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a b s t r a c t
Pesticides pose a serious risk to ecosystems. In this study, we used European Food Safety Authority methods, such
as risk quotient (RQ) and toxicity exposure ratios (TER), to assess the potential ecological risks of 15 pesticide residues detected in agricultural soils in the Gaidahawa Rural Municipality of Nepal. The mean and maximum concentrations of the detected pesticide residues in the soil were used for risk characterization related to soil
organisms. RQmean, TERmean and RQmaximum, TERmaximum were used to determine general and the worst-case scenarios, respectively. Of all the detected pesticides in soils, the no observed effect concentration (NOEC) for 27% of
the pesticides was not available in literature for the tested soil organisms and their TER and RQ could not be calculated. RQ threshold value of ≥1 indicates high risk for organisms. Similarly, TER threshold value of ≥5, which is
acceptable trigger point value for chronic exposure, indicates an acceptable risk. The results showed that the
worst-case scenario (RQmaximum) indicated a high risk for soil organisms from chlorpyrifos [RQmaximum > 9 at
depths (cm) of 0–5, 15–20 and 35–40 soil layer]; imidacloprid (1.78 in the 35–40 cm soil layer) and profenofos
(3.37 in the 0–5 cm and 1.09 in the 35–40 cm soil layer). Likewise, for all the soil depths, the calculated TER for
both the general and worst-case scenarios for chlorpyrifos ranged from 0.37 to 3.22, indicating chronic toxicity to
F. candida. Furthermore, the risk of organophosphate pesticides for soil organisms in the sampling sites was
mainly due to chlorpyrifos, except for two study sites where the risk was from profenofos. Ecological risk assessment (EcoRA) of the pesticide use in the study area indicated that the EFSA soil organisms were at risk at some of
the localities where farmers practiced conventional farming.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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as Toxicity-Exposure- Ratio (TER). The TER is interpreted using trigger
standards as deﬁned in the EU Regulation No. 546/2011 (EC, 2018).
TERs are identiﬁed for single assessments and single organisms. The
TER explains the toxicity of a pesticide and provides an impression of
the exposure estimates for each species separately. A trigger value
equal to 5 represents “safety factors” for earthworms and other soil organisms. TER values <5 and ≥5 indicate high risk (unacceptable) and
low risk (acceptable), respectively. The ratio of a measured soil concentration (MSC) or a predicted soil concentration (PSC) to a predicted noeffect concentration (PNEC) is used to calculate RQ (EC, 2002; Palma
et al., 2014; Vasickova et al., 2019) which represents no risk (RQ <
0.01), lower risk (0.01 ≤ RQ < 0.1), moderate risk (0.1 ≤ RQ < 1) and
higher risk (RQ ≥ 1). Earlier studies conducted elsewhere used both
the TER and the RQ to deﬁne an EcoRA for pesticides (Thomatou et al.,
2013; Vasickova et al., 2019; Wee and Aris, 2017). However, there are
scant scientiﬁc studies examining the ecological risks of pesticides on
soil organisms in Nepal.
This study aims 1) to investigate the potential risk posed by pesticide
residues following the EFSA's guidelines for soil organisms [including
earthworms (Eisenia fetida), enchytraeids (Enchytraeus crypticus),
springtails (Folsomia candida), and mites (Hypoaspis aculifer) as well
as nitrogen and carbon mineralization microorganisms, which are the
recommended invertebrate subjects for ecotoxicological studies (EFSA
et al., 2017; Jänsch et al., 2006)]; and 2) to compute the correlation between pesticide risk and a farmer's knowledge about pesticide use and
behaviour in the environment. This study provides the ﬁrst evidence
of the ecological risk of exposure to the most commonly applied pesticides in Nepal. The ﬁndings can be useful in developing effective pesticide risk mitigation strategies and national pesticide policy.

