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A B S T R A C T

Imidacloprid (IMI) is a typical neonicotinoid with the largest usage in agricultural orchards in China. The long-
term repeated use and the lack of proper protective measures may result in rural farmers and people living near
orchards to be inevitably exposed to IMI. Excessive exposure may cause potential adverse effects on human
health. To explore the characteristics of human exposure to IMI in urine, different groups of people, including
pesticide applicators and their family members, and kindergarten children near IMI-applied orchards were in-
vestigated. The IMI and metabolite, 6-chloronicotinic acid (6-CNA), concentrations in urine were creatinine-
adjusted to compensate for a possible dilution effect. Target analytes were detected in 100% of 1926 urine
samples. The results showed that the IMI concentration in the 1-d urine from the rural residents significantly
increased after a spraying event (p < 0.05) and reached the highest concentration (Geomean: 16.42 μg/g
creatinine for IMI; 7.33 μg/g creatinine for 6-CNA) in the 2-d urine samples. The pesticide applicators of different
genders had almost the same exposure environment (IMI Geomean of 13.25 μg/g creatinine for males and
14.71 μg/g creatinine for females) (p > 0.05). Females had higher exposure concentrations than that of males.
People from different villages demonstrated diverse exposure levels with Geomean differences of 1.13–3.28 fold.
For 3–6 years-old children, urinary concentrations from the rural group (Geomean: 3.73 μg/g creatinine for IMI;
3.95 μg/g creatinine for 6-CNA) were significantly higher than that of the urban group (Geomean: 1.13 μg/g
creatinine for IMI; 0.88 μg/g creatinine for 6-CNA) (p=0.00001), and the younger children tended to have
higher exposure risk. Our findings showed that people in the Henan orchard areas were likely exposed to IMI to
varying degrees. Further research on the health risk evaluation of IMI and controlling the exposure risks is
needed.

1. Introduction

Since introduced in the early 1990s as replacements for the highly
toxic organophosphate and carbamate insecticides, neonicotinoids have
been the most widely used class of insecticides worldwide for agri-
cultural, domestic, and veterinary use (Taliansky-Chamudis et al.,
2017; Zhang et al., 2018). The extensive use of neonicotinoids in-
evitably results in frequent detection in the environment (Morrissey
et al., 2015; Xiong et al., 2019), food (Lu et al., 2018; Mitchell et al.,
2017) and organisms (Byholm et al., 2018). Currently, increasing evi-
dence has revealed that this class of insecticides negatively impacts
honey bees and wild bumblebees (Sanchez-Bayo et al., 2016; Tison
et al., 2016; Whitehorn et al., 2012) and has reduced the number of

predators of birds (Hallmann et al., 2014), thus posing potential threats
towards the ecosystem.

Imidacloprid (IMI) is a typical neonicotinoid and is used the most in
China among those in this insecticide class (China Pesticide Information
Network, 2017). IMI has been registered for use in various food crops,
including fruit crops in orchards, based on foliar spray application (Zeid
et al., 2019). Owing to its ubiquitous use, high water solubility (log
Kow=0.57), and long persistence (Pesticide Properties DataBase,
2017), IMI is frequently detected in environment and food matrices,
even in finished drinking water (Klarich et al., 2017). Hence, human
exposure to IMI can occur via diet ingestion, air inhalation and dermal
contact (Li and Jennings, 2017).

The potential health effects of pesticide exposure raise a big concern
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with increasing use. IMI has long been regarded as having a low toxicity
to wildlife and mammals because it cannot cross the blood-brain barrier
of mammals (Tomizawa and Casida, 2003). However, researchers have
found that IMI exerts toxic effects on non-target mammals by directly
activating and modulating α4β2 (Ping et al., 2011), which is the most
prominent subtype of nAChRs in the mammalian brain, and the density
alteration of α4β2 has been linked to several central nervous system
disorders, including Alzheimer's, Parkinson's and depression (Chen
et al., 2014). Additionally, IMI has adverse health effects on mammals
in terms of reproductive, developmental, and physiological outcome
(Abou-Donia et al., 2008; Cimino et al., 2017; Gu et al., 2013; Mesnage
et al., 2018). Moreover, the metabolites of IMI may exhibit a higher
mammalian toxicity than the corresponding parent compound (Wong
et al., 2019). Therefore, the health risks for human exposure to IMI and
its potential metabolites should be paid high attention.

Thus far, the understanding of human exposure to IMI is limited.
Ueyama et al. reported that the detection rate of urinary neonicotinoids
(IMI included) increased significantly from 1994 to 2011 in Japanese
women (n=17–20 different individuals in each year) (Ueyama et al.,
2015). IMI was detected in 100% of Chinese urine samples from a rural
group and 95% of that in an urban group reported by Wang et al.
(2015) with a small set of samples. According to the investigation by
Osaka Aya et al., neonicotinoid (IMI included) concentrations were
significantly higher in the summer than in the winter in urine samples
of three-year-old Japanese children (Osaka et al., 2016). These studies
focused on either a small number of participants or a certain class of
people, moreover, relevant research is still scare, and more human
health risk studies are urgently needed (Cimino et al., 2017).

