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Abstract                                                                                       Received: July 2017, Accepted: October 2017 

Background: In most industries, employees are in contact with various chemical agents. The 

objective of this study was to assess the health risks posed by occupational exposure to harmful 

chemical agents in a pesticide manufacturing plant in Zahedan, Iran, in 2013. 

Materials and Methods: This cross-sectional study was conducted in different units of a pesticide 

manufacturing plant. In order to evaluate the health risks associated with occupational exposure, a 

method provided by the Singapore Health Department was used. After identifying the pollutants, 

including benzene, toluene, ethylbenzene, and xylene (BTEX), CO, NO, NO2, and H2S, the degree of 

risk, the degree of exposure of the employees to the chemical agents, and the level of health risk were 

calculated. 

Results: The results showed that the highest hazard rate (HR) in all units was related to benzene and 

the lowest HR was related to NO and H2S. In the powder unit, the exposure rate (ER) and risk rate 

(RR) of NO2 were higher than other pollutants. Additionally, in different units, the RR of benzene was 

2.23, which was the highest among the pollutants. Generally, the RR of all pollutants was very low 

(insignificant) and low. 

Conclusions: By using information related to the risks of chemical agents and results of assessments 

of the health risks of exposure to chemical pollutants, different occupations can be ranked in terms of 

exposure to chemical risk factors. This ranking can be used to prioritize the allocation of resources for 

control measures and reduce exposure levels to acceptable levels. 
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Introduction  

There are many chemical pollutants in 

enclosed industrial spaces and work 

environments, including gases, vapors, and 

particles. The hazards of these pollutants vary 

depending on the chemical substance, route of 

entry, duration of contact, and density (1-4). 

The diversity of chemicals as well as exposure 

to chemicals are rising annually, leading to an 

increase in related diseases and the deaths of 

many people in the industry (5).  

Hence, identifying and evaluating industrial 

work environments is very important in this 

respect. For this purpose, assessing the health 

risks of chemicals is used as an appropriate 

tool for expressing the level of exposure of 

employees of industries to chemicals as well 

as anticipating control measures,
 *

training, 

monitoring, and health care for the protection 

of employees (3, 6). Assessing the risk of 

chemicals is a scientific assessment process 

that determines the level of risk and can help 

determine the appropriate risk management 

strategies and policies. Risk is a function of 
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toxicity, risk potential, and exposure to 

chemicals (7).  

Mckenzie et al., in a study in 2012, evaluated 

human health risk in the face of chemicals 

released from unconventional greenhouse 

gases, and highlighted the importance of 

applying risk management strategies to reduce 

individuals’ exposure (8). Jahangiri et al. in 

2011 (6), Golbabaei et al. in 2012 (5), and 

Wahhabi et al. in 2015 (9) conducted a risk 

assessment of chemicals using various 

methods in some industries. Their results 

indicated the applicability of risk assessment 

to corrective and control measures. Focusing 

on the pesticide industry, due to the release of 

hazardous chemicals in this industry, the 

present study highlighted the risk level of the 

pollutants in this industry. Pesticides that 

contain herbicides, insecticides, and fungicides 

are widely used to control pests and diseases 

caused by pests in the agricultural and public 

health sectors (10-12). In a review study 

conducted by Mehrpour et al. on pesticides 

and its consequences, it was found that the 

majority of pesticides including organ 

phosphorus compounds affect the male 

reproductive system through mechanisms 

including reduction of sperm density and 

motility (13). The production of various types 

of these products is increasing. Many people 

work in the manufacturing industries. Workers 

working in pesticide plants are at high risk of 

exposure to various chemicals and are 

susceptible to pesticides and other chemicals 

(14). Based on the experiences of many 

countries, the prevention of health risk caused 

by pesticides is technically feasible and risk 

assessment and appropriate management of 

pesticide use is an essential component of this 

prevention (15).  

Therefore, in the present study, this method 

was used in a pesticide manufacturing plant to 

evaluate the risk level of exposure to 

chemicals in order to determine the control 

priorities and corrective actions to reduce risks 

to an acceptable level. 

 

Material and Methods 

This cross-sectional study was conducted in 

2013 at an agricultural pest production plant. 