1. Introduction
Over 4 million tons of pesticides are used annually worldwide (FAO,
2017). Unfortunately, this number is only expected to increase due to
the burgeoning world population demanding more food from shrinking
agricultural lands that suffer from declining soil quality. As if that wasn't
enough, climate change and the emergence of new pests and diseases
are throwing all kinds of new challenges into the mix (Brain and
Anderson, 2019; Delcour et al., 2015; Xu et al., 2008). Modern farming
methods rely on chemical pesticides to control insects and diseases,
thereby improving food quantity. However, both the abundant use
and in some cases, misuse of pesticides have contributed to soil pollution (Tsaboula et al., 2016). Research has discovered that pesticides
can bioaccumulate and become biomagniﬁed in soil, leading to even
greater possible risks for the environment (Haj-Younes et al., 2015;
Yuantari et al., 2015). There should be systematic monitoring of pesticide levels in soil that should include an evaluation of pesticide toxicity
as well as an ecological risk assessment (EcoRA).
Many ecotoxicological studies have stated that pesticides can induce
DNA injury, disturb hormone activity, decrease growth and survival
rates, affect reproduction, alter individual food consumption, and diminish the density of earthworm communities (Jager et al., 2007;
Uwizeyimana et al., 2017; Wang et al., 2019). Pesticides in soils induced
behavioural changes in some organisms thus affecting the environmental system and impairing predator-prey interactions (Dinh Van et al.,
2014). A number of toxicological studies (Table S1) have conﬁrmed
that pesticides are harmful to soil fauna. According to the Regulation
SANCO/10329/2002, the European Food Safety Authority (EFSA) recommended risk assessment methods such as risk quotient (RQ) and toxicity exposure ratios (TER) for soil organisms (EFSA et al., 2017). With
these laws in place, ecotoxicological testing and systematic monitoring
of pesticides in soil are being carried out in Europe and are slowly
emerging from other parts of the world. Unfortunately, this testing is
not yet a common occurrence in Nepal.
Pesticide application in Nepal has been increasing with the annual
import going from 404 tons in 2012 to 635 tons in 2018 (CBS, 2019).
The government of Nepal estimated the average application of pesticides to be about 396 g of active ingredients per ha in 2014 (PPD,
2014). About 80% of the imported pesticides were applied to vegetable
ﬁelds (Adhikari, 2017). There were 169 types of active ingredients in
pesticides registered and approved for use in agriculture in 2019 (GC
and Neupane, 2019). Earlier studies have shown misuse and overuse
of pesticides in agriculture (Aryal et al., 2014; Sharma et al., 2012),
mainly in vegetable farming (Atreya et al., 2011; Chhetri et al., 2014).
Bhandari et al. (2019) demonstrated human health risk due to consumption of vegetables in Nepal mainly due to organophosphate residues. Likewise, a similar study showed cancer risk in humans due to
the presence of organochlorine residues in soils (Yadav et al., 2016). Unsustainable agricultural practices in Nepal expose soils to a mixture of
pesticides that could decrease the country's rich biodiversity, which currently includes 17,097 known fauna species (MoFE, 2018). Soil biota
such as bacteria, fungi, nematodes, earthworms, enchytraeids,
microarthropods (springtails and mites), and insect larvae along with
several other organisms help to maintain soil quality: structure and
properties, pivotal functions and major ecosystem services. Soil health
is of crucial importance as it determines the quality and quantity of
food production, biodiversity, and resilience to climate change. Increased use of pesticides carries a greater risk to soil health that may destroy ecological cycles, including the breakdown of organic material,
sequestration of carbon, cycling of nutrients, pest suppressiveness of
soil and soil fertility (Keesstra et al., 2016; Lavelle et al., 2006).
For the sustainable management and responsible application of pesticides, ecological risk assessment (EcoRA) is necessary. The EFSA's risk
assessment procedure mainly involves an assessment of exposure and a
characterization of risk (Fig. S1). The risks posed by pesticides depend
on the exposure concentrations and intrinsic (eco) toxicity, expressed

2. Materials and methods
2.1. Pesticide residues in the study area
In a previous study (Bhandari et al., 2020) we studied pesticide residues in soils (3 depths) from 11 integrated and 38 conventional vegetable farms of the Gaidahawa Rural Municipality in the Rupandehi
district, Nepal. Soil samples were collected from farms where pesticides
were not sprayed for 7 days during the vegetable growing winter season
in 2017. Of the 23 pesticides analysed in our previous study, residues of
15 different pesticides were detected frequently and heavily in soils
from conventional farms (Bhandari et al., 2020). Except nine pesticides
that are banned in Nepal, the other pesticides were applied much higher
doses than the recommended (Bhandari et al., 2018), henceforth selected for monitoring in our past studies (Bhandari et al., 2020, 2019).
Because of time and budget constraints for pesticide analytics, we included 23 pesticides. Details of these pesticide residues are included
here in Table S2. In this study we focus on the assessment of ecological
risk of these residues. Detailed descriptions of the study area including
the soil sampling points and the residues detected are stated in our previous paper (Bhandari et al., 2020). To the best of our knowledge, a residual limit for pesticides in soil has not yet been developed in Nepal.
Therefore, we compared the measured concentration of pesticide residues with the guidance values established for different countries (Li
and Jennings, 2017). The guidance values are the maximum concentration of individual pesticide residues present in soils posing no ecological
risk.
2.2. Risk assessment
Pesticide EcoRA included an assessment of exposure and ecotoxicity
(effects) (Fig. S1). We used two common methods: a) the TER for 4 selected species of the EFSA soil organisms (EC, 2002), and b) the risk quotient (RQ) for each pesticide residue (Renaud et al., 2018). When the no
observed effect concentration (NOEC) value for a pesticide was available via systematic review, the RQ and TER were estimated to assess
2
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conservative approach, the PNECmss value was estimated as the lowest
long-term NOEC divided by the assessment factor (AF). The most susceptible organism for each pesticide was selected to obtain the PNECmss
with an AF to account for potential chronic risks. The selection of the AF
was based on the guidance document of the EU (EC, 2002) and could
range from 10 to 1000: (i) an AF of 1000 was used in a case where at
least one LC50 at one ecological level was available; (ii) an AF of 100
was used in a case where data from a long term assay was available;
and (iii) an AF of 50 and 10 were used in the cases where two and
three or more NOECs were available, respectively. In the present
study, based on available long-term NOECs, we used an AF of 100, 50
and 10 (Table 1).

chronic EcoRA. When the value was not known, the risk could not be
assessed. Additionally, we compared pesticide concentrations in soils
with pesticide soil regulatory guidance values (PSRGVs) to see if ﬁndings using the TER and the RQ methods corresponded with the guidance
values. The concentrations of banned pesticides such as DDT and its
principal metabolites in soils were compared with the existing threshold values for soils. A farmer's ﬁeld was denoted as a “site”. The risk of
organophosphate in pesticide mixtures was estimated by adding up
all the individual pesticide risks with a common mode of action
(Damodaran, 2019) based on the concentration addition (CA) technique (Bundschuh et al., 2014). The risk of pesticide mixtures for
other chemical groups could not be computed because ecotoxicity
data was not available.