In developing countries, including China, market demand for IMI is
essential and tremendous for agricultural usage (China Pesticide
Information Network, 2017). However, some notable problems exist in
rural farming areas of the Henan Province. In a field investigation, the
huge usage of IMI on smallholder planting orchards was observed upon
spraying 3–4 times during each season. Knapsack sprayers were com-
monly used as the spraying equipment. When IMI is sprayed in rural
orchards, applicators tend to be at high risk of IMI exposure because of
direct contact, low safety knowledge and limited use of personal pro-
tective equipment (Phung et al., 2012). Moreover, family members of
applicators may be also exposed to IMI via the take-home pathway,
ingestion, inhalation, or contact routes (Li and Jennings, 2017). Espe-
cially for 3–6 years-old children in rural areas, IMI exposure may cause
a significant health risk because the developing brain is more suscep-
tible to neurotoxins (Roberts et al., 2012; Wang et al., 2016), con-
sidering their long living and schooling near agricultural orchards
where IMI is applied. The long-term repeated use of IMI in rural
orchards and the lack of proper protective measures may result in ex-
cessive exposure to IMI for rural populations, for whom the exposure
assessment is an crucial step to reflect the health risk.

In this study, we examined the exposure characteristics of IMI in
people residing near agricultural orchards. A total of 119 orchard fa-
milies from nine rural villages and 247 children from a rural kinder-
garten were involved in the survey. This is the first large-scale study of
human exposure to IMI in Henan Province, which is the largest agri-
cultural and most populous province in China. This exposure assess-
ment will help evaluate the health risks incurred by IMI application and
enhance policy decisions for risk management.

2. Materials and methods

2.1. Study population

The participants included rural people near 10,000 acres of orchards
in Henan Province, China. From March to June 2017, we investigated
119 pesticide applicators (age: 24–75 y; 94 males and 25 females) of
smallholder farming patterns, who live in nine villages near the orch-
ards. For these 119 orchard smallholders, 156 of their family members

(age: 2–81 y; 49 males and 107 females), not including the applicators
and who were not involved in spraying, were also recruited. Each
person donated six spot urine samples, including morning urine before
pesticide spraying and 1 d, 2 d, 3 d, 5 d, and 7 d after pesticide appli-
cation. In addition, 247 rural children (145 males and 102 females)
aged 3–6 y from a kindergarten near the agricultural orchards were
surveyed. Meanwhile, 42 urban residents (age: 2.5–73 y; 23 males and
19 females) and 53 urban kindergarten children (22 males and 31 fe-
males) who were 3–6 years-old participated as urban volunteers, and
these residents lived approximately 25 km away from the agricultural
orchards. For these people, each person donated one morning urine
sample. All the participants were in healthy condition and completed a
detailed questionnaire by themselves or under supervision by their
parents voluntarily.

2.2. Sample collection

Morning fasting urine samples were collected in 50-mL high-density
polypropylene centrifuge tubes. All urine specimens were subdivided,
transferred to 5-mL cryovials, and stored at −80 °C prior to further
analysis. A total of 63 urine samples scattered at varying sampling
points were missing because of absence of the volunteers during the
sample collection or insufficient sample volumes; however, urine
samples of these people at other sampling times were obtained. A total
of 1926 urine samples from 617 participants were collected.

2.3. Reagents and chemicals

IMI (purity of 99.6%) and its metabolite 6-chloronicotinic acid (6-
CNA) (purity of 98.7%), were obtained from China Standard Material
Center (Beijing, China). D4-IMI (purity of 98.0%) as an internal stan-
dard (IS) was purchased from Dr. Ehrenstorfer (Augsburg, Germany). β-
glucuronidase (β-glucuronidase: 125255 units/mL and sulfatase:
1095 units/mL) was purchased as Helix pomatia, from Sigma-Aldrich
(Steinheim, Germany). LC-grade methanol, acetonitrile, and formic
acid were purchased from Sigma-Aldrich (Steinheim, Germany).
Analytical grade methanol, acetonitrile, glacial acetic acid and ammo-
nium acetate were purchased from Beihua Fine Chemicals Co. (Beijing,
China). PEP (polar enhanced polymer) cartridges (60mg/3mL) were
purchased from Agela Technologies Inc. (Agela, Tianjin, China). Ultra-
pure water was prepared by a Milli-Q system (Bedford, MA, USA).

2.4. Detection of urinary IMI and 6-CNA

For the exposure assessment of IMI, 6-CNA, a major metabolite of
IMI in urine, was also measured. IMI and its metabolite, 6-CNA, were
used as urinary markers because they represent the metabolic situation
in vivo and reflect the main residue levels of IMI in urine. The sum
concentrations of urinary IMI (expressed as ΣIMI) were calculated
based on the equation: CΣIMI= CIMI+C6-CNA×MIMI/M6-CNA, where M
represents molecular weight.

A solid phase extraction method that was described previously (Tao
et al., 2019) was used to extract the IMI from the urine samples. In
brief, each thawed urine subsample (1mL) was spiked with 10 μL of IS
solution (1mg/L) and 100 μL of β-glucuronidase (125 units/mL) buffer
solution containing ammonium acetate-glacial acetic acid (pH=4.5).
The above samples were enzymolyzed overnight at 37 °C at a shake
speed of 160 r/min. The PEP cartridges were conditioned with 1mL of
methanol and then 1mL of deionized water. Each urine sample was
loaded through the cartridge and then rinsed with 1mL of methanol/
water (v:v= 5:95). The target analytes were eluted with 1mL of
acetonitrile.

