirubin: Total bilirubin in urine samples was estimated 
colorimetrically using BIOMED diagnostic kit (EGY-CHEM for 
Lab. Technology, Egypt) according to the procedure given in the kit 
protocol. Th e measurement was done at 578 nm against the blank and 
the values were expressed as mg/dl. 

STATISTICAL ANALYSIS
Th e measured variables were expressed as mean ± SE. To establish 

diff erences between variables, Analysis Of Variance (ANOVA) was 

used. Th e degree of association between variables was evaluated based 
on Pearson's or Spearman's correlation Coeffi  cient performing with 
MSTAT-C2.1 program. A simple linear model was used to compare 
the measured parameters with personal characteristics of studied 
participants. All data were processed by Microsoft  Excel (Microsoft  
2000) and statistical analysis was conducted using the program of 
SAS Release 6.12 [27].

RESULTS
Th is work demonstrated the impact of occupational exposure 

concerning workers groups from two remarkable plants in pesticides 
and fertilizers production in Egypt. In addition, the reference 
group (rural subjects) was employed as non-smoking, offi  cial staff  
and healthy, especially hepatitis status. Table 1 represents the 
characteristics of studied participants. Th e mean ( ± SD) age of 
the subjects was as follows: 41.30 ± 3.07, 36.96 ± 10.76 and 21.74 
± 13.83 yr for KZ Co., El-Malyia Co. and control group (P  0.05), 
respectively. All exposed workers were employed for age categories 
as follows: 33-36; 37-40; 41-44; 45-48; 49-52; 53-56 and 57-60 yr (P 
 0.005), respectively. Concerning exposure frequency, the workers 
were classifi ed into three categories as follows: 0-10, 11-20 and 21-
30 yr with mean values of 8.5 ± 1.40, 15.7 ± 2.80 and 26.1 ± 2.90 yr 
(P  0.05), respectively. Th erefore, exposure duration was recorded 
according to the following categories: 1, 2-4, 5 and 6 day/week; 
4.35 ± 1.07, 2.17 ± 0.60, 26.09 ± 4.30 and 45.65 ± 18.14% (P  0.05), 
respectively. Other jobs or activities of industrial worker's groups 
demonstrated the following categories; industrial only (n = 29), 
pesticides sprayer (n = 13), commercial (n = 4) and farmer (n = 4) 
with percentages; 43.48 ± 16.6, 23.91 ± 2.77, 2.17 ± 1.60, 8.70 ± 7.99% 
(P  0.05), respectively. Th e awareness and use of protective clothing 
during factory working time was assessed, the data were 78.26 ± 
19.98% for non-aware and 21.74 ± 9.99% for aware subjects. Th e 
health status of studied participants was investigated through cases of 
hepatitis, diabetes, heart diseases and others. Regarding hepatitis C, 
45.65 ± 9.22% of the subjects were positive HCV, while 32.61 ± 7.69% 
were negative HCV (P  0.05). On the other hand, 13.04 ± 6.60% of 
the participants were record diabetic, and 65.22 ± 10.37% were not 
(P  0.05). Heart diseases were recorded only for 13.04 ± 9.35% of 
participants, while 65.22 ± 22.55% were healthy (P  0.05). Regarding 
smoking habits, 54.35 ± 23.06% of the workers were smokers while, 
the number was 21.74 ± 11.88% for the control group (P  0.05). 

8-OHdG levels

Th e mean values of measured variables e.g. 8-OHdG, urea, uric 
acid, total bilirubin, and creatinine of studied groups are illustrated 
in fi gure 1. Exposed workers of KZ Co. revealed the range from 2.55 
to 25.98 ng/ml for 8-OHdG with a mean value (10.30 ± 1.72 ng/
ml). However, it reached the highest peak value 10.29 ± 1.60 ng/mg 
creatinine. However, the values for El-Malyia workers exhibited a 
range of (2.86-36.43 ng/ml) with a mean value (12.47 ± 2.61 ng/ml) 
compared with reference group which had not exceed 4.58 ± 1.03 ng/
ml (P  0.01).