2.2.3. Risk characterization of a single pesticide
The most commonly used methods for assessing ecological risk are
the Toxicity-Exposure- Ratio (TER) (EC, 2002) and the Risk Quotient
(RQ) (Renaud et al., 2018). TERs based on NOECs for single test organisms, which included E. fetida, E. crypticus, F. candida, H. aculifer as well
as nitrogen and carbon mineralization microorganisms were
considered.
Based on EC (2009), the TER approach relates toxicity and exposure.
As mentioned earlier, in the cases denoted as “≥ value” or “< value”, the
given value was used. The TER for each pesticide was estimated by using
the TER for the test organisms (TERspecies) and the following Eq. (1).

2.2.1. Assessment of exposure
The concentration of pesticide residues detected in the 3 depths
(0–5, 15–20 and 35–40 cm) (Bhandari et al., 2020) was used for the
risk assessment. Majority of our soil samples had their concentrations
below the detection limit (<LOD), therefore geometric mean would
be appropriate for risk assessment of pesticides (WHO, 2009). The geometric mean and maximum pesticide levels detected at the studied sites
were used as the mean measured soil concentration (MSCmn) and the
maximum measured soil concentration (MSCmx). In the ﬁrst case, the
value gives a general scenario (GS) (TERmn or RQmn) and, in the second
case, the value gives the worst-case scenario (WS) (TERmx or RQmx)
(Palma et al., 2014).

TERspecies ¼

2.2.2. Assessment of toxicity
The toxicity assessment was based on the available ecotoxicological
data from i) the pesticide properties database (PPDB) https://sitem.
herts.ac.uk/aeru/ppdb/; ii) the draft assessment reports (DARs) from
the EFSA; and iii) a basic literature search using the Web of Science
Core Collection and Scopus databases. The search terms included:

NOECspecies
:
MSCmaximum or mean

ð1Þ

where, NOEC = No observed effect concentration and MSC = Measured
pesticide concentration in soil.
The EC (2002) deﬁned cut-off (trigger point) values of 5 and 10 for
chronic and acute toxicity for soil organisms, respectively. Pesticide
risk was considered negligible if the TER exceeded the cut-off values.
TER values of ≥10 or ≥5, which are acceptable trigger point values for
acute and chronic exposure, respectively, indicated an acceptable risk
for the organisms (Jaabiri Kamoun et al., 2017).
The risk quotient of a pesticide i (RQi) provided an index for the risk
of a single pesticide and was calculated as described in Eq. (2).

(i) Pesticide AND soil AND *toxic*
(ii) Pesticide AND soil AND organism
A systematic review of literature was conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Moher et al., 2009) for the assessment of toxicity
including the effect of pesticides on soil organisms (Supplementary material, Fig. S2 and Table S1).
In order to assess the ecological risks of pesticides, there are several
ecotoxicological aspects that can be examined such as the no observed
effect concentration (NOEC) and/or the lethal concentration at which
50% of the examined organisms exhibit mortality (LC50), as well as a
median effective concentration (EC50) for organisms such as the earthworm (E. fetida), the enchytraeid (E. crypticus), the springtail
(F. candida), the mite (H. aculifer) and the nitrogen and carbon mineralization microorganisms. These are organisms that need to be included
in any study assessing pesticides for approval by the EFSA for the
European Union. Data from past studies that were in agreement with
the Organisation for Economic Co-operation and Development (OECD)
standardized procedures for the organisms was considered for the current study. Since the toxicological dose descriptors listed above differed
with their corresponding ecotoxicological output, they could not be
compared. Although pesticides detected in soil have their LC50 as well
as EC50, the present study was based on the available NOEC endpoints.
If multiple NOEC values were available for a single organism, the geometric mean was considered and used. Of the 15 pesticides (Table S2),
the NOEC for DDD, DDE, quinalphos and triazophos were not available
for the tested species thus, the TER and RQ for these compounds could
not be calculated.
Using the NOEC value, we derived the predicted no-effect concentration for the most sensitive species (PNECmss). To overcome issues such
as insufﬁcient toxicity data, errors and inaccuracy related to the

