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ABSTRACT： 

 

Pymetrozine has replaced the toxic organophosphate pesticides that were previously 

used for rice crops in China. Owing to its recent introduction, there are limited studies 

on the residuals and dynamics of Pymetrozine in the environment. The existing data 

usually pertain to application studies on artificially constructed plots. Such studies do 

not adequately address the behaviour of natural dynamics and residuals of Pymetrozine 

in actual field conditions. Therefore, it is necessary to carry out studies under field 

conditions to investigate the natural dynamics and residuals of Pymetrozine in typical 

rice-growing areas in China. In addition, residents living close to agricultural lands 

might be exposed to pesticides through environmental pathways including spray drift 

and volatilisation of pesticides beyond the treated area. Most studies about the 

metabolism, environmental distribution, fate and exposure of Pymetrozine have been 

carried out in laboratory conditions. However, these experiments cannot represent the 

natural dynamics and residuals and its exposure and human health risk in the field 

situation. Therefore, it is necessary to systematically assess Pymetrozine exposures and 

potential health risks through the environmental routes for residents living close to 

agricultural lands in field situations.  

 

This study was carried out in two rice growing areas in China: Guangxi Province and 

Hunan Province. Surface soil and paddy water samples were collected in each area on 

the day prior to spraying and up to the 28th day after pesticide application in June 

2019.A modified Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) 

method was used to extract the target analyte. Parameters including linearity, linear 

range, LOQs, accuracy, precision and stability were considered to evaluate the method 
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validation. Calibration curve analysis and kinetic evaluation methods were used to 

discuss the dynamics and residual levels of Pymetrozine. In addition, data on the 

registration of pesticides in China were used, along with government reports, and 

questionnaire interview as well as toxicological health investigations were carried out 

to determine the potential hazard identification of Pymetrozine as the major hazard to 

community health. US EPA exposure assessment and human health risk assessment 

methods were conducted using the soil and paddy water samples which were collected 

between 10 to 20 metres around the residents’ apartments. These included the 

calculation of Hazard Quotient (HQ) and cancer risk values to assess health risks. 

 

The results of the recovery range for both the soil and water samples were between 70 % 

and 120 %, and the relative standard deviation (RSD) was lower than the 20 % in this 

study, being within the accepted level for residue determination method. Thus, this 

result shows satisfactory performance of the method. The initial deposit of Pymetrozine 

in soils was higher than in paddy water in both areas. The decay of Pymetrozine 

followed an exponential trend. The half-life of Pymetrozine in paddy water was 

determined to be 3.08 and 3.85 days in the Guangxi and Hunan samples, whereas in 

soil it was 3.49 and 3.73 days, respectively. The degradation of Pymetrozine in soil and 

paddy water in this field study was faster than reported in previous studies conducted 

under non-field conditions. 

 

The typical loamy soil and red soil type of the rice-growing areas in China, make 

residues of Pymetrozine very susceptible to chemical and biological degradation, 

probably corresponding to the variety of microorganisms in that soil type. In addition, 
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the partitioning behaviour of Pymetrozine between soil/sediment and water conforms 

to previous results and can be used in modelling studies. 

 

The minimum, average, 95th percentile and maximum of the potential cancer risk from 

dermal contact with soil and water for adults and children; the minimum, average, 95th 

percentile and maximum of the potential cancer risk from ingestion of soil for adults 

and children; and the potential total cancer risk from soil and paddy water exposure 

through the dermal and ingestion pathways were less than 1×10-6, which is within the 

acceptable levels.  

 

The potential non-cancer risk levels obtained for the minimum, average, 95th percentile 

and maximum of the acute dose and lifetime dose of Pymetrozine through dermal 

exposure to soils and paddy water; and ingestion exposure to soil for adults and children 

of the two study locations were below unity. Thus, the potential risks were relatively 

low. 

 

There are no significant potential health effects of Pymetrozine exposure from 

environmental routes to agriculture communities in both typical rice-growing areas 

Hunan and Guangxi, of China. 
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CHAPTER 1 INTRODUCTION 

Pesticides are substances used as insecticides, fungicides, herbicides, rodenticides, 

molluscicides and nematicides (Bernardes et al., 2015). It is generally accepted that 

pesticides play an important role in agricultural development because they can reduce 

the losses of agricultural products and improve the affordability, yield and quality of 

food (Aktar et al., 2009b). Because of the urgency to improve food production and 

control insect-borne disease, the development of pesticides increased during World 

War II (1939-1945). Also, from the 1940s onwards, the increased use of synthetic crop 

protection chemicals permitted a further increase in food production (Bernardes et al., 

2015). Moreover, about three billion kilograms of pesticides is consumed worldwide 

every year (Chang et al., 2017), with only 1% of total pesticides being effectively used 

to control insect pests on target plants. The remaining large amounts of pesticides go 

into or reach non-target plants and environmental media, leading to environment 

contamination and negative impacts on human health (Hernández et al., 2013, 

Bernardes et al., 2015). 

 

Humans are directly exposed to pesticides in the workplace (MacFarlane et al., 2013, 

Atabila et al., 2019) and indirectly through the environment including air, water, soil 

and the food chain which are contaminated with pesticides (Kim et al., 2017, Fenik et 

al., 2011). Dermal, oral, and respiratory exposure are the main common pathways, 

through which pesticides enter the human body having an adverse impact on human 

health (Anderson and Meade, 2014, Damalas and Eleftherohorinos, 2011, Atabila et al., 

2018a). For example, according to a WHO and UNEP report, about three million people 
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are poisoned, and 200,000 people die due to pesticide exposure every year worldwide 

(Yadav et al., 2015). 

 

Although some measures have been proposed to reduce the negative effects of 

pesticides on the environment and human health (Phung et al., 2012c), both acute and 

chronic human toxicity resulting from these substances remain a serious problem. It is 

predicted that the high-risk of pesticide exposure will increase worldwide over the next 

decade, especially in developing countries including China. 

 

China leads the world in both pesticide production and consumption (Zhang et al., 

2011a). Large quantities of pesticides are overused in China. For example, 57%, 64%, 

and 17% of actual amounts of pesticides were overused for rice, cotton and maize, 

respectively (Zhang et al., 2015). The use of pesticides increased from 1.28 million tons 

in 2000 to 1.8 million tons in 2013, with an average annual increase of 2.7% (Shuqin 

and Fang, 2018). Seventy percent of the pesticides used in China were not absorbed by 

plants, but instead seeped into soil and groundwater (Wang et al., 2018a). Thus, farmers 

and their families in China exposed to pesticide pollution are at risk of adverse health 

effects. For example, the Chinese Ministry of Health as well as the Chinese Ministry of 

Agriculture estimated that over 200,000 pesticide-poisoning incidents occur each year 

in China. Many non-farmworker residents live close to agricultural lands where 

pesticides are often used intensively. Due to the intrinsic toxicity of pesticides, it is 

important to evaluate the potential health consequences for this specific population, 

largely absent in studies to date. 
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Although only about 15% of the total land area in China is suitable for cultivation, it 

produces the largest agricultural output in the world (Liu, 2012). Rice is the staple food 

for the majority of people in China. The pests that cause the greatest problem to rice 

production in China are insects from the genera Aphidoidae, Delphacidae, Aleyrodidae, 

and Cicadellidae. Consequently, many kinds of insecticides have been employed to 

protect rice from pests. Currently, Pymetrozine {4,5-dihydro-6-methyl-4-[(3-

pyridylmethylene)-amino]-1, 2, 4-triazine-3(2H)-one} (Li., 2011) which has the basic 

structure of a pyridine azomethine is the most commonly used insecticide for rice crops 

in China. It is an effective chemical that kills plant-sucking insects, such as aphids, 

whiteflies, leafhoppers and planthoppers (Gong et al., 2019). In addition, Pymetrozine 

has been reported to have effects on neuroregulation or nerve-muscle interaction in 

sucking insects, thus preventing the insertion of their styli into the plant tissue (Xu et 

al., 2018b). 

 

Therefore, given the widespread use of Pymetrozine in China, a need exists for an 

investigation of the environmental behaviour and fate of this substance, following 

application to crops. Although previous studies focused on the Pymetrozine residuals 

in the environment , crops and vegetables, the majority focused on the plot studies (Li 

et al., 2011), designed by scholars and which do not represent the natural dynamics and 

residuals of the insecticides in actual field situations. Moreover, few studies have 

comprehensively analysed its dynamics, persistence and concentration level in typical 

rice-growing areas. While Pymetrozine has brought great benefits to crop production 

by killing insects, the USEPA considers that Pymetrozine is a “likely” human 

carcinogen and is slightly moderately toxic to aquatic invertebrates. Therefore, 
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Pymetrozine dynamics and persistence may have implications as regards potential 

human health. 

 

Thus, the present study was conducted to provide an understanding of Pymetrozine 

residues in the Chinese rice field ecosystem. These data were then used to provide a 

human exposure and potential health risk assessment, with respect to spray applicators 

and neighbouring communities. The present study will also help to guide the 

development of improved pesticide application programs and policies in the future. 
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CHAPTER 2 LITERATURE REVIEW ON 

AGRICULTURE DEVELOPMENT AND PESTICIDE 

APPLICATION 

2.1 Agricultural Development Process  

There is a long history for the agriculture development in many places around the world 

Agricultural practice began about 10,000 years ago in the Fertile Crescent of 

Mesopotamia corresponding roughly to most of today’s Iraq, Turkey, Syria and Jordan 

(Unsworth, 2010). People who lived in these areas collected edible seeds through means 

such as fire-stick farming, and forest gardening. When the population became more 

settled and lived on farming, large amounts of wheat, barley, peas, lentils, chickpeas, 

bitter vetch, and flax were cultivated (Kislev et al., 2004). Rice and sorghum were 

cultivated in the Sahel region of Africa about 7,500 years ago (Davies, 1968). Davies 

(1968) also indicates that some local crops were also domesticated independently in 

West Africa as well as in New Guinea and Ethiopia about 7,500 years ago. Rice and 

millet were domesticated in China (Lu, 1999). Therefore, there was an urgent need for 

scholars and the public to look for ways of cope with the problems caused by pests and 

diseases. 

 

2.2 Historical Perspectives of Pesticide Usage 

There are three main period of times in the pesticide usage’s history. During the first 

period, before the 1870s, pests were controlled by using various natural compound 

methods. The first recorded use of insecticides was around 4,500 years ago by 

Sumerians (Unsworth, 2010). They used sulfur compounds to control insects and mites. 

About 3,200 years ago, the Chinese used mercury and arsenical compounds to control 

body lice. There was no chemical industry, so any products used were derived directly 
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from readily available animal, plant or mineral sources. For example, volatile 

substances were often applied by ‘smoking’. The principle was to burn straw, chaff, 

hedge clippings, crabs, fish, dung, or other animal products, so that the smoke, 

preferably malodorous, could spread throughout the orchard, crop or vineyard 

(Unsworth, 2010). It was generally assumed that such smoke would eliminate blight or 

mildew. Smoke was also used against insects. People controlled weeds mainly by hand 

weeding, while various chemical methods were also reported (Council, 2000). 

Pyrethrum is obtained from the dried flowers of Chrysanthemum cineraria 

folium “Pyrethrum daisies” and it has been used for almost 2000 years as an insecticide. 

During the second period between 1870 and 1945, people began to use inorganic 

synthetic materials. At the end of the 1800s, people in Sweden used copper and sulphur 

compounds against fungal attack in fruit and potatoes (Sheail, 1991). Since then, people 

have been using many inorganic chemicals including the Bordeaux mixture, based on 

copper sulphate and lime arsenic as pesticides and they are still being used for the 

prevention numerous fungal diseases (Bernardes et al., 2015). 

 

The third period started after 1945 (Unsworth, 2010). The disadvantages of many of 

these products were their high rates of application, lack of selectivity, and high toxicity. 

Owing to effects of DDT, BHC, aldrin, dieldrin, endrin, chlordane, parathion, captan 

and 2,4,5-T, the use of synthetic pesticides stated in the 1940s (Zhang et al., 2017). For 

example, DDT was widely used worldwide since it had low toxicity to mammals, and 

it can control insect-borne diseases (Ross, 2005, Zhang et al., 2011a). The book “Silent 

Spring” indicated the negative impacts of pesticides on the environment and human 

health. The book aroused great attention among scholars and the public (Bernardes et 

al., 2015). DDT was forbidden in the US in 1972 because of its harm to non-target 
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plants and animals as well as problems with its significant ability to accumulate in 

tissues and persist, causing long-term damage (Barnhoorn et al., 2009). Between the 

1970s and 1990s, new families of chemicals such as triazolopyrimidine, triketone and 

isoxazole herbicides, strobilurin and azolone fungicides chloronicotinyl, spinosyn, 

fiprole diacylhydrazine and synthetic pyrethroids have been introduced to the market 

and most of the new chemicals can be used in grams rather than the kilograms per 

hectare (Bernardes et al., 2015, Unsworth, 2010, Zhang et al., 2011a). 

 

2.3 Types of Pesticides in Use 

Pesticides are classified by different classification terms such as chemical classes, 

functional groups, modes of action, and toxicity (Garcia et al., 2012). Firstly, pesticides 

are classified by different targets of pests, including fungicides, insecticides, herbicides, 

and rodenticides (Amaral, 2014, Mnif et al., 2011). In terms of chemical classes, 

pesticides are classified into organic and inorganic ingredients. Inorganic pesticides 

include copper sulfate, ferrous sulfate, copper, lime, and sulfur. Organic pesticides can 

be classified according to their chemical structure including chlorohydrocarbon 

insecticides, organophosphorus insecticides, carbamate insecticides, synthetic 

pyrethroid insecticides, metabolite and hormone analog herbicides; synthetic urea 

herbicides; triazine herbicides; benzimidazole nematocides; metaldehyde 

molluscicides; metal phosphide rodenticides and D group vitamin-based rodenticides. 

For example, chlorohydrocarbons compounds such as DDT have low acute toxicity but 

show significant ability to accumulate in soils, sediment and lipid tissues and persist, 

causing long-term damage. Therefore, these chemicals were forbidden in most of the 

countries. While, organophosphate pesticides are of low persistence they have 

appreciable acute toxicity in mammals (Kim et al., 2017, Damalas and Eleftherohorinos, 
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2011). This thesis deals with human risk assessment with pesticide exposure resulting 

to chemical structure and not to the end-use of pesticides, thus, the chemical structure 

classification will be the primary classification in this thesis. (Fig.2-1). 

 

 

Figure 2-1 Summary of Agricultural Use of Each Class of Pesticides in China (Zhang et al., 2018) 

 

2.4 The Role of Pesticides 

Tremendous benefits have been achieved from the use of pesticides in a range of areas, 

including public health and agricultural activities (Aktar et al., 2009b). Pesticides are 

used in daily life for killing pests including mosquitoes, ticks, rats, and mice in houses, 

offices, malls, and streets. As a result, the large burden of diseases caused by these 

vectors has been substantially reduced or eliminated (Amaral, 2014, Lawler, 2017, Kim 

et al., 2017). Insecticides are used to control insects which spread deadly diseases. For 

example, malaria result in an estimated death count of 5000 deaths globally in each day 

(Ross, 2005). 

 

Pesticides play crucial role in agricultural production. There is a remarkable increase in 

agricultural products have been reported as a result of pesticide use (Bernardes et al., 
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2015, Lamichhane, 2017). However, there is a global movement which believes that 

healthy food should be free of pesticides.   

 

Moreover, within one century, population growth increased from 1.5 billion in 1900 to 

about 6.1 billion in 2000, corresponding to world population growth rate is three times 

greater than during the entire history of humanity. Since 2003, the world’s population 

has increased by yet another billion, and given the current growth rates, it is projected 

to reach 9.4–10 billion by 2050 (Carvalho, 2017), demographic growth, has required a 

significant increase in agricultural yield since the beginning of the 20th century. 

Although, increases in food productivity have been due to several factors, including the 

use of pesticides, better plant varieties, and the use of machinery, pesticides have been 

an integral part of the process by reducing harvest losses caused by weeds, diseases, 

and insect pests (Aktar et al., 2009b). About one-third of agricultural products are 

produced using pesticides. There would be a 78% loss of fruit production, a 54% loss 

of vegetable production and a 32% loss of cereal production without the use of 

pesticides worldwide (Kim et al., 2016). Thus, they have made a significant 

contribution to alleviate hunger and provide access to an abundant supply of high-

quality food. 

 

There is also a secondary benefit from pesticide usage, which is less immediate and less 

intuitively obvious, with long-term consequences, including farm and agribusiness 

revenues, nutrition and health improvement, food safety, quality of life improvement, 

a wider range of viable crops, life expectancy increases, reduced vet and medical costs, 

a fitter population, stress, maintenance costs, soil erosion/moisture loss, greenhouse gas 

emission, international spread of diseases, global warming, increased export revenues, 



10 

 

workforce productivity, biodiversity, and cropping due to agronomic consultation 

(Cooper and Dobson, 2007).Controlling pests of pastures will bring significant 

livestock productivity benefits. For example, insecticide spraying may cost USD 10/ha 

to control red-legged earth mites in clover, however, sheep farmers in Australia can 

increase the value of their wool yield by USD 50/ha (Ridsdill-Smith and Pavri, 2015), 

Another example is that increased agricultural productivity using proper pesticides may 

significantly increase farming families’ income (Miller, 1982) The value of nutritious, 

safe, and affordable food contributes to life expectancy as a health promoter (Cooper 

and Dobson, 2007).  

 

2.5 Pesticide Behavior in the Environment 

When pesticides are applied to a target plant or disposed of, they have the potential to 

enter the environment. On entering the environment, pesticides can undergo processes 

such as transfer (or movement) and degradation (Singh, 2012, Scholtz and Bidleman, 

2007, Liu et al., 2015b). Pesticide degradation in the environment includes microbial 

degradation, chemical degradation and photo-degradation (Marie et al., 2017). 

Pesticides relocate from the target site to other environmental media or non-target 

plants by transfer processes including adsorption, leaching, volatilization, spray drift, 

and runoff (Fig. 2-2) (Robinson et al., 1999). The different types of chemicals indicate 

their differences in environmental behaviour. For example, organochlorine compounds 

such as DDT have low acute toxicity but show significant ability to accumulate in 

tissues and persist to causing long-term damage. Therefore, these chemicals have been 

forbidden in most countries.  
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Figure 2-2 Pesticide Behaviours in Natural Environment (by author) 

 

2.5.1 Pesticide Degradation and Transformation  

After pesticides are applied to the target organism they are degraded by microbes, 

chemical reactions, or light (Abian et al., 1993). Depending on the environmental 

conditions and the chemical characteristics pesticide (Wu et al., 2018), degradation may 

take from hours to days or even years (Tcaciuc et al., 2018). Pesticide degradation 

processes control pesticide persistence in soil and yield different metabolites (Tariq and 

Nisar, 2018). For example, in the case of chlorpyrifos, the major metabolite 3, 5, 6-

trichloro-2-pyridinol (TCP) of chlorpyrifos is much more mobile and toxic than its 

parent chlorpyrifos (Zhao et al., 2017, Atabila et al., 2018a). Chlorpyrifos and its 

degradation products have been frequently detected in soils, sediments, and 

groundwater in many areas. These chemicals are endocrine-disrupting chemicals 

possibly posing potential risks to human health (Yue et al., 2017). Another example is 

Pymetrozine which are widely used in China currently and its degradation products in 

environment and human urine samples that are unknown, and it should be paid attention. 
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There are three types of pesticide degradation (Luo et al., 2018, Su et al., 2017). 

Microbial degradation is the degradation of pesticides by microorganisms such as fungi 

and bacteria (Han et al., 2013). For example, biodegradation is the main path of 

niclosamide degradation in natural environments as aerobatic and anaerobic 

microorganisms have a high capability of degrading niclosamide (Luo et al., 2018). 

Factors including oxygen, temperature, soil moisture, soil pH, and soil porous structure 

influence pesticide microbial degradation (Su et al., 2017, Yue et al., 2017, Singh, 2012, 

Qian et al., 2017b). For example, the enantioselective degradation of benalaxyl is 

mainly influenced by pH, with a greater degradation on soils with higher pH values 

(Qin et al., 2014). 

 

Pesticides are degraded by chemical reactions in the soil, not mediated by biota. This 

process is called chemical degradation (Bansal, 2011). Moreover, the energy input 

provides by sunlight radiation plays an important role in the degradation of molecules 

on soil surfaces because it is always active (Quan et al., 2015). The rate and type of 

chemical degradation are influenced by soil temperature, pH levels, moisture, and the 

binding of insecticides to the soil (Singh, 2012). 

 

Photo-degradation is the degradation of pesticides by radiation wave lengths in sunlight 

(Wei et al., 2018). All insecticides are capable of photo-degradation to some extent and 

the rate of degradation depends on the intensity of light, length of exposure, and the 

properties of the insecticide (Singh, 2012). For example, niclosamide could hydrolyze 

to generate 5-chlorosalicylic acid and 2-chloro-4-nitroaniline under the effect of light 

(Luo et al., 2018). 
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2.5.2 Pesticide Movement 

Sorption  

 

When pesticides are used, only a small amount of the applied pesticides display a 

protective role to fight against plant diseases, whereas a huge amount of pesticides 

reach the soil and resulting in serious soil pollution (Qin et al., 2014, Xue et al., 2006, 

Sadler et al., 2001). The sorption process one phenomenon that bind pesticides to soil 

particles because of the attraction between a chemical and soil particle and of process 

which lead to the upgrade of chemical (Bansal, 2011, Liu et al., 2010). In addition, 

adsorption isotherms can be obtained according to the standard batch equilibration 

method (OECD106, 2000) and used for the assessment of pesticide retention in the 

environmental media (Liu et al., 2021). 

 

Various factors influence this soil absorption process. Some soil factors, including pH, 

organic matter (Yue et al., 2017, Dong et al., 2013, Ren et al., 2011, Liu et al., 2010, 

Liu et al., 2008) and soil amendment. Moreover, soils rich in organic matter or clay are 

much more adsorptive to pesticides than coarse, sandy soils, because clay or organic 

soils either have a greater particle surface area, or more sites onto which insecticides 

can be bound (Bošković et al., 2020, Han et al., 2013). For example, results indicate 

that the adsorption and desorption abilities of endosulfan may be related to the contents 

of clay and organic matter in the soil (Qian et al., 2017a, Wu et al., 2016). The study 

shows the sorption/desorption and mobility of strobilurin fungicides in three Chinese 

soils in the order of Jiangxi red soil > Taihu paddy soil > Northeast China black soil. 

The main reasons for this result are soil properties including organic matter (SOM), pH, 

and cationic exchange capacity (CEC) influencing the adsorption/desorption of the 
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fungicides. Moisture also influences the adsorption of pesticides in the soil (Singh, 

2012). Generally, dry soils absorb more insecticides than wet soils because water 

molecules compete with the insecticides for the binding sites in wet soils. Temperature 

is another factor that influences ammonium nitrogen adsorption (Duan et al., 2013). 

The humic acid colloid also influences the adsorption of DDT in sediments (Gao et al., 

2014, Si et al., 2006).  

 

Since some pesticides have a long persistence in soil (Gao et al., 2008, Duan et al., 

2008) and then they can be absorbed by plant growth. Such types of pesticides could 

damage or leave residues in crops (Al-Wabel et al., 2016, Yadav et al., 2015, 

Lozowicka et al., 2015, Durisic-Mladenovic et al., 2011). Positively charged pesticide 

molecules are attracted to negatively charged clay particles and can easily bind (Singh, 

2012). Certainly, this applies to inorganic pesticides and plants such as the Chinese 

Brake Fern are used to phytoremediation arsenic contaminated soils. But organic 

pesticides are generally unable to pass the soil-root barrier. Moreover, in order to even 

have a chance of being taken up by a plant, the pesticide must be in active equilibrium 

with the soil water phase, as it’s from here, not the soil that the uptake will actually take 

place. 

 

Leaching  

 

Large amounts of pesticides are registered and used worldwide, some of which are 

likely to leach the groundwater and cause water pollution (Fontana et al., 2010, Han et 

al., 2013). Leaching is when pesticides move through the soil rather than remain above 

the surface, which is influenced by several factors (Singh, 2012, Connell, 2005, Fontana 
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et al., 2010, Sadler et al., 1999). Singh (2002) also indicates solubility is an important 

factor for leaching because pesticides that dissolve in water can move with the water in 

the soil. Soil permeability is another crucial factor influencing pesticide leaching 

(Connell, 2005). Also, the more permeable the soil, the greater the potential for 

pesticide leaching in the soil. The adsorption coefficient (Koc) and half-life in aerobic 

soil also influence insecticide leaching (Geng et al., 2017). Furthermore, the level of 

leaching also depends on how persistent the insecticide is in the environment. An 

insecticide low in persistence will less likely leach because it may remain in the soil 

only for a short time (Singh, 2012). For example, imidacloprid is persistent (half-life in 

soil =187 days), thus its environmental fate characteristics are high. Moreover, 

meteorological conditions, including annual rainfall and annual average temperature, 

are the main factors influencing the leaching characteristic of pesticides (Singh, 2012). 

Precipitation is a key factor influencing the flux of downward leaching to groundwater 

together with insecticide solutes (Labite et al., 2013). Furthermore, temperatures impact 

the evapotranspiration of soil which, in turn, influences the behaviour of pesticide 

leaching in the soil. Soil properties such as soil texture and soil organic content affect 

water percolation and the transport of pesticides to groundwater (Connell, 2005, Geng 

et al., 2017). Among these soil conditions, soil texture is the most important aspect that 

influences water movement and pesticide transport in the soil (Ou et al., 2020). In 

addition, soil anaerobic microorganisms, organic matter content and pH conditions are 

reported as important factors regulating degradation of phenazines (Geng et al., 

2017). Boskovic et al (2020) discussed the impact of soil properties on the absorption 

of pesticides. Their result indicated that the adsorption of both pesticides was highly 

correlated with pH (negatively correlated), and less associated with the soil organo-

mineral complex (TOC, clay and surface area) and C and N in soil organic matter (OM). 
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Particle sizes or cation exchange capacity (CEC) did not correlate with adsorption but 

showed an association in multidimensional space in the factor analysis (FA). Moreover, 

the potential evaporation rate should be taken into account for the effect of crop residues 

on soil water and temperature regimes. 

 

Spray Drift  

Spray drift is the airborne movement of spray droplets receding from a treatment site 

during pesticide application (Ou et al., 2020, Grella et al., 2020, Pourreza et al., 2020, 

Wang et al., 2020), thus causing environmental pollution and food contamination 

(Connell, 2005, Grella et al., 2020). For example, aquatic ecosystems are the recipients 

of various pesticide residues, with leaching spray drift and agricultural runoff and cause 

toxicity in aquatic organisms (Farhan et al., 2020). Another example is that although 

unmanned aerial vehicle (UAV) applications at low volume using fine and very fine 

droplets have been adopted in several commercial spray scenarios, allowing water-

saving and high-efficiency operation in the delivery of pesticides, spray drift associated 

with UAV applications, especially for fine droplets generated from spinning disk 

nozzles, has not been fully discussed, which could raise the environmental and 

regulatory concerns. The drift potential of three different volume median diameters 

(VMDs or Dv0.5) of 100, 150, and 200 from a commercial quadcopter equipped with 

centrifugal nozzles exposed to different wind speeds under field conditions was 

compared. The results show that flight speed and altitude have a significant effect on 

the distribution of the airflow field (Zhang et al., 2020). 

 

Volatilization  
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Volatilization is the conversion of a solid or a liquid into a gas. Once pesticides have 

been volatilized, they can be carried on air currents away from the treated surface 

(Singh, 2012). Some important factors determine the volatilization level of the pesticide 

(Connell, 2005). These include vapour pressure, temperature, humidity, air movement 

(Zhu et al., 2017) and soil conditions such as texture, organic matter content, and 

moisture (Alamdar et al., 2014). Moreover, the higher the vapour pressure, the more 

volatile the insecticide will be. In addition, high temperatures, low relative humidity, 

and air movement tend to increase volatilization (Connell, 2005). For example, there is 

more potential for atmospheric dispersion of OCPs in tropical areas than in temperate 

climates (Chakraborty et al., 2015). Furthermore, an insecticide tightly adsorbed to soil 

particles is less likely to volatilize (Wong et al., 2008). Lisouza et al. (2020) found that 

contaminated surface waters could be the major source of human exposure to OCPs 

through volatilization. Leaf, soil, and air samples were collected for 21 days after 

chlorpyrifos was applied to a field of purple tansy in order to further understand the fate 

and transport of the organophosphate insecticide, chlorpyrifos, and its degradation 

product, chlorpyrifos oxon. The result showed that the SCREEN3-predicted 

chlorpyrifos concentrations were > 5 times higher than the measured concentrations. 

This indicates that approaches for calculating accurate pesticide volatilization fluxes 

from agricultural fields are still needed.  

 

Runoff  

 

Runoff is the pesticides’ movement in water over a sloping surface (Connell, 2005). 

Pesticides may move as compounds dissolved in water or attached to soil particles of 

the eroding soil. This has a close relationship with some factors including the slope or 
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grade of an area, the edibility, texture and moisture content of the soil, the amount and 

timing of rainfall and irrigation (Singh, 2012). 

 

A runoff is caused when the speed of water added to a field is so fast that it cannot be 

absorbed by the soil (Bansal, 2011). Over-irrigation results in the accumulation of 

excess surface water causing insecticide runoff. Pesticide runoff results in pesticide 

pollution in streams, ponds, lakes, and wells, and pesticide contamination could bring 

negative impacts on plants, and animals as well as humans (Aktar et al., 2009a, Badach 

et al., 2007). 

 

2.6 Pesticide Contamination and Its Adverse Effects on the 

Natural Environment 

Pesticide use is increasing worldwide especially in developing countries (Phung et al., 

2012c, Schreinemachers et al., 2017). There are two main reasons for this increase.  

Firstly, due to population growth, farmers have tried their best to increase food 

production to meet the demands of larger populations (Hailu, 2017). The increasing 

need to supply affordable and good quality food that is pest-free and does not cause 

diseases has led to an increase in the use of pesticides (Bernardes et al., 2015). Climate 

change is the other reason for an increase use of pesticides (Miraglia et al., 2009). 

Previous studies indicate that as a result of climate change, there will be an increase in 

the number of outbreaks of a wider variety of insect pests (Tirado et al., 2010) leading 

to an increase use of pesticides. The growth in population and climate change contribute 

mainly to the increasing use of pesticides and a higher global pesticide production is 

estimated in the future. Although pesticides play a significant role in the improvement 

of crop yields and the production of affordable and good quality food, the increasing 
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use of pesticides also brings a few negative effects to the environment and human health 

(Elgueta et al., 2017). Owing to the chemical ingredients Pesticides can control pests 

and weeds, therefore, they can also be toxic to birds, fish, beneficial insects, and non-

target plants (Aktar et al., 2009b, Mingo et al., 2017, Skrbic et al., 2007) as well as air 

(Kawahara et al., 2005, Tuncel et al., 2008, Baker et al., 1996, Gouin et al., 2008) water, 

soil and crops (Kim et al., 2017, Fang et al., 2017). Such chemical residues impact 

human health through the environment and food contamination. Pesticides move in 

several ways, including in air, through wind currents, in water, through runoff or 

leaching, and on or in plants, animals, and humans (Singh, 2012, Connell, 2005). 

 

2.6.1 Impact on Water Environment  

Many chemicals, including some pesticides, have been detected in groundwater (Singh, 

2012). Groundwater is polluted when pesticides leach from treated fields, mixing sites, 

washing sites, or waste disposal areas (Ansara-Ross et al., 2012). 

 

It is widely accepted that pesticides enter both the surface and ground water by direct 

application to control of aquatic weeds, aquatic insects, percolation and also run-off 

from agricultural production fields, drift from agro-allied industrial waste water, 

discharge from waste water from clean-up equipment used for pesticide formulation 

and application (Strassemeyer et al., 2017, Damalas and Eleftherohorinos, 2011, Wang 

et al., 2017) , atmospheric deposition, and air/water exchange (Salem et al., 2016). 

 

Surface water systems including rivers, lakes, streams, reservoirs and estuaries are 

especially vulnerable to the accumulation of pesticides and other chemicals (Adams et 

al., 2016) since they are small captive sinks of the by-products of human activities. 
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Surface water systems are linked to both groundwater and atmospheric water through 

the hydrologic cycle. Furthermore, surface water moves into groundwater by 

percolating downwards through the soil, and it also enters the atmosphere through 

evaporation and transpiration (Singh, 2012). Atmospheric water and groundwater can 

also recharge surface waters. 

 

Pesticide mobility in water results in pesticide contamination on water resources. 

(Mazlan et al., 2017, Kurwadkar, 2017). Both surface water and ground water pollution 

produced by pesticides are very serious and urgent issues in freshwater and coastal 

ecosystems throughout the world (Aktar et al., 2009b, Wang et al., 2017, Lai, 2017). 

Moreover, due to high costs and requirement of high technology, it is difficult to treat 

polluted surface and ground water (Aktar et al., 2009b, Guo and Wang, 2004). 