The sample eluent was analyzed using LC-MS/MS. The concentra-
tions of IMI and 6-CNA were detected using the same method as in a
previous report in which the reliability and validity was verified with
mean recoveries of 78.3–110.6% and limits of quantitation of
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0.029–0.038 ng/mL (Tao et al., 2019) (the analytical details were
shown in the supporting information). The internal standard calibration
curves were used for quantitative analysis.

2.5. Measurement of urinary creatinine

Urinary concentrations of pollutants are susceptible to influence
from factors, such as drinking water, physical activity. Typically, the
excretion rate of creatinine in an individual is relatively constant, and it
can be used as a calibration parameter for other excreta concentrations
in urine. To correct for a possible dilution effect in the spot urine
samples, the concentration values of IMI and 6-CNA (ng/mL) were
further adjusted using the urinary creatinine concentration (expressed
as μg/g creatinine). The creatinine concentrations were measured for
each urine sample using urinary creatinine assay kits (provided by
Cayman chemical) on basis of a modified Jaffe reaction. Each specimen
was subjected to 10-fold dilution with deionized water before mea-
surement, and then the absorbance of creatinine was read using a mi-
croplate reader at 490 nm.

2.6. Data analysis

All statistical analysis was performed using IBM SPSS Statistics 23.0.
The distribution of data was examined for normality using the
Skewness-Kurtosis test. For the continuous variables that are normally
distributed, the values were expressed as mean ± SD (e.g. age and
BMI), while median, Geomean (GM), and quartiles were used to de-
scribe the skewed distribution. The discontinuous variables were cate-
gorized into different groups reflecting diverse degrees of occurrence.
The p values for continuous variables were obtained by the non-para-
metric Mann-Whitney U test (N=2) or Kruskal-Wallis one-way
ANOVA test (N > 2). Additionally, the p values for the categorical
variables were obtained using the Chi-square test. The 95% confidence
interval (CI) was calculated to reflect the value distribution. Two tailed
p values that were< 0.05 were regarded as statistically significant.

3. Results and discussion

3.1. Demographic characteristics of the participants

The study population included two large groups: one group was
comprised of residents, including rural residents (pesticide applicators
and their family members) and urban control residents, and the other
group included 3–6 years-old children, including rural and urban chil-
dren. The characteristics of 617 eligible participants are shown in
Tables 1, S1, and S2 combined with some information that may affect
the exposure level, such as education level and frequency of fruit and
vegetable intake.

Males accounted for 52% of the 275 rural residents, whose age
ranged from 2 to 81 (43.76 ± 20.73) y. A significant difference was
observed between the rural and urban control residents in terms of age
(p=0.001), BMI (p=0.002), frequency of fruit washing (p=0.016),
and peeling (p=0.036). Among the 119 pesticide applicators, 94 were
males aged 51.9 ± 11.07 y, and 97.5% of the smallholders lived in a
residence located ≤1 km from the orchards. Personal protective mea-
sures of these applicators were insufficient during pesticide spraying,
and individual hygiene and safeguard were also insufficient after
spraying.

Among the 247 rural children, 58.7% were males aged
4.76 ± 1.35 y. Then, 36.4% of families owned the orchards, and 57.8%
resided within 2 km from the orchards. Several factors, such as gender
(p=0.022), age (p=0.001), BMI (p < 0.001), parental education
level (p < 0.001), frequency of fruit washing (p=0.017), peeling
(p=0.003), and soaking time of vegetables (p < 0.001), were found
to be significantly different between rural and urban control children.

In the survey for this study, the level of education and dietary habits

existed significant difference between the rural and urban residents
(Table 1). Health and safety awareness to a great extent depend on the
degree of education. Compared to the urban group, rural population has
a lower level of education because of low income, backward ideas and
ignorance of knowledge. These inevitably result in poor hygiene habits
for the rural population, such as direct intake of fruits without washing
or peeling and stacking pesticide-contaminated clothes without im-
mediate cleaning. For rural children, they usually begin their kinder-
garten education at a later stage than even-aged urban children.
Moreover, their diet and nutrition conditions seem inferior to those of
urban children because of limited economic income in rural areas. This
helps account for the age and BMI difference between rural and urban
children who are 3–6 y.