RQ i ¼

MSC soil
:
PNECmss

ð2Þ

where, MSC = Measured pesticide concentration in soil and PNECmss =
Predicted no-effect concentration for the most sensitive species.
The classiﬁcation of the risk quotient was based on the previous
existing studies (Sánchez-Bayo et al., 2002; Vryzas et al., 2011): no
risk (RQ < 0.01), lower risk (0.01 ≤ RQ < 0.1), moderate risk (0.1 ≤
RQ < 1) and higher risk (RQ ≥ 1).
2.2.4. Risk characterization of pesticide mixtures-concentration using addition model
The widely accepted concentration addition (CA) approach was
used to calculate the toxicity of pesticide cocktails (Vasickova et al.,
2019; Wee and Aris, 2017). Multi-pesticide exposures can lead to additive actions. The mixture RQ (RQmix) of organophosphates (OP) was estimated by adding up the individual RQi of each pesticide that belongs to
the OP group. Furthermore, the total risk of multiple pesticide residues
of a site (∑RQsite) was estimated using the concentration addition
(CA) based on the mixture risk assessment method (Bundschuh et al.,
2014). CA, the most suitable model to use in ecotoxicological studies
(Chen et al., 2014), is based on the assumption that all pesticides in a
cocktail have the same mode of action and can be stated as in Eq. (3).
n

n

∑ðRQ site or RQ mix Þ ¼ ∑k¼1 RQ i ¼ ∑k¼1 ðMSC i =PNEC i Þ

ð3Þ

where, RQsite = Risk quotient of a site; RQmix = Risk quotient of pesticide mixtures; RQi = Risk quotient of a pesticide i; MSCi = Measured
3
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Table 1
Ecotoxicology (NOEC and NSDE in μg/kg) of pesticides for E. fetida (earthworm), E. crypticus (enchytraeid), F. candida (springtail), H. aculeifer (mite), and N and C mineralization organisms
extracted from different sources (see details in footnote). Degradation products of chlorpyrifos and metalaxyl such as 3,5,6-TCP and N-alanine indicated 3,5,6-trichloro-2-pyridinol and N(2,6-dimethylphenyl)-N-(methoxyacetyl)alanine, respectively. The N-alanine was referenced as CGA 62826 in the EFSA document and hence its NOEC was used in the calculation. PNEC =
Predicted no-effect concentration; NOEC = No observed effect concentration; AF = Assessment factor.
Group

Compound

E. fetida,
NOEC

E.
crypticus,
NOEC

F.
candida,
NOEC

H.
aculeifer,
NOEC

NSDE for N|C mineralization
microorganisms

Critical
concentration

PNEC
AF

PNECmss

AD
BD
MOD
NND
OC
OP

Chlorantraniliprole
Carbendazim
Emamectin
Imidacloprid
DDT
Chlorpyrifos
Profenofos
Metalaxyl
3,5,6-TCP
N-alanine

1000000d
1000a,d
2000d
178a
280000a,h
12700a
na
40000a,d
4600a,d
500000d

na
100b,i
na
1000g
na
5000e
na
na
na
na

390d
na
na
1250d
176000a,h
65c
<50f
125000d,l
na
na

100000d
na
na
≥2670d
na
na
na
na
na
na

700a,d|700a,d
4800d,k|4800d,k
400d,k|na
na
na
na|4800a,d
250j|na
1350d,k|1350d,k
4150d,k|4150d,k
na

390
100
2000
178
176,000
65
50
40,000
4600
500,000

10
10
50
10
50
10
50
10
50
100

39
10
40
17.8
3520
6.5
1
4000
92
5000

PA
UNC

Data stated as “≥”number or “<”number, the given number was used in a calculation.
PNECmss = the lowest long-term NOEC of the most susceptible species/AF.
na = Information on toxicity was not available in the refereed databases.
NSDE = No signiﬁcant adverse effect.
In the case of metalaxyl, NSDE data for ridomil gold was used.
Pesticides group: AD = Anthranilic diamide; UNC = Unclassiﬁed; OP = Organophosphate; NND = Neonicotinoid; OC = Organochlorine; BD = Benzimidazole; PA = Phenylamide; MOD
= Micro-organism derived.
a
(Lewis et al., 2006).
b
(Novais et al., 2010).
c
(Herbert et al., 2004).
d
Data collected from the EFSA documents that are available online.
e
(Carniel, 2019).
f
(Liu et al., 2012).
g
(de Lima et al., 2017).
h
(RIVM, 2015).
i
Data for Enchytraeus crypticus was not found in literatures, hence NOEC of carbendazim is used for Enchytraeus albidus.
j
Nitriﬁcation rate.
k
<25% effect considered as NSDE.
l
Toxicity data of metalaxyl to Folsomia candida was not available, hence the data of ridomil was used in the calculation.

soil concentration of a pesticide i; PNECi = Predicted no-effect concentration of a pesticide i; n = number of pesticides.
The classiﬁcation of RQmix was based on Sánchez-Bayo et al. (2002)
and Vasickova et al. (2019) as mentioned for the RQ above.
To correlate the classiﬁed RQ at sites where the pesticide knowledge
and behaviour of farmers was known, we developed a summative score
based on farmer's replies to the survey questions (Table 2).
The contribution of each RQi to RQsite or RQmix was derived following
Eq. (4).