 

There are a lot of reports about pesticides contamination of both surface water and 

ground water worldwide (Anderson et al., 2018, Brauns et al., 2018, Clemow et al., 

2018, Otalvaro and Brigante, 2018, Aravinna et al., 2018, Rose et al., 2018). For 

example, the United States Geological Survey (USGS) found that there were several 

pesticides in more than 90% of water and fish samples collected from US streams (Kole 

et al., 2001). Study results indicated that there is pesticide contamination in surface 

water in the Bohai Sea and the Yong-ding River China, respectively, and that the 

contamination level of both areas is influenced by the seasons. One report indicated a 

higher concentration of glyphosate during dry seasons which may be due to reduced 

dilution from precipitation (Liu et al., 2018, Wang et al., 2018c, Osten and Dzul-Caamal, 

2017).A study showed that the high levels of pesticide toxicants found in Nigeria are 

around 240-650 µg/m3 (1040 µg/m3) for endosulfans and 120 to 2890 µg/m3 for 
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hexachlorobenzene (Mazlan et al., 2017). According to the OECD (2001) report, 

agriculture in the EU contributes 40–80% of total nitrogen and 20–40% of phosphorus 

to the pollution of surface waters. Another example is that 37,000 to 500,000 of the 

wetlands in Saskatchewan (Canada) have been contaminated by herbicides and the 

contamination levels exceeded the national standard (Donald et al., 1999). This 

pesticide contamination in water not only directly impacts the drinking water standard 

in local areas, but also indirectly by transferring to the next species, such as soil and the 

food chain (Shakeri et al., 2015). 

 

2.6.2 Impact on Soil Systems 

The capacity of soil to filter, degrade and detoxify pesticides is a function or quality of 

soil (Barron et al., 2017). The degradation of pesticides leads to the production of 

residues that not only persist and transform in aquatic ecosystems but also in terrestrial 

areas for years, posing a threat to the environment (Al-Wabel et al., 2016, Sadler et al., 

2005). Indeed, soil and sediment contamination by pesticides has been a very common 

problem in terrestrial areas that has causing adverse impacts on the quality of food and 

agricultural sustainability. Moreover, in terrestrial areas, because pesticides not only 

have a large retention capacity but also re-emit old organic pollutants into the 

atmosphere, ground -water and living organisms as a secondary source, soil is the 

principal reservoir of environmental pesticides playing an important role in the global 

distribution and fate of contamination (Zhang et al., 2013a). 

 

The persistence of pesticide residuals in soil has a very close relationship with the 

properties of pesticides including water solubility, soil-sorption constant (Koc), the 
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octanol /water partition coefficient (Kow), and half-life in soil (DT50) (Wu et al., 2017). 

Pesticides that are strongly bound to soil are classified into hydrophobic, persistent, and 

bio-acumulable pesticides (Aktar et al., 2009b, Yadav et al., 2015). For example, some 

pesticides such as organochlorine DDT, endosulfan, endrin, heptachlor, lindane are 

strongly bound in soil, thus, the government has abandoned these pesticides in 

agriculture (Yadav et al., 2015). Some other pesticides including carbamates, 

fungicides, and some organophosphorus insecticides are not persistent in soil but 

transform in soil by running off and leaching to different environmental media; 

therefore, soil contamination with pesticides also pose a widespread threat to water and 

the food chain. 

 

The transformation behaviour of pesticides in soil is determined by the interactions 

between soil and pesticide properties, including the organic matter content, soil pH and 

temperature, humidity, types of microorganism, irrigation modes, and grass hedges 

(Wang et al., 2018b, Damalas and Eleftherohorinos, 2011, Andreu and Picó, 2004). For 

example, the larger the organic matter content, the greater the adsorption of pesticides. 

Also, adsorption increases with decreasing soil pH for2, 4-D, 2, 4, 5-T, picloram, and 

atrazine pesticides (Liu et al., 2015b). 

 

2.6.3 Impact on Atmosphere 

Pesticide contamination in the air is also a considerable pollution factor that causes 

negative impacts on human health (Langenbach et al., 2017). The pesticides used for 

agricultural activities always travel in the air and the residuals of pesticides in the air 
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are mainly from pesticide application or by volatilization from the soil or plants (Lee et 

al., 2002, Durisic-Mladenovic et al., 2011). 

 

Pesticide sprays are one way of pesticide application. They are mainly projected by a 

fan as water droplets and, after a turbulent process when they go through the canopy, 

they are forced into the ground by gravity, as well as drifted by atmospheric activities 

such as wind (de Jong et al., 2008). Subsurface application, surface application and 

aerial spraying are three important ways of spraying widely used in the modern 

agricultural development process, but hand spraying is still prevalent in many 

developing countries (Aktar et al., 2009b), including China. 

 

All methods of spraying pesticides have the potential to be inefficient and cause air 

pollution and to expose the general public to pesticides. The pesticide residues are 

volatilized, dispersed, and transported over long distances. They are therefore subjected 

to a process of environmental recycling between air and the terrestrial environment. 

Pesticide drift could account for approximately 2% to 25% of chemical loss during 

application. This process not only produces pollution in the local environment but also 

brings adverse impacts to the global environment (Sultana et al., 2014, Carvalho, 2017). 

It is difficult to detect air pollution caused by pesticides, thus scholars should pay more 

attention to this issue. 

 

2.6.4 Impact on Food Safety  

A huge concern about toxic pesticides in foods has been raised by the public Food 

contamination is not only a consequence of spraying pesticides to non-target plants but 
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also due to pesticide behaviour in the environment such as volatilization from the 

treated area to the air, soil, and non-target plants, and the residual pesticides transmitted 

from soil and water to crops, vegetables and fruits (Zhang et al., 2017, Damalas and 

Eleftherohorinos, 2011, Aktar et al., 2009b). This environmental behaviour of 

pesticides and pesticide residuals leads to food contamination and damage to plants. 

Volatilization of only 1% of applied clopyralid is enough to damage non-target plants 

(Aktar et al., 2009b). Aktar et al. (2009), also show that plants indirectly suffer from 

pesticide applications when it is harmful to soil microorganisms and beneficial insects. 

Pesticides residuals in crops and vegetables in some areas have exceeded the WHO 

maximum food contamination standard (Hoai et al., 2011, Fosu et al., 2017, Lozowicka 

et al., 2015, Wanwimolruk et al., 2016a). For example, (Fosu et al., 2017) studied the 

pesticide contamination of fruits and vegetables and their health implications in Ghana. 

The results indicate that almost all the studied fruits and vegetables studied had residues 

above the maximum residue limits (MRLs). Lozowicka et al (2015), assessed the level 

of pesticide residues in vegetables in the Almaty region of Kazakhstan. The report 

indicates that more than half of the samples (59 %) contained 29 pesticides, of which 

10 were not registered in Kazakhstan, ranging from 0.01 to 0.88 mg. kg−1, and 28 % 

contained pesticide residues above maximum residue levels (MRLs). (Wanwimolruk et 

al., 2016b) showed that the detected pesticides exceeded their MRL at a rate of 48% 

(local markets) and 35% (supermarkets) for Chinese kale; 71% (local markets) and 55% 

(supermarkets) for the Pak choi, 42% (local markets), respectively.  

 

2.6.5 Impact on Non-Target Organisms 

Non-target organisms include organisms that exclude the target insect pest species 

against which the pesticides have been applied. This constitutes wildlife, birds, aquatic 
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ecosystems, honeybees, beneficial insects as well as the natural enemies of insect pests. 

Pesticides are detrimental to non-target organisms in two ways: firstly, the pesticides 

are harmful to non-target organisms through direct contact; secondly, the pesticide 

residual may bring negative influences on non-target organisms at a later stage 

(Damalas and Eleftherohorinos, 2011). 

 

2.7 Conclusion 

There are three main period of times in the pesticide usage’s history. Pesticides are 

classified in terms of chemical classes, functional groups, modes of action, and toxicity. 

Tremendous benefits have been achieved by using pesticides in a range of areas, 

including public health and agricultural activities. Pesticides are used in daily life to 

control pests including mosquitoes, ticks, rats, and mice in houses, offices, malls, and 

streets. As a result, the immense burden of diseases caused by these vectors has been 

substantially reduced or eliminated. Also, Pesticides have been used by farmers to 

control weeds and insects in agricultural cultivation, and remarkable increases in 

agricultural products have been reported as a result of pesticide use. When pesticides 

are used to target plants, pesticide behaviour in the environment, such as transfer and 

degradation, should be considered. Improper pesticide usage and management and 

pesticide behaviour in the environment lead to environmental pollution, including soil 

pollution, water pollution, air pollution, and food contamination. 

 

Therefore, it is necessary to control pesticide contamination and its negative influence 

on environmental and other non-target organisms. Further studies should focus on both 

occupational and environmental exposures and their related health risk assessment of 
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pesticides to better understand pesticide use and management in the future. To minimize 

the negative influence of pesticide contamination on the environment and non-target 

organisms, new scientific methodology and technology and useful measures, such as 

integrated pest management (IPM), laws that forbid pesticides with high risks, and the 

development of a national implementation plan (NIP), should be implemented, to 

reduce the negative effects of pesticides. Furthermore, it is crucial to convey the 

scientific outcomes of the exposure and occupational and environmental health risk 

assessments to provide scientific training for pesticide application, the prevention of 

adverse health effects of pesticide usage, and the promotion of safety for applicators 

and communities to support sustainable development. Bio pesticides should also be 

developed alongside chemical pesticides to minimize pesticide contamination. 
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CHAPTER 3 LITERATURE REVIEW ON 

HEALTH PROBLEMS FROM PESTICIDE 

EXPOSURE 

3. 1 Application Methods of Pesticides 

Pesticide application methods are decided by the habits of the target pests, 

characteristics of the target site and properties of the pesticides (Matthews, 2008, 

Hanafi et al., 2016). The most common pesticide application methods are band, 

broadcast, drench, foliar, soil injection, space treatment and spot treatment (Matthews, 

2008). The equipment for appropriate pesticide application is important for application 

efficiency to minimize the loss of spray solution as well as reduce pesticide residuals 

in the environment (Hanafi et al., 2016). 

 

Band spraying is a method of approach where non-selective herbicides are used along 

fence rows and borders to kill all vegetation. Broadcast spraying is a pesticide 

application method where pesticides are uniformly applied to a large area of turf- grass 

by foot or motorized equipment. Both broadcast and band spraying are uniformly used 

to treat crop areas (Gish et al., 1991). Spray pressure, walking speed, nozzle tip, and 

height are important factors for the efficiency of these applications’ (Kentucky 

Pesticide Education Program, 2016). The Kentucky Pesticide Education Program (2016) 

also shows that hand pumping determines the spray pressure. Selecting a suitable 

constant walking speed and a nozzle tip for the volume of mixed spray enables the 

proper use of pesticides. 

 

Spot and space treatments are common for treating scattered clumps of weeds or brush. 

These application methods are an efficient way to treat specific problem areas without 
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treating the entire turf area. Manual sprayers are used for spot treatments and space 

treatment areas unsuitable for larger areas (Weirich Neto et al., 2014). Compared to 

other sprayers, they are relatively inexpensive, easy to operate, clean, and store. 

Adjustable spray guns are also used for lawn care sprays (Xiongkui et al., 2017). 

 

Approaches with non-spray pesticide applications include drench, foliar, and soil 

injection. Drenching is a kind of pesticide application method where pesticides are 

specifically applied to the root system and move through the plant. Foliar is a kind of 

pesticide application method where pesticides are applied directly to the leafy portions 

of a plant, and soil injection is a kind of pesticide application method where pesticides 

are directly placed on the soils instead of onto a growing plant. The wiper application 

is used to wipe a non-selective herbicide onto the plant in selectively kill individual 

weeds (Kentucky Pesticide Education Program, 2016). These approaches allow a more 

efficient use of pesticides and a more effective placement, especially against some 

borers, and eliminates drift. 

 

3.1.1 Hydraulic Sprayers 

Hydraulic sprayers range from a powered unit with a multiple-nozzle boom to a hand-

pumped backpack sprayer. In all cases, pressure from either a pump or compressed gas 

or air is used to atomize the spray mix at the nozzle. High-pressure pumps are needed 

to provide good spray coverage on large trees. 

 

3.1.2 Backpack Sprayer 

The backpack sprayer is simple and constitutes a tank, pump, spray wand, and nozzle 



29 

 

(Blanco et al., 2005). It is useful for treating small areas, spot spraying, or hard-to-reach 

locations. The main operational spray options are broadcast, band, space, and spot 

treatment. 

 

3.1.3 Trunk Basal Sprayer 

The trunk basal sprayer is a pesticide application approach that is easy and quick to 

apply and requires no special equipment other than a garden sprayer (Gangstad and 

Phillips, 1989). This approach is based on thoroughly wetting the lower 5 feet of the 

trunk with a water-soluble pesticide (Kuhns, 2011). Pesticides are absorbed through the 

bark and distributed by the vascular system of the tree. This application method does 

not hurt the tree, as the chemicals do not pollute the soil when applied properly by the 

farmers (Kentucky Pesticide Education Program, 2016). 

 

3.1.4 Aerial Sprayer  

Helicopters or fixed-wing aircraft are used for spraying pesticides on crops and 

plantations in large and inaccessible areas, such as highlands and special areas where 

pests and crop diseases occur repeatedly and frequently and when those areas are not 

suitable for ground-based spraying (Xiongkui et al., 2017). Backpack spraying are 

commonly used in rice cultivation in China. 

 

3.2 Routes of Pesticide Exposure 

People are not only directly exposed to pesticides from occupational, agricultural and 

household activities but are also indirectly exposed to pesticides from environmental 
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media, including air, water, soil, and diet (Fig. 3-1) (Kim et al., 2017, MacFarlane et 

al., 2013). These different types of exposure determine the degree of toxicity of 

pesticides (Anderson and Meade, 2014b, Hernandez Quiroz et al., 2013). 

 

The main contact pesticides have with the human body are through dermal, oral, and 

respiratory routes (Fig 3-1). Pesticides mainly enter the human body through the main 

environmental media (MacFarlane et al., 2013). Dermal exposure is the most common 

and effective exposure route for farmers who are exposed to pesticides as a consequence 

of splash, spill or spray drift of pesticides, especially when they use pesticides on 

agriculture or in household activities (Kim et al., 2017). Likewise, Kim et al. (2017) 

also argues that the most common poisoning route is oral exposure, which causes severe 

health problems (Bernardes et al., 2015). Also, oral exposure to pesticides usually 

occurs because of accidents or intentional reasons and arises when people who produce 

or use pesticides do not wash their hands before eating or smoking (Damalas and 

Eleftherohorinos, 2011). Besides, it also occurs when people consume food that is 

contaminated with pesticides. Moreover, respiratory exposure arises because of the 

volatile components of pesticides, and it is dangerous to the workers’ health, especially 

their nose, throat, and lung tissues if they inhale large amounts of pesticides in the 

environment such as air, water and soil (Kim et al., 2017). When we talk of respiratory 

exposure, particle size is very important because it is the <2.5 m particles that are 

respirable. Also, formulation, because many formulates are included to increase 

adhesion or permeability of the plant tissue. They can have a similar effect on human 

tissues. 
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Figure 3-1 Routes of Exposure to Environmental Chemicals (by authors) 

 

3.3 Human Health Effects Related to Pesticide Exposure 

Humans are exposed to pesticides both directly and indirectly. The high-risk groups 

directly exposed to pesticides are production workers, formulators, sprayers, mixers, 

loaders, and agricultural farm workers (Aktar et al., 2009b, Mostafalou and Abdollahi, 

2017, Lang et al., 2008, Carvalho, 2017). During manufacture and formulation, the 

possibility of hazards could be higher than in other situations, as the processes involved 

are not risk-free. Moreover, workers are directly exposed to pesticides via their hands 

and by inhaling chemicals. In industrial settings, workers are also at an increased risk 

because they need to handle various toxic chemicals including pesticides, raw materials, 

toxic solvents and inert carriers (Aktar et al., 2009b). Humans are also indirectly 

exposed to pesticide contamination from soil, air, water, and the food chain (Kim et al., 

2017, Damalas and Eleftherohorinos, 2011, MacFarlane et al., 2013). 
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People are exposed to pesticides directly and indirectly may contract acute toxic effects, 

including suicide attempts, mass poisoning from contaminated food, chemical 

accidents in industry (WHO, 1990), occupational exposure in the agricultural industry, 

and some serious chronic diseases (Mnif et al., 2011, Chang et al., 2017, Saeed et al., 

2017) including cancer, asthma, diabetes, Parkinson’s disease, leukaemia and cognitive 

impairment (Kim et al., 2017, Damalas and Eleftherohorinos, 2011). There have been 

a large number of reports about intoxication of farmers, rural workers and their families 

during pesticide application in agricultural activities (Ding and Bao, 2014, An et al., 

2015, An et al., 2014, An et al., 2018, Cao et al., 2018, Ding et al., 2012) and there are 

also some reports about poisoning and the effects of chemicals on human health through 

the environment and contaminated food (Demir and Ergin, 2013, Devi et al., 2014, Devi 

et al., 2015, Fang et al., 2015a, Fang et al., 2015b, Farooq et al., 2011). According to 

the WHO, unintentional poisonings kill an estimated 355,000 people globally each year, 

and poisonings are strongly related to excessive exposure and inappropriate use of toxic 

pesticides (WHO, 1990). 

 

3.3.1 Acute Toxic Effects 

Acute toxic effects always occur from within a few minutes to several hours after 

poisoning by pesticides (Yang and Deng, 2007). Poisoning impacts peripheral 

muscarinic and nicotinic receptors, as well as the central nervous system (DeBleecker, 

1995). Some manifestations of a cholinergic crisis include nausea, vomiting, diarrhea, 

abdominal cramp, urinary incontinence, miosis, salivation, lacrimation, bronchorrhea, 

bradycardia, hypotension, fasciculation, muscle paralysis, dizziness, confusion, 

seizures, coma, and respiratory failure (Pereira et al., 2015, Atabila et al., 2018b). These 

effects may immediately occur with exposure to pesticides. Moreover, if life-threating 
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complications are not properly and immediately treated, deaths can also occur (Mnif et 

al., 2011). The WHO (1990) report indicated that approximately 87 million people lived 

in the Sichuan province in China, and the agricultural area was 6.5 million hectares. A 

total of 4 kg of pesticides was used per hectare, and ten million people were exposed to 

these pesticides, with about 12% of the people poisoned. Moreover, the situation in 

developing countries has been changing rapidly, and owing to climate change and large 

populations, some new types of crops and other products require greater amounts of 

pesticides. Thus, the percentage of people who are exposed to pesticides has been 

increasing. 

 

3.3.2 Chronic Toxic Effects  

The likelihood of chronic health issues related to pesticide exposure is supported by a 

large amount of data on laboratory animals (Boobis, 2003). However, epidemiological 

data are not available for all the issues. The documented issues indicate that various 

chronic diseases and disorders sometimes occur after people have been exposed to 

pesticides, including cancers, adverse reproductive outcomes, male sterility, peripheral 

neuropathies, neurobehavioral disorders, impaired immune function, and allergic 

sensitization reactions, particularly of the skin (Wesseling et al., 1997, Uram, 1989, 

Phung et al., 2012c). As an example, cumulative inhalation of cholinesterase activity as 

a result of long-term, low-dose exposure to organophosphorus compounds leads to 

chronic diseases (Wesseling et al., 1997).  

 

According to the WHO, three million cases of severe acute poisoning may be matched 

by a greater number of unreported but mild cases of intoxication and acute conditions, 
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but the numbers of cases of chronic effects are smaller than the number of acute effects 

(Carvalho, 2017). The high levels of acute and chronic morbidity strongly require 

medical and rehabilitation services. An unknown number of less serious health effects 

would add to the overall disease burden, while precise estimation of these effects 

requires future epidemiological studies. Also, children, pregnant women, aging 

populations and workers who are directly exposed to pesticides are probably more 

affected than others by pesticides and their related diseases (Damalas and 

Eleftherohorinos, 2011; Mnif et al., 2011;Mazlan et al., 2017;Atabila et al., 2017) 

indicate that farmers, as the communities who are directly exposed to pesticides, should 

assess enough knowledge, proper attitudes, and correct perception concerning the use 

of pesticides to reduce human health risks which are caused by pesticide exposure. 

 

3.3.3 General Health Problems in Developing Countries  

Policymakers are concerned about the severe risk of pesticides to the environment and 

human health, so they have implemented a several useful measures, such as integrated 

pest management (IPM), laws that forbid pesticides with high risks, and the 

development of a national implementation plan (NIP) to reduce the negative effects of 

pesticides (Yadav et al., 2015, Bernardes et al., 2015, Phung et al., 2013a). Yadav et al 

(2015) indicate that certain countries have applied these approaches to regulate pest 

management as the approaches are eco-friendly and aim to control the negative 

influence of the pesticides on the environment and human health (Phung et al., 2012c, 

Zhang et al., 2017). Also, these countries pass laws banning or restricting pesticides are 

of that have high toxicity or are hazardous to the environment and human health. When 

pests and weeds are found in crops and there is a need to implement treatment, workers 
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should use pesticides at the recommended dose to properly regulate them (Yadav et al., 

2015). 

 

Even though the WHO and some developed nations have taken certain measures to 

reduce the negative impacts of pesticides, the serious problem of pesticide 

contamination in the environment and human exposures to pesticides, directly and 

indirectly is still a considerable issue worldwide (Damalas and Eleftherohorinos, 2011, 

Saeed et al., 2017, Phung et al., 2012a).  

 

Although no segment of the general population is completely protected against 

exposure to pesticides and their potentially serious health effects, a disproportionate 

burden is shouldered by people in developing countries as well as by high-risk groups 

in other countries (Atreya et al., 2011). For example, according to the WHO report 

(2006), pesticide use causes 3 million poisonings, 220,000 deaths and about 750,000 

chronic illnesses every year worldwide, and most of them occurred in developing 

countries. Another example is the cost of pesticide-related diseases and harm in sub-

Saharan Africa in 2005, which was found to be about USD $4.4 billion, and it is 

expected to increase to about USD $90 billion in 2020 (Massey et al., 2013). 

 

Many reports about health problems are related to pesticide exposure in developing 

countries (Albertini et al., 2006, Albers et al., 1999, Yu et al., 2018b, Yu et al., 2018a, 

Xu et al., 2018a, Rodrigues et al., 2018). Regardless of the facts and proof, most farmers 

in developing countries still use pesticides at an increasing rate causing serious health 

effects (Atreya et al., 2011). 
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The serious health problems related to pesticide exposure in developing countries occur 

because of insufficiently qualified institutions governing and evaluating their 

production and sales (Dai, 2013, Bernardes et al., 2015b, Damalas and Eleftherohorinos, 

2011). Moreover, developing countries lack strict laws and regulations that properly 

regulate pesticide exports and imports (Wesseling et al., 1997). As an example, Atreya 

et al (2011) show that it is crucial and necessary to set strict regulations to control 

farming practices in Nepal because farmers continue to buy highly toxic, obsolete 

pesticides. Also, some highly toxic pesticides banned in developed countries are still 

being used in developing countries (Atreya et al., 2011, Phung et al., 2012c).  

 

The famers’ intense usage, unsafe practices and insufficient education about using 

pesticides are the main reason for general health problems in developing countries 

(Powell, 2001). In addition, owing to the large population, farmers of developing 

countries are under increasing pressure to use pesticides in their subsistence livelihoods 

(Carvalho, 2017, Bernardes et al., 2015). Furthermore, farmers in developing countries 

lack of enough opportunities for education and training, hence they do not fully 

understand the chemical toxicity and proper and safe application of chemicals used in 

agricultural and household activities to control pests and diseases (Hailu, 2017). They 

also do not have enough power to control the external forces, including market and 

trade liberalization and internal policies (Phung et al., 2012c). Another important reason 

for general health problems in developing countries is that the public health systems of 

these nations do not have the capacity to adequately tackle pesticides-related health 

problems, and that situation is made worse by many different types of pesticides in use 

that require different case management protocols (Bertolote et al., 2006). 
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According to previous studies, the use of pesticide will double in the next ten years in 

developing countries (Damalas and Eleftherohorinos, 2011). Agricultural practices 

continue to develop, so the number of cases of intentional and unintentional acute 

poisoning will likely increase. Organochlorine pesticides are banned in most countries.  

With climate change, there has been an increase in Malaria and some African countries 

and Sri Lanka. These countries have reintroduced these pesticides to better control 

mosquitoes, but insecticidal organophosphorus compounds and insecticidal carbamates 

are increasing in importance (Casida and Durkin, 2013). The risks of acute intoxication 

will increase unless the use of most toxic pesticides is reduced (Goel and Aggarwal, 

2007). Owing to the increase in cash-crops and plantation-style farming in developing 

countries, the number of individuals in high-risk occupations may also increase over 

the next decade. 

 

3.4 Conclusion  

There are four main pesticide application methods including hydraulic sprayers, 

backpack sprayer, basal trunk sprayer and aerial sprayer. When pesticides are applied 

to the target plants, applicators and communities are directly and indirectly exposed to 

pesticides through oral, ingestion and inhalation exposure routes leading to the acute 

effect and chronic disease. Therefore, it is necessary to conduct the exposure 

assessment and human health risk of the pesticides.  
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CHAPTER 4 HUMAN HEALTH RISK 

CHARACTERIZATION 

4.1 Definition of Risk Assessment 

Health risk assessment is a process designed to estimate the risk to a given target 

organism, system or (sub) population. The assessment process includes the 

identification of attendant uncertainties following exposure to a particular agent, and 

full consideration of the inherent characteristics of the agent as well as the specific 

features of the target system, risk communication, and risk management (US EPA, 

2016). 

 

Human health risk assessment of chemicals is different from approaches used to assess 

risks associated with biological and physical agents. It is true in respect of food bacteria 

such as Campylobacter that reproduce inside the body, but not in the case of bacteria 

such as Clostridium, which exert their effects by ingestion of pre-formed toxin. The 

human health risk assessment of chemicals refers to methods and techniques that apply 

to the evaluation of hazards, exposure, and risk posed by chemicals (Boguski, 1991). 

Human health risk assessments of chemicals can evaluate past, current and even future 

exposure to any chemical found in air (McKenzie et al., 2012), soil (Liu et al., 2013), 

water (Schwab et al., 2005), food (Tritscher, 2004), consumer products or other 

materials. This approach can be quantitative or qualitative in nature. 

 

The human health risk assessment method is a widely used risk assessment method in 

environmental and public health categories. It provides a single point to evaluate the 

risk. There are both advantages and disadvantages for deterministic risk assessment. In 

terms of the advantage of this method, it is easy to understand and conduct the exposure 
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and health risk of the chemicals. However, the deterministic risk assessment only 

calculates the average exposure and health risk; this kind of method does not consider 

the uncertainty of exposure and risk. For example, the deterministic approach only 

shows the risk if the average value of exposure and the risk index is above or below a 

specified dose or standard of the risk level. This is a case when the average exposure 

and health risk of one kind of chemical falls below the reference dose and standard of 

the risk level, however, 20% of the population exceed this dose. Based on the 

deterministic risk assessment, the scholars identify that there is no risk, thus no risk 

management actions are taken (Richardson, 1996). 

 

4.2 Basic Framework of Human Health Risk Assessment 

The framework for human health risk assessment includes four stages: hazard 

identification, exposure assessment, dose-response, and risk characterization (Phung et 

al., 2012a). 
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Figure 4-1 Environmental Health Risk Assessment Model (Australian Environmental Health 

Risk Management, 2012) 

4.2.1 Hazard Identification  

Hazard identification is the first step for evaluating human health risk assessment. It is 

the specific process used to identify the specific chemical hazard and to determine 

whether exposure to this chemical has the potential to harm human health (US EPA, 

2016). Hazard identification is also used to clarify the identity of the chemical 
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characteristic (toxic degree), and to determine whether it is considered hazardous by 

international organizations and the degree of hazard of this kind of chemical. The 

appropriate collection and laboratory analysis method and survey of the specific areas 

are essential to identify the chemical characteristic. The potential hazard of the chemical 

can be determined from toxicological or epidemiological studies. A chemical may pose 

one or more hazards to human health. This negative effect may appear on short-time or 

long-time outcomes and in related health effects, including neurological, 

developmental, reproductive, respiratory, cardiovascular, and carcinogenic effects 

(Swartjes and Cornelis, 2011). 

 

4.2.2 Exposure Assessment 

An exposure assessment process is used to determine (1) whether people are in contact 

with a potentially hazardous chemical, (2) to what degree and for how long people are 

exposed to the potentially hazardous chemical, and (3) the main exposure routes by 

which people are exposed to these chemicals (Olson and Gurian, 2012).  

 

Human exposure to chemicals is associated with air, water, soil, food or products used 

for consumer, commercial or industrial purposes that are thought to contain the 

chemical of interest. People are possibly exposed to these chemicals through 

occupational (Carvalho, 2017) or community (i.e. non-occupational) settings or while 

they use the products (Aktar et al., 2009b). Human exposure to chemicals mainly occurs 

via three pathways: direct ingestion, inhalation through the mouth and nose, and dermal 

absorption through exposed skin (MacFarlane et al., 2013, Saeed et al., 2017). Ingestion 

exposure is associated with chemicals in food, water and soil, both indoors and outdoors 
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(Juraske et al., 2009). Inhalation exposure is calculated for chemicals that may be 

present in the air (Li et al., 2014). For inhalation exposure, it is important to recognize 

that chemicals with moderate to high vapour pressures and low solubilities can 

volatilize from water or soil and then be inhaled (Kawahara et al., 2005, Damalas and 

Koutroubas, 2016). Finally, dermal absorption requires contact between a chemical and 

skin, which can occur in water, during contact with soil, in the presence of high 

concentrations in air and during occupational or consumer use (MacFarlane et al., 2013). 

Estimation of breathing rates, consumption of water and food, daily activities, and the 

contact rate and duration of exposure are considered to evaluate the exposure levels of 

the body (Tudi et al., 2019). These numerical factors vary among people. These factors 

are not just intrinsically variable as with individuals, but vary according to the level of 

activity, prevailing conditions such as temperature, etc., at the time of exposure. To 

avoid overestimating or underestimating these factors, it is more useful to find their 

range instead of the points of exposure (Phung et al., 2012a). 

 

Generally, the following calculations are performed for populations (Tudi et al., 2021b):  

 

ADD = 𝐶∗𝐼𝑅∗𝐸𝐷∗𝐸𝐹

𝐵𝑊∗𝐴𝑇
          Eq (4.1) 

 

In the above equation, ADD is the concentration value of the daily dose through 

ingestion (expressed in mg/ kg/day); C is the concentration of the chemical pollutants 

in the environmental media; IR is the average daily consumption; ED is exposure 

duration; EF is exposure frequency; BW is an adult’s body weight and AT is lifetime. 
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4.2.3 Toxicity Dose-Response  

The toxicity dose–response assessment refers to the relationship between the dose of a 

particular hazard and the adverse health effects for humans (Boguski, 1991). Children, 

the elderly, and those with existing medical conditions are more susceptible to potential 

hazards than other groups (Kim et al., 2017& MacFarlane et al., 2013). For example, 

children may be more sensitive to certain hazards because of having higher metabolic 

and breathing rates than adults, an immature immune system, and behavioural factors 

such as a greater tendency to ingest soil. Asthmatics and people with heart or respiratory 

conditions are more sensitive to hazards including air pollutants, which may trigger 

asthma, shortness of breath and coughing (US EPA, 2016). 

 

Dose-response toxicity values are obtained from the quantitative dose-response 

relationship and are used in the risk characterization step to estimate the likelihood of 

adverse effects occurring in humans at different exposure levels (Shipp et al., 2006). 

Human data, animal studies, and metabolic and other pharmacokinetic studies are used 

for dose-response toxicity evaluation (Seed et al., 2005). 

 

Although human data indicating a strong association between an agent and a disease 

are accepted as the most convincing evidence about human risk, it is only available for 

a limited number of chemicals (O'Bryan et al., 1977). Humans are generally exposed to 

chemicals at workplaces or by accident, and neither of the exposures are intentional so 

it is not easy to fully know the situation and process of the exposure. Exposed 

populations vary in age, sex, genetic constitution, diet, occupational and home 

environment, activity patterns, and other cultural factors, thus these factors impact 
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susceptibility. To make sure of the validity and applicability of the human data, human 

data and animal data need to be combined (Stern, 2010). 

 

Toxicity information is acquired from animal experiments conducted on non-human 

mammals. Rats, mice, rabbits, guinea pigs, hamsters, dogs or monkeys are used to 

assess the potential adverse effects for substances that lack the epidemiology data of 

humans (Burns et al., 2013). Although there is some uncertainty about using animal 

data for projecting susceptibility to toxic chemicals and its dose-response toxicity 

impacts on humans, the assumption is that humans and animals (mammals) are similar 

(Turnbull, 1983). To extrapolate the data from animals to human beings, the safety 

factors, uncertainty and application factors are applied to account for the different 

sensitivities of individuals within a population. When using the data from animals, we 

should also consider that humans may be more sensitive to chemicals than animals, and 

chemicals may have long-term effects (US EPA, 2016). 

 

Metabolic and other pharmacokinetic studies are mainly used as supplementary data 

for providing insights into the mechanism of action of a particular compound. Studies 

on cell cultures or microorganisms may be used to provide insights into a compound’s 

potential impacts on biological activity (Burns et al., 2013, Kim et al., 2017). 

 

4.2.4 Risk Characterization  

The process steps introduced in the above section are used to calculate the risk of 

chemical exposure to humans (Mahmood et al., 2014).The potential non-carcinogenic 

human health risks that are caused by chemical exposure are usually characterized by 
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the hazard quotient (HQ), which is the ratio of ADD of each contaminant for an 

individual ingestion exposure pathway to the corresponding reference dose (RfD) 

expressed in mg/ (kg. day); RfD is the oral reference dose that is obtained from a 

database of risk-based concentrations and the USEPA guidelines (2004). The HQ is 

calculated using equation (4-2). HQ>1 indicates a potential for a non-carcinogenic 

adverse health effect to occur or for the need for further study (Atabila et al., 2018a).  