Biochemical variables 

Other measured variables in the two exposed worker groups 
revealed a signifi cant diff erence in comparison with control group. 
Urea levels ranged from 1.99 to 14.91 mg/dL with a mean value of 
8.39 ± 0.84 mg/dl in urine samples collected from workers of KZ Co. 
Whereas the group of El-Malyia Co., the values ranged from 4.41 to 
30.49 mg/dl with a mean value of 13.89 ± 1.63 mg/dl compared with 
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the control group which exhibited a mean value; 8.37 ± 1.70 mg/dL 
(P  0.05). Similarly, uric acid levels in samples of KZ Co. were lower 
than those of El-Malyia Co., where the 1st group exhibited a range 
from 6.78 to 23.47 mg/dL with a mean value of 12.98 ± 1.01 mg/dL, 
but the 2nd group exhibited a range of (10.04-21.46 mg/dL) with a 
mean value; 15.61 ± 0.65 mg/dl. However, the control group exhibited 
a mean value; 19.39 ± 1.48 mg/dL (P<0.01). Regarding total bilirubin 
levels, samples of KZ group exhibited a range from 0.11 to 2.44 mg/dL 
with a mean value; 0.36 ± 0.12 mg/dL, while the 2nd group (El-Malyia 
Co.) exhibited a range of (0.14-3.62 mg/dL) with a mean value; 0.78 
± 0.23 mg/dL. Th e control group exhibited a mean value of (0.54 ± 
0.17 mg/dL). Creatinine showed varied levels in the exposed groups 
compared with the control. In case of KZ group, the levels revealed 
a range from 1.4 to 15.2 mg/kg/24 hr with a mean value; 5.72 ± 0.98 
mg/kg/24 hr, but El-Malyia group exhibited a range from 1.2 to 12.8 
mg/kg/24hr with a mean value; 5.62 ± 0.81 mg/kg/24hr. However, the 
control group gave a mean value; 14.52 ± 0.39 mg/kg/24hr.

Biochemical measurements in correlation with 
participant's characteristics. 

Th e correlation between the measured biochemical variables and 
participant's characteristics were evaluated by using a simple linear 
model. 

Age: Th e correlation concern measured parameters with exposed 
worker's ages are illustrated in fi gure 2. A signifi cant correlation 
existed between 8-OHdG levels and age (y = 0.58x + 6.84, r2 = 0.14). 
Th e group aged from 57-60 yr revealed the highest level followed by 
(33-36) and (45-48 yr) group. Uric acid levels exhibited a signifi cant 
correlation with aged groups (y = 1.37 + 13.44, r2 = 0.13). Group aged 
between, 49-52 yr showed the highest level followed by (45-48) and 
(37-40 yr). Regarding urea levels, no signifi cant diff erence observed 
between aged groups (y = 0.627 + 11.679, r2 = 0.0268). Creatinine 
level showed a signifi cant correlation with aged groups (y = 0.683 
+ 7.963, r2 = 0.0301). However, no signifi cant diff erence obtained 
between group aged 33-36 yr and group of 57- 60 yr. Group ranged 

Table 1: Characteristics of exposed and non-exposed subjects in industrial 
plants of Kafr El-Zayat district.

Characteristic N GM GSD P-value

Age (yr)

33-36  4   34.00 (yr) 0.82 0.0020

37-40  5 39.00 0.76 0.0015

41-44  5 42.20 1.30 0.0026

45-48 11 45.29 0.76 0.0007

49-52  5 49.00 0.88 0.0018

53-56 11 54.14 1.04 0.0009

57-60 9 58.22 0.97 0.0011

Control 10 45.00 6.36 0.0064

Group 
categories

KZ Co. 19   41.30 (yr) 3.07 0.0016

El-Malyia Co. 17 36.96 10.76 0.0063

Control 10 21.74 13.83 0.0138

Exposure frequency (yr)

