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Research Paper
 Diazinon Residues in Rice and Associated Health Risks 
for Human; A Case Study in Rasht, Iran

Background: Rice is the most important agricultural crop and the main food in Gilan and 
Mazandaran Provinces in northern Iran where organophosphorus pesticides, especially diazinon, 
are used. The excessive use of this insecticide in the paddy fields of Rasht County is a serious 
threat to people’s health.

Methods: In this study, 30 rice samples were collected from five zones in the paddy fields of 
Rasht in summer. The samples were analyzed when rice is sold to assess the health risk caused by 
diazinon residues in rice. Following the digestion process, the samples were injected into a High-
Performance Liquid Chromatography (HPLC) instrument. Analysis of Variance (ANOVA) and 
one-sample t-test were respectively used for analyzing data and the Health Risk Index (HRI) for 
assessing the risk of rice consumption. 

Results: According to the results, the mean residual diazinon concentration in the rice crops of 
the five studied zones at the time of consumption (three months after harvest) was 0.4±0.43 mg/
kg-1. This was higher than the Iranian standard for permissible diazinon concentration in rice. 
The results of the health risk assessment for rice consumption indicated an HRI value of 0.13 for 
rice consumption, which did not constitute a serious risk for people who consume rice regularly. 

Conclusion: Although the results of this study showed that there are no potential health risks 
for consumers, with increasing the use of chemical pesticides for crops, to achieve food safety, 
regular monitoring of pesticide residues in crops is recommended. 
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1. Introduction

he increasing global need for food due to the 
growing population is of particular impor-
tance. Consequently, pests of agricultural 

crops are considered a major dilemma despite the un-
avoidable use of pesticides for improving the yield of 
crops [1, 2]. Pesticides consist of a vast abundance of 
chemicals that are used to prevent, defeat, and decrease 
pests in different stages of crop cultivation [3]. Pesti-T
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cides are chemicals that control insects, fungi, weeds, 
and other pests damaging crops [4-6]. According to the 
Food and Agriculture Organization (FAO), about 3.8 
million tons of pesticides were used in agricultural lands 
in 2012 [7]. Biological problems resulting from pesticide 
application include the destruction of beneficial insects 
and natural enemies of pests, the emergence of pesticide-
resident pests, and the reduction of biodiversity. More 
than two million people, mostly in developing countries, 
are also exposed to health problems resulting from the 
application of pesticides [8]. The pesticide residues in 
food products have an adverse effect on human health 
[9]. Despite the benefits of pesticides for improving the 
yield of crops, their extensive use can increase the con-
tamination of soil and surface waters causing serious en-
vironmental and health hazards [10, 11]. The standard 
models introduced by accredited international organiza-
tions are used to cope with the increased probability of 
developing cancers and non-cancer diseases caused by 
pesticides. Indices mainly based on the concentration of 
applied pesticides, including Hazard Quotient (HQ) and 
Hazard Index (HI), are used to assess the health risks of 
pesticides [12, 13]. The use of Organochlorine Pesticides 
(OCPs) has been banned in many countries due to their 
environmental persistence and accumulation in the food 
chain ad also their undesirable effects on humans. This 
has led to the increased use of other pesticides, such as 
Organophosphate Pesticides (OPPs) that are less persis-
tent than OCPs [14, 15]. However, these pesticides are 
among the hazardous chemicals [16] because of their 
residues in agricultural products [17]. 

Striped rice stem borer (Chilo suppressalis) is one of 
the most destructive rice pests found all over the world. 
It affects rice plants at their various growth stages and 
causes dead hearts or dying of the central tiller during the 
vegetative stage and empty and whitish looking panicles 
(whiteheads). A common method for controlling this 
pest is to use effective pesticides with fewer side effects 
[18-20]. According to the data from the Gilan Organiza-
tion of Agriculture, Rasht has the largest area under rice 
cultivation in Gilan Province and Chilo suppressalis is 
the most important pest found in rice paddies. Conse-
quently, the OPP diazinon (in its liquid and granulated 
forms) is commonly applied to rice paddies to control 
this pest. In addition to contaminating soil and water re-
sources, diazinon may accumulate in rice posing a seri-
ous threat to the health of rice consumers. Therefore, it 
is very important to detect diazinon in rice produced in 
the paddies of Gilan Province. This study was done to 
determine the safety of rice produced in Rasht in terms 
of diazinon residues.