 

HQ=
𝐴𝐷𝐷

𝑅𝐹𝐷
                     Eq (4.2) 

 

The hazard index (HI) is introduced to evaluate the aggregate non-carcinogenic risks 

posed by all the applicable pathways, using equation (4-3). If HI is greater than 1, this 

indicates a potential for adverse effects on human health.  

 

                           Eq (4.3) 

 

Here, i is the exposure pathway, and n is an element that induces the HQ (hazard 

quotient).  

 

The carcinogenic risk is the incremental probability of an individual developing cancer 

over a lifetime due to carcinogenic exposure in a specific scenario. The carcinogenic 

risk is evaluated using the equation (4-4) (Tudi et al., 2020). The carcinogen risk 

assessment model is based on the premise that the risk is proportional to the cumulative 

lifetime dose. The exposure metric used for carcinogenic risk assessment is the lifetime 

average daily dose.    
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                 Eq (4.4) 

 

To evaluate the total potential cancer risks (TCR) from all of these elements in each 

pathway for drinking water, rice and flour, these parameters are calculated using 

equation (4-5) (Tudi et al., 2020).  

 

TCR=∑ 𝐶𝑅𝑛
𝑖                            Eq (4. 5) 

Here, CR is the individual carcinogenic risk of every element; i is the exposure pathway; 

n is an element that induces the cancer risk; and CSF is the cancer slope factor and it’s 

expressed in (mg/kg/day)-1. 

 

4.3 Conclusion 

The human health risk assessment framework includes hazard identification, exposure 

assessment, and dose-response assessment and risk characterization. It is difficult to 

calculate the human dose-response relationship of new pesticides based on the animal 

data. Both applicators and residents may easily ignore the long-term pesticides 

exposure through multiple exposure routes, and this can result in serious health 

problems. Thus, further studies should focus on both the occupational and 

environmental exposures and their related health risk assessment of pesticides to 

provide better pesticide use and management in the future. In addition, it is crucial to 

convey the scientific outcomes of the exposure and occupational and environmental 

health risk assessment to provide scientific training for the pesticide application, 

prevention of adverse health effects of the pesticide usage and promotion of health for 

applicators and communities as a support to sustainable development. 
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CHAPTER 5 LITERATURE REVIEW ON 

PESTICIDES USAGE AND MANAGEMENT IN 

CHINA 

5.1 Agricultural Cultivation in China 

Although only 15% of the total land area can be cultivated in China, it can produce the 

world’s largest agricultural out. China's arable land takes up 10% of the total arable 

land in the world, and it can support over 20% of the world's population. There are 1.4 

million square kilometres of arable land, but only about 1.2% (116,580 square 

kilometres) permanently support crops, and 525,800 square kilometres are irrigated. 

The average land allocation of every household is about 0.65 hectares (1.6 acres).  

 

Seventy-five percent of the cultivated areas are used for food crops. Among them, 25% 

of the cultivated area grows rice being the most important crop in China. Rice is mainly 

grown south of the Huai River, in the Zhu Jiang delta, and in the Yunnan, Gui-Zhou 

and Sichuan provinces. Wheat is the second most popular crop in China and it is mainly 

grown on the North China Plain, the Wei and Fen River valleys on the Loess plateau, 

and in Jiangsu, Hubei, and Sichuan provinces. Corn and millet are grown in north and 

northeast China, and oats are important in Inner Mongolia and Tibet. There are also 

other crops, vegetables and fruits in China. Soybeans are grown in North and Northeast 

China to be used in tofu and cooking oil. Peanuts are grown in the Shandong and Hebei 

provinces. Citrus is grown on the south of the Yangtze River valley. Other important 

food crops include green tea, jasmine teas, black tea, sugarcane, and sugar beets. Tea 

plantations are mainly found on the hillsides of the middle Yangtze Valley and in the 

southeast provinces of Fujian and Zhejiang. Sugarcane is grown in Guangdong and 
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Sichuan. Sugar beets are raised in the Heilongjiang province and Inner 

Mongolia. Lotus is widely cultivated throughout southern China. 

 

5.2 General Quantities and Types of Insecticides Used in 

China  

5.2.1 General Quantities of Pesticide Used in China 

China’s pesticide production reached 3.47 million tons in 2015. Its pesticide 

consumption reached 1.80 million tons in 2014 (Shi, 2017). China is the largest 

pesticide producer and exporter, and it is the second-largest consumer of pesticides in 

the world (Yuan et al., 2017). The pesticides usage has increased rapidly in China. The 

total amount of pesticides used per year grew from 1.28 million tons in 2000 to 1.8 

million tons in 2013, with an average annual increase of 2.7%. The intensity of pesticide 

use increased from 8 kg per ha in 2000 to 11 kg per ha in 2013, with an average annual 

growth of 2.3% (Shuqin and Fang, 2018) (Fig. 11). There is an overuse of pesticides in 

China (Wang et al., 2018a). For example, 57%, 64% and 17% of actual amounts of 

pesticides were overused for rice, cotton and maize, respectively (Zhang et al., 2015a). 

Seventy percent of pesticides used in China were not absorbed by plants but instead 

seeped into the soil and groundwater (Zhang, 2018). Wang et al. (2018) show that more 

than 0.7 million hectares of crops are contaminated by pesticide residues every year in 

China. The average amount of pesticides used per hectare in China is roughly 1.5- to 4-

fold higher than the world average (Zhang et al., 2015a, Zhang et al., 2011a). In the 

first half of 2020 (January – June 2020), there were 474 new pesticide registrations in 

China, including 445 field-use registrations and 29 sanitation-associated registrations. 

Compared to 2019, 2020, this registration number increased by 378% in 2020, however, 



49 

 

there was a respective decrease of 59% and 87.34% over 2017 and 2018. Although 

there has been a significant increase in the first decade of the 21st century, the usage 

seems to have levelled out in more recent years. Thus, farmers and their families are 

exposed to pesticide pollution and are at risk in China. For example, the Chinese 

Ministries of Health and Agriculture estimated that over 200,000 pesticide-poisoning 

accidents happen each year in China (Zhang et al., 2011b, Zhang et al., 2013b).  

 

 

Figure 5-1 Total Amount and Intensity of Pesticide Use in China (Shuqin and Fang, 2018) 

 

5.2.2 General Types of Pesticides Used in China  

China began to use them early in the Ming Dynasty when people used a number of 

plants and minerals as pesticides (Shi, 2017). During the 1950s–1980s, organochlorine 

pesticides (OCPs), including dichlorodiphenyltrichloroethane (DDTs) and 

hexachlorocyclohexanes (HCHs) were produced and widely used in agriculture in 

China (Sun et al., 2018). From 1952 to 1983, the cumulative productions of technical 
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HCH and DDT were about 4 and 0.27 million tons, respectively (Zhang et al., 2009). 

Since 1983, China has banned the application of high-residual HCH, DDT and other 

organochlorine pesticides due to their potential acute and chronic health effects such as 

cancer, disruption of the developmental and endocrine systems, and neurological 

damage on non-target organisms, including humans (Gao et al., 2013, Shen et al., 2018). 

Since the 1980s, China has increased the production and use of organophosphorus and 

carbamate pesticides (Zhang et al., 2011a, Pan et al., 2018). 

 

In China, rice is the major crop to consume pesticides. Rice pesticide sale, accounting 

for 15% of the total sale, reached 538 million US dollars in 2006. Rice is the chief food 

for the majority of people in China. The pests that cause rice production's greatest 

problem in China are insects from the genera Aphidoidae, Delphacidae, Aleyrodidae, 

and Cicadellidae. Consequently, many kinds of insecticides have been employed to 

protect rice from pests. Pymetrozine 4, 5-dihydro-6-methyl-4-[(3-pyridylmethylene)-

amino]-1, 2, 4-triazin-3(2H)-one which has the basic structure of a pyridine azomethine 

(Xu et al., 2021) is the most commonly used insecticides in rice growing areas in China. 

It is an effective chemical against plant-sucking insects, such as aphids, whiteflies, 

leafhoppers and planthoppers. In addition, pymetrozine is a pesticide that has an effect 

on the neuroregulation or nerve-muscle interaction in sucking insects by preventing the 

insertion of the stylus into the plant tissue. Pymetrozine has now replaced the more 

toxic organophosphate insecticides (Chlorpyrifos), which were previously used on rice 

crops in China (and continue to be in some other countries of the world) (Hamsan et al., 

2017, Li et al., 2011). 
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5.3 Pymetrozine  

Pymetrozine is the first developed azomethine pyridine. It is a new type of insecticide 

which was developed by Novartis Crop Protection. The annual amount of Pymetrozine 

produced in China is more than 250 tons (Chen et al.). It can efficiently affect botanical 

flukes, including plant hoppers, whiteflies, and aphids. 

 

 

Figure 5-2 Chemical Structure of Pymetrozine 

 

5.3.1 Physical, Chemical and Environmental Properties of 

Pymetrozine  

The chemical name of the Pymetrozine is 6-methyl-4-{(E)-pyridin-3-ylmethylidene] 

amino}-4, 5- dihydro-1, 2, 4-triazin-3(2H)-one. The molecular formula of the 

Pymetrozine is C10H11N5O. The minimum purity of the active substance as 

manufactured 970g/kg and the molar mass is 217.2 g/mol. The melting point and 

temperature of decomposition (state purity) Pymetrozine are 217 °C with thermal 

decomposition (99.4%) and thermal decomposition at around 217 °C (99.4%). 

Pymetrozine is a white odourless powder (99.7%). The vapour pressure is < 4.2 x 10–

6 Pa at 25 °C (99.4%). The Henry’s law constant is < 3.0 x 10-6 Pa m3 mol-1 (20 C). 

Solubility in water (state temperature, state purity and pH) are 320 mg.L-1 (25 °C; pH 
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5), 270 mg.L-1 (25 °C; pH 7) and 270 mg/L (25 °C; pH 9), all 99.7%. Solubility in 

organic solvents (ethanol, acetone, toluene, n-octanol, hexane, ethyl acetate, 

dichloromethane) are 2400, 940, 34, 450, <1, 260 and 1200. The surface tension is 68.4 

mN/ m (90 % saturated aqueous solution; 20 °C) (99.7%). The partition co-efficient is 

log Po/w = -0.19 (pH 5, 25 °C), log Po/w = -0.19 (pH 7, 25 °C) and log Pow = -0.20 

(pH 9, 25 °C), all 99.7%. The dissociation constant (state purity) are pKa, 1 = 4.06 

(99.4%) (Basic, preconisation at nitrogen atom of the pyridine ring at pH < 4.06); pKa, 

2 < 1 (99.4%) (Basic, one of the possibilities is the additional Protonization at nitrogen 

atom 1 of the triazine ring below pH 1). 

Table 5-1 Basic Information about Pymertozine 

          
Chemical formula C10H11N5O 

  

ENVIRONMENTAL 

FATE 

   

Solubility - In water at 

20oC (mg l-1) 

270 
  

Dissociation constant 

(pKa) at 25oC 

4.06 
  

Vapour pressure at 20oC 

(mPa) 

4.20*10-03 
  

Henry's law constant at 

25oC (Pa m3 mol-1) 

3.00 X 10-06 
  

Degradation 
   

Soil degradation (days) 

(aerobic) 

DT50 typical   5 
  

 
DT50 (lab at 20oC)  4.6 

  

 
DT50 (field) 22.6 

  

 
DT90 (lab at 20oC)    32 

  

 
DT90 (field)        320.7 

  

Soil adsorption and 

mobility: 

   

Freundlich Kf       19.3 
  

 
Kfoc       1049 

  

 
1/n     0.88 

  

 
EU dossier 2014 Kf range 3.10-47.7 mL/g, 

kfoc range 246-3080, 1/n range 0.790-

0.952, Soils=7 

  

    
Metabolite 5-hydroxy-6-methyl-4-(((E)-pyridin-3-

ylmethylene) amino)-4,5-dihydro-1,2,4-

triazin-3(2H)-one (Ref: CGA 359009)  

Formation 

medium 

SOIL 

Estimated 

maximum 

occurrence 

fraction 0.537  
6-methyl-4-((6-oxo-1,6-dihydropyridine-3-

ylmethylene)-amino)4,5-dihydro-2H-

(1,2,4) triazin-3,5-dione (Ref: CGA 

363430) 

Formation 

medium 

SOIL 

Estimated 

maximum 

occurrence 

fraction 0.100 
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5-hydroxy-6-methyl-4-(((E)-(6-oxo-1,6-

dihydropyridin-3-yl) methylene) amino)-

4,5-dihydro-1,2,4-triazin-3(2H)-one (Ref: 

CGA 363431)  

Formation 

medium 

SOIL 

Estimated 

maximum 

occurrence 

fraction 0.238  
ECOTOXICOLOGY 

   

Mammals - Acute oral 

LD50 (mg kg-1) 

5820mg/kg   A5 Rat 
  

Mammals - Short term 

dietary NOEL 

3.7mg/kg     L2 Rat, 2 year 
  

Birds - Acute LD50 (mg 

kg-1) 

> 2000         A5 Anas platyrhynchos 
  

Birds - Short term 

dietary (LC50/LD50) 

> 5200 mg kg feed-1     A5 Anas 

platyrhynchos 

  

Fish - Acute 96-hour 

LC50 (mg l-1) 

> 100                             A5 Oncorhynchus 

mykiss 

  

Fish - Chronic 21-day 

NOEC (mg l-1) 

> 11.7                              A5 Oncorhynchus 

mykiss 

  

Aquatic invertebrates - 

Acute 48-hour EC50 

(mg l-1) 

87                                            A5 Daphnia 

magna 

  

Aquatic invertebrates - 

Chronic 21-day NOEC 

(mg l-1) 

0.025                         

A5 Daphnia magna 

  

Aquatic crustaceans - 

Acute 96-hour LC50 

(mg l-1) 

61.7      E4 Americamysis bahia EC50 
  

HUMAN HEALTH 

AND PROTECTION 

   

Threshold of 

Toxicological Concern 

(Cramer Class) 

High (class III) 
  

Mammals - Acute oral 

LD50 (mg kg-1) 

 

5820                            A5 rat 

  

Mammals - Dermal 

LD50 (mg kg-1 body 

weight) 

> 2000                         A5 rat 
  

Mammals - Inhalation 

LC50 (mg l-1) 

> 1.8                            A5 Rat 
  

ADI - Acceptable Daily 

Intake (mg kg-1bw day-

1) 

0.03                             A5 Dog, SF=100 
  

ARfD - Acute Reference 

Dose (mg kg-1bw day-1) 

0.1                               A5 Rabbit, SF=100 
  

AAOEL - Acute 

Acceptable Operator 

Exposure Level (mg kg-

1 bw day-1) 

... 
  

AOEL - Acceptable 

Operator Exposure 

Level - Systemic (mg kg-

1bw day-1) 

0.03                      A5 Rat, 90-day, SF=100 
  

Dermal penetration 

studies (%) 

 

0.05-5%                       A5 concentration 

dependent 

  

  

Health issues: Carcinogen 
  

 
Reproduction / development effects 

  

 
Respiratory tract irritant 

  

Handling issues: 
   

EC Risk Classification  Carcinogen category 3: R40 
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Reproduction risk category 3: R62, R63 

  

 
N - Dangerous for the environment: R52, 

R53 

  

 

5.3.2 Metabolic and Environmental Distribution and Fate of 

Pymetrozine 

There are very few fieldwork studies which relate to the metabolic and environmental 

distribution and fate of Pymetrozine. However, the Europe Food Safety Authority 

provides information about the metabolic, environmental distribution and fate of 

Pymetrozine carried out in the laboratory (Authority, 2017). This information can be 

found below.  

 

Pymetrozine shows low to moderate persistence in soil in aerobic laboratory conditions, 

and it degrades by hydroxylation of the methylene group of the triazine ring and by 

oxidation. CGA359009 (max 53.7 % applied radioactivity (AR) after 14 d; low to high 

persistence) is the major metabolite formed, and it is further metabolised to 

CGA363431 (max 23.8% AR after 29 d; very low to high persistence). Oxidation of 

the parent produces SYN510306 (max 6.1 % AR after 10 d; low to moderate persistence, 

single first order DT50 = 2.27 – 23.0 d) that produces CGA363430 (max 10% AR after 

14 d; low to very high persistence) by hydroxylation and CGA215525 (max 8.7 % AR 

after 33 d; very low to very high persistence, single first order DT50 = 0.005 – 1000 d) 

that further degrades to SYN505866 (max 6.6 % AR after 15 d; very low to moderate 

persistence, single first order half-lives =0.036 – 31.8 d), CGA294849 (max 13.2 % AR 

after 180 d; low to medium persistence) and CGA371075 (max 7.6 % AR after 50 d; 

medium to high persistence, single first order half-lives = 75.– 160 d). Cleavage of the 

pyridinyl ring produces metabolite CGA300407 (max 14.4% AR after 2 d; very low to 

very high persistence) that is further metabolised to CGA255548 (max 13.7 % AR after 
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15d; very low to moderate persistence). A major uncharacterised fraction M3 (max 25 % 

AR) was seen to be formed and a major component M3MF exceeded 5 % in two 

consecutive sampling dates (max 8 % AR after 7 d, moderate persistence, single first 

order half-lives = 29 d). Other minor metabolites are formed along the degradation route 

that does not need further assessment under current guidance. Unextractable residues 

reached a maximum of 53% AR (triazinyl 14C labelled) and 60.5 % AR (pyridinyl 14C 

labelled) after 90-122 d. Mineralisation reached levels in the ranges of 2.8-30.9 % AR 

(triazinyl 14C label) and 7.2-72.8 % AR (pyridinyl 14C label) after 90-122 d. Separate 

degradation studies were performed with metabolites CGA359009 (one soil), 

CGA363431, CGA215525 (three soils), SYN510306 (three soils), CGA300407 (three 

soils), CGA255548 (three soils) and CGA371075 (three soils). Degradation endpoints 

were derived for the parent and metabolites following FOCUS kinetics (FOCUS, 2006) 

guidance. 

 

Under anaerobic conditions, three major metabolites not occurring under aerobic 

conditions were found and reached a maximum after 357 d: CGA180777 (max 84.4 % 

AR), CGA249257 (max 13.2 % AR) and GS23199 (max. 15.6 % AR). Predicted 

environmental concentrations (PEC) in soil were calculated with ESCAPE 2.0. 

Laboratory worst-case single first order half-life values were used for the metabolites, 

and worst-case field dissipation decline patterns were used for parent Pymetrozine. 

Accumulation plateaus were calculated for Pymetrozine and metabolites CGA363430 

and CGA371075. In line with representative use, accumulation following biennial 

applications was calculated for field uses in tomatoes/aubergines and potatoes. PEC 

was not calculated for the anaerobic soil metabolites CGA180777, CGA249257 and 

GS23199. This was identified as a data gap for the representative use on oilseed rape. 
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Reliable batch adsorption studies are available for Pymetrozine (7 soils), CGA359009 

(4 soils), CGA363431 (8 soils), CGA363430 (3 soils), CGA215525 (5 soils), 

SYN510306 (5 soils), CGA294849 (3 soils), CGA371075 (5 soils), CGA300407 (5 

soils) and CGA255548 (5 soils). According to these studies, Pymetrozine exhibited 

slight to medium mobility; CGA359009 medium mobility; CGA363431 medium to 

very high mobility; CGA363430 medium to high mobility; CGA215525 and 

CGA371075 high to very high mobility; SYN510306 low to high mobility and 

CGA2948490, CGA300407 and CGA255548 very high mobility. Soil adsorption data 

were neither available for the aerobic metabolites SYN505866 and M3MF nor for the 

anaerobic metabolites CGA180777, CGA249257 and GS23199. Default worst-case 

values were used for metabolites SYN505866 and M3MF in the groundwater exposure 

assessment. 

 

Fate and behaviour of Pymetrozine in the aquatic environment under aerobic conditions 

was investigated in two dark laboratory water/sediment studies. Pymetrozine dissipated 

from water mainly by partition to the sediment. Single first order half-lives of 

Pymetrozine in the whole systems ranged between 289 and 495 d. Metabolite 

CGA359009 and CGA300407 exceeded 10 % in the whole system but not in the aquatic 

or sediment phases individually. For Pymetrozine, PEC in surface, water and sediment 

were calculated up to FOCUS Step2 for the intended field uses in potatoes and oilseed 

rape and up to Step 37 for tomatoes/aubergines (FOCUS, 2001). Metabolites were all 

addressed using FOCUS SW Step 1 calculations, except for the anaerobic soil 

metabolites CGA180777 and GS23199 where PEC were not calculated. This was 

identified as a data gap for the representative use on oilseed rape. (Note, in this case, 

the PEC for CGA249257 where aqueous photolysis was accounted for can be 
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considered to cover exposure, from the situation of anaerobic formation in soil, before 

runoff or drainage events occur). 

 

Potential groundwater contamination was assessed by calculating 80th percentile 

annual average concentrations in the leachate leaving the top 1 m soil depth with 

FOCUS PELMO 4.4.37 for Pymetrozine and metabolites CGA300407, CGA255548, 

CGA359009, CGA363431, CGA363430, SYN510306, CGA215525, CGA294849, 

CGA371075 SYN505866 and MFM3 (FOCUS, 2009). As a worst-case estimation, 

PEC GW for the greenhouse use was calculated based on the pertinent application rates 

and the respective field crop scenario. No groundwater exposure assessment has been 

provided for the anaerobic soil metabolites. Such calculations are considered relevant 

for the representative use on oilseed rape in territories where anaerobic conditions occur. 

The regulatory parametric drinking water limit of 0.1 μg. L-1 was predicted to be 

exceeded by metabolites CGA255548 (2 of 5 scenarios), CGA215525 (4 of 5 scenarios) 

and CGA294849 (4 of 5 scenarios) for the greenhouse use on fruiting vegetables. The 

regulatory limit of 0.1 μg.L-1 was predicted to be exceeded by metabolite CGA363430 

in four of nine scenarios for field use in potatoes (biennial application), in two of six 

scenarios for field use in winter oilseed rape (annual application), in four of five 

scenarios in field use on fruiting vegetables and in all five scenarios for the greenhouse 

use on fruiting vegetables (annual application, limit of 0.75 μg.L-1 also exceeded in 4 

of the five greenhouse scenarios).  

 

However, the limit is not exceeded for any of the three scenarios simulated for spring 

oilseed rape (annual application). The regulatory limit of 0.1 μg.L-1 is exceeded by 

metabolite GCA371075 in all scenarios of the intended use in potatoes (biennial 
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application), all scenarios for field use on fruiting vegetables (annual application; 0.75 

μg.L-1 also exceeded in 3 of the 5 scenarios), in all scenarios for winter and spring 

oilseed rape (annual application) and in all scenarios for the intended use on fruiting 

vegetables in a greenhouse (annual application; 0.75 μg.L-1 also exceeded in 5 of the 5 

scenarios, max 6.52 μg.L-1). Groundwater assessment for metabolite MFM3 based on 

default worst-case adsorption parameters shows potential groundwater contamination 

above the limit of 0.1 μg.L-1 in 3 of 4 potatoes scenarios (biennial application), 2 of 5 

field fruiting vegetables scenarios (annual application), 1 of 5 field fruiting vegetables 

scenarios (biennial application), 2 of 3 spring oilseed rape (annual application) and all 

five greenhouse fruiting vegetables scenarios. However, the limit is not exceeded for 

any of the six scenarios simulated for winter oilseed rape (annual application). All these 

groundwater metabolites are considered relevant consequent to the harmonised 

classification of Pymetrozine as a carcinogen category 2 (see section 2). As PEC in 

groundwater was not calculated for the anaerobic soil metabolites CGA180777, 

CGA249257 and GS23199, this has been identified as a data gap for the representative 

use on oilseed rape. 

Table 5- 1 Chemical Structure of Main Metabolism of the Pymetrozine  

CGA128632  3-pyridinemethanol  
 

 
CGA180777  
(nicotinic acid) 
 

3-pyridinecarboxylic acid  
 

 
CGA180778  
(nicotinamide) 
 

3-pyridinecarboxamide  
 

 
CGA313124 
 

4,5-dihydro-6-hydroxymethyl-4-[(3-

pyridinylmethylene)amino]-1,2,4-triazine-

3(2H)-one  
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U5/IA2 
 

4,5-dihydro-6-carboxy-4-[(3-pyridinyl 

methylene)- amino]-1,2,4-triazine-3(2H)-one  
 

 
IA7 
 

4,5-dihydro-6-methyl-4-[(3-(1-methyl-6-

oxo-1,6- dihydropyridinylmethylene)- 

amino]-1,2,4-triazine-  
3(2H)-one  
  

IA17 
 

hydroxylated 3-pyridinecarboxaldehyde  
 

 
CGA259168 
 

N-(4,5-dihydro-6-methyl-3,5-dioxo-1,2,4-

triazine-4(2H)- yl)-acetamide  
 

 
CGA294849 
 

4-amino-6-methyl-1,2,4-triazine-

3,5(2H,4H)-dione  
 

 
CGA96956 

(trigonelline) 
 

1-methyl-3-pyridinecarboxylic acid  

 
GS23199  
 

6-methyl-1,2,4-triazine-3,5(2H,4H)-dione  
 

 
CGA359009 
 

4,5-dihydro-5-hydroxy-6-methyl-4-[(3- 

pyridinylmethylene)-amino]-1,2,4-triazine-

3(2H)-one 
 

 
CGA215525 
 

4-amino-6-methyl-1,2,4-triazine-3(2H)-one 
 

 
CGA300407  
(nicotinealdehyde)  
 

3-pyridinecarboxaldehyde  
 

 

 

5.3.3 Studies of the Contamination, Exposure and Adverse Health 

Effects of Pymetrozine  

Pymetrozine is currently the main insecticide in rice-growing areas in China. Three 

databases were used for searching, including Science Direct, Springer and the China 
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National Knowledge Infrastructure (CNKI). The search algorithms were 

“Pymetrozine*”, (“soil”, “water”, “rice”, “vegetable” “or “environment”) and “China”. 

There are three English publications and fifty Mandarin publications. 

 

Previous studies about the contamination, exposure and adverse health effects of 

Pymetrozine are described in the following paragraphs. Zhang et al. (2015) carried out 

field trials in supervised rice fields in Zhejiang, Anhui, and Beijing in two consecutive 

years, respectively; each trial plot was 30m2 and separated by an isolation belt, and the 

study results indicated that the initial deposit of Pymetrozine in paddy water was 0.031, 

0.029, and 0.033 mg.kg−1 in Anhui, Beijing and Zhejiang, respectively, and then 

declined to a level of 0.002 mg.kg−1 after seven days; finally, the residue was below the 

limit of detection after 14 days. The study showed that the dissipation of Pymetrozine 

in water under field conditions was fast, and the major deterioration took place within 

the first three days after application. The initial deposit of Pymetrozine in soil was 0.242, 

0.163, and 0.284 mg.kg−1 in Anhui, Beijing, and Zhejiang, respectively, and then 

declined to 0.010, 0.009, and 0.013 mg/kg after 21 days; finally, the residue was below 

the limit of detection after 30 days. After the application, the initial deposit of 

Pymetrozine residue in soil was higher than that in paddy water, and the dissipation in 

soil was slower than that in paddy water. Shen et al. (2009) carried out a field trial at 

Chongming Island Farm located in Shanghai, China. Broccoli plants were transplanted 

into nine field plots, each with an area of 15m2. A complete randomised block design 

(CRD) was applied with three replicates. Pymetrozine formulations were sprayed at 

300g a.i.hm−2 (recommended), and three untreated pots were sprayed with water as a 

control. The solution was sprayed at 800 l hm−2 until the tested broccoli was fully 

covered with Pymetrozine. Representative samples were taken approximately 2 h, and 
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1, 3, 5, 7, 14, 21, 30 and 45 days after application of Pymetrozine. The study indicated 

the residue of Pymetrozine in soil over the period of the experiment. The estimated 

residues were 14.09, 5.56, 3.43, 2.86, 0.55, 0.03, and 0.007 mg.kg−1 at 0, 1, 3, 4, 8, 12, 

and 15 days after application, respectively. The half-life of Pymetrozine in soil was 1.4 

days, and the dynamics could be described by the equation C=15.352e−0.4992t, R2 = 

0.9815. The Pymetrozine residue in soil was undetectable for 21 days after application. 

After the application of Pymetrozine, the initial deposit of the residue in the soil was 

higher than that in the broccoli, which demonstrates that the residue of Pymetrozine 

exists in the surface layer of the soil. Li et al. (2011) carried out fieldwork experiments 

in Long Feng village located in Longyou County, Zhejiang Province, PR China. The 

kinetic study was carried out in six field plots, each with an area of 30 m2. The treated 

plots were sprayed twice or three times for each dose with 7d intervals. Fifteen rice 

samples (including three untreated control samples) were collected at an interval of 14 

d after the last spray. The results of the study show the residue of Pymetrozine in soil 

over the testing period. The residues were 0.019, 0.051, 0.044, 0.026, 0.015, 0.006 and 

0.002 mg.kg-1 after 2 h, 1, 3, 7, 14, 21, and 28 d, respectively. It can also be seen that 

the major deterioration of Pymetrozine took place within the first two weeks after 

application. All applied Pymetrozine became undetectable after 42 d of application 

when sprayed only once. The kinetics could be described by the following equation: C 

= 0.044e-0.099t with R2 = 0.863. The results also show the residue of Pymetrozine in 

water over the testing period. The residues were 0.305, 0.156, 0.105, 0.028 and 0.012 

mg/L after 2 h, 4 h, 0.5 d, 1d and 3d, respectively. Pymetrozine residue in water was 

undetectable after a 7d application. The half-life of Pymetrozine in water was 0.7d. The 

initial concentration of Pymetrozine in water was 0.305 mg/L. A sharp decrease of 

Pymetrozine residues occurred within the first day. The kinetics could be described by 
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the following equation: C = 0.194e-0.986t with R2 = 0.926. Huang et al. (2011) carried 

out a plot-based experimental study in Tian Jin. The results indicated the half-life of 

Pymetrozine in 10.1-10.6d, 6.2-7.0d in soil and paddy water. The kinetics of soil in 

Tian Jin could be described by y= 1.4335e-0.0684x with R2=0.9117. The kinetics of paddy 

water in Tian Jin could be described by y= 0.89221e-0.0959x with R2=0.989. Duan and 

Zheng (2011) carried out a plot experimental study in Liao Cheng Shan Dong, and Nan 

Yang He Nan, and the results indicated that Pymetrozine residues in soil and cotton leaf 

were less than 0. 02and 0.05 mg/kg on the 4th day in a cotton dissipation experiment 

under field conditions. At harvest time the residues of Pymetrozine in cottonseed and 

soil were less than 0. 05 and 0.02 mg.kg−1, respectively. Zhou et al. (2011) carried out 

a plot study about the adsorption behaviour of Pymetrozine in five different soil types 

by using bath equilibrium method, and the effect of soil physicochemical properties on 

the adsorption of Pymetrozine in soils was also explored. The result shows that the 

amount of Pymetrozine adsorbed by soils was different in the soils with different 

properties. Soil pH was the main physicochemical property affecting the adsorption of 

the pesticide in soil. The adsorption ability of Pymetrozine in five different soil types 

successively was Henan cinnamon>Changsha red loam>Yunnan clay loam>Qingdao 

cinnamon >Changsha alluvial soil. Li and Gong (2010) carried out the residue 

behaviour of Pymetrozine in a paddy field in Chang Sha and Hang Zhou. The result of 

the study shows that that the dissipation rates of Pymetrozine in rice soil in Chang Sha 

and Hang Zhou were fast with half-lives of less than 14.53d and 13.35d; the result also 

shows that that the dissipation rates of Pymetrozine in paddy water in Chang Sha and 

Hang Zhou were fast with half-lives of less than 7.34d and 9.07d. The kinetics of soil 

in Chang Sha and Hang Zhou could be described by y= 0.1352e-0.0477x with 

R2=0.9750; y= 0108e-0.0519x with R2=0.9666. The kinetics of paddy water in Chang Sha 
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and Hang Zhou could be described by y= 1.5813e-0.0959x with R2=0.8131; y= 1.174e-

0.0778x with R2=0.7980. Yang (2011) carried out a plot experimental study in Zheng 

Zhou Henan and Chang Sha Hunan province and it indicates that the dissipation rates 

of Pymetrozine in the soil in the Zheng Zhou Henan and Chang Sha Hunan province 

were fast with half-lives of less than 22.14 d and 31.8 d. The kinetics of soil in the 

Zheng Zhou Henan and Chang Sha Hunan province could be described by y= 0.773e-

0.0313x with R2=0.7767; y= 0.0602e-0.0223x with R2=0.8873. The dissipation rates of 

Pymetrozine in paddy water in the Zheng Zhou Henan and Chang Sha Hunan province 

were fast with half-lives of less than 1.83 d and 0.67 d; The kinetics of paddy water in 

the Zheng Zhou Henan and Chang Sha Hunan province could be described by y= 

9.522e-0.3797x with R2=0.9435; y= 0.5596e-1.0352x with R2=0.7410. Li (2008) carried out 

a plot study in Chang Chun city in the Ji Lin Province, and the result shows that the 

dissipation rates of Pymetrozine in paddy water in Chang Chun city were fast with half-

lives of 0.19-0.21d; the dissipation rates of Pymetrozine in the soil in Chang Chun city 

were fast with half-lives of 3.5-4.7d. Wu et al. (2017) carried out the dissipation 

dynamics of Pymetrozine in soil and cotton, and it shows that the dissipation half-lives 

of Pymetrozine in cotton leaves and soil were 1.5-2.2d and1.1-1.8d, respectively. The 

final residues in cotton seeds and soil at harvest were lower than 0.05 and 0.032 mg.kg−1, 

respectively. Wu (2018) carried out a plot study in the station of the University of 

Agriculture Jiang Xi, and the results showed that the initial concentrations of 

Pymetrozine in early and late rice soils were 11.34mg/kg and 11.25mg.kg-1, 

respectively. The kinetic equation of dissipation was y=12.341e-0.0245x (R2=0.9645) and 

y=12.196e-0.0292x (R2=0.9566), and the half-life of T1/2 was 32.49 days and 26.50 days, 

respectively. (Gong et al., 2019b) carried out a field study and the results showed that 

half-lives of Pymetrozine were 3.0–4.1 d in Chinese kale, and terminal residue 
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concentrations were all below the United States Environmental Protection Agency’s 

maximum residue limit (250 μg.kg-1) at harvest; the risk quotient of Pymetrozine in 

Chinese kale under the 100%, thus Pymetrozine is unlikely to give rise to vital health 

concerns to humans if farmers follow the recommended application guidelines. (Jia et 

al., 2019) carried out a field study and the results indicated that the half‐life of 

Pymetrozine in cauliflower was lower than 4 days. The terminal residues of 

Pymetrozine were <0.008–0.0881 mg/kg in cauliflower 7, 10 and 14 days after spraying 

from six sites. The routine washing process removed about half the amount of the 

Pymetrozine in cauliflower; the reduction ratios were between 51.0 and 52.8%. The 

dietary risk assessment indicated that Pymetrozine did not exhibit obvious dietary 

health risks in cauliflower. Hu (2008) carried out fieldwork, and the result indicated 

that the half-life of Pymetrozine in broccoli was 3.5 days and 1.4 days in soil, the safety 

harvest interval was 21 days. Zheng et al. (2019) did a comparative study of 

Pymetrozine residues and degradation in an open field and a greenhouse as well as 

provided data references for future application on Chinese kale and improved safety 

procedure measures and it shows that the half-life of Pymetrozine in Chinese kale in 

the open field and the greenhouse were 7.1 and 8.8 d, and degraded above 80% after 10 

and 14 d, respectively. The half-lives in the greenhouse were longer than that in the 

open field, which showed that Pymetrozine in the greenhouse degraded slower than in 

the open field. Luo et al. (2017) evaluated the residual dynamics and final residues of 

Pymetrozine in alfalfa grown in an open field in spring and it shows that the half-life 

of Pymetrozine was 2.25 days. Based on the recommended dosage application, the final 

residue of Pymetrozine in alfalfa was less than 0.10 mg.kg−1 on the 7th day. Xia et al. 