0-10 12  8.5 1.40 0.0011

11-20 14 15.7 2.80 0.0020

21-30 17 26.1 2.90 0.0017

Control 10 11.6 6.70 0.0067

Smoking habits

S 25  54.35% 23.06 0.0092

Non-S 11 23.91 1.54 0.0014

Control 10 21.74 11.88 0.0119

Prevalence of 
hepatitis C

H 23  45.65% 9.22 0.0040

Non-H 12 32.61 7.69 0.0064

Control 10 21.74 16.91 0.0169

Diabetes

D  6 13.04% 6.60 0.0110

Non-D 31 65.20 10.37 0.0033

Control 10 21.74 3.77 0.0038

Heart diseases

H  8  13.40% 9.35 0.0070

N 32 65.60 22.55 0.0117

Control 10 21.00 8.20 0.0082

Awareness

Non-aware 36  78.26% 19.98 0.0056

Aware 10 21.74 9.99 0.0100

Other jobs

Industrial 29  43.48% 16.60 0.0057

Sprayer 13 23.91  2.77 0.0021

Commercial  4  2.17  1.60 0.0040

Farmer  4  8.70  7.99 0.0200

Control 10 21.74  1.23 0.0012

Exposure duration (day/week)

1  2  4.35% 1.07 0.0016

2-4  9  2.17 0.60 0.0007

5 11 26.09 4.30 0.0039

6 21 45..65 18.14 0.0086

Control 10 21.74 1.23 0.0012

GM = General Mean; GSD = General Standard Deviation.
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Figure 1: The mean values of urinary 8-OHdG, urea, uric acid, bilirubin and 
creatinine in exposed groups of KZ and El-Malyia Companies compared with 
non-exposed group (rural subjects). Vertical bars indicate standard error. No 
signifi cantly different obtained at 0.05 levels.
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from 41 to 44 yr revealed the lowest creatinine level. A signifi cant 
correlation existed between total bilirubin and worker ages (y =-0.255 
+ 1.0569, r2 = 0.063). Th e group aged of 37 to 40 yr old recorded the 
highest level than other age groups.

Occupational lifespan: Th e correlation concerning measured 
parameters with exposed working periods are illustrated in fi gure 3. 
Moderate correlation existed between 8-OHdG levels and lifespan 
categories (y = 1.63x + 6.44, r2 = 0.69). Moreover, 3rd group (21-30 
yr) exhibited the highest level of 8-OHdG (11.97 ng/mg creatinine), 
but no signifi cant diff erence obtained between other groups 1st (0-
10 yr) and 2nd (11-20 yr). Concerning uric acid level, a moderate 
correlation was obtained between biochemical levels and three 
worker's categories (y = 0.58x + 16.11, r2 = 0.87). Moreover, no 
signifi cant diff erence was observed between the 1st and 2nd group. 
Urea level existed slight correlation with worker categories (y = 0.99x 
+ 8.42, r2 = 0.34). In case of creatinine, a signifi cant correlation was 
recorded for worker's categories (y = 1.54x + 10.08, r2 = 0.70). Th e 
second group (11-20 yr) exhibited the highest value; 8.16 mg/kg/24hr 
followed by the 1st and 3rd group, respectively. Total bilirubin levels 
correlated signifi cantly between worker's categories (y = 0.02x + 0.52, 
r2 = 0.02). No signifi cant diff erence was found between the 1st and 
3rd group.

Exposure period: Th e correlation between measured biochemical 
parameters and work exposure period is presented in table 2. Mean 
values of biochemical variables were signifi cantly diff erent than non-
exposed group (control) (P < 0.05). Th e mean values of 8-OHdG 
levels were in the following order: 9.05 ± 2.07; 10.08 ± 2.31 and 10.67 
± 2.45 ng/mg creatinine, for exposure periods 1, 5 and 6 days/week, 
respectively. On the other hand, the lowest value was recorded aft er 
4 days/week (2.99 ± 0.69 ng/mg creatinine). Regarding uric acid 
levels, the highest mean value was aft er 1 day/week (19.12 ± 1.39 mg/
dL) followed by (16.65 ± 1.21 mg/dL) aft er 4 days/week. However, 
the lowest one was recorded aft er 6 days/week, 13.82 ± 1.01 mg/dL 
compared with control group (19.39 ± 1.41 mg/dl). Concerning urea 
levels, the mean values exhibited the following order: 4>5>6>1 day/
week to be 12.52 ± 1.24; 11.22 ± 1.11; 11.15 ± 1.10 and 7.15 ± 0.71 
mg/dL, respectively, compared with control mean value; 8.37 ± 0.83 
mg/dl. Mean values of total bilirubin did not exceed 1 mg/dL. On 
the other hand, urinary creatinine levels of exposed groups exhibited 
mean values lower than the control group; 14.52 ± 3.62 mg/kg/24hr.