3.2. Exposure levels of urinary IMI and 6-CNA in different population
groups

3.2.1. Concentrations of urinary IMI and 6-CNA in rural and urban
residents

IMI and the 6-CNA metabolite were detected in 100% of urine
samples from the participating residents (Table S3). Prior to IMI ap-
plication, urinary concentrations were expressed as GM concentration
(urban control residents= 1.21 ng/mL IMI, 0.59 ng/mL 6-CNA; rural
residents= 1.78 ng/mL IMI, 0.91 ng/mL 6-CNA). After creatinine-cor-
rection, the GM concentrations were as follows: urban control
residents= 3.48 μg/g creatinine IMI, 1.71 μg/g creatinine 6-CNA; rural
residents= 4.60 μg/g creatinine IMI, 2.35 μg/g creatinine 6-CNA. In
contrast, the concentrations of urinary ΣIMI in rural residents before
IMI application were significantly higher than those of the urban con-
trol group (p=0.011) (Fig. 1) with a 1.47-fold GM difference. This is
because IMI has been extensively applied in agricultural practice and is
ubiquitous in the agricultural environment (e.g., air, water, soil and
farm products) for long periods of time and undergoes slow degradation
(Cimino et al., 2017). Residents living in proximity to farm lands
usually have higher pesticide exposure than those living far away from
agricultural areas, which has been confirmed by previous studies (Lu
et al., 2000; Sagiv et al., 2018).

Urinary concentrations of IMI and 6-CNA significantly increased in
the rural residents after the spraying of IMI (p < 0.001). The GM
concentration was 12.13 μg/g creatinine (or 2.70 ng/mL) for IMI and
5.42 μg/g creatinine (or 1.21 ng/mL) for 6-CNA at 1 d after spraying,
and a 2.31–2.64-fold GM concentration increase was observed com-
pared to the pre-spraying concentration. As shown in Table S3 and
Fig. 1, urinary concentrations of the target analytes reached the highest
values for urine samples at 2 d with a GM concentration of 16.42 μg/g
creatinine (or 2.64 ng/mL) for IMI and 7.33 μg/g creatinine (or
1.18 ng/mL) for 6-CNA. Then, the concentration gradually decreased
with the extension of sampling days to near the primary levels at a
sampling time of 5 d; however, all were higher than those of the urban
control samples with a GM difference of 1.56–4.72-fold for IMI and
1.06–4.29-fold for 6-CNA. However, at a sampling time of 7 d, the
concentrations of the urinary analytes slightly increased to GM values
of 7.66 and 2.18 μg/g creatinine for IMI and 6-CNA, respectively,
compared to those for the sampling time of 5 d.

Because a large-scale spraying of IMI is performed during the
orchard fruit growth stage, volatilization and drifting induce the
prompt spread of IMI to nearby villages. The 2-d urine samples reflected
the highest exposure level for villagers within 1 d after pesticide ap-
plication. Then, a gradual decreasing in urinary concentration of the
target analytes was found, which was because the exposure intensity
gradually alleviated over time. Moreover, IMI and 6-CNA were con-
stantly excreted in the urine. Subsequently, the slight increases in the
urinary concentrations of IMI and 6-CNA at 7 d of sampling time could
have been attributed to the intake of orchard fruit according to the
survey, which served as an additional IMI exposure route via food in-
take. In a report by Wang et al., a GM concentration of 0.15 ng/mL for
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IMI was detected in urban Chinese subjects (including 16 adults and 4
children), whereas 0.18 ng/mL was observed for rural subjects (in-
cluding 20 adults, 10 children and 11 elders), and the maximum value
reached 0.58 ng/mL for rural subjects after IMI application (Wang
et al., 2015). Our findings showed much higher levels of IMI exposure
after application than in the above-mentioned rural subjects with an
8.3–15-fold GM difference. This may be because the pest burden in the
Henan Province area may cause more aggravation than that in other
areas that have different climates (Guha et al., 2013), resulting in a high
usage of IMI dosage in the surveyed areas and a high potential exposure
risk for the participants in this study.

3.2.2. Concentrations of urinary IMI and 6-CNA in applicators and non-
applicators

IMI and 6-CNA were detected in 100% of the urine samples of rural

residents including pesticide applicators and non-applicators. Before
IMI application, no significant concentration difference was observed
between pesticide applicators and non-applicators (Fig. 2) with
p=0.516 for IMI (GM: applicators= 3.75 μg/g creatinine; non-appli-
cators= 3.93 μg/g creatinine) and p=0.168 for 6-CNA (GM: applica-
tors= 1.87 μg/g creatinine; non-applicators= 2.10 μg/g creatinine),
indicating that these people commonly have almost the same exposure
level.

After the spraying of IMI, the concentrations of urinary IMI and 6-
CNA significantly increased for both applicators and non-applicators.
Fig. 2 illustrates the data after 2 d of spraying the pesticide. The con-
centrations in the urine samples from the applicators were 1.81–632.98
(GM: 18.87) μg/g creatinine for IMI and 0.51–1566.58 (GM: 8.94) μg/g
creatinine for 6-CNA. For the non-applicators, the urinary

Table 1
Demographic characteristics analysis for rural and urban residents.