(2012) carried out a study about the dynamics and final residues of Pymetrozine in 

paddy water, soil, plants and brown rice and it indicates that the digestion dynamic 
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equations of Pymetrozine in paddy field water, soil and plants are c=0.134e-0.12t, 

C=1.377e-0.13t and C=0.741e-0.10t. 

 

5.4 Conclusion 

China's arable land takes up 10% of the world’s total arable land and it can support over 

20% of the world's population and it can produce the largest agricultural output 

worldwide. Seventy-five percent of the cultivated areas are used for food crops. Among 

them, 25% of the cultivated area grows rice being the most important crop in China. 

 

Rice is the chief food for the majority of people in China. The pests that cause the 

greatest problem to rice production in China are insects from the genera Aphidoidae, 

Delphacidae, Aleyrodidae, and Cicadellidae. Consequently, many kinds of insecticides 

have been employed to protect the rice from pests. Currently, Pymetrozine 4, 5-dihydro-

6-methyl-4-[(3-pyridylmethylene)-amino]-1, 2, 4-triazin-3(2H)-one which has the 

basic structure of a pyridine azomethine is most commonly used insecticides on rice 

crops in China. Pymetrozine has now replaced the toxic organophosphate insecticides 

(chlorpyrifos), which were previously used on rice crops in China (and continue to be 

in some other countries of the world). Pymetrozine has brought great benefits to crop 

production by killing insects, however the EPA (2000) classifies Pymetrozine as a 

possible human carcinogen; it has a negative influence on reproduction, causes 

irritation to the respiratory tract and is moderately toxic to aquatic invertebrates. 

 

There are very few fieldwork studies related to the metabolic and environmental 

distribution and fate of Pymetrozine, its exposure and environmental and health risk 
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assessment. The existing studies largely focus on the application to artificially 

constructed plots studies. Such studies are not necessarily representative of the natural 

dynamics and residuals in the field situation.  
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CHAPTER 6 METHODOLOGY 

6.1 Research Rationale, Objective and Questions 

6.1.1 Research Rationale 

Agricultural development has led to an increase in the use of pesticides and pesticide 

pollution in the environment. Also, climate change will almost certainly lead to shorter 

half-lives for pesticides and influence pesticide behaviour in the environment (Delcour 

et al., 2015, Bailey, 2004). A possible consequence of this could be higher application 

rates for pesticides. Thus, there will be a greater potential for human exposure and 

consequent human health effects. However, this aspect has received little attention to 

date and is the subject of the present study. 

 

China’s pesticide production reached 3.47 million tons in 2015 while, the country’s 

pesticide consumption reached 1.80 million tons in 2014 (Zhang et al., 2015b). China 

is now the largest producer and exporter, and the second-largest consumer of pesticides 

in the world (Wang et al., 2015). Owing to climate change and the demands of the 

world’s largest population, the use of pesticides in the agricultural sector is increasing 

in China. Moreover, pesticide overuse is very common in China, with approximately 

30% of pesticides used in rice production and more than 60% used in cotton production 

(Jin et al., 2015). 

 

Rice, which is rich in carbohydrates, proteins, minerals, and vitamins, is the most 

widely staple food for the majority of people in China. As rice production is being 

affected by aphids, delphacidae, aleyrodidae, and cicadellidae, many kinds of pesticides 

were used to protect the rice from pests (Li et al., 2011). 
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Even though pesticides contribute to improving the yields of crops and producing 

affordable and good quality food, the increasing and unsafe use of pesticides and their 

behaviour is likely to have adverse impacts on the environment and human health in 

China (Li et al., 2014). Currently, there are numerous studies on pesticide 

contamination in different environmental media in China (Chen et al., 2021, Cao et al., 

2021, Tudi et al., 2021a, Zhan et al., 2021, Wang et al., 2021, Qin et al., 2021). 

 

Pymetrozine is a selective insecticide with the basic structure of a pyridine azomethine. 

It is an effective chemical against plant-sucking insects, such as aphids, whiteflies, 

leafhoppers, and planthoppers. Pymetrozine exhibits a novel mode of action against 

sucking insects and can be used in integrated pest management programs. Pymetrozine 

has been widely used in rice fields in China for the control of aphids, whiteflies, and 

planthoppers as a substitution for highly toxic organophosphate pesticides (Gong et al., 

2019). 

 

Pymetrozine has now replaced the toxic organophosphate pesticides, which were 

previously used on rice crops in China (and continue to be used in other countries in 

the world) (Atabila et al., 2019, Phung et al., 2012a). Because of its relatively recent 

introduction, there are limited studies on the behaviour of Pymetrozine in the 

environment. The existing studies largely focus on application to artificially 

constructed plot studies (Li et al., 2011, Zhang et al., 2015b, Shen et al., 2009). These 

lot studies are not necessarily representative of the natural dynamics and residuals in 

the field situation. Moreover, there has to date been virtually no report pertaining to the 
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residue levels and dynamic persistence of Pymetrozine in typical Chinese rice-growing 

areas. 

 

Pymetrozine has brought great benefits to crop production by killing insects, however 

the EPA classifies Pymetrozine as a possible human carcinogen; it has a negative 

influence on reproduction, causes irritation to the respiratory tract and is moderately 

toxic to aquatic invertebrates (US EPA, 2000). 

 

Therefore, Pymetrozine residues may have a detrimental effect on the environment and 

may lead to potential health risks. Therefore, it is of great importance to investigate 

their behaviours in the environment and their exposure assessment on the rice field 

ecosystem. 

 

There has been research on Pymetrozine residues in the environment, however, none of 

these studies have systematically worked on the exposure and health risk of 

Pymetrozine for the agriculture communities in China (Shen et al., 2009, Li et al., 2011). 

 

Thus, it is of importance to fully investigate the environmental behaviour and potential 

for human exposure in the rice field ecosystem. The main objective of this study is to 

discuss the environmental behaviour and exposure of Pymetrozine in two typical 

Chinese rice-growing areas, Gungxi and Hunan The present study will help to guide 

the development of pesticide application programs and safety policies in the future. 

 

6.1.2 Research Objective  
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The overall research objective was to discuss the environmental health risk of 

Pymetrozine which is the most common insecticide in typical rice producing areas in 

China. The specific objectives were to: 

1.  Develop an analytical method for Pymetrozine in soil and water samples. 

2.  Analyze the dissipation dynamics and the terminal residues of Pymetrozine in soil 

and paddy water in the two typical rice-growing areas in China. 

3.  Evaluate the environmental health risk of the main insecticide from soil and paddy 

water.  

 

6.1.3 Research Questions  

1. What are the environmental health hazards of Pymetrozine? 

2. What are the degradation levels of Pymetrozine in typical rice paddy soil and paddy 

water?  

3. What are the kinetics and partition behaviour of Pymetrozine in typical rice-

growing areas in China? 

4. What are the exposure levels of Pymetrozine in the environment and humans in 

typical rice-growing areas in China? 

5. What are the health risks of Pymetrozine to agriculture community residents in 

typical rice-growing areas in China? 

6. What are the recommendations for reducing pesticide exposure and risk among 

agricultural residents in China? 
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6.2 Study Areas 

6.2.1 Selection of the Study Area 

The study was implemented with the assistance of the Institute of Plant Protection 

Chinese Academy of Agricultural Science and Beijing ECO-SAF Technology Co., Ltd. 

Based on the locations of the Institute of Plant Protection Chinese Academy of 

Agricultural Science and Beijing ECO-SAF Technology Co., Ltd and the relationship 

of the local government, the typical rice-growing areas of the provinces Hunan and 

Guangxi were selected as the study areas. 

 

6.2.2 Hunan Province 

Geographical Location 

 

Hunan Province, referred to as Hunan for short, is one of the 23 provinces in China. 

Changsha city is the capital of Hunan. It is situated between 24° 37'–30° 08' north 

latitude and 108° 47'–114° 16' east longitude and shares land borders with Jiangxi to 

the east, Chongqing and Gui-Zhou to the west, Guangdong and Guangxi to the south, 

and Hubei to the north. 

 

Hunan is in the transition zone from the Yunnan-Gui-Zhou Plateau to Jiangnan Hills 

and Nan-ling Mountains to the Jiang-Han Plain. The terrain is horseshoe-shaped with 

three sides surrounded by mountains. It consists of plains, basins, hills, mountains, 

rivers, and lakes. It spans the Yangtze River and the Pearl River and has a subtropical 

monsoon climate. 
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Hunan Province covers a total area of 218,800 square kilometres, with 13 prefectural-

level cities and one autonomous prefecture under its jurisdiction. There are 36 

municipal districts, 18 county-level cities, 61 counties, and seven autonomous counties, 

totalling 122 county-level divisions. There are 403 streets, 1138 towns, 309 townships, 

83 ethnic townships, and a total of 1933 township-level divisions. 

 

In 2018, the population of the province was 68.988 million, with a total annual GDP of 

3642.58 billion yuan. The primary industry added value is 308.36 billion yuan, the 

added value of the secondary industry is 1445.35 billion yuan, the added value of the 

tertiary industry is 1888.87 billion yuan, and the per capita GDP is 52949 yuan, with 

an average increase of 7.2%. 

 

In 2018, Hunan Province had 14 prefecture-level administrative regions, including 13 

prefecture-level cities and one autonomous prefecture, namely Changsha City, 

Zhuzhou City, Xiangtan City, Hengyang City, Shaoyang City, Yueyang City, Changde 

City, Zhangjiajie City, Yiyang City, Chenzhou City, Yongzhou City, Huaihua City, 

Loudi City, Tujia and Miao Autonomous Prefecture in Western Hunan. 

 

Hydrology 

 

Hunan Province has a dense river network of 5341 rivers over 5 km long with a total 

length of 90,000 km, of which 11, 17 rivers cover 55,000 square kilometres in the basin 

area. Except for a few of the Pearl River and Ganjiang River systems, the four rivers of 

Xiangjiang, Zijiang, Yuanjiang and Lishui as well as their tributaries converge from 
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south to north into the Dongting Lake and the Yangtze River, forming a relatively 

complete Dongting Lake system. Xiangjiang River is the largest river in Hunan 

Province and one of the seven tributaries of the Yangtze River. Dongting Lake is the 

largest lake in Hunan Province, spanning Hunan and Hubei provinces. 

 

Climate 

 

Hunan has a continental subtropical monsoon humid climate with three characteristics: 

Firstly, light, heat and water resources are abundant, and their high values are 

synchronised. Secondly, the climate varies greatly during the year with cold winters, 

hot summers, and changeable temperatures in spring, and sharp temperature drops in 

autumn, with rainfalls in spring and summer, and droughts in autumn and winter. Inter-

annual variations in climate are also significant. Thirdly, the most obvious vertical 

climate zone is the mountainous area surrounded by mountains on three sides, 

especially in western and southern Hunan areas. Statistical data of meteorological 

stations in Hunan counties show that the average annual temperature is 16-19 °C, the 

average temperature in the coldest month (January) in winter is above 4 °C, and the 

average daily temperature is less than 10 °C per year. The average temperature in spring 

and autumn is mostly between 16 and 19 °C, and the temperature in autumn is slightly 

higher than that in spring. In summer, the average temperature is mostly between 26 

and 29 °C, and it can get as high as 30 °C in Hengyang. The heat condition of Hunan 

is second only to that of Hainan, Guangdong, Guangxi and Fujian in China, close to 

that of Jiangxi and better than that of other provinces. 

 

 



74 

 

Soil 

 

The cultivated land area of the Hunan Province covers 4.1488 million hectares, 

accounting for 3.1% of the total cultivated land area of China; the forest land area covers 

12.2103 million hectares, accounting for 4.8% of the total forest land area of China; the 

herbage land area covers 474,800 hectares, accounting for 0.22% of the total herbage 

land area of China. The total amount and types of land resources are rich, thus providing 

favourable conditions for Hunan to develop agriculture, forestry, animal husbandry, 

fishery, and other production according to local conditions. 

 

6.2.3 Guangxi Province 

Geographical Location 

Guangxi Zhuang Autonomous Region, referred to as "Gui" for short, is a provincial 

administrative region of the People's Republic of China, located in South China. 

Guangxi’s location is 20 54' to 26 24'N, 104 28'- 112 04'E, and shares borders with 

Guangdong to the east, Bei Bu Gulf to the south, Hainan to the west, Hunan to the 

northeast, Guizhou in the northwest, and Vietnam to the southwest. The total land area 

is 237,600 square kilometres, and the sea area is about 40,000 square kilometres. 

 

Guangxi is located on the south-eastern edge of the Yunnan-Guizhou Plateau on the 

second terrace of China and in the western part of the hills of Guangzhou. The terrain 

is high in the northwest and low in the southeast, declining from northwest to southeast. 

Geomorphology generally consists of six categories: mountains, hills, platforms, plains, 

stone mountains and water surfaces. Guangxi has a subtropical monsoon climate, 
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spanning the Pearl River, the Yangtze River and the Red River as well as coastal waters. 

By the end of 2017, Guangxi had 14 prefecture-level cities, 51 counties, 12 autonomous 

counties, eight county-level cities, and 40 municipal districts under its jurisdiction. 

 

Hydrology 

Most of the rivers in Guangxi flow from northwest to southeast along the terrain, 

forming a dendritic river system with the Hongshui River-Xijiang River as the 

mainstream running through the central part and the branches on both sides. The 986 

rivers cover 50 square kilometres with a total length of 34,000 kilometres and a network 

density of 144 meters per square kilometre. The rivers are divided into four major river 

systems: The Pearl River, the Yangtze River, the southern part of Guangxi flowing into 

the sea alone, and the Baidu River. The Pearl River system is the largest. The basin area 

accounts for 85.2% of the total land area of Guangxi. There are 833 rivers with a rainfall 

collecting area of more than 50 square kilometres. The mainstream of the Nan-Pan 

River, Hongshui River, Qianjiang River, Xun-Jiang River runs across the whole 

territory from the northwest to the east. It flows from Wu-Zhou to the South China Sea 

through Guangdong Province and has a length of 1239 kilometres. The Yangtze River 

system is distributed in north-eastern Guangxi. The area of the river basin accounts for 

3.5% of the total land area of Guangxi. There are 30 rivers with a rainfall collecting 

area of more than 50 square kilometres. The main streams of Xiangjiang and Zijiang 

are the upper reaches of the Dong-Ting Lake system, which converge into the Yangtze 

River through Hunan Province. In the Qin Dynasty, the Lingqu was built in Xiang-

Jiang (now in Xing'an County) to connect the Yangtze River and the Pearl River. The 

single inflow system mainly distributes in southern Guizhou, and the basin area 

accounts for 10.7% of the total land area in Guangxi. The larger rivers are the 
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Nanliujiang River, Qinjiang River and Beilun River, all of which flow into the Beibu 

Gulf. From Yunnan to Guangxi and from Vietnam to Baidu River, the river basin area 

accounts for only 0.6% of the total land area of Guangxi. Also, there are 433 karst 

underground rivers in Guangxi, of which 248 are over 10 km in length. The Poxin River 

and Disu River form groundwater systems, respectively. 

 

Climate 

Guangxi is located on a low latitude neighbouring the tropical ocean in the south and 

adjacent to the Yunnan-Guizhou Highland and Lingnan Mountains in the north, the 

center of Guangxi is bisected by the Tropic of Cancer. It has a subtropical monsoon 

climate with warm winters, hot summers, and abundant precipitation influenced by the 

alternation of warm and wet airflow in the southwest and denatured cold air mass in the 

north. Droughts, rainstorms, tropical cyclones, gales, thunderstorms, hail, and cold 

(frozen) disasters are common.  

 

The average annual temperature is 17.5-23.5 °C. Temperatures of Guilin, Longlin, 

Jingxi, Debao, Leye, Fengshan, Nandan, Luocheng, Sanjiang, Rongan, Jinxiu, and 

other places are below 20.0 °C, the lowest temperature in Jinxiu is 17.5 °C, and the 

highest temperature on Weizhou Island is 23.5 °C. The average temperature in spring 

in the autonomous region is 22.2 °C, which is 1.3 °C higher. The annual average 

precipitation is 841.2-3387.5 mm.  

 

The precipitation of Baise, Hechi and most of Chongzuo, Sanjiang, Liucheng, 

Xincheng, Longan, Wuming and other places are below 1500 mm, while in the 

remaining areas it is higher than 1500 mm, precipitation is the lowest at 841.2 mm and 
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in Fang Cheng Gang city is the highest at 3387.5 mm. The annual average precipitation 

of the autonomous region is 1694.8 mm, which is 10% more than that of the whole year, 

20% more than in spring and 40% more than in autumn, 20% less than in winter and 

normal in summer. The annual hours of sunshine hours range from 1213.0 to 2135.2 

hours. Most of northern Guangxi, the southern mountain areas of Baise City and Long-

zhou, Dong-xing and Pu-bei have fewer than 1500 hours of sunshine, while the rest 

have over 1500 hours. In Hepu, the minimum slope is only 1213 hours, and the 

maximum slop is 2135.2 hours. The average sunshine duration in the autonomous 

region is 1540.4 hours, 21.3 hours more than in the whole year, 96.9 hours less in winter, 

33.5 hours less in autumn, and 34.1 hours more in spring and 26.8 hours more in 

summer. 

 

Soil 

The total land area of Guangxi is 237600 square kilometres, accounting for 2.5% of the 

total land area of China, and ranking 9th among all provinces, autonomous regions and 

municipalities directly under the central government. The main characteristic of the 

land resources in Guangxi is that there are more mountains than plain. The mountains, 

hills, and stone mountains account for 69.7%, plains and platforms account for 27%, 

and the water area account for 3.3% of the total land area. The cultivated land area is 

4,425,400 hectares, and the per capita cultivated land is about 0.09 hectares. 

 

6.3 Observation of Fieldwork Situation and Interview 

The pesticide spraying activities of each applicator during the environmental sampling 

procedure were observed and documented by the research team. The information was 
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collected including PPE usage, type of clothing worn, incidence of splash, spills, 

leakages, type of spraying equipment, and duration of spraying, quantity of insecticide, 

crop height, and farm size and the results are indicated in the Chapter 7. 

 

6.4 Environmental Sampling Procedure  

In the present study, samples of paddy soil and paddy water were collected in 

association with a spraying event. Farmers sprayed pesticides once a month. The Yun-

Wen Village Shang Lin Country Nan –Ning City Guangxi and Hua Tang Village Chang 

Sha Country Chang Sha City Hunan Province were the study areas. Residents lived 

roughly 10-20 meters in diameter around their agriculture areas. 

 

The sampling operation was carried out during June 2019. When samples were 

collected, the quartering sampling method (Li, 2008) was used (Figure6-1). Four 

samples were collected from the surface (0-15cm layer) in every plot (of 2000m2 size), 

composited and stored in polyethylene bags as one sample. In all, there were fifteen 

soil and fifteen paddy water samples in each region. Samples were collected one day 

prior to spraying, the day of spraying insecticides and one; three; five; seven; nine; 14; 

21 and 28-days after insecticide spraying. All the samples were stored at -20 °C prior 

to analysis, and the samples were analysed within one month. 
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Figure 6-1 Sampling Points for Soil and Paddy Water 

 

6.5 Laboratory Analyses   

6.5.1 Chemicals and Reagents 

Only high-performance liquid chromatography (HPLC) grade chemicals and solvents 

were used to extract and clean up the samples. Pymetrozine was determined in 

environmental media by sonication extraction, concentration on C18 column followed 

by a HPLC tandem mass spectrometry (MS) finish. The Pymetrozine reference standard 

(99.9%) was purchased from Shang Hai Kang Yao Ming. Unless otherwise stated, only 

HPLC grade solvents were used. Chromatography grade acetonitrile, acetic acid, were 

purchased from Sigma-Aldrich (Steinheim, Germany). Ultra-pure water was obtained 

by a using a Milli-Q reagent water system (Bedford, MA). Sodium acetate, anhydrous 

magnesium sulfate (MgSO4) and analytical grade acetonitrile were purchased from 

Beihua Fine-chemicals Co. (Beijing, China), and 0.22 μm nylon syringe filters were 

purchased from Agela Technologies Inc. (Agela, Tianjin, China). 
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6.5.2 Sample Preparation Procedure  

Soil samples were freeze-dried prior to analysis. The samples were crushed with a 

hammer and passed through a 16-mesh (100 mm) sieve. A modified QuEChERS 

method was adapted from a previous report (Li et al., 2011) to extract the target analytes. 

A 10 g homogenized soil sample was weighed, and 10 mL water was taken separately; 

5 mL ultrapure water was added to the soil samples, followed by 20 mL of 2 % 

acetonitrile acetate. The sample was then extracted for 45 minutes by shaking at 35 °C, 

followed by sonication for 30 minutes. Anhydrous sodium acetate was then added to 

the sample, shaken for 5 minutes, and centrifuged for 5 minutes with a bench centrifuge. 

1.5 ml of a supernatant layer was decanted into a 2 ml centrifuge tube, and 50 mg of 

C18 was added. The tube was placed in a vortex mixer for 1 min and centrifuged for 5 

min.  The supernatant layer finally passed through a membrane filter (0.45 - μ m) for 

testing with HPLC. 

 

6.5.3 Chromatographic and Detection Conditions  

Chromatographic separation and detection were performed using a Waters ACQUITY 

UPLC (Milford, MA, USA) system interfaced with a triple-quadrupole mass 

spectrometer (Xevo TQ-D, Waters Corp., USA). The column heater was equipped with 

an ACQUITY BEH HILIC analytical column (2.1 mm ×100 mm, 1.7 μm particle size, 

Waters, Milford, MA, USA) with an injection volume of 3 μL. The column and sample 

manager were maintained at 40 °C and 25 °C, respectively. The mobile phases 

comprised Acetonitrile (A) and Milli-Q water (B) acidified with 0.2 % formic acid 

(Table 6-1). 
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Table 6-1 Condition of the Gradient Elution  

t/min Speed of current 0.2% Formic acid water Acetonitrile 

0 0.3 10 90 

0.5 0.3 10 90 

1.5 0.3 40 60 

2.5 0.3 40 60 

3.0 0.3 10 90 

4.0 0.3 10 90 

Detection was carried out using a tandem quadrupole mass spectrometry with the 

electrospray ionization (ESI) positive ion mode. The optimized parameters were as 

follows: capillary voltage, 3.5KV; ionic temperature, 350 °C; drying gas flow, 600L/h; 

nebulizer pressure, 15 psi; and frag-mentor voltage 110 V. Acquisition was conducted 

in multiple reaction monitoring modes with the parameters shown in Table 6-2. The 

retention time of Pymetrozine was about 3 minutes. 

 

Table 6-2 Condition of the Multiple Reaction Detector 

Chemical 

compound 

Ion 

channel 

retention 

time 

Parent 

ion 

Daughter 

ions 

residence 

time 

Cone 

residence 

time 

Collision 

energy 

Pymetrozine EST+ 1.60 218.2 105.1 0.1 27 26 

79.1 0.1 27 47 

 

6.5.4 Quality Control  

The quality control of the laboratory analyses was checked by duplicate samples (every 

10th sample), spiked samples (1 per process batch), repeat samples (one per process 

batch), and reagent blank sample (1 deionised water per process batch). The results of 

the duplicate samples showed that the relative percentage difference (RPD) ranged from 

6% to 25%. 
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6.6 Method Validation  

To evaluate the method validation, parameters including linearity, linear range, LOQs, 

accuracy, precision and stability were considered. Concentration-peak area calibration 

graphs were plotted to describe their linear range and linearity by a triplicate analysis 

of seven concentration levels (1, 2.5, 5, 10, 25, 50, 100, 250 μg.kg-1 or ug. L-1). Then 

linear regression equations and their correlation coefficients (R2) were exported by the 

least-squares method. The LOQs were estimated by fortified blank sample solutions 

with the target analytes at gradually decreasing concentrations to obtain ten times the 

signal-to-noise ratios. Recovery tests were performed to measure accuracy and 

precision. According to the above procedure, five fortified sample replicates at three 

fortified levels (0.001, 0.01, 0.1 and 1 mg.kg-1) were extracted and analysed. 

Acceptance criteria for accuracy were recovery ratios between 70 and 120 %, and for 

precision, acceptance criteria were RSD ≤ 20 (Shen et al., 2009). Considering the 

different types of soils in Hunan and Guangxi, two analytical methods and calibration 

curve analysis took place individually with two different soils. 

 

6.7 Analytical Method Performance 

Untreated control samples were fortified with Pymetrozine at four levels (0.001, 0.01, 

0.1, 1.0 mg kg-1). Four method validation, control and fortified samples were analysed 

under the same conditions. Precision was assessed by performing five repetitive 

determinations at each level. The results of the recovery range for both of the two soils 

and water were between 70 % and 120 %, and the RSD (Table 6-3) was lower than the 

20 % in this study, being within the accepted level for residue determination that is 

settled by Document No. SANCO/10684/2009 (European Commission, 2009). 
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Table 6-3 Recoveries of Pymetrozine in Various Matrices of Soil and Paddy Water (n=5) 

Spiked 

level(mg/L) 

Soil (Guangxi) Soil (Hunan) Paddy water 

Recoveries (%) RSD (%) Recoveries (%) RSD (%) Recoveries (%) RSD (%) 

0.001 102.27% 9.8% 96.60% 8.7% 92.46% 10.1% 

0.01 88.59% 5.2% 108.20% 9.2% 106.12% 7.1% 

0.1 81.23% 6.1% 94.63% 8.6% 90.23% 8.2% 

1 79.46% 6.8% 79.34% 9.8% 94.34% 6.7% 

 

6.8 Calibration Curve Analysis 

One significant drawback in the ESI/MS quantitative analysis is the matrix effect. Thus, 

matrix calibration curves were chosen in this study. For most chromatographic 

procedures, a linear relation is achieved between the peak area (y) and the analysed 

concentration (x). The calibration curve (peak area versus concentration) was 

constructed by spiking blank samples after pre-treatment with the standard solution. 

The linear equations were y = 334545x-135.43 (water), y = 319957x + 246.66 (Guangxi 

soil), y = 319540x -92.875 (Hunan soil). The correlation coefficients (R2) were 0.999 

(water), 0.997 (Guangxi soil), and 0.999(Hunan soil).  

 

6.9 Kinetic Studies of Environmental Behavior  

The single-compartment kinetic model, which gives the first-order kinetic model, was 

used to express the kinetic behaviour of Pymetrozine residuals in the environment. 

 

𝐶𝑡 = 𝐶0𝑒−𝑘𝑡                               (Eq. 6-1) 
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Where Ct (ug·kg-1) is the concentration of Pymetrozine at time t (days); C0 is the initial 

residual concentration (ug·kg-1); and k, a proportionality coefficient is the first-order 

reaction rate. 

 

This model is based on the basic first-order relationship dC/dt = -kC, and Equation 6-1 

can be obtained by integration and rearrangement. The time taken for the concentration 

to reduce to 50 % is described as the half-life (t1/2) (Shen et al, 2009). It is related to k 

and calculated as: 

 

𝐷𝑇50 = ln 2/𝑘                              (Eq. 6-2) 

                                                

6.10 Conceptual Framework of the Environmental Health 

Risk Assessment  

6.10.1 Background  

The conceptual framework of the environmental health risk assessment includes the 

four steps recommended by the United States’ National Research Council (USEPA, 

2000; NRC, 2009). 

 

6.10.2 Hazard Identification  

The objective of the hazard identification step is to identify the main types of hazardous 

insecticides used in China. This study also assesses the new and commonly used 

insecticide exposure risk factors and the prevalence of self-reported insecticide 

poisoning symptoms in rural areas in China (Section7.3). 
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This is the first step in the environmental health risk assessment framework. Firstly, 

reports and research publications on pesticide usage in rice-growing areas of China are 

reviewed. In addition, government staff and government reports and regulations about 

pesticide use are reviewed. Also, pesticide marketing and staff working in pesticide 

markets are interviewed to identify the main insecticide Pymetrozine currently used in 

rice-growing areas in China. A questionnaire was developed to collect information 

among a cross-section of farmers and communities in the agriculture areas. The 

questionnaire was implemented to obtain information on four main aspects including 

socio-demographic characteristics, pest control and pesticide use, pesticide exposure 

risk factors, and self-reported pesticide poisoning symptoms. The list of symptoms 

included in the questionnaire was guided by the WHO’s standard case definition of 

Acute Pesticide Poisoning and its Pesticide Poisoning Surveillance Questionnaire 

(WHO, 2009a). 

 

6.10.3 Dose-Response Assessment   

The dose-response assessment step involved a quantitative description of the 

relationships between Pymetrozine exposure and its resulting adverse health problem 

effects and a review of guideline values set by Chinese and other international agencies 

(Section7.5). 

 

Health risk assessment of exposure to chemicals is based on the use of guideline values, 

which is set using data from experimental studies on rats or mice. NOAEL and LOAEL 

from dose-response experimental data are divided by safety or uncertainty factors to 
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give a guideline value. A guideline value is considered to be a threshold value below 

which adverse effects would not be expected but above which the occurrence of adverse 

effects can be expected. 

 

However, differences in sensitivities in a human population to a toxicant occur because 

of differences in factors of age, sex and health status. Therefore, it may be difficult to 

establish an objective threshold for the sensitivities of all members of a population. 

 

6.10.4 Exposure Assessment through Environmental Media 

With the exposure assessment step, soil and paddy water sampling was carried out to 

quantify the levels of exposure to Pymetrozine, which is the main type of insecticide 

used in the rice-growing areas of China (7.4 Section). 

 

6.10.4.1 Calculation of Absorbed Daily Dose (ADD) of Pymetrozine from Dermal 

Exposure 

The Absorbed Daily Dose (ADD) of Pymetrozine from dermal exposure was estimated 

with the following equation: 

                             

ADD dermal= 
𝐶×𝑆𝐴×𝑆𝐿×𝐴𝐵𝑆

𝐵𝑊
 ×10-6             Eq (6-3) 

                                        

Where ADD is the average daily dose via dermal contact; C is the concentration of a 

chemical in soil and water samples (mg/kg), BW is body weight (kg); SA is the exposed 

skin area (cm); SL is the skin adherence factor, and ABS is the dermal absorption factor 

(report by the Environmental Ministry of China (2010). (Table 6.4). 



87 

 

 

6.10.4.2 Calculation of Absorbed Daily Dose (ADD ingestion) Pymetrozine from 

Ingestion Exposure 

Using the TDE data of the applicators, the absorbed daily dose (ADDD) of Pymetrozine 

from ingestion exposure was estimated using the following equation:                 

ADDing=
𝐶×𝐼𝑛𝑔𝑅

𝐵𝑊
×10-6                     Eq (6-4) 

 

Where ADDing is the average daily doses via ingestion; C is the concentration of the 

chemical in soil and paddy water samples (mg/kg); IngR is the ingestion rates, and BW 

is body weight. 