RQ i
% contribution ¼
ð4Þ
∑ðRQ site or RQ mix Þ

2.3. Statistical analysis
Data analysis on the concentration of pesticides ≥LODs was performed. Data entries where pesticide concentrations were <LODs
were left empty and excluded from the study (Sun et al., 2016). We
used the Spearman's rho correlation coefﬁcient to calculate the linear
correlation of the risk quotient (RQsite) calculated for the soil depths
(0–5, 15–20 and 35–40 cm) and the knowledge and behaviour (KNB)
of farmers. A p-value less than 0.05 was considered signiﬁcant. The correlation was also used to demonstrate if there was a positive relationship between the risks of pesticides at different sites and the farmers'
pesticide KNB scores. The score was based on the sum of values from
each variable listed in Table 2.

where, RQi = Risk quotient of a pesticide i; RQsite = Risk quotient of a
site; RQmix = Risk quotient of pesticide mixtures.

3. Results
3.1. Risk assessment
3.1.1. Ecological risk based on the TER approach
Data from ecotoxicological tests conducted following the ISO/OECD
procedures were considered for this research. Most ecotoxicological information about pesticides included data for only a single organism.
Toxicological information for several detected pesticides was unavailable and thus assessment of their potential ecological risk was not possible. Data on the NOEC for E. fetida was available for 60% of the 15
detected pesticides (Table 1). In Nepal, ecotoxicological studies have
not been carried for many of the pesticides that have been approved
for agricultural use. However, ecotoxicological studies from other countries have been used (Table S1).
The toxicity exposure ratio (TER) for a general scenario (GS) and a
worst-case scenario (WS) are presented in Tables 3a–3c. For both

Table 2
Variables (n=6) for farmers pesticide use KNB score. Results of the questionnaire survey
among the farmers was based on our previous study (Bhandari et al., 2018). Commercial
vegetable farmers from different villages were selected for the survey conducted in
2017. Of the 183 farmers, this study included the scores of 49 farmers that were selected
randomly.
Variables

Description

KNB values
(1 or 0)

ANIMALS
BIRDS
FISHES
HONEYBEES
PESCONT
UNUSEDPES

Do pesticides negatively affect animals?
Do pesticides negatively affect birds around you?
Do pesticides negatively affect ﬁshes?
Do pesticides negatively affect honeybees?
Do you throw pesticides container at ﬁeld after use?
Do you throw unused/leftover pesticides at ﬁeld?

0=no, 1=yes
0=no, 1=yes
0=no, 1=yes
0=no, 1=yes
0=yes, 1=no
0=yes, 1=no
4
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chlorpyrifos, while a higher risk for sites (∑RQsite > 1) was posed by
chlorpyrifos and profenofos only (Table S3).

scenarios, chronic risk for E. fetida, E. crypticus, and H. aculifer was negligible for all assessed pesticides at all the depths of soil, except chlorpyrifos. Both TERmx and TERmn calculated for different depths were above
the cut-off value of 5 for chronic toxicity. Pesticides such as
carbendazim, chlorantraniliprole, DDT, emamectin, metalaxyl and Nalanine notably showed high TERs at different depths. Of all pesticides,
chlorantraniliprole showed the highest TER (TER = 494,430) at 35–40
cm for E. fetida under the GS.
The calculated TER of chlorpyrifos for GS and WS at all depths of soil
was lower than the corresponding trigger value which indicated potential risk (TER <5) to non-target soil organisms. It has been observed that
MSCmx and MSCmn of chlorpyrifos posed a risk to F. candida based on
TERmx and TERmn, respectively. Furthermore, chlorpyrifos showed the
lowest TER (TER = 0.37) at 0–5 cm for F. candida under the WS.

3.2. Perspectives on pesticide risk and farmers' knowledge and behaviour
(KNB)
Data on farmers' knowledge and behaviour originated from our previous study (Bhandari et al., 2018). The knowledge score (mean ± SD)
of farmers about the effect of pesticides on animals, birds, ﬁshes and
honeybees was 0.84 ± 0.37, 0.51 ± 0.51, 0.59 ± 0.50 and 0.51 ± 0.51,
respectively. Likewise, the behaviour score (mean ± SD) of farmers
concerning pesticide waste management and correct application was
0.45 ± 0.50 and 0.73 ± 0.45, respectively. The knowledge score ranged
from 1 to 4 and the behaviour score ranged from 1 to 2. About 45% of the
farmers managed their pesticide packets/containers by burning the
waste at a designated area, while 73% of the farmers kept the leftover
pesticides and reused them. During a visit to a farmer's ﬁeld, packets
and containers of pesticides were observed simply discarded on the
ground, which was unsafe and indicated poor hygiene in ﬁelds
(Fig. 1). The total KNB score (mean ± SD) for farmers was 3.63 ±
1.81, ranging from 1 to 6. The score indicated a level of awareness of
farmers related to pesticide effects and waste management.
The Spearman's rho correlation between the KNB score and the risk
quotient (RQ) of pesticides at different farm sites is shown in Table 5.
The pesticide risk at sites was negatively correlated (p < 0.01) with
the KNB score, and the correlation coefﬁcients at depths (cm) 0–5,
15–20 and 35–40 were −0.44, −0.60 and −0.38, respectively. A significant positive correlation was observed among RQs of organophosphate
at depths (cm) 0–5 and 15–20 as well as 15–20 and 35–40.