Characteristics Rural group 1 (n=275) Urban group 1 (n=42) p-Value

No. (%) Mean ± SD No. (%) Mean ± SD

Sex 0.739a

Male 143 (52.0%) 23 (54.8%)
Female 132 (48.0%) 19 (45.2%)

Age (years old) 43.76 ± 20.73 32.42 ± 20.06 0.001b

BMI (kg/m2) 24.22 ± 8.73 20.87 ± 4.31 0.002b

Education level 0.000a

Unschooled 48 (17.5%) 4 (9.5%)
Primary school 159 (57.8%) 17 (40.5%)
Middle/high school 67 (24.4%) 17 (40.5%)
College degree or above 1 (0.4%) 4 (9.5%)

Frequency for fruits and vegetables intake 0.090a

Seldom 3 (1.1%) 0 (0.0%)
Occasional 47 (17.1%) 2 (4.8%)
Often 225 (81.8%) 40 (95.2%)

Frequency for fruits washing 0.016a

Seldom 4 (1.5%) 0 (0.0%)
Occasional 42 (15.3%) 0 (0.0%)
Often 229 (83.3%) 42 (100.0%)

Frequency for fruits peeling 0.036a

Seldom 82 (29.8%) 19 (45.2%)
Occasional 114 (41.5%) 18 (42.9%)
Often 79 (28.7%) 5 (11.9%)

Soaking time for vegetables 0.261a

Seldom 256 (93.1%) 41 (97.6%)
≤5min 19 (6.9%) 1 (2.4%)
>5min 0 (0.0%) 0 (0.0%)

a p-Value obtained by chi-square test from SPSS statistical analysis.
b p-Value obtained by Mann-Whitney U test from SPSS statistical analysis.

Fig. 1. Concentration comparison of urinary IMI, 6-CNA and Σimidacloprid
between rural and urban residents (Mann-Whitney U test for p values).
Note: ns represents p > 0.05; * represents p < 0.05; ** represents p < 0.01;
*** represents p < 0.001.

Fig. 2. Concentration comparison of urinary IMI and 6-CNA between applica-
tors and non-applicators (Mann-Whitney U test for p values).
Note: NS represents p > 0.05; * represents p < 0.05; *** represents
p < 0.001.
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concentrations ranged from 2.66 to 502.15 μg/g creatinine with a GM
concentration of 14.00 μg/g creatinine for IMI, and 0.66–200.79 μg/g
creatinine with a GM concentration of 5.94 μg/g creatinine for 6-CNA.
The results of Mann–Whitney U test indicated that the urinary con-
centrations of target analytes in the applicators were significantly
higher than those in the non-applicators (p=0.036 for IMI and
p=0.009 for 6-CNA), and the GM difference reached 1.35–1.51-fold.

Pesticide spraying considerably contributed to the higher IMI ex-
posure for the applicators. This was because the applicators undertook
large-scale spraying tasks and had direct contact with IMI during the
process of agent preparation and spraying as well as subsequent indirect
exposure to IMI via contaminated air or dust. Previous research pointed
that some factors, such as use of protective equipment and worker
education, affected the exposure effects (Nordgren and
Charavaryamath, 2018). In this survey, knapsack sprayers were the
common spraying equipment, but poor personal protective measures
were observed for the pesticide applicators, such as the majority seldom
wearing gloves, masks, or long-sleeved pants, which are regarded as
effective measures for lowering direct IMI exposure for workers. A si-
milar insufficient health consciousness was reported among Iranian rice
farmers in which few farmers showed safe behaviors of using personal
protective equipment (8.9%) and in following hygiene practices after
using pesticides (2.7%) (Sharifzadeh et al., 2019). The issues of safety
awareness and behaviors during pesticide application deserve more
consideration from developing countries. As expected, the health risks
of occupational exposure to pesticides have received attention (Lozano-
Paniagua et al., 2018; Mercadante et al., 2018). To promote preventive
behaviors, educational programs have arisen based on the U.S. En-
vironmental Protection Agency Worker Protection Standard, including
the use of personal protective equipment and hygiene (Arcury et al.,
1999) Even so, studies indicate that exposure occurs for applicators in a
significant proportion as well as their co-resident family members.

3.2.3. Concentrations of urinary IMI and 6-CNA in rural and urban
kindergarten children

The detection rate of urinary IMI and 6-CNA was 100% for a total of
300 kindergarten children (Table S4). In the urine samples from urban
control children, the GM concentration was calculated to be 1.13 ng/
mL (1.13 μg/g creatinine) for IMI and 0.88 ng/mL (0.88 μg/g creati-
nine) for 6-CNA. For the rural kindergarten children, the urinary con-
centrations of IMI and 6-CNA were determined to be 0.31–14.79 with
1.06 ng/mL for GM (0.50–121.33; GM: 3.73, μg/g creatinine) and
0.28–6.89 ng/mL with 1.13 ng/mL for GM (0.72–85.68; GM: 3.95, μg/g
creatinine), respectively. As shown in Fig. 3, the rural children had
significantly higher concentrations of IMI (p < 0.001), 6-CNA
(p < 0.001), and ΣIMI (p < 0.001) than the urban control children,
and the GM difference was 3.30–4.49-fold. The results demonstrated

that 3–6-year-old children schooling close to rural zones have a higher
IMI exposure than those children approximately 25 km away from the
farming areas.