Other jobs: Th e correlation between biochemical variables and 
additional activities regarding exposed workers are presented in table 
3. A signifi cant diff erence was observed between worker's categories 
with biochemical variables (P < 0.05). Th e highest mean value of 
8-OHdG was recorded for the farmers group (14.99 ± 3.68 ng/mg 
creatinine), while the commercial group exhibited the lowest value; 
4.49 ± 1.10 ng/mg creatinine compared with the control group which 
did not exceed 3.48 ± 0.86 ng/mg creatinine. A slight diff erence 
was recorded between worker's categories along uric acid levels as 
follows: industrial only> sprayer> commercial> farmer with mean 
values; 14.81 ± 1.09, 15.18 ± 1.12, 13.25 ± 0.98 and 13.31 ± 0.98 mg/
dL, respectively. Th e control group exhibited the highest mean value; 
19.39 ± 1.43 mg/dL. Th e industrial group exhibited the highest mean 
value; 11.61 ± 0.80 mg/dL for urea level, while farmer group exhibited 
the lowest value; 8.18 ± 0.56 mg/dL. No signifi cant diff erence 
obtained between bilirubin mean values which did not exceed 1 mg/
dL. Finally, creatinine mean values accounted for a range from 2.40 
± 0.65 to 10.20 ± 2.74 mg/kg/24hr, where the highest mean value 
was recorded for the commercial group, and the lowest value was 

recorded for farmer group. Reference group (control) exhibited the 
mean value; 14.52 ± 3.90 mg/kg/24hr.

Prevalence of hepatitis C: Th e correlation between worker's 
hepatitis status and biochemical variables are illustrated in fi gure 
4. 8-OHdG levels showed moderate diff erences between hepatitis 
worker's group and non-hepatitis subjects with mean values; 9.84 
± 2.80 and 10.76 ± 3.07 ng/mg creatinine (P < 0.05), respectively. 
Similarly, uric acid levels exhibited the same pattern with mean values; 
14.30 ± 1.56 and 14.07 ± 1.53 mg/dL, while urea levels of hepatitis 
group exhibited mean value; 11.97 ± 1.32 mg/dl higher than those 
found in non-hepatitis (9.25 ± 1.02 mg/dL). Total bilirubin levels in 
either group's recorded mean values did not exceed 1 mg/dl. Also, 
no signifi cant diff erence obtained in either group, where creatinine 
levels showed mean values; 5.71 ± 1.96 or 5.60 ± 1.92 mg/kg/24hr for 
hepatitis and non-hepatitis subjects, respectively. 

Smoking habits: Th e correlation arising between smoking habits 
and biochemical variables are illustrated in fi gure 5. Smoking workers 
exhibited 8-OHdG levels highest than those of non-smokers and 
control group with mean values; 11.51 ± 3.53, 7.71 ± 2.36 and 3.48 
± 1.07 ng/mg creatinine, respectively. Concerning uric acid levels, 
moderate diff erences were obtained between studied subjects (P < 
0.05) with mean values; 14.36 ± 1.61, 13.78 ± 1.55 and 19.39 ± 2.18 
mg/dL for smokers, non-smokers and control group, respectively. 
However, urea levels exhibited the highest level; 12.43 ± 1.40 mg/dL 
in non-smokers followed by smokers (10.33 ± 1.17 mg/dl) and control 
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group (8.37 ± 0.95 mg/dL) (P < 0.05), respectively. Bilirubin levels 
showed mean values no more than 1 mg/dl. In case of creatinine, the 
mean value of control group was 14.52 ± 4.84 mg/kg/24hr followed by 
non-smokers (6.55 ± 2.18 mg/kg/24hr) and smokers (5.17 ± 1.72 mg/
kg/24hr) (P < 0.05), respectively. 

 Th e correlation between subject's knowledge and awareness of 
chemical hazards and biochemical variables are presented in table 4. 