The census sampling method was used to 

select the study subjects. All workers who 

were working full-time in different units 

(powder, labs, insecticides, filling, and 

formulations units) and had contact with toxins 

and pesticides were included in the study (37 

subjects). Those who met the inclusion criteria 

were included in this study and signed the 

informed consent form. Moreover, individuals 

who had at least one year of work experience 

were studied. In addition, all subjects were 

allowed to withdraw from the study at any 

stage.  

The method used by the Singapore Health 

Department to assess the health risk of 

exposure to harmful chemical agents was 

adopted in this study, and its stages are 

described below (3, 16). Data used in this 

method include some information provided by 

organizations related to chemical hazards such 

as the International Agency for Research on 

Cancer (IARC), American Conference of 

Governmental Industrial Hygienists (ACGIH), 

and National Toxicology Program (NTP), 

which classify the chemicals in terms of health 

risks. The potential risks of chemicals can also 

be determined based on the classifications 

presented by these organizations. The 

variables used to determine the conditions of 

exposure include factors that depend on the 

inherent characteristics of the substance, such 

as the ratio of olfactory threshold to 

permissible exposure limit (OT/PEL), particle 

size of substances, and vapor pressure of 

chemicals, and some variables related to the 

conditions of use of chemicals, such as weekly 

consumption, duration of work with the 

chemical, and quality control methods. 

Chemicals used in this study included 

benzene, toluene, ethylbenzene, and xylene 

(BTEX), CO, NO, NO2, and H2S. In order to 

conduct this study, after determining the duties 

and tasks and identifying the pollutants and 
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chemicals used at the site, the hazard rate of 

each of them was determined as explained 

below. Furthermore, the chemicals were 

identified based on previous sampling of 

ambient air according to standard methods 

which was done in 2012. 

A) Hazard rate determination: The hazard 

rate (HR) or risk factor of various substances 

is determined according to the factors 

presented in table 1. 

 

Table 1: Determination of hazard rate based on toxic effects or carcinogenicity property 

Hazard/effect classification description Hazard rate 

- No adverse effects on health 

Carcinogenicity A5 (ACGIH) 

- It is not a toxic and harmful substance. 

1 

- Undesirable effects on the skin and mucosa (without high intensity) 

Carcinogenicity A5 (ACGIH) 

- Creating sensitivity and stimulating the skin 

2 

- Carcinogenicity and mutagenesis in humans or animals (sufficient information has 

not yet been provided) 

Carcinogenicity A3 (ACGIH) 

- Group 2B (IARC) 

- Corrosive substance (5 > PH > 3 or 11 > PH > 9) 

-Respiratory stimulation as component of harmful substances 

3 

- Possibility of carcinogenicity, mutagenesis, and genetic disorders (based on studies 

on laboratory organisms) 

- Carcinogenicity A2 (ACGIH) 

- Group A2 (IARC) 

- Group B (NTP) 

- Very corrosive substance (2 > PH > 0 or 14 > PH > 5.11) 

- Toxic substance 

4 

- Carcinogenic, mutagenesis, and cause of genetic disorders in infants 

Carcinogenicity A1 (ACGIH) 

Group 1 (IARC) 

- Group A (NTP) 

- Very toxic substance 

5 

ACGIH: American Conference of Governmental Industrial Hygienists; IARC: International Agency for Research on 

Cancer; NTP: National Toxicology Program 

 
B) Determination of exposure rate: 

Exposure rate (ER) can be obtained by 

determining the actual exposure level (when 

air monitoring results are available) or by 

determining the exposure index (EI) when the 

air monitoring results are not available. The 

second method was used in this study to 

determine ER. For this purpose, first, EI was 

calculated. EI, as previously indicated, was 

determined based on the physicochemical 

properties of harmful chemicals, vapor 

pressure, OT/PEL, toxicology information, the 

level, frequency, duration, and routes of 

exposure, hazard control measures, and other 

related information (17). Then, ER was 

determined based on the following formula: 

    [(EI)1 (EI)2 …(EI)n]
1/n

  

Where n is the number of exposure factors 

used. 

EI has been ranked from 1 to 5 in numerical 

scales in terms of severity of exposure, 

meaning that the number 1 represents low 

exposure severity and the number 5 represents 

high exposures severity (17). 