For urban kindergarten children who live far away from agricultural
fields, diet is regarded as a significance source of IMI exposure
(Bradman et al., 2015). Residue in food is frequently reported, and
some behaviors, such as fruit washing, peeling and soaking vegetables
and fruits, can effectively reduce pesticide residue (Zhao et al., 2006).
These behaviors are suggestive of health consciousness and occur more
frequently in families of urban children than those of rural children
(Table S4). Rural children, living and schooling in agricultural zones
may be exposed to IMI owing to the take-home residue from farm-
working parents and the higher ambient and residential contamination
from drift or volatilization from nearby orchards after pesticide appli-
cation (Lu et al., 2000; Quiros-Alcala et al., 2011). Osaka et al. (2016)
reported that a maximum concentration of urinary IMI was detected at
2.52 ng/mL with 0.50 ng/mL of the 95th value among three-year-old
children in Japan, and our research showed a higher IMI concentration
with a 5.9-fold difference of the 95th value for rural kindergarten
children after spraying than the above-mentioned children. The dif-
ference in popularity degree of IMI and crop cultivation results in
considerable differences in IMI exposure in different countries and re-
gions.

3.3. Concentrations of urinary IMI and 6-CNA in different genders

3.3.1. Male and female residents
Except for 11 missing resident samples 2 d after spraying of IMI, the

remaining 264 rural resident samples, including those from 136 males
and 128 females, were tested for the urinary concentrations of IMI and
6-CNA (Table S5). Rural male residents had exposure concentrations of
0.54–20.19 (GM: 2.65) ng/mL for IMI and 0.11–152.34 (GM: 1.19) ng/
mL for 6-CNA, whereas for the female residents, the urinary con-
centrations were 1.15–21.26 (GM: 2.63) ng/mL and 0.59–2.92 (GM:
1.17) ng/mL for IMI and 6-CNA, respectively. As a result, no obvious
concentration difference was calculated for IMI (p=0.258), 6-CNA
(p=0.659) or ΣIMI (p=0.210) between males and females with a
1.00–1.02-fold (GM value). However, the results showed that rural fe-
male residents had higher IMI exposure than the males after creatinine
correction that was statistically significant (p < 0.05), and the GM
difference was 1.29–1.31-fold (IMI: male= 14.42 μg/g creatinine,
female= 18.83 μg/g creatinine; 6-CNA: male= 6.48 μg/g creatinine,
female= 8.36 μg/g creatinine). For the urban residents, the females
were also observed to have higher exposure to analytes than the males
after creatinine correction (p < 0.05) with a 1.32–1.52-fold GM dif-
ference.

3.3.2. Male and female applicators
For sampling 2 d after spraying the pesticide, urine samples from 87

male applicators and 24 female applicators (8 applicators missed
samplings) were obtained. As shown in Table S6, urinary IMI dis-
tributed within the range of 0.54–17.76 (GM: 2.66) ng/mL and 6-CNA
was in the range of 0.12–3.42 (GM: 1.15) ng/mL for the male appli-
cators. The concentrations for female applicators were 1.27–8.59 (GM:
2.44) ng/mL for IMI and 1.00–1.49 (GM: 1.23) ng/mL for 6-CNA. No
obvious concentration difference was observed between the genders
(p > 0.05). After correction with creatinine, the GM concentration of
urinary IMI was observed to be 13.25 μg/g creatinine for males and
14.71 μg/g creatinine for females, and corresponding GM concentra-
tions of 5.74 and 7.39 μg/g creatinine were obtained for urinary 6-CNA.
In contrast, female applicators had slightly higher IMI exposure than
males after creatinine correction with 1.11–1.29-fold of the GM dif-
ference, but this was not statistically significant (p > 0.05), indicating
that both genders of pesticide applicators experienced almost the same
exposure.

Fig. 3. Concentration comparison of urinary IMI and 6-CNA between rural and
urban kindergarten children (Mann-Whitney U test for p values).
Note: *** represents p < 0.001.

Y. Tao, et al. Environment International 132 (2019) 105079

5



3.3.3. Male and female children
In the urine samples from the 247 rural kindergarten children, the

concentrations of IMI and 6-CNA were estimated to be 0.35–14.79 (GM:
1.13) ng/mL and 0.32–6.89 (GM: 1.27) ng/mL for the male children,
respectively (Table S7). For the female children, urinary IMI was in the
concentration range of 0.31–6.50 (GM: 0.97) ng/mL, and 0.28–4.26
(GM: 0.95) ng/mL was estimated for 6-CNA. When corrected for crea-
tinine concentrations, the adjusted GM concentrations of urinary IMI
were 3.31 μg/g creatinine for the male children and 4.41 μg/g creati-
nine for the females. Urinary 6-CNA was detected with a GM con-
centration of 3.71 and 4.30 μg/g creatinine for males and females, re-
spectively. No significant concentration difference existed between the
male and female rural children (p > 0.05), which was also the same for
the urban children. Moreover, the GM concentrations were further
compared to reveal the relationship among these values (Fig. S1). In
summary, urinary concentrations of the target analytes in the female
children were 1.10–1.33-fold higher than those from the male children.