Th e non-aware group exhibited a mean value of 8-OHdG level; 10.17 
± 4.98 ng/mg creatinine compared with control subjects (3.48 ± 1.71 
ng/mg creatinine). A signifi cant diff erence was obtained for uric acid 
levels with mean values 14.22 ± 2.19 and 19.39 ± 2.98 mg/dL for non-
aware workers and control group (P < 0.05). In contrast, the mean 
value of urea level exhibited the highest level; 10.99 ± 1.49 mg/dL for 
non-aware group comparing with a control group (8.37 ± 1.13 mg/
dL). No signifi cant diff erence was recorded for total bilirubin levels 
(P < 0.05). Creatinine level recorded the lower value; 5.67 ± 2.49 mg/
kg/24hr for non-aware group than those of control group (14.52 ± 
6.36 mg/kg/24hr) (P < 0.05).

DISCUSSION
Th e present results show statistically signifi cant diff erences in 

the urinary biomarkers and 8-OHdG levels in exposed workers 
compared with control group. Th ese fi ndings indicate that 
biochemical alteration and DNA damage are associated with 
chemical exposure. Regarding 8-OHdG level, 2nd group (El-Malyia 
Co.) revealed values higher than those of KZ Co. group. Th e exposed 
workers exhibited mean values 2.45-2.72 folds of the control group 
which did not exceed 4.58 ± 1.03 ng/ml (P < 0.01). Th ese fi ndings 
demonstrate that pesticides or fertilizers and their by-products 
exposure can induce oxidative damage as well as reduce the levels of 
cellular antioxidant and antioxidant enzyme activity [28]. Th erefore, 
the studied subjects of the two factories may carry an enhanced body 
burden of reactive genotoxic agents leading to increased frequencies 
of cytogenetic alterations. Moreover, the obtained data indicate 
that trace elements, oxides and heavy metals in fertilizer's products 
imposed DNA oxidation more than those induced by pesticides 
exposure. Th ese fi ndings may be explained as mentioned by [29], 
where Reactive Nitrogen Species (RNS) e.g. peroxynitrite, nitrous 
acid, and hypochlorite are able to impose DNA adduct more than 
Reactive Oxygen Species (ROS) which are generated from pesticides. 
Moreover, the work in the plant of fertilizers may induce a higher 
blood and urinary cadmium levels of 7.8 and 10 times, respectively, 
than those in a control population [5]. In fact, the presence of metals 
in biological systems in an uncomplexed form can signifi cantly 
increase the level of oxidative stress, where the major portion of 
long-term eff ects is leading to DNA damage [30]. So, occupational 
and environmental exposure to metals is closely associated with 
an increased risk of various cancers. Th e occupational exposure to 
nitrous and sulpho-oxide gases is associated with increased oxidative 
DNA damage, and the level of exposure plays a critical role in this 
regard [31]. On the other hand, some studies demonstrated that 
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Figure 3: The correlation between biochemical variables and occupational 
lifespan (yr) of exposed workers. Regression follow the mode y = a + bx 
obtained by simple linear regression; r2=coeffi cient of determination.  

Table 2: The correlation between measured biochemical variables and exposure period (day/week) of studied participants.

Period
(day/week)

8-OHdG
(ng/mg creatinine)

Urea
(mg/dl)

Uric acid
(mg/dl)

Total bilirubin
(mg/dl)

Creatinine
(mg/kg/24hr)