 

6.10.4.3 Calculation of Lifetime Average Daily Dose (LADD) of Pymetrozine from 

Dermal and Ingestion Exposure 

The lifetime average daily dose (LADD) of Pymetrozine from dermal exposure and 

ingestion with the communities was estimated with using the following equation: 

 

LADD = (ADD (dermal and ingestion) × EF × ED)/AT Eq (6-5) 

 

Where ADD (mg/kg/day) is the sum of the dermal absorbed daily dose and the ingestion 

absorbed daily dose of Pymetrozine of the communities; LADD is the lifetime average 

daily dose of Pymetrozine and EF is the exposure frequency (number of days per year). 

There are four spraying times in this study area. The concentration level of Pymetrozine 

in soil was detected from the day of insecticide spraying until 21 days after insecticide 

spraying. The concentration level of Pymetrozine in paddy water was detected from the 
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day of insecticide spraying until 14 days after insecticide spraying. Thus, the frequency 

of the exposure for soil is 84 days and 56 days. The ED (exposure duration in lifetime 

years) is 70 for adults and 18 for children; AT is the averaging time (life expectancy in 

years). 

 

Table 2-4 Exposure Factors (China exposure handbook and USEPA) 

Reference Unit  Average Type Distribution 

EF d-a-1 
Frequency of 

Exposure 

21*4=84(soil) 

14*4=56 

(paddy water) 

  

ED a 

year of 

exposure 

residents 

70 for adult 

18 for children 
  

BW (male) kg Body Weight 67.55 Log-normal 
67.55(34.00-

99.00)±8.72 

BW 

(female) 
kg Body Weight 57.59 Log-normal 

57.59(40.00-

90.00)±8.03 

BW 

(children) 
kg 

Body Weight 

(Children) 
29.3 Triangular 29.3(5.25-56.8) 

SA cm2 

Exposed skin 

surface area, 

adult male 

0.169 Triangular 0.169(0.085-0.422) 

SA cm2 

Exposed skin 

surface area, 

adult Female 

0.1530 Triangular 0.153(0.076-0.382) 

SA cm2 

Exposed skin 

surface area, 

adult children 

0.860 Triangular 860(430-2160) 

SL mg/cm2-day 

Adherence 

factor of 

children 

0.2 Log-normal  

SL mg/cm2-day 
Adherence 

factor of adult 
0.07 Log-normal  

 

IngR 
mg/d Ingestion Rate 100mg/kg   

 

InhR 
M3/d 

Inhalation 

Rate 
100%   

 

AT 
d 

Exposure 

Time 
365*70=25550   

 

ABS 
% 

Skin 

Absorption 

Factor 

1%                               
     0.05%-5% 

 

 

6.10.5 Risk Characterization 

The risk characterisation step was then carried out to evaluate the probability of the 

occurrence of adverse effects among applicators and communities by integrating the 
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information obtained from the exposure assessment and dose-response steps. Lastly, 

strategies were proposed to help manage the levels of exposure and quantification of 

health risks (7.6 Section). 

 

6.10.5.1 Principle of Risk Characterisation  

The risk characterisation step was then carried out to evaluate the probability of adverse 

effects among applicators and communities by integrating the information obtained 

from the exposure assessment and dose-response steps. Lastly, strategies were proposed 

to help manage the levels of exposure and quantified health risks. 

 

6.10.5.2 Risk Characterisation Guideline  

Human Health Risk Characterisation Due to Exposure to Chemicals  

Non-carcinogenic hazard quotient (HQ): The non-cancer risks of exposure to 

Pymetrozine in the soil and paddy water were calculated as follows (Eqs. (6-6)- (6-7): 

 

HQ =
𝑙𝐴𝐷𝐷

𝑅𝐹𝐷
                      Eq (6-6) 

 

HI=∑ 𝐻𝑄 𝑝                     Eq (6-7) 

 

As stated earlier, the lifetime average daily dose (LADD) of Pymetrozine in soils and 

paddy water through multiple pathways were calculated using Eqs. (6-2)- (6-4) 

separately. The hazard quotient (HQ p, m) represents the non-carcinogenic risk for 

Pymetrozine through the different exposure pathways. The reference doses (RFD) were 

taken from the U. S.  Department of Energy’s RAIS compilation (U. S. Department of 
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Energy 2004) (Table S3). The hazard index (HI) represents the total non-carcinogenic 

risk for Pymetrozine through the different exposure pathways.  

 

Carcinogenic risk  

 

The carcinogenic risk (CR) is the incremental probability of an individual developing 

cancer over a lifetime due to carcinogenic exposure. The carcinogenic risk is evaluated 

by Eq. (6-8):  

 

𝐶𝑅 = 𝐿𝐴𝐷𝐷 × 𝐶𝑆𝐹                  Eq (6-8) 

 

The estimated CR is the probability of an individual developing any type of cancer from 

lifetime exposure to carcinogenic hazards. LADD is considered as the lifetime average 

daily dose of Pymetrozine and CSF is the cancer slope factor (expressed in mg /kg 

/day)-1 (Table S3).  

To evaluate the total potential cancer risks (TCR) from different pathways for soil and 

paddy water, the parameters were calculated using Eq. (6-9). 

𝑇𝐶𝑅 = ∑ CR𝑛                            Eq (6-9) 

 

CR is the individual carcinogenic risk of every pathway; n is the different pathways that 

cause cancer risk.  
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CHAPTER 7 RESULTS ON HAZARD 

ASSESSMENT AND DOSE RESPONSE 

ASSESSMENT WITH PESTICIDES IN CHINA 

7.1 Background 

The general strategy for the research in this thesis is described in Section 6.11. The 

identification of Pymetrozine as the major hazard to communities’ health was carried 

out using data on the registration of pesticide in China as well as toxicological and 

farmers’ health investigation. 

 

7.2 Hazard Identification of Pymetrozine  

The general strategy for the research in this thesis is described in Section 7.3. The 

identification of Pymetrozine as the major hazard to farmers and community health was 

implemented by using data on the registration of pesticides in China, government 

reports, questionnaires and interviews as well as toxicological health investigation. 

 

7.2.1 Pymetrozine Formulations Used in China  

Pymetrozine is a selective insecticide. Its unique toxicological properties and excellent 

control effects have attracted intensive attention locally and even internationally. The 

new pyridine heterocyclic insecticides developed by Novartis (now Syngenta Crop 

Protection) in 1988 are characterised as high efficiency, low toxicity, high selectivity, 

and environmental friendliness. Its basic structure is a pyridine azomethine. 

Pymetrozine is an effective chemical against plant-sucking insects such as aphids, 

whiteflies, leafhoppers and planthoppers that damage crops such as rice, vegetables, 



92 

 

cotton, wheat, and fruit trees, and has been used in integrated pesticide programs and 

managements (Harrewijn and Kayser, 1997).  

 

In China, since 2008, because Pymetrozine is being employed as a main substitute for 

pesticides of high toxicity, there exists a need to properly quantitatfy the human health 

risks that result from the use of Pymetrozine in rice paddies (Wu et al. 2013).  

7.2.2 Human Health Effects of Pymetrozine in China 

Agriculture workers and residents are exposed to pesticides through occupational, 

dietary and environmental pathways by indirect and direct routes causing acute and 

chronic diseases. Generally, agriculture workers are exposed to pesticides through 

incorrect application preparation, spray solution, application techniques, poorly 

maintained or inappropriate spraying equipment, and inadequate storage practices 

(Damalas and Eleftherohorinos, 2011, Phung et al., 2012b). Residents are exposed to 

the residue of pesticides through the environmental media such as soil, water and food 

and by different routes of exposure, including inhalation, ingestion and dermal contact. 

 

From the survey and interview in our study, it was found that most of the farmers use 

locally made spraying equipment that has not been safeguarded, hence they easily crack 

and leak during application. In addition, there is very little use of protective clothing, 

such as masks and gloves. Furthermore, owing to the lack of proper conception and 

training, farmers cannot distinguish between the difference pests, and consequently 

they use incorrect and improper nozzles. The spraying equipment that farmers use is 

not properly cleaned and correctly handled after spraying. Therefore, due to spills and 

splashes, direct spray contact, or even drift during improper pesticide application, 
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agriculture workers and residents living close to the agricultural land are potentially 

exposed to pesticides via dermal absorption and respiratory inhalation (Sugeng et al., 

2013). 

 

Table 3-1 Rice Cultivation and Pymetrozine Application by the Farmers 

 Area of 

Rice Farm 

(m 2) 

Experience of 

Rice Farming 

and Pesticide 

(years) 

Hours per 

Application 

Dress of the clothes Estimation 

of 

Body Area 

covered 

(%)2 

Farmer 1 2300 14 3.5 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

 

 70% 

Farmer 2 1700 22 4.5 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 3 2500 18 5.5 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 4 1900 16 4.6 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 5 2000 19 5.0 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 6 2500 22 3.7 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 7 2300 27 3.8 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 8 3000 34 4.0 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 9 2700 32 4.4 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 
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Farmer 10 2800 18 5.1 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 11 2300 17 5.2 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 12 2100 14 5.4 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 13 1900 13 4.2 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 14 2300 17 4.5 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 15 1800 19 4.1 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 16 2000 22 3.2 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 17 2100 23 3.3 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 18 2300 25 3.7 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 19 2200 28 3.9 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 20 1900 30 3.8 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 21 1700 21 4.22 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 
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Farmer 22 1800 24 3.7 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 23 2100 22 4.0 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 24 2200 28 3.4 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 25 2300 25 3.6 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 26 2400 21 3.8 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 27 2500 15 4.5 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 28 2700 17 4.3 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 29 3100 19 5.2 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

Farmer 30 3300 21 5.5 No Hat, no normal mask, 

short-sleeve shirt and long 

pants 

70% 

 

A lot of discarded pesticide packaging bags were observed in the study areas (Figure 

7-1). When pesticides are used to target plants, there is also pesticide behaviour in the 

environment, such as transfer or movement and degradation. Improper pesticide usage, 

management and pesticide behaviour in the environment also leads to environmental 

pollution, including soil pollution, water pollution, air pollution, food contamination, 

and finally the residues of the pesticides enter the human body. 
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Currently, there is no study related to the health effects of Pymetrozine in China and 

other countries. Previous studies indicate that most pesticides could affect the 

reproduction of sperm counts and density, inhibition of spermatogenesis, sperm DNA 

damage, and increasing abnormal sperm morphology (Wong et al., 2018). In addition, 

exposure to pesticides leads to acute and chronic health problems. The incidence of 

cancer, chronic kidney diseases, suppression of the immune system, sterility among 

males and females, endocrine disorders, neurological and behavioural disorders, 

especially among children, have been attributed to chronic pesticide poisoning 

(Abhilash and Singh, 2009). Human health hazards are different with the extent of 

exposure to pesticides. Moderate health hazards due to the misapplication of pesticides 

include mild headaches, flu, skin rashes, blurred vision, and other neurological 

disorders, while their severe health hazards include paralysis, blindness and even death 

(Kim et al., 2017, Sugeng et al., 2013). 

 

Therefore, there are still exposure and health effects of Pymetrozine through 

occupational, environmental, and dietary pathways (Wong et al., 2018). This study 

analyses the concentration levels of Pymetrozine in soil and paddy water and the 

environmental and health risk assessment, thus providing the implications of 

Pymetrozine use. 
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Figure 7-1 Observation of the Study Areas 

 

7.3 Dose-Response Relationship of Pymetrozine Based on 

Human and Animal Data 

The framework for environmental health risk assessment of Pymetrozine with rice 

farmers and residents in China is described in Section 7.1 (Chapter 7). In the previous 

chapter, hazard identification of Pymetrozine among farmers and communities was 

determined (see Chapter 8.1). The objectives of this chapter are to evaluate dose-

response relationships for Pymetrozine with humans and animals. This can be achieved 

by reviewing the scientific literature for adverse effects of Pymetrozine reported from 

human epidemiological and animal studies. 

 

7.3.1 Acute Toxicity 

Previous studies (US EPA, 2000) indicate that Pymetrozine has low acute toxicity. It is 

classified as Toxicity Category III for acute dermal and primary eye irritation studies 

and Toxicity Category IV for acute oral, acute inhalation and primary dermal studies. 

It is a slight sensitizer. Table 7-2 provides a summary of acute tests. 



98 

 

 

Table 7-2 Acute Toxicity of Pymetrozine Technical (US EPA, 2000)  

Guideline 

Number 
Study Type 

MRID 

Number 
Results 

Toxicity 

Category 

81-1 Acute Oral (rat) 44024926 

Oral LD50: Males: 5693 mg/kg 

Females: 5955 mg/kg 

Combined: 5820mg/kg 

IV 

81-2 Acute Dermal (rat) 44024928 

Dermal LD50: 

Males: > 2.0 g/kg 

Females: > 2.0 g/kg 

III 

81-3 
Acute Inhalation 

(rat) 
44024930 

Inhalation LC50: 

Males: >1.8 mg/L 

Females: > 1.8 mg/L 

Combined: > 1.8 mg/L 

IV 

81-4 
Primary Eye 

Irritation (Rabbit) 
44024932 

Is a slight ocular irritant. Primary Irritation 

Score (PIS): 12.8 at 1 hour; 1.0 at 72 hours. 
III 

81-5 
Primary Dermal 

Irritation (Rabbit) 
44024934 

Primary Irritation Index (PII): 0.0 Is not a 

Dermal irritant. 
IV 

81-6 

Dermal 

Sensitization 

(Guinea Pig) 

44024936 
Is a slight dermal sensitizer with 

intradermal challenge 
N/A 

81-8 
Acute 

Neurotoxicity (rat) 
44411317 

NOAEL (both sexes) < 125 mg/kg (LDT) 

LOAEL (both sexes) = 125mg/kg 
N/A 

 

7.3.2 Sub-chronic and Chronic Toxicity 

Table 7-3 summarises the results of sub-chronic and chronic toxicity, metabolism, and 

dermal penetration studies in animals. These studies indicate that Pymetrozine impacts 

three major areas in the body, including the liver, the hematopoietic system and the 

lymphatic system. In addition, from both the sub-chronic and chronic dog studies, it is 

found that the chemical affects muscle tissue, perhaps secondarily. Pymetrozine has 

significant effects on tumours in the livers of mice and rats, necrosis of the livers of 

mice and dogs, hyperplasia in the bile ducts of dogs, anaemia in dogs, atrophy in the 

thymus of young rats and dogs, and myopathy in the muscles of dogs. Hepatocellular 

hypertrophy is often related to the induction of drug metabolising enzymes. The red 

blood cell effects in rats and mice were not significant (Table7- 3). 
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Table 7-3 Summary of the Results of the Sub-Chronic and Chronic Toxicity, Metabolism, and 

Dermal Penetration Studies in Animals (US EPA, 2000) 

Study Type MRID No. Results (NOAEL & LOAEL in 

mg/kg/day) 

82-1a, Sub-Chronic-Feeding-Rat 44024939 NOAEL: males = 32.5; females = 33.9 

LOAEL: males = 360; females = 370 

82-1b, Sub-Chronic-Feeding-Dog 44572201 NOAEL: males = 3.12; females = 3.12 

LOAEL: males = 14; females = 14 

82-1c, Sub-Chronic-Feeding-Mouse 44024938 NOAEL: males & females = Not 

established 

LOAEL: males & females = 125 (LDT) 

82-2, 28-Day Dermal Toxicity-Rat 44024942 Systemic/Dermal Irritation NOAEL = 

1000 (both sexes) 

Systemic/Dermal Irritation LOAEL > 

1000 (both sexes) 

82-7, Sub-chronic neurotoxicity - rat 44411318 NOAEL: males = 68; females = 81 

LOAEL: males = 201; females = 224 

83-1, Chronic-Feeding-Dog 44024943 NOAEL: males = 5.33; females = 5.33 

LOAEL: males = 27.8; females = 27.8 

83-2, Carcinogenicity-Mouse 44024944 NOAEL: males & females = 12 

LOAEL: males & females = 250 

liver benign hepatomas and/or 

carcinomas combined in both sexes 

83-3a, Developmental Toxicity-Rat 44024948 Maternal NOAEL = 30; Maternal 

LOAEL = 100 

Developmental NOAEL = 100 

Developmental LOAEL = 300 

83-3b, Developmental 

Toxicity-Rabbit 

44024949 Maternal NOAEL = 10; Maternal 

LOAEL = 75 

Developmental NOAEL = 10; 

Developmental LOAEL = 75 

83-4, Reproductive Toxicity- Rat 44024950 Parental Systemic NOAEL: males = 

1.4; females = 1.6 

Parental Systemic LOAEL: males = 

13.9; females = 16.0 

Offspring Syst./Develop. NOAEL: 

males = 13.9; females =16.0 

Offspring Syst./Develop. LOAEL: 

males = 136.9; females =151.6 

Reproductive NOAEL: males = 136.9; 

females = 151.6 

Reproductive LOAEL: males > 136.9; 

females = 151.6 (HDT) 

83-5, Chronic toxicity/ Carcinogenicity-

Rat 

44024951 NOAEL: males = 0.377; females = 4.48 

LOAEL: males = 3.76; females = 46.26 

liver benign hepatomas and/or 

carcinomas combined in females 

84-2, Gene Mutation -Salmonella & E. 

Coli 

44024952 Non-mutagenic (±) activation in 

Salmonella and E. coli. 

84-2, Gene Mutation -HGPRT with V79 

cells 

44024954 Non-mutagenic up to the solubility 

limit (±) activation. 

84-2, In vitro cytogenetics assay in CHO 

cells 

44024953 Not clastogenic up to the solubility 

limit of the test substance. 

84-2, Micronucleus Assay-Mice 44024955 No clastogenic response at any dose or 

sacrifice time. 

84-2, Unscheduled DNA Synthesis-

Primary Rat Hepatocytes 

44024956 No evidence of induced UDS. 
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85-3, Dermal absorption 44024958 The percent of dose absorbed after 10 

hour application: 0.01% 

(low-dose), 0.01% (mid-dose), and 

<0.005% (high-dose). 

 

7.3.3 Carcinogenic Effects 

Based on the study about the male mouse liver benign hepatoma and/or carcinoma, the 

US EPA (2010) has classified Pymetrozine as a “likely” human carcinogen. 

 

7.3.4 Developmental Reproduction Effects 

In the rat, developmental toxicity was observed only at maternally toxic dose levels: 

(maternal NOAEL: 30 mg/kg/day, LOAEL: 100 mg/kg/day (reduced body weight gains 

and food consumption); developmental NOAEL: 100 mg/kg/day, LOAEL: 300 

mg/kg/day (increased incidence of skeletal anomalies)). In the rabbit, developmental 

toxicity was also observed only at maternally toxic dose levels: (maternal NOAEL: 10 

mg/kg/day, LOAEL: 75mg/kg/day (reduced body weight gains and reduced food 

consumption and efficiency); developmental NOAEL: 10 mg/kg/day, LOAEL: 75 

mg/kg/day (increased incidence of skeletal anomalies). 

 

In the rat reproduction study, systemic/developmental toxicity for the pups was 

observed at parentally toxic dose levels (parental systemic NOAEL:1.4 mg/kg/day for 

males, 1.6 mg/kg/day for females, LOAEL: 13.9 mg/kg/day for males, 16.0 mg/kg/day 

for females (liver effects in the F0 and F1 males); offspring systemic/developmental 

NOAEL: 13.9 mg/kg/day for males, 16.0 mg/kg/day for females, LOAEL: 136.9 

mg/kg/day for males, 151.6 mg/kg/day for females (decreased pup weight and delay in 
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eye opening in both F1 and F2 litters). There was no reproductive toxicity at dose levels 

up to 136.9 mg/kg/day for males and 151.6 mg/kg/day for females. 

 

7.3.5 Neurotoxic Effects  

In the acute mammalian neurotoxicity study, there was a transient decrease in the body 

temperature and indications of decreased activity in the FOB and motor activity 

assessments at a dose level of 125 mg/kg, the lowest dose tested. In the sub-chronic 

mammalian neurotoxicity study, stereotypy in males and tiptoe gate or walking on toes 

in females were observed when administered dose levels of 201 mg/kg/day (males) or 

224 mg/kg/day (females). The frequency and magnitude of these effects were low. 

 

7.3.6 Toxicological Endpoints for Use in Human Risk Assessment 

Based on its review of the toxicological data, the Agency selected specific studies (US 

EPA, 2000), endpoints (adverse biological effects), a Lowest Observed Adverse Effect 

Level (LOAEL), and several No Observed Adverse Effect Levels (NOAELs), and 

modified by several safety (SF) or uncertainty factors (UF), to derive acceptable 

exposure doses in mg/kg/day for use in acute and chronic risk assessments. Table 3 lists 

the studies, endpoints, exposure doses, uncertainty safety factors, and exposure profiles 

that the Agency used in these risk assessments (Table 7-4) (US EPA, 2000 and US EPA 

2010). 
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Table 7-4 Summary of Toxicological Endpoints for Use in Human Risk Assessment (US EPA, 

2010) 

EXPOSURE 

PROFILE 

DOSE 

(mg/kg/day) 
ENDPOINT STUDY 

Acute Dietary 

Females 13+ 

NOAEL= 10 

UF = 100 

FQPA SF = 3 

Reduced body weight gain, food 

consumption and feed 

efficiency. Also, increased 

incidence of skeletal anomalies 

in pups. 

Rabbit 

Developmental 

(MRIDNo.: 

44024949) 

 
Acute RfD (Females 13+) = 0.10 mg/kg 

Acute Population-Adjusted Dose (Females 13+) = 0.033 Mg/kg 

Acute Dietary 

General Population 

Including Infants and 

Children 

LOAEL = 125 

UF = 300 

FQPA SF = 3 

(Infants, 

Children) 

Decreased body temperature, 

decreased motor activity and 

FOB parameters associated with 

decreased activity. 

Acute Neurotoxicity 

(MRIDNo. 

44411317) 

 

Acute RfD (General Population) = 0.42 mg/kg 

Acute Population-Adjusted Dose (General Population) = 0.42 mg/kg 

Acute Population-Adjusted Dose (Infants and Children) = 0.14 mg/kg 

Chronic Dietary 

NOAEL = 

0.377 

UF = 100 

FQPA SF = 3 

(Females 13+, 

Infants, 

Children) 

Liver hypertrophy and 

pathology supported by the rat 

chronic feeding and multi-

generation reproduction studies 

and dog sub-chronic and 

chronic studies. 

Rat Chronic Feeding 

(MRID No. 

44024951) 

 

Chronic RfD = 0.0038 mg/kg/day 

Chronic Population-Adjusted Dose (General Population) = 0.0038 

mg/kg/day 

Chronic Population-Adjusted Dose (Females 13+, Infants, Children) = 

0.0013 mg/kg/day 

Short-& 

Intermediate 

Term (Dermal) 

NOAEL= 1000 
No effects at the highest dose 

tested. 

Rat Dermal Toxicity 

(MRID No. 

44024942) 

Short -Term 

(Inhalation)a 

Oral NOAEL 

=10 

Reduced body weight gain, food 

consumption and feed 

efficiency. Also, increased 

incidence of skeletal anomalies 

in pups. 

Rabbit 

Developmental 

(MRID No.: 

44024949) 

Long-Term 

(Dermal and 

Inhalation) 

The current use pattern does not indicate a concern for long-term dermal or 

inhalation exposure 

Potential, therefore, these risk assessments are NOT required. 

Cancer 
Cancer Classification: ‘‘Likely to be carcinogen to humans’’ (Q* of 0.0119 

mg/kg/day) 

 

7.4 Conclusion  

Pymetrozine is a selective insecticide. Owing to its unique toxicological properties and 

excellent control effect, it has attracted wide attention at home and abroad. Since 2008,  
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Pymetrozine is being employed as a main substitute for pesticides of high toxicity by 

the National Agricultural Technology Extension Centre. Currently, it’s the major 

insecticide that is widely used in rice-growing areas of China. 

 

Agriculture workers and residents are exposed to pesticides through occupational, 

dietary, and environmental pathways by indirect and direct routes causing acute and 

chronic diseases. Currently, there is no study related to the health effects of Pymetrozine 

in China and other countries. Human health hazards differ with the extent of exposure 

to pesticides. Moderated health hazards include the misapplication of pesticides include 

mild headaches, flu, skin rashes, blurred vision and other neurological disorders, while 

their severe health hazards such as paralysis, blindness and even death. Therefore, there 

are still exposure and health effects through Pymetrozine by occupational, 

environmental and dietary pathways. 

 

The objectives of this chapter were to evaluate dose-response relationships for 

Pymetrozine with humans and animals. This was achieved by reviewing the scientific 

literature for the adverse effects of Pymetrozine reported from human epidemiological 

and animal studies. The results indicate that the Acute Population-Adjusted Dose 

(general population) is 0.42 mg/kg; Acute Population-Adjusted Dose (infants and 

children) is 0.14 mg/kg; Chronic Population-Adjusted Dose (General Population) is 

0.0038 mg/kg/day; Chronic Population-Adjusted Dose (females 13+, infants, and 

children) is 0.0013 mg/kg/day. The cancer slop factor is 0.0119 mg/kg/day.  
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CHAPTER 8 BEHAVIOR OF PYMETROZINE 

IN THE ENVIRONMENT AND EXPOSURE 

ROUTES TO HUMANS 

8.1 Residues and Kinetic Studies of Pymetrozine in Soil and 

Water 

8.1.1 Descriptive Statistical Analysis of the Occurrence of Pymetrozine 

in Soil and Paddy water  

A major factor to be considered in carrying out field studies as opposed to plot trials, 

as in previous research, is that a much larger application area is involved.  Homogeneity 

is much less likely within the study environment throughout a field study area as 

opposed to pot investigation. It is therefore important to establish the levels of variation 

across the study area. To determine variability, replicate analyses were undertaken at 

15 points across the study area immediately following corresponding to application. 

The descriptive analyse of the soil and water in Hunan and Guangxi is shown inin Table 

8.1 and Table 8.2. The initial concentration level of the Pymetrozine in soil could be 

affected by the difference in the target areas of the sprayed insecticide and the 

techniques of the insecticide spraying ( speed of the insecticide spraying and 

equipement which were used by the farmers ) and these are the main reasons for the 

difference in the initial concentration level of the Pymetrozine in soil (Li and Gong, 

2010). The previous study also shows that the initial concentration levels of 

Pymetrozine are related to the differences in sampling strategies, different climate, soil 

characteristics, density of rice planting, and growth trends (Yang, 2011).  
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Table 8-1 Soil Characteristics and Concentration Levels of Pymetrozine in Soil in Hunan and 

Guangxi 

Hunan Soil Mea

n 

Standard 

Error 

Standard 

Deviation 

Minimu

m 

Maximu

m 

Soil pH 6 0.22 0.55 5.7 6.9 

Soil Organic matter(g/kg) 35.2 0.72 2.45 32.6 40.4 

Day pesticide spraying started Day 

0(g /kg) 

54.4 0.95 3.57 47.1 59.9 

Day 1 (g /kg) 38.5 0.82 3.09 34.1 43.6 

Day 3 (g /kg) 29.3 0.12 0.41 28.9 30.4 

Day 5 (g /kg) 24.4 0.41 1.44 22 26.4 

Day 7 (g /kg) 16.4 0.65 2.28 11.6 19.3 

Day 9  (g /kg) 4.8 0.70 2.63 2.9 9.1 

Day 14 (g /kg) 2.1 0.09 0.38 1.7 2.9 

Day 21 (g /kg) 1.1 0.05 0.18 1 1.4 

      

Guangxi Soil Mea

n 

Standard 

Error 

Standard 

Deviation 

Minimu

m 

Maximu

m 

Soil PH 5.8 0.15 0.16 4.9 5.99 

Soil Organic matter (g/kg) 29.5 0.41 1.01 17.75 32.5 

Day pesticide spraying started Day 

0(g /kg) 

50.7 0.84 3.36 44 57.4 

Day 1 (g /kg) 33.3 0.7 2.63 31.2 40 

Day 3 (g /kg) 27.7 0.57 2.26 24.9 32.9 

Day 5 (g /kg) 22.2 0.51 1.97 19.5 26.7 

Day 7 (g /kg) 11.1 0.49 1.89 8.7 14 

Day 9 (g /kg) 2.7 0.11 0.44 2.3 4 

Day 14 (g /kg) 2.1 0.04 0.16 1.8 2.3 

Day 21 (g /kg) 1.4 0.06 0.22 1 1.9 

 

Table 4 Concentration Levels of the Pymetrozine in Paddy Water  

Hunan Paddy Water Mean Standard 

Error 

Standard 

Deviation 

Minimum Maximum 

Day pesticide spraying started Day 0 (ug/L) 36.00 2.32 8.99 25.00 60.00 

Day 1 (g/L) 15.2 0.60 2.34 12.00 19.00 

Day 3 (g/L) 9.7 0.25 0.96 9.00 12.00 

Day 5 (g/L) 8.7 0.13 0.47 8.00 9.00 

Day 7 (g/L) 7.5 0.13 0.52 7.00 8.00 

Day 9 (g/L) 3.7 0.16 0.62 3.00 5.00 

Day 14 (g/L) 2.0 0.00 0.00 2.00 2.00 

Guangxi Paddy Water Mean Standard 

Error 

Standard 

Deviation 

Minimum Maximum 

Day pesticide spraying started Day 0 (g/L) 36.3 1.26 4.88 29.00 44.00 

Day 1 (g/L) 21.2 0.35 1.37 18.00 24.00 

Day 3 (g/L) 13.7 0.73 2.41 12.00 18.00 

Day 5 (g/L) 9.7 0.30 0.95 9.00 11.00 

Day 7 (g/L) 3.5 0.29 1.09 3.00 6.00 
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Day 9 (g/L) 2.7 0.11 0.47 2.00 3.00 

Day 14 (g/L) 1.7 0.13 0.49 1.00 2.00 

8.1.2 Kinetic Studies of Pymetrozine in Soil and Water 

The residual concentrations of Pymetrozine in the soil in Hunan and Guangxi over the 

testing period are shown in in Figure 8.1a and 8.1b. After spraying, a gradual and 

continuous decline in the level of Pymetrozine was observed. Several processes can 

cause a decline in the level of Pymetrozine in the soil and water environment. 

Evaporation is not possible since the vapour pressure is very low and cannot be 

measured (USEPA, 2000). The USEPA (2000) also reports that Pymetrozine is not 

readily biodegradable. However, this is in marked contrast to these results where a rapid 

decline in soil concentration was observed with decline rates of -0.20 and -0.18 day-1 

for the soils giving t1/2 at 3.35 and 3.75 days in Hunan and Guangxi provinces, 

respectively. In fact, there is no detection of Pymetrozine in the soil in Hunan and 

Guangxi 28 days after the insecticide has been sprayed. A potential reason for this is 

that rice paddy soils (often termed 'flooded soils' by investigators) are sites of high 

metabolic activity, resulting in a significant decrease of half-lives compared to normal 

soils (Liu et al., 2015a, Tan et al., 2008, Das and Adhya, 2015).  

 

The residual concentrations of Pymetrozine in paddy water in Guangxi and Hunan over 

the testing period are shown in Figures 8.1c and 8.1d. After Pymetrozine was sprayed, 

a gradual and continuous decline of Pymetrozine was observed in the paddy water both 

from Hunan and Guangxi. The USEPA (2000) also reports that abiotic and biotic 

degradations have been reported as being very slow with the DT50 in water by 730 

days. This is in marked contrast to our current results where rapid decline occurred, 

probably due to degradation of the pesticide, was observed with degradation rates of 
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0.18 and 0.23 day-1giving t1/2 at 3.85 and 3.01 days in Hunan and Guangxi Provinces 

respectively. This outcome is in accordance with the discussion on soil above. 

Pymetrozine was not detected in the water in Hunan 21 days after the insecticide was 

sprayed. 

 

The Pymetrozine rate of loss in the soil and paddy water in Hunan and Guangxi are 

very similar and there is little difference between provinces and the soil and water 

environmental media. There are two main reasons for this. Firstly, the temperature in 

Nan Ning city of Guangxi is similar to that in Chang Sha city of Hunan. Thus, similar 

Pymetrozine rate of loss would be expected in Nan Ning Guang xi and in Chang Sha 

Hunan. As Zhou et al. (2011) discussed, the different soil types and the levels of organic 

matter (Table 2) are the other reasons where a difference in the degradation level of 

Pymetrozine in these two areas could be observed. 

 

 

Figure 8-1 Degradation of the Pymetrozine in soil and Paddy Water (a), (b), (c) and (d) are 

Hunan soil, Guangxi Soil, Hunan Water and Guangxi water respectively 
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8.2 Partition Behavior and Environmental Distribution 

Processes of Pymetrozine  

The review of previous investigations has clearly indicated that with the typical soil 

type of the rice growing areas in China being loamy soil and red soil (Nation Earth 

Science Data Center), residues of Pymetrozine are very susceptible to chemical and 

biological degradation, probably corresponding to the variety of microorganisms. This 

is consistent with the overall results of the degradation and dynamics of study on the 

fate of Pymetrozine in the field is very important for future environmental risk 

assessment on Pymetrozine residual contamination in environmental routes for the 

communities in both Guangxi and Hunan regions.  

 

The outcomes of this current study can be used to further evaluate the environmental 

properties of this pesticide. The sorption of Pymetrozine in soil/sediment is an 

important property with a strong influence on the dispersal of this pesticide in the 

environment. This can be evaluated by the KD value, the soil-sediment/water partition 

coefficient as well as the related parameter Kfoc which is the partition coefficient 

expressed in terms of the fraction of organic carbon in the soil. The USEPA (2000) has 

reported that the Kfoc value for pymetrozine is 1049 mL/g derived from experimental 

investigations. The Kfoc values calculated for soils used in this current investigation, 

were 1,690 and 1,420 mL/g for Human and Guangxi provinces respectively. Thus, the 

values obtained for the partition between soil/sediment and water are in agreement with 
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previous work (Li et al., 2011) and can be used in modelling research allowing further 

evaluation of the environmental behavior of Pymetrozine. 