The gender-related exposure differences were compared between
males and females. A higher IMI exposure was found in rural female
residents, female applicators, and female children compared to the
corresponding males but with varying degree. Overall, urinary con-
centrations of IMI and 6-CNA were found to be higher in females than
that in males. This maybe because females prefer to eat vegetables and
fruits, and residue on these kinds of foods is one important source of IMI
exposure (Chensheng et al., 2008). Thus, intake frequency of IMI-con-
taining food seemed higher in females. Moreover, females have smaller
body sizes than males, causing a higher consumption of residual IMI
from foods relative to body size (Steer et al., 2006). Osaka Aya et al.
also reported that urinary 3-phenoxybenzoic acid (3-PBA; one meta-
bolite of pyrethroids) concentrations in female children (median of
1.51 μg/L) were slightly (but significantly) higher than those in male
children (median of 1.29 μg/L) (Osaka et al., 2016), suggesting that
female children had a higher exposure level to pesticide than males.
Besides, Tipton (2001) pointed out that the metabolism differed be-
tween genders, and the higher exposure level for females might attri-
bute to the inferior metabolic capability in the females than that in the
males. More research studies are needed to ascertain the detailed con-
tribution for each factor.

3.4. Concentrations of urinary IMI and 6-CNA in different villages

The geographical locations of different villages are illustrated in
Fig. 4. The surveyed rural villages were scattered close to orchards and
differed in cardinal direction. The participants from nine rural villages
(1–9) and one control city (expressed as village 10) were compared in
term of urinary concentrations of IMI and 6-CNA (Table S8). The urine
samples after 1 d of IMI application were chosen. Although the con-
centrations of IMI and 6-CNA in the urine samples were different in
individual rural villages (GM for village 1: IMI= 14.04, 6-CNA=6.65;
village 2: IMI= 17.13, 6-CNA=11.55; village 3: IMI= 12.16, 6-
CNA=5.96; village 4: IMI= 13.85, 6-CNA=5.70; village 5:
IMI= 9.27, 6-CNA=3.98 μg/g; village 6: IMI= 7.88, 6-CNA=3.52;
village 7: IMI= 13.43, 6-CNA=6.16; village 8: IMI= 11.47, 6-
CNA=5.12; village 9: IMI= 20.83, 6-CNA=6.02; unit: μg/g creati-
nine), all showed significantly higher concentrations than those in the
samples from the urban city (GM: IMI= 3.48 μg/g creatinine, 6-
CNA=1.71 μg/g creatinine) (p < 0.01) (Table S9), and the GM dif-
ferences were 2.26–5.96-fold for IMI and 2.33–6.75-fold for 6-CNA.

Commonly, south and east winds prevail during the period of
spraying and sampling time (China Meteorological Administration,
2017). Villages 1, 2 and 9 are located at the downwind geographic
position, demonstrating that there is a higher exposure potency in those
locations. However, external surrounding factors that affect the IMI
concentration in urine of people from the different villages include the
relative distance of residents away from the orchards, the cardinal di-
rection of villages, the wind magnitude and direction, elevation of the

village and the area of the orchard. Further analysis is needed to de-
termine the specific contribution that is made by each of the above
factors.

3.5. Concentrations of urinary IMI and 6-CNA in different age groups

3.5.1. Concentrations of urinary IMI and 6-CNA in rural residents of
different age groups

In this study, to investigate the exposure to IMI and 6-CNA in dif-
ferent age groups, we divided the (2–81 y) rural residents into four age
groups, including group 1 (2–3 y), group 2 (4–16 y), group 3 (22–59 y)
and group 4 (60–81 y). As listed in Table 2 and shown in Fig. 5, after 2 d
of spraying the pesticide, different concentration levels of IMI and 6-
CNA in the urine samples were observed from the four age groups. The
results demonstrated that urinary GM and median concentrations of IMI
and 6-CNA in groups of 2 and 4 were higher compared to those in the
other two groups (group 1 and 3) (Fig. 5), and the GM values (group 1:
IMI=12.83 μg/g creatinine, 6-CNA=5.02 μg/g creatinine; group 2:
IMI=20.96 μg/g creatinine, 6-CNA=11.93 μg/g creatinine; group 3:
IMI=14.05 μg/g creatinine, 6-CNA=6.02 μg/g creatinine; group 4:
IMI=22.64 μg/g creatinine, 6-CNA=9.89 μg/g creatinine;) differed
with a 1.10–1.76-fold for IMI and 1.20–1.97-fold for 6-CNA between
the highest and lowest values. This indicated that adolescents and the
elder tended to have higher exposure to IMI.

Age group 2 is representative of adolescents, considering that they
are capable of eating and playing independently, and age group 4 re-
presents the elderly, who also comprise the majority of the rural po-
pulation owing to the left-behind situation in China. The adolescents
and the elderly experienced higher IMI exposure than the other two
groups perhaps because the former engage in outdoor activity, inhale
IMI-containing air, and may play on surfaces where residual pesticides
may accumulate (Steer et al., 2006). However, the latter have weaker
respiration and in vivo metabolic capacity and easily suffer from the

Fig. 4. Concentration comparison of urinary IMI and 6-CNA among different
villages (Mann-Whitney U test for p values).
Note: ** represents p < 0.01.
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adverse effects of environmental contaminants.