2. Materials and Methods

Sampling

The study area (Figure 1), the eastern part of the 
Anzali Wetland, consists of five zones with a total area 
of 81478.71 ha. Based on the 2011 Census, Rasht has a 
population of more than 900000 people. 

Sampling was carried out according to the international 
method recommended by the Codex Committee (Codex 
Alimentarius 2000.01.24). In this method, each sam-
pling region or district based on geographical conditions 
is divided into the northern, southern, eastern, western, 
and southern zones, each of which is sub-divided into 
six sections or plots of agricultural lands. Three rice 
samples were taken from each plot and mixed to form 
working samples, which were transferred to the labora-
tory (European Commission, 2003). Figure 1 presents 
the five selected zones. Furthermore, based on the basic 
research, in which low-persistence OPPs with short half-
lives were studied, backups were prepared for all the 
samples collected at harvest in the summer and kept at 
room temperature. These backups were analyzed almost 
three months later at the time of selling the rice crop in 
the market. 

Sample extraction

The rice grains were first dried at ambient temperature 
and then, their husks were removed. Each sample had its 
grains ground separately to determine its diazinon resi-
due. Using Soxhlet extraction, 5 g of each ground sam-
ple was wetted by water and after 2 h, was put in the ul-
trasonic instrument for 4 min to be ready for extraction. 
The sample was then transferred into the 50-mL Soxhlet 
extractor and the extraction process was completed in 4 
h using petroleum ether. Diazinon was determined us-
ing the gas chromatographic method. Three microliters 
of the extract were injected into a gas chromatograph 
(Shimadzu-9A) using the following parameters and op-
erating conditions: flame ionization detector and capil-
lary GC column 30m×0.53mm packed with a mixture 
of 200+2.0% OV -17 and 4.5%DC, chromosorb WAW; 
column temperature: 240 ºC and detector temperature: 
275 ºC. Peak areas and retention times were calculated 
by comparison of retention time obtained from standard 
solutions of comparable strength [21]. The solvent was 
then evaporated and the dried compound was dissolved 
in 0.5 mL methanol, and 20 µL of the prepared solu-
tion was injected into the HPLC instrument. HPLC was 
equipped with a diode array detector and an SGE C18 
RS column (250×4.6 mm, 5 µm) [22]. For each sam-
ple, the injection process was repeated three times, and 
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qualitative and quantitative measurements were done 
after comparison with the standard spectra, and the re-
corded data were reported. The mobile phase for the rice 
samples contained 80% methanol, 15% double-distilled 
water, and 5% acetonitrile.

Statistical analysis

The data were analyzed using Microsoft Excel and 
SPSS 16. After confirming data normality, the concen-
tration and dispersion criteria, such as mean, variance, 
standard deviation, standard error, and bar graphs were 
used in the descriptive analysis. The one-sample t-test 
and one-way Analysis of Variance (ANOVA) were 
employed in the analytic section. Parametric one-way 
ANOVA was then used for the normal data to compare 
the zones with respect to diazinon residues in rice grains. 

Heath risk assessment

Calculating Health Risk Index (HRI)

The equation for HRI was used to determine the risk 
resulting from diazinon application for the rice samples 
in the studied area. The HRI has been recommended 
by the United States Environmental Protection Agency 
(US EPA) and is used in many references to identify the 
health risk [16, 23-25]. 

HRI= EADI
ADI

EADI = RPC ×FCR
BW

Where, EADI, RPC, FCR, and ADI are the estimated 
average daily intake, the residual pesticide concentration 
(mg/day-1), the food consumption rate (kg/day-1), and 
the acceptable daily intake (mg/kg-1 day-1), respectively. 
Based on the FAO/WHO guidelines, the ADI for diazi-
non is 0.005 mg/kg-1 day-1 [16]. When HRI is more than 
one, the food has a high health risk for humans. How-
ever, when HRI is less than one, the food will be ac-
ceptable for consumption because it will not cause an 
unacceptable health risk. 

Calculating the permissible FCR in the study area

The permissible FCR was calculated after potential 
risk analysis and quantitative and qualitative assess-
ments. The diazinon level in the body should not exceed 
the chronic Reference Dose (RfD). The following equa-
tion is used to calculate the maximum recommended rice 
consumption: 

Where, CR, RfD, and C respectively represent the 
maximum rice consumption rate (kg/day), the reference 
dose (mg/kg/day), and diazinon concentration in rice 
(mg/kg).