 

Bioaccumulation can impact on human health through the accumulation of toxic 

compounds in aquatic food organisms, such as carp and ducks, grown in rice paddies, 

which is a common practice throughout Asia. The capacity of Pymetrozine for 

bioaccumulation in aquatic, and other organisms, is an important aspect of 

environmental management particularly with respect to human health. This can now be 

evaluated using the data from this current investigation. The USEPA (2000) has 

reported that the Log POW of Pymetrozine is 0.18, which is well outside the range of 

Log POW from 2 to 6, which is usually associated with bioaccumulation. 

Bioaccumulation also requires a high level of persistence and resistance to 

biodegradation (Connell, 1990). Thus, it is clear from this study that bioaccumulation 

of Pymetrozine residues is unlikely to occur. This indicates that the use of paddy water 

for growth of aquatic food organisms would not pose a hazard to public health due to 

the bioaccumulation of Pymetrozine. 

 

8.3 Pymetrozine Exposure Levels of the Residential Adjacent 

Communities 

8.3.1 Background 

Exposure assessment is critical and complex areas of risk assessment. It includes 

identifying the release of the chemical or agent to the environment, identifying fate and 

transport of a chemical and agent, identifying exposure pathways, identifying the 
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potentially exposed population, the development of a conceptual model, setting the 

approaches to the quantifying exposures, and exposure assessment calculations. 

 

This section aims to discuss the environmental routes, the baseline of the exposure 

levels of Pymetrozine, acute dermal and ingestion exposure, and total acute exposure 

of Pymetrozine with communities and average lifetime exposure assessment to provide 

basic scientific information for risk characterisation and to assist the decision-making 

process. Exposure assessment was carried out using the soil and paddy water samples 

which were collected 10m in diameter around the residents’ apartment (on the day of 

insecticide spraying, 1 day after insecticide spraying, 3 days after insecticide spraying, 

5 days after insecticide spraying, 7 days after insecticide spraying, 9 days after 

insecticide spraying, 14 days after insecticide spraying, 21 days after insecticide 

spraying and 28 days after insecticide spraying).  

 

8.3.2 Routes and Pathways of Exposure 

Exposure routes are the way a chemical or another agent travels from its point of release 

to the environment through to a situation where a person can be exposed. Thus, there 

are two main exposure routes, including direct exposure and indirect exposure. Direct 

exposure could happen at the occupational workplace and when people consume food 

with a contaminated chemical. Indirect exposure is when a chemical is released to the 

environment. People are exposed at a temporal or geographic distance from the initial 

release point via an exposure pathway consisting of more than one step. Pymetrozine 

has only recently replaced organic phosphate, thus there are very few studies about the 

exposure. Ingestion of vegetables and fruits is considered as the main exposure route 
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of Pymetrozine in previous studies conducted in China (Jia et al., 2019, Gong et al., 

2019, Kovacova et al., 2013). The results of these studies were summarised in section 

5.3. 

 

In this study, the soil and paddy water collected 10 meters in diameter around the 

residents’ apartment were considered as the two main pathways of the exposure 

assessment. Dermal and ingestion absorption are the main exposure routes of 

communities exposed to Pymetrozine in soil and paddy water in the study areas. Both 

adults and children are potentially exposed populations. Specific information about the 

study areas and environmental samples collection were introduced in Chapter 7 and 

section 9.2. 

 

8.3.3 The Conceptual Routes for Human Exposure in Residential 

Communities  

Developing a conceptual site model (CSM) can assist the process of understanding how 

human ‘receptors’ may be exposed to chemicals from relevant environmental sources. 

The CSM describes the sources of contamination, the pathways by which contaminants 

may migrate through the various environmental media, and the populations (human or 

ecological) that may potentially be exposed. 

 

CSMs are particularly important in environmental health risk assessment of 

contaminated sites. A detailed conceptual framework includes the concentration, 

distribution and media in which chemicals occur, such as soil, water and air; physical 

characteristics of the environment for contaminated sites –including soil type, porosity, 

potential preferential pathways, vadose zone thickness, groundwater gradient and 
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velocity, and hydraulic conductivity of the saturated zone. Characteristics of the 

exposed populations: exposed populations may be humans residing or working at the 

site or adjacent areas, future occupiers of the site after redevelopment, or environmental 

populations such as ecosystems in receiving environments such as natural surface 

waters. Based on these aspects, the conceptual framework was settled in this study 

(Figure 8-2).  

 

 

Figure 8-2 Conceptual Model for the Exposure Routes for Residential Communities 

 

 

8.3.4 Baseline Exposure Levels of Pymetrozine through Environment 

with Agriculture Communities  

Soil and paddy water were collected one-day prior to application, and the concentration 

level of Pymetrozine in soil and paddy water were analysed. There was no detection, 

thus the baseline exposure level of Pymetrozine through the environment was zero. 
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8.3.5 Potential Acute Dermal and Ingestions Exposure Levels of 

Pymetrozine with Communities 

Based on the concentration level of Pymetrozine in soil and paddy water and the US 

EPA (2004) exposure assessment method, the acute dermal exposure level of 

Pymetrozine in soil and paddy water and the acute ingestion exposure level of 

Pymetrozine in soil were calculated for each day of each sampling site during one 

spraying event (day of insecticide spraying, 1-day insecticide spraying, 3-day 

insecticide spraying, 5-day insecticide spraying, 7-day insecticide spraying, 9-day 

insecticide spraying, 14-day insecticide spraying, 21-day insecticide spraying, and 28-

day insecticide spraying ).  

 

As discussed in section 8.2, the concentration level of Pymetrozine on the day of 

insecticide spraying varies in different agriculture lands. The speed of sprayed 

insecticide, the target areas of the sprayed insecticide and the kind of instruments 

farmers used to spray the insecticides are different, being the main reasons for the 

difference in the initial concentration level of Pymetrozine in the soil and the exposure 

level of Pymetrozine through the soil (Li, 2010). In addition, the previous study also 

shows that the initial concentration level of Pymetrozine is related to the difference in 

the sampling strategy, the difference in the climate and soil characteristic, the density 

of rice planting and the difference in growth trends (Yang, 2011). These are further 

main reasons for the difference in the Pymetrozine acute dermal exposure level and 

acute ingestion exposure level through soil in different agriculture lands in both Hunan 

and Guangxi areas. 

 



114 

 

The minimum, 25th percentile, mean, 75th percentile, and maximum values of the 

potential acute dermal exposure through soil and paddy water, and potential acute 

ingestion exposure through soil for both adults and children in Guangxi and Hunan after 

Pymetrozine application are plotted in Figure 8-3, Figure 8-4 and Figure 8-5, separately. 

Figure 8-3, Figure 8-4 and Figure 8-5 indicate that both adults and children were 

exposed to Pymetrozine from the day of insecticide spraying until 21 days after 

insecticide spraying. The potential acute dermal exposure through paddy water and soil, 

and acute ingestion exposure through soil in both the Guangxi and Hunan areas for the 

children were higher than that of the adults. The potential acute dermal exposure 

through soil was higher than acute dermal exposure through paddy water in both the 

Guangxi and Hunan areas for adults and children. The potential acute dermal exposure 

through soil and the potential acute dermal exposure through paddy water were higher 

than the potential acute ingestion exposure through soil for both the adults and children 

in both areas separately. 

 

Figure 8-3 (a) and Table 8-3 indicate that the potential acute dermal exposure level for 

adults through soil in Hunan on the day of Pymetrozine application was increased to 

1.2e-06 ug/kg/day which was 1.2e-06-fold higher than the baseline exposure level. The 

exposure level decreased to 0.02ug/kg/day after 21 days of insecticide spraying. 

 

Figure 8-3 (b) and Table 8-3 indicate that the potential acute dermal exposure level for 

children through soil in Hunan on the day of Pymetrozine application increased to 3.2 

e-06ug/kg/day which was 3.2e-06 -fold higher than the baseline exposure level. The 

exposure level decreased to 0.05e-06 ug/kg/day after 21 days of insecticide spraying. 
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Figure 8-3 (c) and Table 8-3 indicate that the potential acute dermal exposure level for 

adults through soil in Guangxi on the day of Pymetrozine application increased to 1.1 

e-06 ug/kg/day which was 1.1e-06-fold higher than the baseline exposure level. The 

exposure level decreased to 0.02e-06 ug/kg/day after 21 days of insecticide spraying. 

 

 Figure 8-3 (d) and Table 8-3 indicate that the potential acute dermal exposure level for 

children through soil in Guangxi on the day of Pymetrozine application increased to 2.7 

e-06 ug/kg/day which was 2.7e-06-fold higher than the baseline exposure level. The 

exposure level decreased to 0.07e-06 ug/kg/day after 21 days of insecticide spraying. 

 

The rate constants for the decline in acute dermal exposure from soil with several adults 

and children are noted in the graphs in Figure 8-3. While this is a limited sample size 

with only two adults and two children at the two study sites, a comparison can be made. 

The rates of decline are -0.041, -0.041, -0.036 and -0.036 which are in close agreement. 

Thus, the age of the resident and the location made little difference to the rate of decline. 

 

 

Figure 8-3 Acute Dermal Exposure Level of the Pymetrozine through Soil in Guangxi and 

Hunan (ug/kg/day) (a) Hunan (adult); (b) Hunan (child); (a) Guangxi (adult); (b) Guangxi (child) 
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Table 5 Potential Acute Dermal Exposure Level of the Pymetrozine through Soil in Guangxi and 

Hunan (ug/kg/day) 
 

Hunan Guangxi 

The day Pymetrozine 

spraying 

ADD adult ADD children ADD adult ADD children 

Mean 1.121E-06 3.214E-06 1.040E-06 2.981E-06 

Minimum 9.642E-07 2.765E-06 9.007E-07 2.583E-06 

95th 
percentile  1.223E-06 

 

3.508E-06 

 

1.130E-06 

 

3.241E-06 

 

Maximum 1.226E-06 3.516E-06 1.175E-06 3.370E-06 

1-day after Spraying ADD adult ADD children ADD adult ADD children 

Mean 7.896E-07 2.264E-06 6.962E-07 1.996E-06 

Minimum 6.980E-07 2.002E-06 6.284E-07 1.802E-06 

95th
 percentile 8.839E-07 

 

2.534E-06 

 

7.850E-07 

 

2.251E-06 

 

Maximum 8.925E-07 2.559E-06 7.984E-07 2.289E-06 

3-day after Spraying ADD adult ADD children ADD adult ADD children 

Mean 6.003E-07 1.722E-06 5.606E-07 1.608E-06 

Minimum 5.916E-07 1.697E-06 4.770E-07 1.368E-06 

95th
 percentile 6.121E-07 

 

1.755E-06 

 

6.811E-07 

 

1.953E-06 

 

Maximum 6.223E-07 1.785E-06 7.656E-07 2.195E-06 

5-day after Spraying ADD adult ADD children ADD adult ADD children 

Mean 5.010E-07 1.437E-06 4.299E-07 1.233E-06 

Minimum 4.504E-07 1.291E-06 3.787E-07 1.086E-06 

95th
 percentile 5.355E-07 

 

1.535E-06 

 

4.826E-07 

 

1.384E-06 

 

Maximum 5.404E-07 1.550E-06 5.056E-07 1.450E-06 

7-day after Spraying ADD adult ADD children ADD adult ADD children 

Mean 3.376E-07 9.681E-07 1.968E-07 5.644E-07 

Minimum 2.375E-07 6.810E-07 1.474E-07 4.227E-07 

95th
 percentile 3.950E-07 

 

1.132E-06 

 

2.487E-07 

 

7.132E-07 

 

Maximum 3.951E-07 1.133E-06 2.559E-07 7.338E-07 

9day after Spraying ADD adult ADD children ADD adult ADD children 

Mean 9.870E-08 2.830E-07 5.337E-08 1.530E-07 

Minimum 5.936E-08 1.702E-07 4.708E-08 1.350E-07 

95th
 percentile 1.862E-07 

 

5.341E-07 

 

7.041E-08 

 

2.019E-07 

 

Maximum 1.863E-07 5.342E-07 6.551E-08 1.878E-07 

14-day after Spraying ADD adult ADD children ADD adult ADD children 

Mean 4.284E-08 1.229E-07 4.226E-08 1.212E-07 

Minimum 3.480E-08 9.980E-08 3.685E-08 1.057E-07 

95th
 percentile 5.649E-08 

 

1.620E-07 

 

4.564E-08 

 

1.309E-07 

 

Maximum 5.936E-08 1.702E-07 4.708E-08 1.350E-07 

21-day after Spraying ADD adult ADD children ADD adult ADD children 
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Mean 2.325E-08 6.667E-08 2.851E-08 8.176E-08 

Minimum 2.047E-08 5.870E-08 2.047E-08 5.870E-08 

95th
 percentile 2.865E-08 

 

8.218E-08 

 

3.746E-08 

 

1.074E-07 

 

Maximum 2.866E-08 8.218E-08 3.889E-08 1.115E-07 

 

Figure 8-4 (a) and Table 8-4 indicate that the potential acute dermal exposure level for 

adults through paddy water in Hunan on the day of Pymetrozine application increased 

to 0.5e-06ug/kg/day which was 0.5e-06-fold higher than the baseline exposure level. 

The exposure level decreased to 0.04e-06ug/kg/day after 14 days of insecticide 

spraying. 

 

 Figure 8-4 (b) and Table 8-4 indicate that the potential acute dermal exposure level for 

children through paddy water in Hunan on the day of Pymetrozine application increased 

to 1.5e-06 ug/kg/day which was 1.5e-06-fold higher than the baseline exposure level. 

The exposure level decreased to 0.11e-06 ug/kg/day after 14 days of insecticide 

spraying.  

 

Figure 8-4 (c) and Table 8-4 indicate that the potential acute dermal exposure level for 

adults through paddy water in Guangxi on the day of Pymetrozine application increased 

to 0.6e-06 ug/kg/day which was 0.6e-06-fold higher than the baseline exposure level. 

The exposure level decreased to 0.04e-06 ug/kg/day after 14 days of insecticide 

spraying. 

 

Figure 8-4 (d) and Table 8-4 indicate that the potential acute dermal exposure level for 

children through paddy water in Guangxi on the day of Pymetrozine application 

increased to 1.76 e-06 ug/kg/day which was 1.76 e-06-fold higher than the baseline 
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exposure level. The exposure level decreased to 0.117 e-06 ug/kg/day after 21 days of 

insecticide spraying. 

 

The rate constants for the decline in potential acute dermal exposure from water with 

several adults and children are noted in the graphs in Figure 8-4. While this is a limited 

sample size with only two adults and two children at the two study sites, a comparison 

can be made. The rates of decline are -0.028, -0.028, -0.036 and -0.036 which are in 

reasonably close agreement and are similar to the decline rates with exposure from soil. 

Thus, the age of the resident, the location and the exposure medium made little 

difference to the rate of decline.   

 

Figure 8-4 Acute Dermal Exposure Level of the Pymetrozine through Paddy Water in Guangxi 

and Hunan (ug/kg/day) (a) Hu Nan (adult); (b) Hu Nan (child); (a) Guangxi (adult); (b) Guangxi 

(child) 

Table 6 Acute Dermal Exposure Level of the Pymetrozine through paddy water in Guangxi and 

Hunan (ug/kg/day) 

 
Hunan Guangxi 

The day spraying ADD adult ADD children ADD adult ADD children 

Mean 7.369E-07 2.113E-06 7.343E-07 2.105E-06 

Minimum 5.117E-07 1.467E-06 5.936E-07 1.702E-06 

95th percentile  1.084E-06 

 

3.111E-06 

 

9.007E-07 

 

2.582E-06 

 

Maximum 1.228E-06 3.522E-06 9.007E-07 2.582E-06 

1-day ADD adult ADD children ADD adult ADD children 
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Mean 3.158E-07 9.057E-07 4.339E-07 1.244E-06 

Minimum 2.45648E-07 7.04437E-07 3.68472E-07 1.05666E-06 

95th percentile 3.889E-07 

 

1.115E-06 

 

4.605E-07 

 

1.320E-06 

 

Maximum 3.889E-07 1.115E-06 4.912E-07 1.408E-06 

3-day ADD adult ADD children ADD adult ADD children 

Mean 1.779E-07 5.102E-07 2.810E-07 8.058E-07 

Minimum 1.637E-07 4.696E-07 2.456E-07 7.044E-07 

95th percentile 2.313E-07 

 

6.633E-07 

 

3.684E-07 

 

1.056E-06 

 

Maximum 1.842E-07 5.283E-07 3.684E-07 1.056E-06 

5-day ADD adult ADD children ADD adult ADD children 

Mean 1.779E-07 5.102E-07 1.985E-07 5.694E-07 

Minimum 1.637E-07 4.696E-07 1.842E-07 5.283E-07 

95th percentile 1.842E-07 

 

5.283E-07 

 

2.251E-07 

 

6.457E-07 

 

Maximum 1.842E-07 5.283E-07 2.251E-07 6.457E-07 

7-day ADD adult ADD children ADD adult ADD children 

Mean 1.535E-07 4.402E-07 7.164E-08 2.054E-07 

Minimum 1.432E-07 4.109E-07 6.141E-08 1.761E-07 

95th percentile 1.637E-07 

 

4.696E-07 

 

1.228E-07 

 

3.522E-07 

 

Maximum 1.637E-07 4.696E-07 1.228E-07 3.522E-07 

9-day ADD adult ADD children ADD adult ADD children 

Mean 7.457E-08 2.138E-07 5.539E-08 1.588E-07 

Minimum 6.141E-08 1.761E-07 4.094E-08 1.174E-07 

95th percentile 8.802E-08 

 

2.524E-07 

 

6.141E-08 

 

1.761E-07 

 

Maximum 1.023E-07 2.935E-07 6.141E-08 1.761E-07 

14-day ADD adult ADD children ADD adult ADD children 

Mean 4.094E-08 1.174E-07 3.411E-08 9.783E-08 

Minimum 4.094E-08 1.174E-07 2.047E-08 5.870E-08 

95th percentile 4.094E-08 

 

1.174E-07 

 

4.094E-08 

 

1.174E-07 

 

Maximum 4.094E-08 1.1740E-07 4.094E-08 1.174E-07 

 

Figure 8-5 (a) and Table 8-5 indicate that the potential acute ingestion exposure level 

for adults through soil in Hunan on the day of Pymetrozine application increased to 

1.02E-04 ug/kg/day which was 1.02E-04-fold higher than the baseline exposure level. 

The exposure level decreased to 1.73E-06 ug/kg/day after 21 days of insecticide 

spraying. 
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 Figure 8-5 (b) and Table 8-5 indicate that the potential acute ingestion exposure level 

for children through soil in Hunan on the day of Pymetrozine application increased to 

2.4E-04 ug/kg/day which was 2.46E-04-fold higher than the baseline exposure level. 

The exposure level decreased to 4.18E-06 ug/kg/day after 21 days of insecticide 

spraying. 

 

 Figure 8-5(c) and Table 8-5 indicate that the potential acute dermal exposure level for 

adults through paddy water in Guangxi on the day of Pymetrozine application increased 

to 7.64e-05ug/kg/day which was 7.64e-05-fold higher than the baseline exposure level. 

The exposure level decreased to 5.439e-05ug/kg/day after 14 days of insecticide 

spraying. 

 

 Figure 8-5(d) and Table 8-5 indicate that the potential acute ingestion exposure level 

for children through soil in Guangxi on the day of Pymetrozine application increased 

to 1.84e-04 ug/kg/day which was 1.84e-04-fold higher than the baseline exposure level. 

The exposure level decreased to 5.439e-06 ug/kg/day after 21 days of insecticide 

spraying. 
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Figure 8-5 Acute Ingestion Exposure Level of the Pymetrozine through Soil in Guangxi and 

Hunan (ug/kg/day) (a) Hu Nan (adult); (b) Hu Nan (child); (a) Guangxi (adult); (b) Guangxi 

(child) 

 

Table 7 Potential Acute Ingestion Exposure Level of the Pymetrozine through Soil in Guangxi 

and Hunan (ug/kg/day) 
 

Hunan Guangxi 

The day spraying ADD adult ADD children ADD adult ADD children 

Mean 9.507E-05 2.291E-04 8.818E-05 2.125E-04 

Minimum 8.179E-05 1.971E-04 7.640E-05 1.841E-04 

95th percentile 1.038E-04 

 

2.500E-04 

 

9.589E-05 

 

2.311E-04 

 

Maximum 1.040E-04 2.506E-04 9.967E-05 2.402E-04 

1-day ADD adult ADD children ADD adult ADD children 

Mean 6.698E-05 1.614E-04 5.905E-05 1.423E-04 

Minimum 5.921E-05 1.427E-04 5.331E-05 1.285E-04 

95th percentile 7.498E-05 

 

1.807E-04 

 

6.659E-05 

 

1.605E-04 

 

Maximum 7.571E-05 1.824E-04 6.772E-05 1.632E-04 

3-day ADD adult ADD children ADD adult ADD children 

Mean 5.092E-05 1.227E-04 4.755E-05 1.146E-04 

Minimum 5.018E-05 1.209E-04 4.046E-05 9.749E-05 

95th percentile 5.193E-05 

 

1.251E-04 

 

5.778E-05 

 

1.392E-04 

 

Maximum 5.279E-05 1.272E-04 6.494E-05 1.565E-04 

5-day ADD adult ADD children ADD adult ADD children 

Mean 4.250E-05 1.024E-04 3.646E-05 8.787E-05 

Minimum 3.820E-05 9.205E-05 3.212E-05 7.741E-05 

95th percentile 4.542E-05 

 

1.095E-04 

 

4.094E-05 

 

9.866E-05 

 

Maximum 4.584E-05 1.105E-04 4.289E-05 1.033E-04 

7-day ADD adult ADD children ADD adult ADD children 
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Mean 2.864E-05 6.900E-05 1.669E-05 4.023E-05 

Minimum 2.014E-05 4.854E-05 1.250E-05 3.013E-05 

95th percentile 3.351E-05 

 

8.075E-05 

 

2.110E-05 

 

5.084E-05 

 

Maximum 3.351E-05 8.075E-05 2.171E-05 5.230E-05 

9-day ADD adult ADD children ADD adult ADD children 

Mean 8.372E-06 2.017E-05 4.527E-06 1.091E-05 

Minimum 5.036E-06 1.213E-05 3.994E-06 9.623E-06 

95th percentile 1.580E-05 

 

3.808E-05 

 

5.973E-06 

 

1.439E-05 

 

Maximum 1.580E-05 3.808E-05 5.557E-06 1.339E-05 

14-day ADD adult ADD children ADD adult ADD children 

Mean 3.634E-06 8.757E-06 3.584E-06 8.637E-06 

Minimum 2.952E-06 7.113E-06 3.126E-06 7.531E-06 

95th percentile 4.792E-06 

 

1.155E-05 

 

3.872E-06 

 

9.331E-06 

 

Maximum 5.036E-06 1.213E-05 3.994E-06 9.623E-06 

21-day ADD adult ADD children ADD adult ADD children 

Mean 1.972E-06 4.752E-06 2.419E-06 5.828E-06 

Minimum 1.736E-06 4.184E-06 1.736E-06 4.184E-06 

95th percentile 2.431E-06 

 

5.858E-06 

 

3.178E-06 

 

7.657E-06 

 

Maximum 2.431E-06 5.858E-06 3.299E-06 7.950E-06 

 

8.3.6 Potential Total Acute Exposure of Pymetrozine with 

Communities 

The survey clearly shows that there are two rice-growing areas with two insecticide 

applications for each rice-growing period. Farmers spray insecticides in May and July 

in the first rice-growing season and August and September in the second rice-growing 

season. In the present study, samples of paddy soil and paddy water were collected in 

association with a spraying event. Farmers spray pesticides once a month. The study 

areas were Yun-Wen Village Shang Lin Country Nan–Ning City Guangxi and Hua 

Tang Village Chang Sha Country Chang Sha City Hunan Province. The residents live 

about 10-20 metres in diameter around the agricultural areas. The dynamic of the 

environmental behaviours of Pymetrozine in soil and paddy water was analysed, and 

the results were analysed in section 8.2. 
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Based on the results of the potential acute ingestion exposure level of Pymetrozine in 

soil, the potential acute dermal exposure level of Pymetrozine in soil and paddy water 

were calculated for each sampling point (section 8.4.4 and section 8.4.5) in one spraying 

event. In this section, the potential total acute dermal exposure level of Pymetrozine in 

soil, the potential total acute dermal exposure level of Pymetrozine in paddy water; and 

the potential total acute ingestion exposure level of Pymetrozine in soil for one spraying 

event was calculated separately and then sum of the post-application exposure dose  

 

The descriptive analysis was carried out on the potential total acute dermal exposure 

level of Pymetrozine through soil, the potential total acute ingestion exposure level of 

Pymetrozine through soil, the potential total acute dermal exposure level of 

Pymetrozine through paddy water in Guangxi and Hunan. The results are shown in 

Table 8-6. It shows that there is no big difference between the potential average total 

soil dermal exposure and the potential acute soil dermal exposure for both adults and 

children; there is no significant difference between the potential average total paddy 

water dermal exposure and the potential acute paddy water dermal exposure; and there 

is no significant difference between the potential average total soil ingestion exposure 

and the potential acute soil ingestion exposure for both adults and children in Guangxi 

and Hunan.   

  
Table 8 Descriptive Analyse of the Total Acute Exposure Level of the Pymetrozine through Soil 

and Paddy Water in Hunan and Guangxi (ug/kg/y)  
 

Hunan 

Adult Total Soil-

Ingestion  

Adult 

Total Soil 

Dermal  

(adult) 

Total Water  

Dermal Adult 

Total Exposure 

(Water  

and Aoil) Adult 

Mean 2.981E-04 3.512E-06 1.695E-06 3.033E-04 

Minimum 2.773E-04 3.269E-06 1.372E-06 2.821E-04 

95th percentile  3.128E-04 

 

3.694E-06 

 

2.090E-06 

 

3.183E-04 

 

Maximum 3.179E-04 3.769E-06 2.190E-06 3.238E-04 



124 

 

Child Total-Soil-

Ingestion  

Child 

Total soil Dermal  

(Child) 

Total Water  

Dermal Child 

Total Exposure 

(Water  

and Soil) child 

Mean 7.196E-04 1.007E-05 4.861E-06 7.345E-04 

Minimum 6.682E-04 9.375E-06 3.933E-06 6.820E-04 

95th percentile 7.551E-04 

 

1.059E-05 

 

5.994E-06 

 

7.707E-04 

 

Maximum 7.703E-04 1.081E-05 6.281E-06 7.870E-04  
Guangxi 

adult Total Soil Ingestion  

Adult 

Total Soil 

Dermal  

(Adult) 

Total Water  

Dermal 

(Adult) 

Total Exposure 

(Water  

and Soil) Adult 

Mean 0.000263761 3.05909E-06 1.81037E-06 2.686E-04 

Minimum 0.000249349 2.82086E-06 1.65812E-06 2.540E-04 

95th percentile 2.795E-04 

 

3.236E-06 

 

1.965E-06 2.845E-04 

 

Maximum 0.000291196 3.35924E-06 2.0266E-06 2.963E-04 

Child Total Soil Ingestion  

Child 

Total Soil 

Dermal  

(Child) 

Total Water  

Dermal 

(Child) 

Total Exposure (water 

 and Soil) Child 

Mean 0.000624738 8.7651E-06 5.20256E-06 6.387E-04 

Minimum 0.000576569 8.08928E-06 4.75495E-06 5.894E-04 

95th percentile 6.609E-04 

 

9.272E-06 

 

5.635E-06 

 

6.757E-04 

 

Maximum 0.000686611 9.63317E-06 5.8116E-06 7.011E-04 

 

8.3.7 Potential Lifetime Average Daily Dose (LADD) 

The results indicate that the concentration level of Pymetrozine in soil was detected 

from 21 days of insecticide spraying, and the concentration level of Pymetrozine in 

paddy water was detected from 14 days of insecticide spraying. Thus, the frequency of 

exposure of Pymetrozine through soil is 84 days and 56 days in one year for the 

communities of this study areas. 

 

Based on the potential total acute dermal exposure levels of Pymetrozine through soil; 

potential total acute ingestion exposure levels of Pymetrozine through soil; and the 

potential total acute dermal exposure levels of Pymetrozine through paddy water during 

the four spraying events, the potential life-time exposure level of Pymetrozine in soil 

and paddy water were calculated with formula (3) (section 6.10.3) for each sampling 

point. The results of the descriptive analysis are indicated in Table 8-7. The LADDE 
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for Pymetrozine potential exposure with agriculture communities assumed that the 

farmers sprayed the same amount of Pymetrozine for every spray event. 

 

Table 8-7 indicates that in the Hunan areas, the potential average life-time ingestion 

exposure level of Pymetrozine through soil for adults ranged from 6.382e-05 to 7.317E-

05 ug/kg/y with an average level of 6.861E-05 ug/kg/y; the potential average lifetime 

ingestion exposure level of Pymetrozine through soil for children ranged from 1.538e-

04 to 1.773E-04 ug/kg/y with an average level of 1.656E-04 ug/kg/y.  

 

The potential average lifetime dermal exposure level of Pymetrozine through soil for 

adults ranged from 7.524e-07 to-8.673e-07ug/kg/y, with an average level of 

Pymetrozine through soil for adults of 8.083e-07 ug/kg/y. The potential average 

lifetime dermal exposure level of Pymetrozine through soil for children ranged from 

2.158e-06-to 2.487e-06ug/kg/y, with an average level of Pymetrozine through soil for 

adults of 2.318e-06 ug/kg/y.  

 

The potential average life-time dermal exposure level of Pymetrozine through paddy 

water for adults ranged from 2.104e-07 to -3.361e-07ug/kg/y, with an average level of 

Pymetrozine through paddy water for adults of 2.601e-07 ug/kg/y. The potential 

average lifetime dermal exposure level of Pymetrozine through soil for children ranged 

from 6.034e-07 to-9.637e-07ug/kg/y, with an average level of Pymetrozine through soil 

for adults of 7.457e-06 ug/kg/y.  

 

The potential total lifetime exposure level of Pymetrozine through soil and paddy water 

for adults ranged from 6.481E-05to 7.435E-05 ug/kg/y with an average level of 6.967e-
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05 ug/kg/y. The potential total lifetime exposure level of Pymetrozine through soil and 

paddy water for children ranged from 1.566E-04 to 1.807E-04 ug/kg/y, with an average 

level of 1.687E-04 ug/kg/y. 

 

In the Guangxi areas, the potential average life-time ingestion exposure level of 

Pymetrozine through soil for adults ranged from 5.738E-05 to 6.70E-05 ug/kg/y with 

an average level of 6.070E-05 ug/kg/y; the potential average lifetime ingestion 

exposure level of Pymetrozine through soil for children ranged from 1.327e-04 to 

1.580E-04 ug/kg/y with an average level of 1.438E-04ug/kg/y.  

 

The potential average lifetime dermal exposure level of Pymetrozine through soil for 

adults ranged from 6.492e-07 to 7.731e-07 ug/kg/y, with an average level of 7.04E-

07ug/kg/y; the potential average lifetime dermal exposure level of Pymetrozine through 

soil for children ranged from 1.008E-07to 1.862E-06 ug/kg/y, with an average level of 

2.017E-06 ug/kg/y. 

 

The potential average lifetime dermal exposure level of Pymetrozine through water for 

adults ranged from 2.544E-07 to -3.109e-07ug/kg/y; with an average level of 2.778e-

07ug/kg/y. The potential average lifetime dermal exposure level of Pymetrozine 

through water for children ranged from 7.295E-07 to 8.916e-07ug/kg/y; with an 

average level of 7.982e-07ug/kg/y.  

 

The potential total lifetime exposure level of Pymetrozine through soil and paddy water 

for adults ranged from 5.832E-05to 6.805E-05 ug/kg/y with an average level of 6.168E-

05ug/kg/y. The potential total lifetime exposure level of Pymetrozine through soil and 
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paddy water for children ranged from 1.353E-04 to 1.61e-04 ug/kg/with an average 

level of 1.466E-04ug/kg/y. 

 

Table 9 Life-Time Exposure of Pymetrozine through Soil and Paddy Water in Hunan and 

Guangxi Area (ug/kg/y) 
 

Hunan 

Adult LADD soil dermal LADD  

soil-

ingestion 

LADD water dermal Total (soil and water) 

Mean 8.083E-07 6.861E-05 2.601E-07 6.967E-05 

Minimum 7.524E-07 6.382E-05 2.104E-07 6.481E-05 

95th percentile 8.502E-07 

 

7.199E-05 

 

3.207E-07 

 

7.312E-05 

 

Maximum 8.673E-07 7.317E-05 3.361E-07 7.435E-05 

Child LADD soil dermal LADD  

soil-

ingestion 

LADD water dermal Total (soil and water) 

Mean 2.318E-06 1.656E-04 7.457E-07 1.687E-04 

Minimum 2.158E-06 1.538E-04 6.034E-07 1.566E-04 

95th percentile 2.438E-06 

 

1.738E-04 

 

9.196E-07 

 

1.770E-04 

 

Maximum 2.487E-06 1.773E-04 9.637E-07 1.807E-04 
 

Guangxi 

Adult LADD soil ingestion LADD  

soil dermal 

LADD water dermal Total (soil and water) 

Mean 6.070E-05 7.040E-07 2.778E-07 6.168E-05 

Minimum 5.738E-05 6.492E-07 2.544E-07 5.832E-05 

95th percentile 6.432E-05 

 

7.448E-07 

 

3.015E-07 

 

6.534E-05 

 

Maximum 6.702E-05 7.731E-07 3.109E-07 6.805E-05 

Child LADD soil ingestion LADD  

soil dermal 

LADD water dermal Total (soil and water) 

Mean 1.438E-04 2.017E-06 7.982E-07 1.466E-04 

Minimum 1.327E-04 1.862E-06 7.295E-07 1.353E-04 

95th percentile 1.521E-04 

 

2.134E-06 

 

8.646E-07 

 

1.551E-04 

 

Maximum 1.580E-04 2.217E-06 8.916E-07 1.610E-04 

 

8.4 Conclusion  

In this study, a simple QuEChERS LC–MS/MS method was established and validated 

for the simultaneous determination of Pymetrozine in soil and paddy water. Following 

spraying, residual levels of Pymetrozine in soil and paddy water from Guangxi and 
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Hunan were detected. The results show similarities in the Pymetrozine residue levels 

of the soil and water in Guangxi and Hunan.  