3.5.2. Concentrations of urinary IMI and 6-CNA in children of different age
groups

The kindergarten children who were 3–6 years-old were also sub-
divided into three age groups, including group 1 (< 3.5 y), group 2
(3.5–5.0 y), and group 3 (> 5.0 y). For the urban control children, the
concentrations of IMI and 6-CNA in the individual age group were
significantly lower than in that of the corresponding rural age groups
(p < 0.01). From the results of GM and median concentrations, urban

children of the different age groups were generally exposed to lower
levels of IMI. However, for the rural children, both the GM and median
concentration levels of urinary IMI and 6-CNA followed the rule:
Cage<3.5 > Cage3.5–5.0 > Cage>5.0 (GM for group 1: IMI=4.40 μg/g
creatinine, 6-CNA=4.75 μg/g creatinine; group 2: IMI=4.18 μg/g
creatinine, 6-CNA=4.11 μg/g creatinine; group 3: IMI=3.07 μg/g
creatinine, 6-CNA=3.40 μg/g creatinine) (Table 3), and the highest
GM value was 1.43-fold (IMI) and 1.40-fold (6-CNA) compared to that
of the minimum value, indicating that younger children tended to have
a higher exposure risk from IMI (Fig. 6). Previous research indicated
that decreasing dose with increasing age was observed for chlorpyrifos
(Curwin et al., 2007b), and urinary metabolite concentrations among
children have a negative association with age (Curwin et al., 2007a).
Young children are more susceptible and vulnerable to pesticides, such
as IMI, because of their immature metabolism, they exhibit certain
behaviors (e.g., hand to mouth), and have a smaller body size (thus
causing a higher consumption of residual IMI from foods relative to
body size) (Steer et al., 2006).

There are some limitations to this study. The sample size was rela-
tively small. Although we collected many urine samples from different
populations in rural and urban areas, given that the climate, tempera-
ture, and pesticide usage conditions differ across regions and provinces,
only having test site data from Henan Province limited our under-
standing of IMI exposure status for general rural areas. Moreover,
owing to the limited time and funds, the exposure results were obtained
based on a one-year survey. Additionally, longitudinal data of long-
period exposure combined with routine checks of the heath condition of
rural populations are still needed to determine the health risks of IMI
exposure.

4. Conclusion

The results presented in this paper strengthen the current knowl-
edge of IMI exposure in rural areas. The rural population residing and
schooling within proximity to agricultural orchards in the Henan
Province site are likely exposed to neonicotinoid IMI at different levels.
Biomonitoring the urinary levels of IMI showed a high exposure risk,
especially after pesticide application, thus implying the associated po-
tential health risk for the local population. Understanding the safe use
of pesticides should be an urgent and imperative concern for agri-
culture. Further, scientific guidance on the pesticide application and
effective approaches to reduce exposure risk are crucial to im-
plementing environmental health management.

Ethical approval

The study was approved by the Institutional Review Board of
Chinese Academy of Agricultural Sciences.

Table 2
The concentrations of IMI and 6-CNA in urines of different ages of rural residents.

Age (years old) Analyte n Detection rate (%) Not adjusted for creatinine (ng/mL) Creatinine adjusted (μg/g creatinine)

Range GM 25th 50th 75th 90th Range GM 25th 50th 75th 90th

2–3 IMI 9 100.0 0.87–5.04 2.42 1.42 2.45 4.05 – 6.23–27.50 12.83 7.91 11.01 25.27 –
6-CNA 9 100.0 0.11–1.92 0.95 0.97 1.19 1.43 – 1.53–17.63 5.02 2.75 5.62 8.29 –
ΣIMI 9 100.0 1.05–6.97 4.11 3.11 4.68 6.50 – 11.28–56.11 21.81 14.47 16.30 37.10 –

4–16 IMI 38 100.0 1.09–13.31 2.49 1.71 2.38 2.95 5.02 4.23–632.98 20.96 9.46 18.17 37.81 100.51
6-CNA 38 100.0 0.94–152.34 1.42 1.10 1.18 1.29 2.27 1.88–1566.58 11.93 4.14 8.70 20.83 213.04
ΣIMI 38 100.0 2.69–248.83 5.13 3.60 4.40 5.04 10.67 7.60–2558.87 43.23 16.91 34.20 80.98 841.30

22–59 IMI 161 100.0 0.54–21.26 2.66 1.74 2.27 3.61 6.06 1.81–289.85 14.05 6.54 11.09 26.34 79.75
6-CNA 161 100.0 0.12–2.14 1.14 1.04 1.15 1.29 1.42 0.51–122.92 6.02 2.66 5.03 11.60 27.66
ΣIMI 161 100.0 0.73–22.60 4.67 3.57 4.18 5.54 8.12 2.64–415.05 24.68 10.95 19.90 51.87 117.98

60–81 IMI 56 100.0 1.15–16.22 2.74 1.91 2.30 3.30 6.66 2.66–1035.98 22.64 8.66 22.40 49.83 114.45
6-CNA 56 100.0 0.89–3.42 1.20 1.08 1.13 1.22 1.60 1.37–728.60 9.89 3.76 9.25 18.64 49.89
ΣIMI 56 100.0 2.82–18.13 4.85 3.69 4.17 5.59 8.79 5.01–2218.28 40.12 15.33 42.76 86.28 168.20

Fig. 5. Concentration comparison of urinary IMI and 6-CNA among different
age groups in rural residents.
Note: A-GM concentration, B-median concentration.
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