C) Determination of risk rate: After 

determining HR and ER, the risk rate (RR) is 

obtained according to the following equation:  

          

The reason for taking the square root of the 

resulting is to get a number in the range of 1 to 

5. The risk of each duty and its ranking is 

determined in table 2. 

 



Laal et al  

174                                                                                                    JOHE, Summer 2017; 6 (3) 

Table 2: Determining the risk rate 

Risk rate Level of risk Ranking 

0-1.7 1 Very low-negligible 
1.7-2.8 2 Low 
2.8-3.5 3 Average 
3.5-4.5 4 High 
4.5-5 5 Very high 

 

This rating will help us take corrective 

measures to reduce the risk in the pesticide 

industry. If the assessment shows that there is 

a significantly high risk for a task or duty, 

appropriate corrective actions should be 

considered for that task.  
 
 

Table 3: Determination of the chemical risk rating of different chemicals separately in 

different units of a pesticide manufacturing plant 

Unit Pollutant name HR ER RR Quality Risk Coefficient 

Powder unit 

Benzene 5 1 2.23 Low 
Toluene 3 1 1.7 Very low-negligible 
Xylene 2 1 1.4 Very low-negligible 

Ethylbenzene 3 1 1.7 Very low-negligible 
Co 4 1 2 Low 
No 1 1 1 Very low-negligible 
No2 2 2 2 Low 
H2s 1 1 1 Very low-negligible 

Laboratory 
unit 

Benzene 5 1 2.23 Low 
Toluene 3 1 1.7 Very low-negligible 
Xylene 2 1 1.4 Very low-negligible 

Ethylbenzene 3 1 1.7 Very low-negligible 
Co 4 1 2 Low 
No 1 1 1 Very low-negligible 
No2 2 1 1.4 Very low-negligible 
H2s 1 1 1 Very low-negligible 

Insecticide 
unit 

Benzene 5 1 2.23 Low 
Toluene 3 1 1.7 Very low-negligible 
Xylene 2 1 1.4 Very low-negligible 

Ethylbenzene 3 1 1.7 Very low-negligible 
Co 4 1 2 Low 
No 1 1 1 Very low-negligible 
No2 2 1 1.4 Very low-negligible 
H2s 1 1 1 Very low-negligible 

Filling unit 

Benzene 5 1 2.23 Low 
Toluene 3 1 1.7 Very low-negligible 
Xylene 2 1 1.4 Very low-negligible 

Ethylbenzene 3 1 1.73 Low 
Co 4 1 2 Low 
No 1 1 1 Very low-negligible 
No2 2 2 2 Low 
H2s 1 1 1 Very low-negligible 

Formulation 
unit 

Benzene 5 1 2.23 Very low-negligible 
Toluene 3 1 1.7 Very low-negligible 
Xylene 2 1 1.4 Very low-negligible 

Ethylbenzene 3 2 2.4 Low 
Co 4 1 2 Low 
No 1 1 1 Very low-negligible 
No2 2 2 2 Low 
H2s 1 2 1.4 Very low-negligible 

HR: Hazard rate; ER: Exposure rate; RR: Risk rate 
 

 

Results 

In the studied subjects, a total of 37 

individuals were present in different units, of 

which 15 were woman. Individuals had 

different tasks in these units. For example, the 

main tasks in the laboratory unit were 
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pesticides sampling, materials inspection (raw 

materials, labels, bottles, doors, and etc.), and 

pesticides quality control. In the liquid and 

powder insecticide production unit, the mixing 

of raw materials, filtering, filling bottles, 

sealing, and bottling were the most important 

tasks. Table 3 shows the RR of gases and 

chemical vapors in various units of the studied 

plant. According to the results in all units, the 

HR of benzene was higher than the other 

studied pollutants and the HRs of NO and H2S 

were lower than the other studied pollutants. In 

the powder unit, the ER (2) and the RR of NO2 

(2.23) were higher than the other pollutants. 

Generally, in all units, the RR of benzene was 

2.23, which was the highest among pollutants 

in the work environment. The second highest 

RR among all units was related to toluene. The 

lowest RR in different units is also given in 

table 3, which usually included H2S and NO. 

In addition, according to table 3 and based on 

the classification of table 2, RR was in the 

range of 0-1.7 (very low, negligible) and 1.7-

2.8 (low) in almost all units and for all 

chemicals. The highest risk rate was also 

related to benzene (low: 2.23).  