 

The half-lives of Pymetrozine in paddy water from Guangxi and Hunan were 3.08 and 

3.85 days, respectively while those in the soil were 3.49 and 3.73 days, respectively. 

These half-life values are lower than those reported in previous studies, indicating that 

decline of Pymetrozine in soil and water in a natural agricultural environment is faster 

than in the artificial plot studies. There was no Pymetrozine detected in the soil after 28 

days since the spraying and the levels of Pymetrozine in the soil after 21 days were 

below the limit reported in both Hunan and Guangxi respectively.  However, there are 

two similarities between the results of this study and previous studies. Firstly, the initial 

deposit of Pymetrozine residue in soil was higher than that in paddy water. Secondly, 

the decline in soil was slower than that in paddy water. 

 

By using the results of this investigation, further evaluations of the environmental 

behaviour of Pymetrozine can be made. These evaluations show that this pesticide does 

not bio-accumulate and does not pose a threat to aquatic organisms and humans. In 

addition, the partition behaviour between soil/sediment and water conforms to previous 

results and can be used in modelling studies. 

 

The potential acute dermal exposure levels (ADDA) of Pymetrozine through soil, 

potential acute dermal exposure levels (ADDA) of Pymetrozine through paddy water, 

potential acute ingestion exposure levels (ADDA) of Pymetrozine through soil, 

potential total acute dermal exposure levels of Pymetrozine through soil, potential total 

acute dermal exposure levels of Pymetrozine through paddy water, and potential total 
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acute ingestion exposure levels of Pymetrozine through soil peaked at on the day of 

insecticide application and returned to the normal range approximately 21 days after 

insecticide application.  

 

The potential total dermal exposure levels of Pymetrozine through soil and paddy water 

are slightly different from the potential acute dermal exposure levels on the day of 

insecticide spraying due to the small contribution of after 1-day, 3-day, 4-day, 5-day, 

7-day, 9-day, 14-day and 21-day exposure levels to the ADDT. The potential dermal 

lifetime average daily doses of Pymetrozine through soil; the potential dermal lifetime 

average daily doses of Pymetrozine through paddy water; and the potential ingestion 

lifetime average daily doses of Pymetrozine through soil is based on the assumption 

that farmers applied the same amount using the same technique for every Pymetrozine 

application.  

 

China’s rice-growing agriculture communities are likely to have major adverse effects 

by dermal and ingestion exposure through soil and paddy water from Pymetrozine by 

spraying applications up to 21 days after insecticide spraying. 
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CHAPTER 9 HEALTH RISK 

CHARACTERIZATION OF PYMETROZINE 

EXPOSURE IN AGRICULTURAL 

COMMUNITIES IN CHINA 

9.1 Background   

Quantifying or characterising risk is the final step in the risk assessment process. In this 

step, the data on the dose-response relationship of Pymetrozine is integrated into the 

data on exposure to characterise the health risks for the investigated populations. The 

risk characterisation of point estimates using the hazard quotient (HQ) is considered a 

simple and consistent method for risk characterisation. It compares the point estimate 

of the exposure levels (average or maximum) with guidance values recommended by 

national and international authorities (WHO, 2011 & US EPA, 2004). 

 

9.2 Data Sources for Risk Characterisation  

The data used for risk characterisation of Pymetrozine with soil and paddy water in 

China are mainly drawn from Chapter 8, Exposure Assessment, and Chapter 7, Dose-

Response Assessment. In Chapter 8, the Pymetrozine exposure doses were estimated 

from soil and paddy water, comprising: (1) acute dermal exposure level of Pymetrozine 

in soil and paddy water; and (2) acute ingestion exposure level of Pymetrozine in soil. 

In Chapter 8, the Pymetrozine doses corresponding to adverse health effects in 

epidemiological studies on laboratory experiments on animals were categorised as 

neurological effects and non-neurological effects. 
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9.3 Potential Human Health Risk Characterisation due to 

Environmental Exposure  

The potential daily average cancer risk assessment of Pymetrozine through dermal 

contact, and ingestion exposure routes for adults, as well as the exposure doses of 

Pymetrozine in relation to adult non-carcinogenic risk through dermal contact and 

ingestion exposure routes in Hunan and Guangxi were calculated using the parameters 

of the US EPA health risk assessment method in this study. 

 

According to the available slope factors discussed in section 7.3 and summarised in 

Table 7-3, dermal contact and ingestion were contained in the risk estimation of 

Pymetrozine. The value of the Acute Population-Adjusted Dose (general population) is 

0.42 mg/kg. The value of the Acute Population-Adjusted Dose (infants and children) is 

0.14 mg/kg. The value of the Chronic Population-Adjusted Dose (general population) 

is 0.0038 mg/kg/day. The value of the Chronic Population-Adjusted Dose (females 13+, 

infants, and children) is 0.0013 mg/kg/day. The cancer slope factor is 0.0119 mg/kg/day 

(US EPA, 2000). 

 

9.3.1 Potential Cancer Risk  

Based on the lifetime average exposure, combined with the carcinogenic risk 

assessment method, potential carcinogenic risk quotient (CR) of the dermal contact 

through soil; the potential carcinogenic risk quotient (CR) of the dermal contact through 

paddy water; the potential carcinogenic risk quotient (CR) of soil ingestion and 

potential total carcinogenic risk index (TCR) of Pymetrozine through soils and paddy 
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water for each sampling point of both of the areas in the studied region were obtained 

using Eqs. (8) and (9).  

 

The descriptive analysis was carried out separately in Guangxi and Hunan on the 

potential cancer risk through the dermal exposure level of Pymetrozine through soil; 

the potential cancer risk of dermal exposure level of Pymetrozine through paddy water; 

and the potential cancer risk of ingestion exposure level of Pymetrozine through soil. 

The results are indicted in Table 9-1.  

 

In Table 9-1 in Hunan area, the potential cancer risk of the Pymetrozine through dermal 

contact of the soil for adults ranged from 8.953E-12   to 1.02E-11, with an average 

of 9.612E-12 the potential cancer risk of the Pymetrozine through dermal contact of the 

soil for children ranged from2.567E to 2.96E-11 with an average of the 2.75E-11. The 

potential cancer risk of the Pymetrozine through ingestion of the soil for adult ranged 

from 7.594E-10 to 8.70e-10, with an average of 8.164E-10; the potential cancer risk of 

the Pymetrozine through ingestion of the soil for children ranged from 1.830E-09 to 

2.11E-09, with an average of 1.971E-09. The potential cancer risk of the Pymetrozine 

through dermal contact of the paddy water for adults ranged from 2.50E-12 to 3.999E-

12, with an average of 3.095E-12; the potential cancer risk of the Pymetrozine through 

dermal contact of the paddy water for children ranged from 7.181E-12 to 1.147E-11, 

with an average of 8.874E-12.  

 

The potential total cancer risk of the Pymetrozine through soil and paddy water soil for 

adult ranged from 7.712E-10 to 8.848E-10, with an average of the 8.291E-10; the 
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potential total cancer risk of the Pymetrozine through soil and paddy water soil for 

children ranged from 1.886E-09 to 2.150E-09, with an average of the 2.007E-09.  

 

In Guangxi area, the potential cancer risk of the Pymetrozine through dermal contact of 

the soil for adult ranged from 7.725E-12 to 9.20E-12, with an average of the 8.378E-

12; the potential cancer risk of the Pymetrozine through dermal contact of the soil for 

children ranged from 2.215E-11 to 2.638E-11, with an average of the 2.400E-11. The 

potential cancer risk of the Pymetrozine through ingestion of the soil for adult ranged 

from 6.829E-10 to 7.975E-10, with an average of 7.223E-10; the potential cancer risk 

of the Pymetrozine through ingestion of the soil for children ranged from 1.579E-09 to 

1.880E-09, with an average of 1.711E-09. The potential cancer risk of the Pymetrozine 

through dermal contact of the paddy water for adults ranged from 3.02E-12 to 3.700E-

12, with an average of 3.305E-12; the potential cancer risk of the Pymetrozine through 

dermal contact of the paddy water for child ranged from 8.681E-12 to 1.061E-11, with 

an average of 9.499E-12. The potential total cancer risk of the Pymetrozine through soil 

and paddy water for adults ranged from 6.94E-10 to 8.098E-10, with an average of the 

7.3468E-10; the potential total cancer risk of the Pymetrozine through soil and paddy 

water for children ranged from 1.610E-09 to 1.916E-09, with an average of the 1.744E-

09. 

 

The distribution of the potential cancer risk is presented in Figure 9-1. It shows that the 

potential cancer risk of dermal contact caused by Pymetrozine through soil and water; 

the potential cancer risk of ingestion carcinogenesis caused by Pymetrozine through 

soil and the total cancer caused by Pymetrozine through soil and paddy water for 

children in both Hunan and Guangxi areas were higher than adults. The potential cancer 
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risk of dermal contact carcinogenesis through soil for adults and children in both areas 

were higher than the cancer risk of dermal contact carcinogenesis through paddy water. 

The potential cancer risk of dermal contact carcinogenesis through soil for adults and 

children in both areas were lower than the potential cancer risk of ingestion through 

soil in both areas.  

 

The average, minimum，95th percentile and maximum cancer risk of dermal contact 

carcinogenesis through soil and water for adults and children; the average, minimum， 

95th percentile and maximum of the cancer risk of ingestion carcinogenesis through soil 

for adults and children; and the total cancer risk through soil and paddy water were less 

than 1*10-6, being within the acceptable levels, and indicating no significant health 

effects. 

 

Table 9-1 Deterministic Estimates of the Potential Cancer Risk for Adults and Child through 

Paddy Water and Soil in Hunan and Guangxi 

 Hunan 

adult CR soil dermal CR soil-ingestion CR water dermal TCR 

Mean 9.619E-12 8.164E-10 3.095E-12 8.291E-10 

Minimum 8.953E-12 7.594E-10 2.504E-12 7.712E-10 

95th 
percentile 

1.012E-11 
 

8.567E-10 
 

3.816E-12 
 

8.702E-10 
 

Maximum 1.032E-11 8.707E-10 3.999E-12 8.848E-10 

child CR soil dermal CR soil-ingestion CR water dermal TCR 

Mean 2.758E-11 1.971E-09 8.874E-12 2.007E-09 

Minimum 2.567E-11 1.830E-09 7.181E-12 1.864E-09 

95th 
percentile 

2.901E-11 
 

2.068E-09 
 

1.094E-11 
 

2.106E-09 
 

Maximum 2.960E-11 2.110E-09 1.147E-11 2.150E-09 

 Guangxi 

Adult CR soil dermal CR soil ingestion CR water dermal TCR 

Mean 8.378E-12 7.223E-10 3.305E-12 7.340E-10 

Minimum 7.725E-12 6.829E-10 3.027E-12 6.940E-10 

95th 
percentile 

8.863E-12 
 

7.654E-10 
 

3.588E-12 
 

7.776E-10 
 

Maximum 9.200E-12 7.975E-10 3.700E-12 8.098E-10 
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Child CR soil dermal CR soil ingestion CR water dermal TCR 

Mean 2.400E-11 1.711E-09 9.499E-12 1.744E-09 

Minimum 2.215E-11 1.579E-09 8.681E-12 1.610E-09 

95th 
percentile 

2.539E-11 
 

1.810E-09 
 

1.029E-11 
 

1.845E-09 
 

Maximum 2.638E-11 1.880E-09 1.061E-11 1.916E-09 

 

Figure 9-1 Cancer Risk through Soil and Paddy Water in Guangxi and Hunan 

Note: a:Hunan (adult); b:Hunan (child);c :Guangxi (adult); Guangxi (child) 

TCRSD: cancer risk of the dermal contact through soil ; TCRTSI: cancer risk of the ingestion through 

soil; TCRWD: cancer risk of the dermal contact through soil; TCR: sum of the cancer risk through soil 

and water through dermal and ingestion 

 

9.3.2 Potential Non-cancer Risk from Lifetime Exposure Dose 

There are no human studies focusing the Pymetrozine. Making summaries of the results 

of the sub-chronic and chronic toxicity, metabolism, and dermal penetration studies in 

animals and this study indicates that Pymetrozine impacts on three major areas in the 

body including the liver, the hematopoietic system and the lymphatic system. In 

addition, from both sub-chronic and chronic dog studies, it is found that this chemical 

affects muscle tissue, perhaps secondarily. Pymetrozine has significant adverse health 
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effects on mice and rats and dogs (US EPA, 2000). Hepatocellular hypertrophy is often 

related to the induction of drug metabolising enzymes (USEPA, 2010). The value of the 

Chronic Population-Adjusted Dose (general population) is 0.0038 mg/kg/day. The 

value of the Chronic Population-Adjusted Dose (females 13+, infants, and children) is 

0.0013 mg/kg/day. 

 

Based on the potential lifetime average exposure dose, combined with the non-

carcinogenic risk assessment method, the potential non-carcinogenic risk quotient (HQ) 

of the dermal contact through soil; the dermal contact through paddy water; the 

ingestion through soil and potential non-carcinogenic risk index (HI) of Pymetrozine in 

soils and paddy water for each sampling point of both areas in the studied region were 

obtained using Equations (8) and (9). 

  

Descriptive analysis was carried out on the potential non-cancer risk for the lifetime 

dermal exposure dose of the Pymetrozine through soil; the lifetime dermal exposure 

dose of the Pymetrozine through paddy water; the lifetime ingestion exposure dose of 

the Pymetrozine through soil in Guangxi and Hunan separately. The results are indicted 

in Table 9-2. 

 

In Table 9-2 in the Hunan areas, potential  non-cancer risk from the lifetime dermal 

exposure dose of the Pymetrozine through soil for adults ranged from 1.98E-07 to 

2.282E-07, with an average of the 2.127E-07; the potential non-cancer risk from the 

lifetime dermal exposure dose of the Pymetrozine through soil for children ranged from 

1.66E-06 to 1.913E-06, with average of the 1.783E-06. The potential non-cancer risk 

from the lifetime ingestions exposure dose of the Pymetrozine through the soil for 
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adults ranged from 1.679E-5 to 1.92e-05, with an average of 1.805E-5; the potential 

non-cancer risk from the lifetime ingestion exposure dose of the Pymetrozine through 

the soil for children ranged from 1.183E-04 to 1.36E-04, with an average of 1.274E-04. 

The potential non-cancer risk from the lifetime dermal contact exposure dose of the 

Pymetrozine through the paddy water for adults ranged from 5.538E-08 to 8.844E-08, 

with an average of 6.84E-08; the potential non-cancer risk from the lifetime dermal 

contact exposure dose of the Pymetrozine through the paddy water for children ranged 

from 4.642E-07 to 7.413E-07, with an average of 5.736E-07. The potential total non-

cancer risk from the lifetime through dermal contact and ingestion exposure dose of the 

Pymetrozine through soil and paddy water for adults ranged from 1.706E-05 to 1.957 

E-05, with an average of the 1.834E-05; the potential total non-cancer risk from the 

lifetime through dermal contact and ingestion exposure dose of the Pymetrozine 

through soil and paddy water soil for children ranged from 1.205E-04 to 1.390E-04, 

with an average of the 1.297E-04. 

 

In the Guangxi area, the potential non-cancer risk from the lifetime dermal contact 

exposure dose of the Pymetrozine through soil for adults ranged from 1.780e-07 to 

2.034E-07, with an average of the 1.853E-07; the potential non-cancer risk from the 

lifetime dermal contact exposure dose of the Pymetrozine through soil for children 

ranged from 1.432E-06 to 1.70E-06, with an average of the 1.552E-06. The potential 

non-cancer risk from the lifetime ingestion exposure dose of the Pymetrozine through 

soil for adults ranged from 1.51E-05 to 1.76E-05, with an average of 1.597E-05; the 

potential non-cancer risk from the lifetime ingestion exposure dose of the Pymetrozine 

through the soil for children ranged from 1.021E-9 to 1.21E-04, with an average of 

1.106E-04. The potential non-cancer risk from the lifetime dermal contact exposure 
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dose of the Pymetrozine through the paddy water for adults ranged from 6.69E-08 to 

8.18E-08, with an average of 7.309E-08; the potential non-cancer risk from the life time 

dermal contact exposure dose of the Pymetrozine through the paddy water for children 

ranged from 5.612E-07 to 6.859E-07, with an average of 6.140E-07. The potential total 

non-cancer risk from the lifetime through dermal contact and ingestion exposure dose 

of the Pymetrozine through soil and paddy water for adults ranged from 1.535E-05 to 

1.791E-05, with an average of the 1.623E-05; the potential total non-cancer risk from 

the lifetime through dermal contact and ingestion exposure dose of the Pymetrozine 

through soil and paddy water for children ranged from 1.041E-04 to 1.38E-06, with an 

average of the 1.128E-04. 

 

Based on the US EPA (2010) report, if HI< 1, the exposed individual was unlikely to 

experience obvious adverse health effects. On the contrary, if HI>1, there was the 

chance of a non-carcinogenic effect. Generally, potential total non-cancer risk for the 

lifetime dose through paddy water and soil in the two areas were less than 1, thus the 

potential risk was relatively low, indicating an acceptable risk level.  

 

The minimum, average, 95th percentile and  maximum of the potential non-cancer risk 

from the lifetime dermal contact dose of Pymetrozine through soils; the minimum, 

average, 95th percentile and  maximum of the potential non-cancer risk from the lifetime 

dermal contact dose of Pymetrozine through paddy water; the minimum, average, 95th 

percentile, and maximum of the potential non-cancer risk from the lifetime ingestion 

exposure dose of Pymetrozine through soil for adult of the two areas were below 1, thus 

the potential risk was relatively low, indicating an acceptable risk level. The minimum, 

average, 95th percentile, and  maximum of the potential non-cancer risk for the lifetime 



139 

 

dermal contact dose of Pymetrozine through soils; the minimum, average, 95th 

percentile, and  maximum of the potential non-cancer risk for the lifetime dermal 

contact dose of Pymetrozine through paddy water; the minimum, average, 95th 

percentile, and maximum of the potential of the non-cancer risk from the lifetime 

ingestion exposure dose of Pymetrozine through soil for children of the two areas was 

below 1, thus, the potential risk was relatively low, indicating an acceptable risk level.  

 

The distribution of the potential non-cancer risk is presented in Fig. 9-2. The potential 

non-cancer risk from the life time dermal contact dose through soil and water; the 

potential non-cancer risk from the life time ingestion dose caused by Pymetrozine 

through soil and the total non-cancer from the lifetime dose through soil and paddy 

water in both Hunan and Guangxi areas were higher for children than for adults. The 

potential non-cancer risk from the lifetime dose through soil for adults and children in 

both areas were higher than the potential non-cancer risk from the lifetime dose through 

paddy water. The potential non-cancer risk from the lifetime dermal exposure dose 

through soil for adults and children in both areas were lower than the potential non-

cancer risk from the lifetime ingestion exposure dose through soil in both areas. 

 

Table 9-2 Deterministic Estimates of the Potential Non-Cancer Risk from Lifetime Exposure 

Dose for Adults and Child through Paddy Water and Soil in Hunan and Guangxi 
 

Guangxi 

Adult HQ soil dermal ( HQ soil ingestion HQ water dermal HI 

Mean 1.853E-07 1.597E-05 7.309E-08 1.623E-05 

Minimum 1.708E-07 1.510E-05 6.695E-08 1.535E-05 

95th 
percentile 1.960E-07 

 

1.693E-05 

 

7.934E-08 

 

1.720E-05 

 

Maximum 2.034E-07 1.764E-05 8.182E-08 1.791E-05 

Child HQ soil dermal HQ soil ingestion HQ water dermal HI 

Mean 1.552E-06 1.106E-04 6.140E-07 1.128E-04 

Minimum 1.432E-06 1.021E-04 5.612E-07 1.041E-04 

95th 
percentile 1.641E-06 1.170E-04 6.651E-07 1.193E-04 
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Maximum 1.705E-06 1.215E-04 6.859E-07 1.238E-04 
 

Hunan 

Adult HQ soil dermal HQ soil-ingestion HQ water dermal HI 

Mean 2.127E-07 1.805E-05 6.843E-08 1.834E-05 

Minimum 1.980E-07 1.679E-05 5.538E-08 1.706E-05 

95th
 percentile 2.237E-07 

 

1.895E-05 

 

8.439E-08 

 

1.924E-05 

 

Maximum 2.282E-07 1.926E-05 8.844E-08 1.957E-05 

Child HQ soil dermal HQ soil-ingestion HQ water dermal HI 

Mean 1.783E-06 1.274E-04 5.736E-07 1.297E-04 

Minimum 1.660E-06 1.183E-04 4.642E-07 1.205E-04 

95th 
percentile 1.875E-06 

 

1.337E-04 

 

7.074E-07 

 

1.361E-04 

 

Maximum 1.913E-06 1.364E-04 7.413E-07 1.390E-04 

 

 

Figure 9-2 Potential Non-Carcinogenic Risk from Lifetime Exposure Dose through Soil and 

Paddy Water in Guangxi and Hunan  

TCRSD: cancer risk of the dermal contact through soil ; TCRTSI: cancer risk of the ingestion through 

soil; TCRWD: cancer risk of the dermal contact through soil; TCR: sum of the cancer risk through soil 

and water through dermal and ingestion 
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9.3.3 Potential Non-cancer risk from Acute Exposure Dose 

The value of the Acute Population-Adjusted Dose (general population) is 0.42 mg/kg. 

The value of the Acute Population-Adjusted Dose (infants and children) was 0.14 

mg/kg which was used to calculate the non-cancer risk for acute exposure dose. 

 

On the basis of acute dose exposure, combined with the non-carcinogenic risk 

assessment method, the potential non-carcinogenic risk quotient (HQ) of acute dermal 

contact exposure through soil; the potential non-carcinogenic risk quotient (HQ) of 

acute dermal contact dose through paddy water; the potential non-carcinogenic risk 

quotient (HQ) of acute ingestion exposure dose through soil; potential non-carcinogenic 

risk index (HI) of Pymetrozine in soils and paddy water for each sampling point of both 

areas in the studied region were obtained using Equations (8) and (9 .The results are 

listed in Table S6. 

 

The descriptive analyses were carried out on the potential non-carcinogenic risk 

quotient (HQ) from the acute dermal exposure dose level of the Pymetrozine through 

soil; the potential non-carcinogenic risk quotient (HQ) from the acute dermal exposure 

dose level of Pymetrozine through paddy water; and the potential non-carcinogenic risk 

quotient (HQ) from the acute ingestion exposure dose level of the Pymetrozine through 

soil in Guangxi and Hunan separately. The results are indicted in Table 9-3.  

 

In the Hunan area, the potential non-carcinogenic risk quotient (HQ) of the Pymetrozine 

from the acute dermal contact exposure dose through soil for adults ranged from 

7.784E-09 to 8.973E-09, with an average of the 8.363E-09; the potential non-

carcinogenic risk quotient (HQ) of the Pymetrozine from the acute dermal contact 
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exposure dose through the soil for children ranged from 6.696E-08 to 7.719E-08, with 

an average of the 7.194E-08. The potential non-carcinogenic risk quotient (HQ) of the 

Pymetrozine from the acute ingestion exposure dose through soil for adults ranged from 

6.603E-07 to 7.570e-07, with an average of 7.098E-07; the potential non-carcinogenic 

risk quotient (HQ) of the Pymetrozine through the acute ingestion exposure dose 

through soil for children ranged from 4.7740E-04 to 5.502E-06, with an average of 

5.140E-06. The potential non-carcinogenic risk quotient (HQ) of the Pymetrozine from 

the acute dermal contact exposure dose through the paddy water for adults ranged from 

3.266E-09 to 5.215E-09, with an average of 4.036E-09; the potential non-carcinogenic 

risk quotient (HQ) of the Pymetrozine from the acute dermal contact exposure dose 

through paddy water for children ranged from 2.809E-08 to 4. 487E-08, with an average 

of 3.472E-08. The potential total non-carcinogenic risk quotient (HQ) of the 

Pymetrozine from the acute exposure dose through the soil and paddy water for adults 

ranged from 6.717E-07 to 7.708 E-07, with an average of the 7.222E-07; the potential 

total non-carcinogenic risk quotient (HQ) of the Pymetrozine from the acute ingestion 

exposure dose through the soil and paddy water for children ranged from 4.872E-06 to 

5.621E-06, with an average of the 5.247E-06. 

 

In Guangxi area, the potential non-carcinogenic risk quotient (HQ) of the Pymetrozine 

from the acute dermal contact exposure dose through the soil for adults ranged from 

6.716E-09 to 7.998E-09, with an average of the 7.262E-09; the potential non-

carcinogenic risk quotient (HQ) of the Pymetrozine from the acute dermal contact 

exposure dose through the soil for children ranged from 5.778E-08 to 6.881E-08, with 

an average of the 6.245E-08.  
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The potential non-carcinogenic risk quotient (HQ) of the Pymetrozine from the acute 

ingestion exposure dose through soil for adults ranged from 5.937E-07 to 6.933e-07, 

with an average of 6.261E-07; the potential non-carcinogenic risk quotient (HQ) of the 

Pymetrozine through the acute ingestion exposure dose through soil for child ranged 

from 4.118E-06 to 4.904E-06, with an average of 4.451E-06. The potential non-

carcinogenic risk quotient (HQ) of the Pymetrozine from the acute dermal contact 

exposure dose through paddy water for adult ranged from 3.948E-09 to 4.825E-07, with 

an average of 4.299E-09; the potential non-carcinogenic risk quotient (HQ) of the 

Pymetrozine from the acute dermal contact exposure dose through paddy water for 

children ranged from 3.396E-08 to 4. 151E-08, with an average of 3.698E-08. The 

potential total non-carcinogenic risk quotient (HQ) of the Pymetrozine from the acute 

exposure dose through soil and paddy water for adults ranged from 6.048E-07 to 7.054 

E-07, with an average of the 6.377E-07; the potential total non-carcinogenic risk 

quotient (HQ) of the Pymetrozine from the acute exposure dose through soil and paddy 

water for children ranged from 4.210E-06 to 5.008E-06, with an average of the 4.550E-

06. 

 

Based on the US EPA (2010) report, if HI< 1, the exposed individual was unlikely to 

experience obvious adverse health effects. On the contrary, if HI>1, there was the 

chance of a non-carcinogenic effect. Generally the potential HQ of Pymetrozine from 

the acute dermal contact exposure dose through paddy water; the potential HQ of 

Pymetrozine from the acute dermal contact exposure dose through soil; and the 

potential HQ of Pymetrozine from the acute ingestion exposure dose through soil for 

adults and children in both of the two areas were less than 1, thus the potential risk was 

relatively low, indicating an acceptable risk level. 
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The distribution of the potential non-cancer risk is presented in Fig. 9-3. The potential 

non-cancer risk from the acute dermal contact exposure dose through soil and water; 

the potential non-cancer risk from the acute ingestion exposure dose caused by 

Pymetrozine through soil, and the potential total non-cancer from the acute dermal 

contact exposure dose and acute ingestion exposure dose through soil and paddy water 

for the child in both Hunan and Guang xi areas were higher than for the adult. Previous 

studies (Bhandari et al., 2020, Landrigan and Goldman, 2011, Pan et al., 2018) also 

indicated relatively higher risks for children than adults. The possible reason for higher 

risks for adolescents might be due to their higher exposure to given doses of 

Pymetrozine. The potential non-cancer risk from the acute dermal contact exposure 

dose through soil for adults and children in both areas were higher than acute dermal 

contact exposure dose through paddy water. The potential non-cancer risk from the 

acute dermal contact exposure dose through soil in both areas were lower than the non-

cancer risk from the acute ingestion exposure dose through soil in both areas and its 

consistent with the previous results (Yadav et al., 2016).  

 

All soil samples came from farmers’ fields close to their houses thus, children may have 

had direct contact with these soils daily. This study considered the worst-case scenario 

(only positive samples and their total average concentrations): replacing the no detects 

with 0 would even further decrease the CR, HQ and HI values. However, children are 

more likely to unintentionally ingest significant amounts of contaminated soil because 

of their childish behaviour such as putting contaminated hand or fingers in their mouths. 

Henceforth, this study warrants further research to investigate the implications of 

exposure for children through all the possible pathways. 
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Table 9-3 Deterministic Estimates of the Non-Cancer Risk from Acute Dose Exposure for Adults 

and Children through Paddy Water and Soil in Hunan and Guangxi 
 

Hunan 

adult HQ soil dermal  HQ soil-ingestion HQ water dermal  HI  

Mean 8.363E-09 7.098E-07 4.036E-09 7.222E-07 

Minimum 7.784E-09 6.603E-07 3.266E-09 6.717E-07 

95th percentile 8.796E-09 

 
7.448E-07 

 
4.976E-09 

 
7.580E-07 

 

Maximum 8.973E-09 7.570E-07 5.215E-09 7.708E-07 

child HQ soil dermal  HQ-soil-ingestion HQ water dermal  HQ  

Mean 7.194E-08 5.140E-06 3.472E-08 5.247E-06 

Minimum 6.696E-08 4.773E-06 2.809E-08 4.872E-06 

95th percentile 7.567E-08 

 
5.393E-06 

 
4.281E-08 

 
5.505E-06 

 

Maximum 7.719E-08 5.502E-06 4.487E-08 5.621E-06 
 

Guangxi 

adult HQ soil dermal  HQ soil ingestion  HQ water dermal  HI  

Mean 7.262E-09 6.261E-07 4.299E-09 6.377E-07 

Minimum 6.716E-09 5.937E-07 3.948E-09 6.048E-07 

95th percentile 1.218E-03 

 
6.654E-07 

 
1.003E-07 

 
1.218E-03 

 

Maximum 7.998E-09 6.933E-07 4.825E-09 7.054E-07 

child HQ soil dermal  HQ soil ingestion  HQ water dermal  HI 

Mean 6.245E-08 4.451E-06 3.698E-08 4.550E-06 

Minimum 5.778E-08 4.118E-06 3.396E-08 4.210E-06 

95th percentile 6.700E-08 

 
4.776E-06 

 
4.063E-08 

 
4.882E-06 

 

Maximum 6.881E-08 4.904E-06 4.151E-08 5.008E-06 
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Figure 9-3 Non-Carcinogenic Risk Quotient from Acute Exposure Dose through Soil and Paddy 

Water in Guangxi and Hunan 

TCRSD: cancer risk of the dermal contact through soil ; TCRTSI: cancer risk of the ingestion through 

soil; TCRWD: cancer risk of the dermal contact through soil; TCR: sum of the cancer risk through soil 

and water through dermal and ingestion 

 

9.3.4 Sensitivity Analysis  

The percentage contribution of exposure pathways is used to determine which variables 

and pathways most strongly influence the risk estimate. Percentage contribution of 

exposure pathways to total risk is calculated using the following equation: 

 

𝐻𝐼𝑡𝑜𝑡𝑎𝑙 = ∑ (𝐻𝐼𝑖)𝑛
𝑖=1                  (Eq 9-1) 

Percent contribution i =
𝐻𝐼𝑖

𝐻𝐼 𝑡𝑜𝑡𝑎𝑙 
 * 100%                  (Eq 9-2) 

The result indicated that in both areas, the risk index from ingestion exposure dose from 

soil of Pymetrozine took up the highest percentage in the total cancer risk (98.46%) and 

the total non-cancer risk (98.28%), followed by the risk index of dermal contact 

exposure dose from soil of Pymetrozine and then the risk index of dermal contact 

exposure dose from water of Pymetrozine (Table 9-4 and 9-5). 