3.1.2. Ecological risk based on RQ approach
The risk quotient (RQ) values under GS and WS for the studied pesticides are shown in Table 4. Chlorpyrifos in all the depths showed RQs
>1 for both MSCs geometric mean and MSCs maximum. Profenofos
showed RQs >1 for both MSCs at 0–5 cm and 35–40 cm depths. In addition to chlorpyrifos and profenofos, our results suggested a potential
risk of imidacloprid to soil organisms at 35–40 cm under the WS. Due
to the higher RQ values at all depths and scenarios, the risk posed by
chlorpyrifos was worrisome. The top 3 pesticides ranked in decreasing
order of their toxicity to the in-soil organisms were: chlorpyrifos > profenofos > imidacloprid, indicating the highest toxicity for organophosphates (OPs).
Furthermore, 84% of the sites represented no risk (∑RQsite < 0.01)
and 16% showed a higher risk (∑RQsite ≥ 1). The highest risk based
on RQsite was 30.60 for a conventional farmer's site with the identiﬁcation code F53 and was indicated for the depth of 15–20 cm (Table S3).
All IPM sites such as F4, F5, F7, F32, F36, F56, F62, F102, F109, F143
and F158 showed no risk (RQ < 0.01). The contribution for the RQ
was 98% and 2% for chlorpyrifos and profenofos, respectively. Table S3
presents pesticide contributions measured at 8 sites with a higher risk
(∑RQsite≥1) to the overall risk. Although multiple pesticide residues
were observed at a single site, this doesn't infer that pesticides contributed equally to the overall risk posed by the pesticide cocktail. Table S3
shows that chlorpyrifos contributed higher than profenofos to the overall risk at one site (∑RQsite). The RQ of OPs at depths (cm) 0–5, 15–20
and 35–40 ranged from 0 to 11, 0 to 31 and 0 to 9, respectively (Table 5).
Overall, both the RQ and TER methods seemed conservative as the
PNECmss applied an assessment factor of 10–1000 due to the scarcity
of NOEC values and thus considered as the worst-case scenarios. For example, in this study, we considered the RQmn with geometric mean of
positives only, and the RQmx with maximum measured soil concentration. Among the 15 compounds that were detected (Table S2), a higher
risk (RQmx > 1) was observed for imidacloprid, profenofos and

4. Discussion
4.1. Pesticide residues in the soils
Although EFSA equations have been used for estimating predicted
pesticide environmental concentrations (PEC) (EFSA et al., 2017), the
use of real measured concentrations in the agricultural ﬁelds (MSC) instead of modelled (PEC) for the pesticide EcoRA provides signiﬁcant
beneﬁts since it gives an accurate measurement of pesticides and includes the inherent heterogeneity of ecosystems (ECOFRAM, 1999).
The use of modelled PEC data in the pesticide evaluation process has
also been criticized due to its limitation on reﬂecting the dissipation of
pesticides in the environment (Vasickova et al., 2019). Due to higher application rates of pesticides, PEC of most pesticides were much higher
than their MSC, indicating that the risk of pesticides could be
overestimated due to the use of PEC in the risk assessment processes
(Bhandari et al., 2020).

Table 3a
Maximum and mean toxicity exposure ratios (TERmx and TERmn) for soil organisms at 0–5 cm. TER values <5 (in bold) and >5 indicated risk and no risk, respectively. WS = worst scenario
and GS = general scenario. MSCmx and MSCmn indicated the maximum and mean concentration of pesticides in soils (in μg/kg), respectively. DDT represented the sum of p, p′-DDT and o, p
′-DDT concentrations. “NA” = not applicable. Degradation products such as 3,5,6-TCP and N-alanine indicated 3,5,6-trichloro-2-pyridinol and N-(2,6-dimethylphenyl)-N-(methoxyacetyl)
alanine, respectively.
Pesticides

MSCmx

MSCmn

E. fetida
Chronic
TERmx (WS)

TERmn (GS)

TERmx (WS)

TERmn (GS)

TERmx (WS)

TERmn (GS)

TERmx (WS)

TERmn (GS)

3,5,6-TCP
Carbendazim
Chlorantraniliprole
Chlorpyrifos
DDT
Emamectin
Imidacloprid
Metalaxyl
N-alanine
Profenofos

57.4
6.45
14.2
177
5.41
3.30
13.8
6.49
2.49
3.37

8.69
1.62
3.23
32.5
3.53
3.30
3.94
2.44
2.49
1.74

80.1
155
70,423
71.8
51,756
606
12.9
6163
200,803
NA

529
617
309,723
391
79,330
606
45.2
16,382
200,803
NA

NA
15.5
NA
28.3
NA
NA
72.5
NA
NA
NA

NA
61.7
NA
154
NA
NA
254
NA
NA
NA

NA
NA
27.5
0.37
32,532
NA
90.6
19,260
NA
14.8

NA
NA
121
2.00
49,865
NA
317
51,194
NA
29

NA
NA
7042
NA
NA
NA
193
NA
NA
NA

NA
NA
30,972
NA
NA
NA
678
NA
NA
NA

E. crypticus
Chronic

5

F. candida
chronic

H. aculeifer
chronic
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Table 3b
The TER at 15–20 cm. The pesticide concentration in μg/kg. N-alanine and profenofos residues were not detected at the depth, hence did not appear here. TER values <5 (in bold) and >5
indicated risk and no risk, respectively.
Pesticides