3. Results and Discussion

The mean diazinon concentration in the rice sam-
ples

Table 1 lists the results of the analysis of the rice sam-
ples when the crop was offered for sale with respect to 
diazinon residue. The five zones in the study area were 
separated based on the mean and standard deviation. The 
highest and lowest residual diazinon concentrations in 
the rice samples (0.54 and 0.221 mg/kg on average) were 
recorded in the southern and eastern zones of the study 
area, respectively (Figure 2).

Health risk evaluation

Based on the health risk assessment calculated by the 
HRI (for non-cancer diseases), the consumption of rice 
provided in the local market does not pose a health risk 
for the people. 

The mean body weight of the inhabitants was assumed 
to be 70 kg, the average daily rice consumption per per-
son was 0.114 kg, and the acceptable ADI was 0.005 mg/
kg-1/day-1 [16]. The calculated HRI for rice consumption 
for the rice was offered for sale in the market was 0.13. 
Moreover, the HRI value for rice consumption in each 
zone of the studied area was reported separately. There 
was no health risk posed by rice consumption in any of 
the five zones when the rice crop was offered for sale in 
the market. A comparison of the five zones revealed that 
the highest and lowest HRI values were respectively re-
corded in the central and eastern zones. The HRI values 
for the western, eastern, northern, southern, and central 
zones were 0.10, 0.07, 0.09, 0.17, and 0.2, respectively. 
Considering that all HR values are less than one, rice 
consumption does not cause any considerable potential 
risk for human health in the study area when the rice 
crop is offered for sale in the local market (Figure 3).

Calculating the recommended rice consumption 
rate

Based on the above-mentioned formula and consider-
ing the residual diazinon concentration in the rice sam-
ples after complete removal of husks, the permissible 
rice consumption rate for adults and children is 0.035 
and 0.017 kg/day, respectively. 
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Pesticide residue in the rice samples

Based on the results, there were significant differences 
between the five zones of the studied area with respect 
to the presence of diazinon in the rice samples (P<0.05). 
This confirms that the pesticide application rates and the 
number of applications are not the same among the rice 
farmers in Rasht. Accordingly, the average values are 
decreasing in the central, southern, western, northern, 
and eastern zones of the study area. The highest mean 
diazinon residue in the rice samples among all the sta-
tions was found at a station in the central zone, which 
had the highest residual diazinon concentration among 
the five zones in the study area. The lowest mean diazi-
non residue among all the stations was recorded in a sta-
tion in the northern zone of the study area. Moreover, the 
overall mean residual diazinon concentration in the rice 

samples in Rasht when the rice crop was offered for sale 
in the market was 0.4 mg/kg-1, which exceeded the Max-
imum Residual Limit (MRL) for diazinon (0.2 mg/kg-1) 
set by the Institute of Standard and Industrial Research 
of Iran (ISIRI) in 2004. The high diazinon concentra-
tions in the rice samples in most stations compared with 
the MRLs in Iran indicate that large quantities of pesti-
cides are applied in Rasht paddy fields to obtain rice with 
higher qualitative and quantitative yield. The pesticide 
residue is still very large when the crop is offered for sale 
in the market, which its long-term use can cause chronic 
illnesses. Qu et al. [26] also pointed out the direct re-
lationship between the quantity of the applied pesticide 
and its residue in plants.

There was a relationship between the time of pesticide 
application, the time of rice harvest, and the residual 

Table 1. The residual diazinon concentrations (mg/kg-1) in the rice samples in each zone of the studied area

Parts of the Study Area Number of Stations Mean±SD (mg/kg-1) Significance Level

Western 6 0.316±0.395 0.004

Central 6 0.628±0.656 0.001

Northern 6 0.293±0.349 0.003

Southern 6 0.540±0.260 <0.001

Eastern 6 0.221±0.299 0.008

Total 30 0.400±0.436 -

Figure 1. The studied area
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concentration of pesticides. It was also recommended 
that studies be conducted at appropriate time intervals 
between rice harvest and its consumption [27, 28].

A similar study was conducted in Nepal to determine 
the residual concentrations of OPPs and OCPs in veg-
etables, including eggplants, tomatoes, and peppers. The 
results demonstrated the presence of pesticide residues 
in these three vegetables (0.001-0.231, 0.004-0.507, and 
0.013-3.465 mg/kg-1 in eggplants, peppers, and toma-
toes, respectively) [29]. Despite the higher concentration 
of pesticide residue in tomatoes in this study than that 
in rice in the present research, their results for eggplants 
and peppers were almost similar to that for diazinon 
residue in rice in the present research. The results of a 
study conducted in China to detect pesticides in straw-
berry samples showed that the residual concentration 
of 26 pesticides varied from 0.01 to 2.88 mg/kg-1 [30]. 