 

Table 9-4 Sensitivity Analysis Result of Identification of Relative Pathway Contributed to 

Potential Total Cancer Risk and Total Non-Cancer for Adults  

 
Percent contribution of exposure pathway to TCR and HI 

Hunan area TCR Point 

Estimate 

TCR for lifetime 

Point Estimate 

HI for lifetime Point 

Estimate 

HI for acute dose Point 

Estimate 

Exposure 

pathway 

Average 

TCR 

% of total HI  % of total HI % of total 

Paddy 

waterdermal 

contact) 

3.10E-12 0.37% 6.84E-08 0.37% 4.04E-09 0.56% 

Soil (dermal 

contact) 

9.62E-12 1.16% 2.13E-07 1.16% 8.36E-09 1.16% 

Soil (ingestion) 8.16E-10 98.46% 1.81E-05 98.42% 7.10E-07 98.28% 

Total 8.29E-10 100.00% 1.83E-05 100.00% 7.22E-07 100.00% 
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Guangxi area TCR Point 

Estimate 

TCR for lifetime 

Point Estimate 

HI for lifetime exposure 

dose Point Estimate 

HI for acute exposure 

dose Point Estimate 

Exposure 

pathway 

TCR % of total HI  % of total HI % of total 

Paddy 

water(dermal 

contact) 

3.31E-12 0.45% 7.31E-08 0.45% 4.30E-09 0.67% 

Soil (dermal 

contact) 

8.38E-12 1.14% 1.85E-07 0.45% 7.26E-09 1.14% 

Soil (ingestion) 7.22E-10 98.40% 1.60E-05 98.40% 6.26E-07 98.18% 

Total 7.34E-10 100.00% 1.62E-05 100.00% 6.38E-07 100.00% 

 

Table 9-5 Sensitivity Analysis Result of Identification of Relative Pathway Contributed to Total 

Cancer Risk and Total Non-Cancer for Children 

Percent contribution of exposure pathway to TCR and HI 

Hunan area TCR Point Estimate HI for lifetime Point 

Estimate 

HI for acute dose Point 

Estimate 

Exposure 

pathway 

Average 

TCR 

% of total HI  % of total HI % of total 

Paddy water 

dermal contact 

8.87E-12 0.44% 6.84E-08 0.37% 3.47E-08 0.66% 

Soil (dermal 

contact) 

2.76E-11 1.37% 2.13E-07 1.16% 7.19E-08 1.37% 

Soil 

(ingestion) 

1.97E-09 98.21% 1.81E-05 98.42% 5.14E-06 97.96% 

Total 2.01E-09 100.00% 1.83E-05 100.00% 5.25E-06 100% 

Guangxi area TCR Point Estimate HI for liftime exposure 

dose Point Estimate 

HI for acute exposure dose 

Point Estimate 

Exposure 

pathway 

TCR % of total HI  % of total HI % of total 

Paddy water 

dermal contact 

9.50E-12 0.54% 6.14E-07 0.54% 3.70E-08 0.81% 

Soil (dermal 

contact) 

2.40E-11 1.38% 1.55E-06 1.38% 6.25E-08 1.37% 

Soil 

(ingestion) 

1.71E-09 98.11% 1.11E-04 98.05% 4.45E-06 97.82% 

Total 1.74E-09 100.00% 1.13E-04 100.00% 4.55E-06 100% 

 

9.3.5 Uncertainty Analysis  

The following uncertainties limit the validity of the results of this research work. (1) 

the concentrations of pesticides across the different rice growing seasons are different 

(Zhu et al., 2017), but seasonal variation of pesticides were not investigated. Thus, the 

exposure and risk level of Pymetrozine may not present the real situation in this study. 

(2) CSF and RFD were treated as constants for all members of population, but they 

should be different from person to person (Phung et al., 2012a, Phung et al., 2013). In 
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this study, each input parameter is considered by a point estimate. Variability and 

uncertainty should be considered when choosing the input (Sadler et al., 2016). The 

traditional way of managing uncertainty and variability has been to incorporate safety 

factors or use conservative assumptions, which can lead to unrealistically high 

estimations which are neither transparent nor efficient when further testing or measures 

might be necessary (Atabila, 2017). Conversely, it is also possible to underestimate the 

exposure for sensitive populations. Deterministic estimations cannot explain the 

number of individuals that might be exposed to a dose over a reference value or the 

probability of a certain exposure (Atabila et al., 2018a). Furthermore, deterministic 

estimations are given with a precision that does not reflect the uncertainty and 

variability that is inevitable in such assessments. However, variability and uncertainty 

are not considered or evaluated in the calculations of this study. (3) The exposure 

factors for the body weight and life time frequency as constants for all members of 

population, but they could vary from person to person; the data analyses showed that 

there is a major inter individual variability inherent in these exposure factors, which 

must be considered in risk assessments (Tudi et al., 2019). However, there is not only 

variability between individuals within the same gender and age group, but also between 

different age groups and between females and males (Filipsson, 2011). However, this 

study does not consider this aspect. (4) the concentrations of parent material of 

Pymetrozine found in the water and soil samples were considered as a main hazardous 

source and residents were mainly exposed to it but the metabolism products of the 

Pymetrozine in both soil and paddy water could also pose risk to human (US EPA, 

2010). However, the risk of the metabolism products of Pymetrozine from soil and 

paddy water was not considered in this study, thus it somewhat underestimated the level 

of both cancer and non-cancer risk assessment. 
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9.4 Conclusion  

For both areas, the main exposure route for potential carcinogenic and non- 

carcinogenic risks of Pymetrozine was through the soil ingestion, followed by the soil 

dermal contact and then the paddy water dermal contact. Thus, the soil ingestion route 

caused the highest exposure of potential carcinogenic risk and non- carcinogenic risk 

to human health.  

 

Both the potential cancer risk and non-cancer risk from the dermal contact exposure 

dose through soil and water; the potential non-cancer risk and cancer risk from the 

ingestion exposure dose through soil; and the potential total cancer and total non-cancer 

risk through soil and paddy water in both Hunan and Guangxi areas were higher for 

children than for adults. The potential non-cancer and cancer risk by dermal contact 

exposure dose through soil for adults and children in both areas were higher than the 

non-cancer and cancer risk by dermal contact exposure dose through paddy water. The 

potential non-cancer and cancer risk by dermal contact exposure dose through soil for 

adults and children in both areas were lower than the non-cancer and cancer risk by 

ingestion exposure dose through soil in both areas separately. 

 

In general, the results of potential risk characterization indicate that agriculture 

communities have a relatively low potential risk of the acute adverse health effects after 

a single event of Pymetrozine application and lifetime exposure dose .The average, 

minimum, 95th percentile and maximum of the potential cancer risk by dermal contact 

exposure dose through soil and water for adults and children; the average, minimum, 
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95th percentile and maximum of the potential cancer risk from the ingestion exposure 

dose through soil for adults and children; the potential total cancer risk through soil and 

paddy water were less than 1*10-6, being within the acceptable levels, and indicating 

no significant health effects. 

 

The average, minimum ， 95th percentile and maximum of the potential HQ of 

Pymetrozine from the acute dermal contact exposure dose through paddy water; the 

average, minimum, 95th percentile and maximum of the potential HQ of Pymetrozine 

from the acute dermal contact exposure dose through soil; the average, minimum, 95th 

percentile and maximum of the potential HQ of Pymetrozine from the acute ingestion 

exposure dose through soil for adults and children in both two areas were less than 1, 

indicating an acceptable risk level, thus the potential risk was relatively low. 
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CHAPTER 10 CONCLUSIONS AND 

RESEARCH SIGNIFICANCE 

10.1 Conclusions  

Behaviour of Pymetrozine in the Environment 

In China, Pymetrozine has been employed as a main substitute for pesticides of high 

toxicity since 2008. Currently, it is the major insecticide used widely in rice-growing 

areas of China. Agriculture workers and residents are exposed to pesticides through 

occupational, dietary, and environmental pathways by indirect and direct routes causing 

acute and chronic diseases. There are currently no studies reported in the scientific 

literature related to the health effects of Pymetrozine in China or other countries. The 

main objectives of this research work were to discuss the environmental attenuation of 

Pymetrozine following application to rice paddies and translating the results into human 

health impact as regards both applicators and local communities.  

 

As a part of the study, a simple QuEChERS LC–MS/MS method was established and 

validated for the determination of Pymetrozine in soil and paddy water. The residual 

levels of Pymetrozine in soil and paddy water from Guangxi and Hunan were 

determined over the post application period. The results show similarities in the 

behaviour of Pymetrozine in the soil and water between Guangxi and Hunan. There 

was no Pymetrozine detected in the soil in Hunan and Guangxi after 28 days following 

the insecticide spraying period. The levels of Pymetrozine in the soil after 21 days were 

below the limit compared with those reported in both Hunan and Guangxi. The half-

lives of Pymetrozine were 3.08 and 3.85 days respectively in paddy water from Guangxi 

and Hunan, and 3.43 and 3.76 days respectively in the soil from Hunan and Guangxi.  
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The half-life of Pymetrozine in soil and paddy water observed in this study were lower 

than those reported in previous studies.  

 

Risk to Aquatic Biota and Humans 

 Utilising the results of this investigation, further evaluations of the environmental 

behaviour of Pymetrozine was made. These evaluations showed that the pesticide does 

not bio-accumulate and does not pose a threat from this characteristic to aquatic 

organisms and humans. In addition, the partition behaviour between soil/sediment and 

water is in accordance with previous results and can be used in modelling studies. 

 

The potential acute dermal exposure levels (ADDA) of Pymetrozine through soil and 

paddy water and acute ingestion exposure levels through soil peaked on the day the 

insecticide was applied and returned to the normal range approximately 21 days after 

application.  

 

The potential total dermal exposure levels of Pymetrozine through soil and paddy water 

are slightly different from the potential acute dermal exposure levels on the day of 

insecticide spraying due to the variations of exposure levels to the ADDT from 1-day to 

21-day. The potential dermal lifetime average daily doses of Pymetrozine through soil; 

the potential dermal lifetime average daily doses of Pymetrozine through paddy water; 

and the potential ingestion lifetime average daily doses of Pymetrozine through soil 

were based on the assumption that farmers applied the same amount using the same 

technique for every Pymetrozine application.  
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Implications for Agricultural Activities in China 

China’s rice-growing agriculture communities could experience adverse effects from 

dermal and ingestion exposure through soil and paddy water from Pymetrozine 

spraying applications up to 21 days after insecticide spraying, after which the levels of 

Pymetrozine is expected to return to background levels.  

 

For both study areas, the main exposure route for potential carcinogenic and non-

carcinogenic risks of Pymetrozine was through the soil ingestion route, followed by the 

soil dermal contact route and then the paddy water dermal contact route. Thus, the soil 

ingestion route caused the highest exposure of the potential carcinogenic risk and non-

carcinogenic risk to human health.  

 

The minimum, average, 95th percentile, and maximum of the potential cancer risk of 

dermal contact exposure dose through soil and water for adults and children; the 

minimum, average, 95th percentile, and maximum of the potential cancer risk of 

ingestion exposure dose through soil for adults and children; and the average, minimum, 

95th percentile, and maximum of the potential total cancer risk through soil and paddy 

water were less than 1×10-6 which were within the acceptable levels, and indicated no 

significant health effects. 

 

The minimum, average, 95th percentile, and maximum of the potential HQ of 

Pymetrozine from the acute dermal contact exposure dose and lifetime dermal contact 

exposure dose through paddy water; the minimum, average, 95th percentile, and 

maximum of the potential HQ of Pymetrozine from acute ingestion exposure dose; and 

the minimum, average, 95th percentile, and maximum of the potential non-cancer risk 
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from the lifetime ingestion exposure dose through soil in the two areas for adults and 

children were less than 1. These potential risk levels were relatively low, indicating an 

acceptable risk level. 

 

There were no significant potential health effects of the Pymetrozine exposure on 

agriculture communities in both typical rice –growing areas of Hunan and Guangxi in 

China. 

 

10.2 Research Significance of the Outcomes of this Study  

The use of synthetic pesticides has been increasing since World War II (1939-1945) to 

prevent, mitigate or destroy pests, reduce the losses of agricultural production and 

improve affordable yields and the quality of food (Bernardes et al., 2015). Pesticide 

application is influenced by many factors such as socio-economic factors, 

environmental factors including soil condition, crop growth and the occurrence of 

insect pests, weeds and diseases, and pesticide behaviour in the environment. These 

factors are mostly influenced by climate change (Figure 10-1). 
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Figure 10-1 Influencing Factors for Pesticide Use (by authors) 

 

Climate change Impact on Pests and Diseases 

Crop damage, caused by insects, pests, weeds, and diseases, is the result of the 

complicated ecological dynamics of more than two organisms, making it very difficult 

to analyse and forecast (Scherm, 2004). Climate change could lead to changes in 

phenology and geographic distribution in a wide range of ecosystems (Meynard et al., 

2017). The distribution and characteristics of pests, hosts and bio-control agents having 

a relationship with the yield of crops are influenced by climate change (Delcour et al., 

2015; Fontaine et al., 2009). Increased temperatures, changes in precipitation and 

increased levels of carbon dioxide owing to climate change are the main factors 

affecting pest insects, weeds and diseases (Jones et al., 2017; Lesk et al., 2017; López-

Blanco et al., 2017; Olfert et al., 2017). 

 

Regarding carbon dioxide, increases in atmospheric concentrations of CO2 may alter 

the susceptibility of many plants to herbivore insects because of the changes in plant 

nutrition and defences (Frew et al., 2017). Moreover, increases in CO2 would cause 

changes in the soil nitrogen content, affect the distribution of pests, and changes in 

population density (Patterson et al., 2019). Changes in precipitation will also cause 

changes in insect infestations. There are probably more severe insect infestations in 

wetter conditions (Rosenzweig et al., 2017). Wetter conditions also change the 

geographical distributions of insects (Bloomfield et al., 2006). 
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Influence on Pesticide Behavior in Environment 

Pesticide transformation and degradation as well as movement are the main pesticide 

behaviours in the environment (Holmsgaard et al., 2017). Pesticide movement includes 

volatilisation, runoff, and leaching processes, while pesticide degradation encompasses 

photolysis and chemical and microbial breakdown. These behaviours are influenced by 

climate change and climatic conditions (Fig 10-2). 

 

Figure 10-2 Climatic Factors Affect Environmental Behaviour of Pesticides (by author) 

Global warming is acknowledged to accelerate the degradation of chemical components 

due to accelerated microbial and chemical reaction rates and may reduce concentrations 

of pesticides in the environment (Damalas and Eleftherohorinos, 2011). In addition, 

elevated soil moisture content and increased precipitation also enhance pesticide 

degradation and accordingly persistence (Bloomfield et al., 2006). Furthermore, a 

higher relative humidity was proven to induce faster environmental pesticide 
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degradation, even though being the more difficult initial degradation in this case (Tudi 

et al. 2021a). 

 

Climate change factors influence the socio-economic factors, environmental factors 

including soil condition, crop growth and occurrence of insect pests, weeds and diseases, 

and pesticide behaviour in the environment. (1) Soil condition such as soil organic 

matter, capacity of soil to store and cycle carbon and size and frequency of crack 

information in soils are influenced by climate change and that leads to changes in 

pesticide application. (2) Climate change such as increased temperature, precipitation 

and carbon dioxide alter crop geographical distribution and affect crop productivity. 

Thus, climate change results in a potential rise in the volume and variety of pesticides 

(Prasannakumar et al., 2012). (3) climate change affects crop growth and its 

environmental condition, as well as the migration and distribution of insect pests and 

the abundance of pest changes, the numbers of pest outbreaks and the dissemination of 

vectors, the evolution of weeds and the stimulation of diseases (Delcour et al., 2015; 

Murrell, 2017; Murrell and Barton, 2017;Thakur and Uphoff, 2017; Venugopal and 

Dively, 2017).These result in the increasing use of a wider variety of pesticides. (4) 

Climate change also accelerates the pesticide behaviour of the volatilisation (Bernardes 

et al., 2015), runoff (Zhu et al., 2017) and leaching processes (Delcour et al., 2015, 

Bloomfield et al., 2006). Pesticide degradation encompasses Photolysis and chemical 

and microbial breakdown (Bloomfield et al., 2006). Therefore, owing to the climate 

change there is increasing use of insecticide and pesticide pollution and exposure and 

human health risk from pesticide pollution. 
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Climate Change and its expected impact on Pymetrozine Use and Behavior in 

Chinese Rice Cultivation 

The implications of climate change as regards anthropogenic chemical behaviour in the 

Asia-Pacific Region have been reviewed (Sadler et al., 2011). There is likely to be a 

significant upturn in pesticide use with climate change, as regards both increased 

prevalence of pests and increased degradation as well as loss through volatilisation.  

This will inevitably lead to an initial increase in the volume of pesticides applied 

throughout the rural sector. A subsequent reappraisal of pesticide application practices 

may lead to some moderation of this increase (Bloomfield et al., 2006, Marvin et al., 

2013, Lennon, 2015).  

 

Pymetrozine has a relatively low Henry’s Law Coefficient. Thus, although a 5C rise 

in temperature can produce anything between a 15-140% increase in Henry’s Law 

Coefficient, the overall effect in terms of Pymetrozine would be very low. Similarly, 

other factors known to affect the Henry’s Law Coefficient (Staudinger and Roberts, 

2001), would not be expected to vary significantly in terms of the rice paddy system. 

 

Thus, the major climate change-mediated differences in Pymetrozine behaviour will 

come from sorption by particulates and rice paddy soil as well as biodegradation.  The 

results of the present study have shown a short half-life for Pymetrozine in both the 

water and soil phase of the rice paddy system. Rice paddy soils are known to be very 

active sites as regards pesticide metabolism (Tan et al., 2008, Liu et al., 2015a). It can 
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be expected that the temperature-mediated increase in biodegradation rate will result in 

decreased half-lives for Pymetrozine in the soil and water phases of the rice paddy 

system.  

 

Sorption of Pymetrozine by water-borne and soil particulates may be viewed as 

competing processes. Increased average temperature has been shown to lead to a lower 

level of soil organic matter and results in enhanced potential for soil erosion with 

increased rates of movement of water and organic and inorganic chemicals (Rhodes, 

2014). Moreover, owing to temperature increases, the capacity of soil to store and cycle 

carbon is altered (Sistla et al., 2013).  

 

There are several aspects of the research significance of this study. Firstly, this study 

fills the knowledge gaps as regarding Pymetrozine contamination in the environment 

and their health risks in typical rice-growing areas in China. Moreover, it will also 

evaluate the risk related to exposure to pesticides for future climate change scenarios. 

Furthermore, it provides useful information to guide pesticide management under 

climate change scenarios.  

 

10.3 Recommendations  

Firstly, as Pymetrozine is the common insecticide used in rice-growing areas of China, 

the partitioning behaviour and environmental distribution processes of the metabolism 

of Pymetrozine in soil and paddy water and rice should be further considered in future 

investigations.  
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Secondly, although the potential risk levels from Pymetrozine exposure from the 

environment were under the acceptable level, further studies should focus on the 

exposure and health risk from the parental chemical and metabolism of Pymetrozine 

from the biological monitoring. Both adult and children residents who are living around 

the agriculture areas should pay attention to the Pymetrozine and other pesticides 

exposure from both occupational and environmental health risk perspectives. 

 

Thirdly, no human epidemiological study on Pymetrozine has been carried out and the 

reference for the environmental health risk assessment in this study was obtained from 

the US EPA document derived from animal studies. Still, epidemiological studies 

should be considered a preferable method for dose-response assessment if possible 

since the data from such studies would be directly applicable to health risk assessment 

in human populations. 
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Appendix  

Appendix 1 Subject Information Sheet 

Project Title: PESTICIDE CONTAMINATION AND HUMAN HEALTH RISK 

ASSESSMENT IN THE CONTEXT OF CLIMATE CHANGE IN CHINA 

 

Primary Investigator: 

                    Muyesaier Tudi 

                    PhD Student  

                     Centre for Environment and Population Health        

                       School of Medicine  

                       Email: s5065031@griffithuni.edu.au  

Objective: 

The main objective of this study is to assess the risk posed to human health, by the use 

of the organophosphate insecticides in the different climatic condition in Hunan 

Province in China particularly those related to climate change. 

This study will help fill the knowledge gaps as regards the organophosphate insecticide 

contamination in the environment and their associated health risks under the different 

climatic conditions in China. Moreover, it will also provide an evaluation of the risk 

related to exposure to pesticides for the future climate change scenarios. Furthermore, 

it will provide useful information to guide pesticide management under the climate 

change scenario.  
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Background: 

China leads the world in both pesticide production and consumption. Large amounts of 

pesticide are overused in China .There was an increase in the use of pesticides from 

1.28 million tons in 2000 to 1.8 million tons in 2013, with an average annual increase 

of 2.7% (Shuqin and Fang, 2018).70 percent of pesticides which are used in China were 

not absorbed by plants, but instead seeped into the soil and groundwater (Wang et al., 

2018a). Thus, farmers and their families are exposed to pesticide pollution and they are 

at risk in China. For an example, the Chinese Ministries of Health and Agriculture 

estimated that over 200,000 pesticide-poisoning accidents happen each year in China 

(Xu et al., 2008).  

Pesticide pollution in the environment and pesticide-induced health problems in China 

have been serious in recent years. Thus, there are various studies focusing on the 

residues of different pesticides on different environmental media including soil, air and 

water, vegetables and crops in different areas and their human health risk assessment in 

China (Chang, 2018, Chen et al., 2012, Chen et al., 2015, Chen et al., 2009, Cui et al., 

2017b, Da et al., 2014, Feng et al., 2016).  

However, there is limited research about the impacts of climatic conditions on the 

residues of pesticides and pesticide behavior in the environment and their human health 

risk assessment in China. Thus, there exists a need to further assess the current situation 

with regard to pesticide use and associated public health risks under the climate change 

scenarios.  
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What you will be asked to do  

The work will be implemented on Hunan province by collecting both environmental 

(soil) and biological monitoring program (urine TCP) and personal air samplers placed 

within the breathing zone of the farmers and residents analysis.   

 

The residents who are living on the typical agriculture areas in China, will be monitored 

for exposure to OPS by collecting urine samples. This will be carried out monthly at 

least in every seasons. The urine samples will be sent to the institute of plant protection 

and stored on the fridge before analyzing. Based on the project objective the urine 

samples will be collected monthly so all of the urine samples will be analyzed within 

the one year (January of 2020). They will be destroyed by disposal to a sewage 

treatment plant. 

In addition, information on pesticide handling practices will be obtained from 

interviews (using a purpose designed standard questionnaire) and field observation. 

Also, to identify the needs for improving pesticide safety, a qualitative needs 

assessment through focus group discussion and in-depth interview will be done among 

key informants (selected farmers and staff from relevant government agencies). 

Research results will be reported in an academic thesis, and may also be disseminated 

via journal articles and / or conference presentations. 
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Inclusion Criteria 

Subjects chosen for the study will be adult farmers who apply pesticides and residents 

who are living the typical rice agriculture areas and are in good general health. 

 

Exclusion Criteria 

Children will be excluded from the study. Subjects will be selected so as not include 

any with existing conditions that would pre-dispose them to any health effects from the 

pesticide.   

 

Risks 

We cannot identify any risks to participants but we will work very carefully and avoid 

any risks to participant.  

 

Benefits 

By participating in this study, each of you (farmer and resident) and the relevant 

department of the government will be provided with the results of the pesticide 

exposure level.  

This study will help fill the knowledge gaps as regards the organophosphate insecticide 

contamination in the environment and their associated health risks under the different 

climatic conditions in Hunan province in China.  
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Moreover, it will also provide an evaluation of the risk related to exposure to pesticides 

for the future climate change scenarios.  

 

Furthermore, it will provide useful information to guide pesticide management under 

the climate change scenario.  

It is intended to use probabilistic techniques for all the steps in the risk assessment. The 

advantage of these techniques is that they take account of variability in exposure 

response amongst a population and the risk under varying climatic conditions 

 

Confidentiality 

The study results will be kept as confidential as is possible by law. Firstly, all data will 

be kept in the possession of the investigators. When the results of the study are 

published in a scientific journal, every participation identity will not be revealed. 

Subjects will not be referred to by name during research reports or study discussions. 

Secondly, all records will be stored in a locked filing cabinet with restricted access for 

a minimum of five years in a private office. All computer records are restricted by 

password. 

 

Contacting the investigators 
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The research team is happy to answer any question from subjects at this time. If anyone 

has any queries later, please do not hesitate to contact Muyesaier Tudi Australia contact 

number: 61470210458;  

 

China contact number: +8618518390354)  

 

If you questions, concerns, or complaints about the research please contact with  

 

Professor Zheng from institute of Plant protection Chinese Academy of Science (he can 

speak mandarin)  

 

Email: yqzheng@ippcaas.cn 

Contact number +8613641115808 

 

Address: Institute of Plant Protection (IPP) Chinese Academy of Agricultural Seince 

(CAAS) No.2 Yuanmingyuan West Road, Beijing, 100193 P.R. China 

 

Or contact with the Griffith University  

Ms Kim Madison  

Policy Officer Office for Research Bray Centre, Nathan Campus Griffith University  
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ph.: +61 (0)7 373 58043  

Fax: +61 (07) 373 57994  

Email: k.madison@griffith.edu.au 

 

Feedback 

The researcher will collaborate with occupational staffs of Chinese Academy of 

Agriculture Sciences to communicate the results back to the participants. If you 

(Participants) observed to have very high levels of pesticide exposure, the Chinese 

Academy of Science will provide feedback and suggestion about development of the 

pesticide usage and management to the government in the context of the climate change. 

Also, the study report and recommendations to improve pesticide safety will be 

communicated to the participants. Participants will be informed to go to see doctor with 

the local government support.  

 

Voluntary Participation 

Whether you (participation) decide to participate in the study or not, your decision will 

not prejudice you in any way. If you do decide to stope participate on this project, you 

are free to withdraw their consent and discontinue your involvement at any time. 

 

Privacy Statement 
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The conduct of this research involves the collection, access and/or use of your identified 

personal information. The information collected is confidential and will not be 

disclosed to third parties without your consent, except to meet government, legal or 

other regulatory authority requirements. A de-identified copy of this data may be used 

for other research purposes. However, your anonymity will at all times be safeguarded. 

 

 

Appendix.2 Informed Consent Form 

Informed Consent Form 

 

Participant ID: 

 

Project Title PESTICIDE CONTAMINATION AND HUMAN HEALTH RISK 

ASSESSMENT IN THE CONTEXT OF CLIMATE CHANGE IN CHINA 

 

 

Primary Investigator: 

 

                    Muyesaier Tudi 

                    PhD Student  

                      Centre for Environment and Population Health        

                       School of Environment and Science  

                       Email:s5065031@griffithuni.edu.au  

 

   

 

I have read the Participant Information Sheet and the Consent Form. I agree to 

participate in the study entitled “PESTICIDE CONTAMINATION AND HUMAN 

HEALTH RISK ASSESSMENT IN THE CONTEXT OF CLIMATE CHANGE 

IN CHINA” and give my consent freely. I understand that the study will be carried out 
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as described in the information sheet, a copy of which I have retained. I realise that 

whether or not I decide to participate is my decision. I also realise that I can withdraw 

from the study at any time and that I do not have to give any reasons for withdrawing. 

I have had all questions answered to my satisfaction. 

 

Participant’s Name: Muyesaier Tudi 

 

 

Participant’s Signature/Thump print: Muyesaier Tudi 

 

 

Date: 21/10/2018 

 

 

Appendix 3 Field Observation Questionnaire 

 

Project Title: PESTICIDE CONTAMINATION AND HUMAN HEALTH RISK 

ASSESSMENT IN THE CONTEXT OF CLIMATE CHANGE IN CHINA （GU 

Ref No: 2018/966） 

 

 

 

Primary Investigator: 

                    Muyesaier Tudi 

                    PhD Student  

                      Centre for Environment and Population Health        

                       School of Environment and Science  

                       Email: s5065031@griffithuni.edu.au  

 

 
Field Observation Questionnaire 

 



190 

 

(For observing farmers and residents about use of insecticides and relevant issues) 

 

Name of Recorder:                                                                   ID number: 

 

1. Basic identified information about the farmers and residents 

 

1.1Name of Farmer/Applicator: 

 

1.2. Description of farm: 

 

1.3. Gender 

 

1.4. Date of Birth: 

 

1.5. What is your highest level of education completed? 

    Primary School 

    Junior High School 

    Senior High School 

    Vocational School 

    Tertiary 

    Other (please specify)________ 

 

1.6. What is your main occupation? 

1.7. Current Weight _________ (kg) 

 

1.8. Current Height _________ (cm) 

 

1.9. What is the number of working members in your household? 

 

1.10. How many children (under 15 years) are in your household? 

 

 

2. Information about health problems of the farmers and residents in agriculture 

areas 

2.1. Have you been sick in the past week preventing you to go to work? 
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      Yes 

      No 

 

2.2. Do you consider yourself healthy enough to go to work now? 

     Yes 

     No 

 

2.3. In the past 12 months, have you received any medical attention from a doctor, nurse 

or 

Pharmacist? 

       Yes 

       No 

 

2.4. Do you experience any of the following symptoms after spraying insecticides? 

 

Vomiting/Nausea:                         most times     Sometimes        Never 

Headache:                                   most times     Sometimes        Never 

Blurred vision:                             most times     Sometimes        Never 

Trembling hands:                      most times     Sometimes        Never 

Dizziness:                                  most times     Sometimes        Never 

Shortness of breath:                 most times     Sometimes        Never 

Tiredness:                               most times     Sometimes        Never 

Skin irritation:                          most times     Sometimes        Never 

Difficulty in sleeping:               most times     Sometimes        Never 
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Diarrhoea:                                most times     Sometimes        Never 

 

 

2.5. Did the symptoms prevent you from going to work? 

            Yes 

            No 

2.6. How long have you been living on this areas? 

 

2.7. What kind of activities do you join in your daily life?  

 

 

 

3. Insecticide usage on this typical agriculture areas (farmers) 

3. 1. What main type of crop do you grow? 

 

 

3.2. What are the main types of insects that attack your crop? 

 

 

3.3. Are the attacks severe? 

      Most times 

      Sometimes 

      Not severe 

 

3.4. What proportion of your crop will you lose if you do not apply insecticides? 
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3.5. What main types of insecticides do you use? 

3.6. Description of insecticide used: 

    a. Trade name: 

    b. Formulation: 

    c. Batch or lot number: 

   d. Manufacturer: 

   e. Expiration date: 

   f. A label describing the product and instructions for use: 

      YES/NO 

  g. A label describing the instructions for use:  

      YES/NO 

3.7. Do you read the instruction labels on pesticides before using it? 

     Yes 

     No 

3.8. Are you involved in the following activities regarding pesticide use? 

       Mixing 

       Loading 

       Spraying 

       washing of spraying equipment 

       Others (specify) 

3.9. How many seasons do you apply insecticides on your crops? 
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3.10. How many times do you apply insecticides to your crops per season? 

 

3.11. How much insecticide do you apply per spraying event? 

______________________________ 

3.12. What is the average duration of each insecticide application? 

 

3.13. What is the size of farm area you usually spray? 

______________________________ 

3.14. How many years have you been spraying insecticides?  

 _____________________________ 

 

3.15. How many years have you been applying insecticides to your crops? 

 

3.16. Have you received any training or instructions on pesticide safety? 

        Yes 

        No 

3.17. What was the total size of farm area sprayed during the day?   __________ 

3.18. How much insecticide was applied during the day?              _______________ 

 

3.19. What was the concentration/dilution of the insecticide applied?               

____________ 
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3.20. From where did you obtain your training or instructions? (Check all that apply) 

    Agricultural Extension Officers 

    Pesticide Sales Agent 

    Television 

    Radio 

    Newspaper 

    Colleague Farmer 

    Family Members 

    Others(specify) 

 

3.21. Distance of pesticide application site from farmer’s residence: 

3.22. Where were pesticides stored? 

    Residential premises 

    on the farm 

   other place (specify) 

3.23. What type of spraying equipment was used? 

     Hand-pressurized backpack 

     Motor-pressurized backpack 

 Other equipment (specify) 
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3.24. Was any PPE used during mixing, loading, and application of insecticide? 

(Tick) 

      Yes 

      No 

3.25. If yes to 24, what type of PPE was used? (Tick) 

    Overall 

    Hand gloves 

    Rubber boot 

    Slippers 

    Safety glasses/goggles 

    Nose masks 

    Respirator 

    Head cap/scuff/hat 

     Apron 

 Others (specify)___________ 

3.26. What type of clothing was worn by farmer during application? (If not an overall) 

    Short sleeve shirt 

    Long sleeve shirt 

    Long pants 

    Short pants 

3.27. What was the duration of the insecticide application? 
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 _____________________ 

 

3.28. Was there any leakage from the nozzle or any part of the spraying equipment? 

     Yes 

       No 

3.29. Was there any incidence of spill/splash on the skin/cloth of farmer during 

mixing, loading, mounting of equipment or spraying? (Tick) 

    Yes 

    No 

3.30. When do you usually wash your hand/ self after you finish mixing, loading or 

application of insecticides? 

 Hands/arms only right away 

 Complete bath/shower right away 

 Complete bath/shower within 2-4 hours 

 Hands/arms only at the end of day 

 Complete bath/shower at the end of day 

 Other (please specify) _________________ 

 

 

3.31. Did farmer drink/smoke/or chew during mixing, loading, spraying period? 

     Yes 

      No 
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3.32. Weather condition 

 

Temperature:                     Hot_____                 Warm______                            

Cold____ 

 

Wind:                              Windy     _____      Calm______ 

 

Sun:                                Sunny_____         Cloudy______ 

 

Humidity:                       Humid_____             Not humid_____ 

 

 

3.33. Was the spraying done against the wind direction? 

       Yes 

       No 

           

3.34. What time of the day was spraying done? 

         Morning 

         Afternoon 

         Evening 
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3.35. Was spraying equipment washed after spraying? 

           Yes 

           No 

 

3.36. How were empty insecticide containers disposed of? 

     Left on the farm 

     Buried in the ground 

     other means (specify) 

 

3.37. How was left over pesticides disposed of? 

 

 

3.38. Was any child (below 15 years) present during mixing, loading, spraying 

period? 

     Yes 

     No 

 

3.39. Did any child (below 15 years) participated in the mixing, spraying, and 

application of the insecticide? 

     Yes 

   No 
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3.40. If yes to 38 and 39, note details of child/children 

 

3.41. Have you sprayed insecticide on your garden or you’re indoor recently? If yes, 

when and how much did you sprayed it?  

 

 

 

 

 