MSCmx

MSCmn

3,5,6-TCP
Carbendazim
Chlorantraniliprole
Chlorpyrifos
DDT
Imidacloprid
Metalaxyl

15.9
5.55
4.22
68.4
29.8
7.57
4.23

7.26
2.01
2.06
20.2
7.98
2.06
2.67

E. fetida
Chronic

E. crypticus
Chronic

F. candida
Chronic

H. aculeifer
Chronic

TERmx (WS)

TERmn (GS)

TERmx (WS)

TERmn (GS)

TERmx (WS)

TERmn (GS)

TERmx (WS)

TERmn (GS)

289
180
236,967
186
9402
23.5
9456

633
498
485,546
629
35,088
86.6
14,961

NA
18.0
NA
73.1
NA
132
NA

NA
49.8
NA
248
NA
486
NA

NA
NA
92.4
0.95
5910
165
29,551

NA
NA
189
3.22
22,055
608
46,752

NA
NA
23,697
NA
NA
353
NA

NA
NA
48,555
NA
NA
1299
NA

of chlorpyrifos and its lower NOEC. Chlorpyrifos was indicated as one
of the most acutely as well as chronically toxic pesticides for soil organisms (USEPA, 2009). In Table 3c, the TERmx value of E. fetida at 35–40 cm
under the WS (i.e. 5.63) was observed closer to its trigger point value
(i.e. 5) which might be due to its chronic exposure to imidacloprid
(EC, 2011). In a multi-level ecotoxicological study, Wang et al. (2019)
also demonstrated a toxicity of imidacloprid for E. fetida. Of all pesticides
and organisms examined in a previous study (de Lima et al., 2017),
imidacloprid was found to be the most toxic compound to F. candida,
which is known to be very susceptible to pesticides and is one of the
most susceptible organisms among soil invertebrates (Fountain and
Hopkin, 2005). Although chlorantraniliprole was applied in higher
doses than recommended on vegetables such as chillies (Bhandari
et al., 2018), it showed greater TER values (Tables 3a–3c), indicating
negligible risk at all depths of soil. However, the risk assessment of the
pesticide applied to a fruiting vegetable by EFSA presented a chronic
risk to F. candida (TER = 3) (EFSA, 2013). In the same study, the
ecotoxicity of chlorantraniliprole was observed for F. candida in fruits
such as grapes (TER = 1.9) and pomes (TER = 1.4).
Our study presented higher risks (RQs > 1) for individual compounds such as chlorpyrifos and profenofos for both scenarios: general
and worst-case. In a previous study on risk assessment, chlorpyrifos
presented a similar trend (Wee and Aris, 2017). Profenofos contributed
higher risk for 3 sites and the risk ranged from 2 to 100%. However, the
major contribution to the higher risk for 6 sites was only for chlorpyrifos
and ranged from 98 to 100%. A similar study (Chen et al., 2020b) indicated that chlorpyrifos and butachlor were the main pollutants. In the
arable soils of the Czech Republic, Vasickova et al. (2019) identiﬁed
that 11% of sites had no risk and 35% of sites had higher risk. One
study reported a higher risk in 29% of the sites, mainly due to the use
of chemical pesticides that have been banned in Europe (Iturburu
et al., 2019). In our study, chlorpyrifos signiﬁcantly contributed to the
overall risk of a site (∑RQsite), a ﬁnding similar to a previous study
(Wee and Aris, 2017). Chlorpyrifos, profenofos and imidacloprid have
an ability to persist in soil (Lewis et al., 2006) and were used in higher
doses than the recommended (Bhandari et al., 2018); all of which

Of all pesticides, chlorpyrifos showed the highest concentration at all
the depths (177 μg/ kg). DDT, an organochlorine insecticide has been
banned for use in Nepal since 2001 (PQPMC, 2019), however its residues were detected at all the depths as they degrade very slowly in
the environment (Boul, 2010). A study conducted in Pakistan showed
the highest concentration (125,000 μg/ kg) of ∑DDT in top soils
(Ullah et al., 2019). Residues of HCH and DDT were detected at concentrations 6.12 μg/ kg and 1.85 μg/ kg, respectively in bottom soils from
Hong Kong (Zhang et al., 2006). At the 35–40 cm depth, residues of Nalanine were more frequently detected. Risk was due to higher concentrations of DDT and endosulfan, the frequently occurring residues in soil
(Yadav et al., 2016). Most frequently detected pesticides in Chinese agricultural topsoil were imidacloprid and emamectin benzoate (Tan
et al., 2020). The presence of several pesticides in soil increased the
ecotoxicity and caused several effects (Table S1), including the death
of non-target soil organisms (Cang et al., 2017; Tiwari et al., 2019).
4.2. Ecological risk based on TER, RQ including threshold and guidance
values
Ecotoxicological data is a prime requisite when performing studies
on EcoRA (Frampton, 2000). The ecotoxicity was especially high due
to chlorpyrifos residues in soils (Tables 3a–3c). Thomatou et al. (2013)
demonstrated a non-acceptable ecological risk due to chlorpyrifos
methyl in Greece. In the same study, pesticides with the highest
ecotoxicity were organophosphates (OPs). The major contributors to
ecotoxicity in many different studies were triazoles (Vasickova et al.,
2019), OPs (Wee and Aris, 2017), triazines and OPs (Palma et al.,
2014), and triazoles, carbamates and neonicotinoids (Xu et al., 2020).
In our study, OPs most notably contributed to the ecological risk,
while the other groups didn't.
The ecological risk based on TER under general scenario (GS) and
worst-case scenario (WS) is shown in Tables 3a–3c. Of all pesticides
and soil organisms, chlorpyrifos exhibited higher risk under both scenarios for F. candida due to its longer persistence in a tropical soil
(Watts, 2012). The higher risk might be due to higher concentrations