The residual diazinon concentrations in some stations 
were consistent with the lowest residual concentration 
reported by Chua et al. [30]. The findings of a study in 
Vietnam on assessing the quantities of chlorinated pes-
ticides in fish samples suggested that the residual DDT 
concentration in fish tissues varied from 0.182 to 0.277 
mg/kg-1 [31]. Although these concentrations are lower 
than those found in the present study, they are almost 
similar. Another study on drinking water in China re-
ported that among the studied pesticides, atrazine and 
acetochlor were detected at 4-73.323 ng kg-1 in drinking 
water samples [32]. These concentrations are very negli-
gible compared with those recorded in the present study. 

Health risk assessment

The HRI value for the rice crop for its regular consum-
ers when it was offered for sale in the market in Rasht 
was slightly more than 0.1. Considering rice consump-

Figure 2. The average and standard deviation for the residual diazinon concentration in each zone of the studied area
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Figure 3. Health Risk Index (HRI) of diazinon residue in rice in each zone of the studied area
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tion in Rasht, this HRI value can pose a slight health risk 
for rice consumers. Moreover, the comparison of the 
HRI values for the five zones in the study area indicated 
that rice consumption in the southern and central zones 
of the studied area caused a slight health risk for rice 
consumers. 

Evaluation of health risks caused by OPPs and car-
bamate in cereals, vegetables, and fruits in Nigeria re-
vealed that the residual concentration of none of the 
studied pesticides exceeded the determined MRLs. The 
calculated HRI values for the OPPs and carbamate in 
none of the studied crops posed a health risk for consum-
ers [33]. These results are consistent with those found in 
this study, but they reported lower health risks compared 
with the present study. 

The health risk of 100 different pesticides in tissues 
of Tilapia fish was assessed. The results indicated that 
Tilapia did not cause health risks for the people eating 
this fish. In this study, the equation for the Target Haz-
ard Quotient (THQ) was used to assess the health risk of 
pesticides. The THQ values for fish consumption were 
smaller than one, and it was unlikely that its consump-
tion would pose a health risk for fish consumers [34]. 
Similar research has also shown that despite the detec-
tion of pesticides in food ingredients, their consumption 
will not put their regular consumers at considerable risk 
[35-37].

Contrary to the present research, many studies on the 
health risk of pesticides, in which HRI has been used 
in agricultural products or other food materials, have re-
ported a high risk of developing cancers or non-cancer 
diseases [38, 39].

Despite the very negligible risk of the studied crop 
for consumers, chemical pesticides or poisons are rec-
ommended to be replaced by other methods. It is also 
suggested to ban the use of chemical pesticides to mini-
mize the health risks [37]. Because diazinon residues in 
the rice samples exceeded ADI and or RfD values, the 
recommended rates of rice intake must be determined 
for the people living in the study area to minimize the 
undesirable effects of diazinon application in rice for hu-
mans. Considering the chronic RfD value, it was found 
that the recommended rate of rice intake in the study area 
for adults was much lower than the consumption rate. 

4. Conclusion

Although the overall mean residual diazinon concentra-
tion in the rice samples in Rasht was 0.4 mg/kg-1, which 
exceeded the MRL for diazinon (0.2 mg/kg-1) set by the In-
stitute of Standard and Industrial Research of Iran (ISIRI) in 
2004, the HRI value was less than one. This result declared 
that rice consumption does not cause any considerable po-
tential risk for human health in the study area when the rice 
is offered for sale in the local market.

Guilan Organization of Agriculture has reported per capita 
rice consumption of 32-48 kg/year (the average daily rice 
intake of about 0.115 kg), which is three times more than 
the amount determined for adults. This may be the reason 
for the occurrence of some chronic diseases in the studied 
area, such as digestive diseases. However, further studies 
should be conducted on the relationship between pesticide 
residues in food materials and the occurrence of chronic 
diseases to confirm the health risks of pesticide residues for 
rice consumers in the study area. These approaches, com-
bined with proper diet management and creating public 
awareness on potential health risks resulting from chronic 
exposure to arsenic in rice, could play a key role in risk 
reduction.
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