 

Discussion  

The employees studied in this research were 

exposed to the 8 chemical pollutants of 

BTEXs, CO, NO, NO2, and H2S during their 

work. BTEX are among the most important 

volatile compounds with similar physical and 

chemical properties. In the present study, the 

RR of all pollutants in all units was very low 

and low. It should be noted that the permitted 

amount of benzene in Iran is 0.5 ppm. The 

highest RR was related to benzene because it 

has a higher risk factor, and as it is not 

possible to remove it from the units, it is 

necessary to take control measures to reduce 

the risk of exposure to it, although it was 

reported at a low and very low level. Toluene 

was ranked second in this regard. In the case 

of toluene, xylene, ethylbenzene, CO, NO, 

NO2, and H2S, the priority in terms of control 

action is to reduce the amount of exposure by 

modifying the working method and the 

ventilation system and using appropriate 

protective equipment. In a study conducted by 

Mousavi-Fard et al. to assess the risk of 

toluene diisocyanate (TDI) and methylene 

diisocyanate (MDI) in car paint shops in 

Alborz Province, Iran, the highest risk factor 

and concentration were related to TDI (18). 

Contrary to the findings of the present study, 

the results of the study by Zare Jedi et al. 

showed that occupational exposure to benzene 

was at a dangerously high level in refueling 

stations (19). Furthermore, they concluded that 

the risk of cancer is potentially high among 

individuals working at refueling stations due to 

inhalation exposure (19). Wang et al. studied 

the status of pollution and the health risks of 

BTEX in air, soil, dust, and groundwater in the 

area surrounding a pesticide manufacturing 

plant in China (20). They found that the 

concentration of BTEX in the air and the soil 

were below related standards of China, 

however integrated risk management was 

proposed to protect occupational health (20), 

which was similar to the results of this study. 

Moreover, in the study by Beheshti et al., with 

aim of risk assessment of health exposure to 

hazardous chemical agents in a petrochemical 

plant, among the different materials which 

people are exposed to, benzene and xylene had 

the highest risks and were used in various 

occupations (21). In the study by Golbabaie, 

among about 40 chemical substances, benzene 

was introduced as the most hazardous 

chemical in the petrochemical industry (5). In 

this study, as previously mentioned, the 

highest RRs were related to benzene and 

toluene, respectively. Several studies, such as 

those by Harati (22) and Ding and Bao (23), 

have also pointed to the adverse effects of 

BTEX. Harati et al. showed that exposure to 

benzene can increase the risk of cancer and 

risk assessment and cancer risk analysis can 

provide valuable information on the control 

procedures in the petrochemical industry (22). 

In another study conducted in China, Ding and 

Bao showed that exposure to pesticides is 

likely to be related to the physical health of 
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children, and improving epidemiological 

programs and methods for assessing and 

integrating this information with toxicological 

data will lead to better assessments (23). In the 

pesticide industry, due to the active presence 

of women and the adverse effects of pesticides 

on newborns (24), women should try to avoid 

exposure to pesticides and high risk units 

during pregnancy and lactation, and they 

should be employed in low risk units. 

According to the results of the study 

conducted by Mamani et al. in 2015, 

occupational exposure to pesticides is related 

with an increased risk of respiratory symptoms 

and chronic bronchitis, but its causal 

relationship is still under debate (25). 

Therefore, control measures should always be 

taken into consideration. Although the amount 

of pollution was lower than the permitted level 

in this plant, it is still necessary to take 

measures to reach an ideal industry. This 

permitted level is proposed for healthy 

individuals, and some individuals may be 

exposed to pollutants in the work environment 

more than others due to factors such as age 

and individual sensitivity. 

 

Conclusion  

By using information about the hazards of 

chemical agents and results of the assessment 

of the health risks of exposure to chemical 

pollutants, different occupations can be ranked 

in terms of exposure to the risk factors. This 

ranking can be used to prioritize resources for 

taking control measures and reduce the level 

of risk of exposure to acceptable levels. 

Taking exposure control measures including 

technical control, engineering, and 

management measures, continuous monitoring 

of the work environment, and risk 

reassessment after the interventions necessary 

to minimize the pollutants is suggested. 
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