1 9.05 ± 2.07 7.15 ± 0.71 19.12 ± 1.39 0.31 ± 0.05 4.80 ± 1.21

4 2.99 ± 0.69 12.52 ± 1.24 16.65 ± 1.21 0.28 ± 0.04 14.20 ± 3.57

5 10.08 ± 2.31 11.22 ± 1.11 13.89 ± 1.01 0.67 ± 0.11 5.47 ± 1.37

6 10.67 ± 2.45 11.15 ± 1.10 13.82 ± 1.01 0.53 ± 0.08 5.47 ± 1.37

Control 3.48 ± 0.80 8.37 ± 0.83 19.39 ± 1.41 0.54 ± 0.09 14.52 ± 3.62

LSD (0.05) 3.19 1.92 2.32 0.14 4.30

P value 0.0090 0.0079 0.0068 0.0019 0.0020

F-test ** ** ** ** **

-Each value is the mean ± SE. No signifi cantly different obtained at 0.05 levels. F values represent the analysis of variance, where * = means the signifi cant at 0.05 
and ** = means the signifi cant at 0.01. 
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the exposure to pesticides such as dithiocarbamates, atrazine and 
malathion for extended periods of time can cause DNA damage 
e.g. chromosomal breaks, a centric fragment, and micronucleus 
frequency [32]. In addition, workers exposure to polycyclic aromatic 
hydrocarbons, chromium (VI), residual oil fl y ash and benzene, 
respectively, displayed increased urinary 8-OHdG concentrations 
[26,33,34].

Long-term of occupational exposure to pesticides and fertilizers 
is capable of generating ROS or RNS attack DNA, generating 
intermediates, which can react with DNA and form adducts such as 
8-OHdG [35]. Nevertheless, several reports investigated the potential 
role of 8-OHdG in disease induction. Th e weight of evidence strongly 
suggests a link between such damage and the pathogenesis of the 
disease. It includes cancer, Parkinson's disease, Alzheimer's disease, 
atherosclerosis, heart failure and others. Moreover, oxidative stress 
is likely to be involved in age-related development of cancer. Th e 
reactive species produced in oxidative stress can cause direct damage 
to DNA and are considered mutagenic. It may also suppress the 
apoptosis [36]. All these fi ndings indicate that 8-OHdG is a sensitive 
indicator for chemical occupational exposure assessment.

Th e results of the present study reveal that occupational 
exposure to chemicals increase urea levels of the exposed groups 
than the control group, but no signifi cant diff erences was obtained 
in case of uric acid and total bilirubin levels. Most previous studies 
focused on biochemical alterations in blood samples of workers 
exposed to agrochemicals, but there isn't any investigation regarding 
urine analysis. On the other hand, excessive exposure for studied 
participants to chemicals imposes signifi cant decrease in urinary 
creatinine compared with control group. Th e selected parameters 
may provide information concerning the impact of occupational 
exposure on vital organs, e.g. kidney. In fact, excessive exposure to 

Table 3: Comparison between biochemical variables and worker's activities concern exposed and non-exposed groups.

Category 8-OHdG
(ng/mg creatinine)

Urea
(mg/dl)

Uric acid
(mg/dl)

Total bilirubin
(mg/dl)

Creatinine
(mg/kg/24hr)

Industrial 10.45 ± 2.57 11.61 ± 0.80 14.81 ± 1.09 0.64 ± 0.12 6.02 ± 1.62

Sprayer 9.17 ± 2.25 9.01 ± 0.62 15.18 ± 1.12 0.51 ± 0.09 5.75 ± 1.54

Trade 4.49 ± 1.10 10.38 ± 0.71 13.25 ± 0.98 0.40 ± 0.07 10.20 ± 2.74

Farmer 14.99 ± 3.68 8.18 ± 0.56 13.31 ± 0.98 0.16 ± 0.03 2.40 ± 0.65

Control 3.48 ± 0.86 8.37 ± 0.57 19.39 ± 1.43 0.54 ± 0.10 14.52 ± 3.90

LSD (0.05) 4.02 1.25 2.15 0.16 4.02

P value 0.0076 0.0082 0.0097 0.0325 0.0061

F-test ** ** ** * **

-Each value is the mean ± SE. No signifi cantly different obtained at 0.05 levels. F values represent the analysis of variance, where * = means the signifi cant at 0.05 
and ** = means the signifi cant at 0.01. 

Table 4: The mean values of measured biochemical variables associated with worker's awarnace and using of protection wears.

Group 8-OHdG
(ng/mg creatinine)

Urea
(mg/dl)

Uric acid
(mg/dl)

Total bilirubin
(mg/dl)

Creatinine
(mg/kg/24hr)

Non-aware 10.17 ± 4.98 10.99 ± 1.49 14.22 ± 2.19 0.56 ± 0.01 5.67 ± 2.49

control 3.48 ± 1.71 8.37 ± 1.13 19.39 ± 2.98 0.54 ± 0.01 14.52 ± 6.36

LSD (0.05) 6.43 2.52 4.97 0.02 8.50

P value 0.0047 0.0462 0.0037 0.0440 0.0072

F-test ** * ** * **

-Each value is the mean ± SE. No signifi cantly different obtained at 0.05 levels. F values represent the analysis of variance, where *=means the signifi cant at 0.05 
and **=means the signifi cant at 0.01. 
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Figure 4: The correlation between biochemical variables and prevalence 
hepatitis C concern exposed workers. Vertical bars indicate standard error. 
No signifi cantly different obtained at 0.05 levels.   
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smoking habits concern studied participants. Vertical bars indicate standard 
error. No signifi cantly different obtained at 0.05 levels.
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pesticides, heavy metals, gases, dust, and others may cause adverse 
changes in the hepatic, and renal biochemical markers. Salih (1995) 
[36] evaluated the hepatic and nephrotoxic eff ects of dimethoate and 
diazinon on rats, where uric acid, creatinine, Alanine Transaminase 
(ALT) and Aspartate Transaminase (AST) increased compared 
with control animals. It was found that pesticides elevate blood 
uric acid level by altering kidney function. On the other hand, Patil 
et al. [37] stated that occupationally exposed pesticide sprayers of 
grape gardens had an increase in serum bilirubin, creatinine, blood 
glucose and urea. Th ese fi ndings were associated with no proper 
protection measures in the fi elds, and the people were non-aware 
of these toxicants. Similarly, Ejigu and Mekonnen [38] assessed the 
health status attitude and level of awareness of safe pesticide handling 
practices of farm workers engaged in the application of pesticides on 
agricultural farms. Th e liver function tests showed elevated values. 
Another investigation by Khan et al [39] in Pakistan displayed that, 
occupational workers of traders, gardeners and owners of gardens 
signifi cantly were aff ected by agrochemicals. Th ey had signifi cantly 
altered hemoglobin level, calcium, uric acid resulting in altering in 
kidney function as well as liver function. 

Th e correlations between biochemical variables and personal 
characteristics display positive concept with occupational lifespan 
and exposure periods. On the other hand, additional activities 
especially farming induced high DNA damage and alterations in 
other biochemical variables. Prevalence of smoking habits revealed 
a signifi cant increase in 8-OHdG levels than those in non-smokers. 
However, creatinine levels decrease in smoker group than those of 
non-smoker group. In fact, cigarette smoking was shown in some 
studies [40,41] to rise 8-OHdG levels in human cells as well as 8-OHdG 
excretion rates [42]. Th e present investigation displays the exposure 
to broad range of chemicals as well as smoking contents recently 
increase DNA damage and alter other measurements. Concerning 
subjects involved in the factories of pesticides and fertilizers, several 
studies found signifi cant positive associations between exposure 
and respiratory symptoms or decreased lung function. Th e studies 
focused on the manufacture of urea [43], pentachlorophenol [44], 
chlorpyrifos [45], the package of liquid pesticides (pyrethroids and 
carbamates) [46] and various other pesticides [47]. 

CONCLUSION
From the present study, it has been concluded that worker's groups 

of Kafr El-Zayat district signifi cantly employ risk of occupational 
exposure. Th e impact of pesticides and fertilizers aff ects DNA 
adducts and alters biochemical variables. 8-OHdG measurement is 
considered a good biomarker for assessing occupational exposure to 
pesticides and fertilizers. 

Recommendation and limitation

Protective measures must be undertaken. Th e two factories were 
established about 50 year ago. So, renovation work must be done 
and the technology and the framework must be changed. Moreover, 
work processes associated with peak exposures should be identifi ed. 
Furthermore, the workers should be educated and trained to improve 
their awareness about harmful eff ects of the chemicals. 

In the present study, there are limitations of chemicals analysis 
in urine samples. Also, large population size and other fl uid samples 
were not undertaken. Th us, we recommend that, more studies 
concern workers in the manufacture of pesticides and fertilizers in 
Egypt should be done to establish health promotion, personal survival 
and good exposure assessment or biomonitoring programing.
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