Table 3c
The TER at 35–40 cm. The pesticide concentration in μg/kg. TER values <5 (in bold) and >5 indicated risk and no risk, respectively.
Pesticides

3,5,6-TCP
Carbendazim
Chlorantraniliprole
Chlorpyrifos
DDT
Imidacloprid
Metalaxyl
N-alanine
Profenofos

MSCmx

31.1
3.41
6.52
60.6
81.1
31.6
8.97
1.56
1.09

MSCmn

7.26
2.23
2.02
26.4
13.5
3.35
2.41
1.32
1.09

E. fetida
Chronic

E. crypticus
Chronic

F. candida
Chronic

H. aculeifer
Chronic

TERmx
(WS)

TERmn
(GS)

TERmx
(WS)

TERmn
(GS)

TERmx
(WS)

TERmn
(GS)

TERmx
(WS)

TERmn
(GS)

148
293
153,374
210
3454
5.63
4459
320,513
NA

634
448
494,430
481
20,734
53.2
16,582
379,967
NA

NA
29.3
NA
82.5
NA
31.7
NA
NA
NA

NA
44.8
NA
189
NA
299
NA
NA
NA

NA
NA
59.8
1.07
2171
39.6
13,935
NA
45.9

NA
NA
193
2.46
13,033
373
51,818
NA
45.9

NA
NA
15,337
NA
NA
84.5
NA
NA
NA

NA
NA
49,443
NA
NA
798
NA
NA
NA

6

G. Bhandari, K. Atreya, J. Vašíčková et al.

Science of the Total Environment 788 (2021) 147921

EcoRA showed moderate to high risks to soil organisms from the aforementioned pesticides and did not converge with the guidance values,
except for metalaxyl which showed negligible risks. Different methods
and databases used in the EcoRA may preclude the effective comparison
among the estimated risks (Wang et al., 2009), henceforth our results
are less consistent. In the PSRGVs, Ukraine considered 1 μg/kg as a
benchmark for the concentration of profenofos in soil. The profenofos
concentrations in 3% of our soil samples were above this benchmark, indicating that ecological risk associated with profenofos pollution should
be considered. Furthermore, the PSRGVs for 3,5,6-TCP, N-alanine and
chlorantraniliprole were not found, hence their estimated risk (TER
and RQ) could not be compared.
Pesticide residues and their mixtures in soil have adverse effects on
plants and animals. Removal of these residues from agricultural soils requires time, budget and technology. Sun et al. (2018) summarized pollution remediation sustainable methods (i.e. physical, chemical and
biological) in agricultural soils. The efﬁciency of such methods depends
upon several factors such as pesticide properties and their concentrations, climatic conditions and soil types. Developed nations have
adopted such technologies for the reclamation of degraded lands
(Ashraf et al., 2019; Ayangbenro and Babalola, 2021). Research works
on pesticide residues are scarce and there are no any regulations and
frameworks for the reclamation of polluted sites in developing countries like Nepal. Therefore, it is hard to recommend suitable reclamation
methods for the remediation of pesticides pollution in agricultural soil.
Nevertheless, this study recommends future studies focusing on the distribution of pesticide residues and their ecological interactions in
Nepalese environment. Furthermore, the country should initiate research on in-situ bioremediation methods such as composts, microorganisms and plants for pollution prevention and control.

Table 4
The Risk Quotient (RQ) for the most sensible organisms at different depths of soil. RQ
values for an individual pesticide at the depth calculated as a ratio of the measured soil
concentrations [(MSCmx or mn) μg/kg] divided by the PNECmss μg/kg (reported in
Tables 3a–3c and 1). WS = worst scenario and GS = general scenario. The calculated
values of RQ were categorised into 4 risk levels: no risk (RQ<0.01), lower risk
(0.01≤RQ<0.1), moderate risk (0.1≤RQ<1) and higher risk (RQ≥1). RQ values in bold indicated higher risk. DDT represented the sum of p, p′-DDT and o, p′-DDT concentrations.
“NA” = not applicable. Degradation products such as 3,5,6-TCP and N-alanine indicated
3,5,6-trichloro-2-pyridinol and N-(2,6-dimethylphenyl)-N-(methoxyacetyl)alanine,
respectively.
Pesticides

Risk quotient (RQ)
0–5 cm

3,5,6-TCP
Carbendazim
Chlorantraniliprole
Chlorpyrifos
DDT
Emamectin
Imidacloprid
Metalaxyl
N-alanine
Profenofos

15–20 cm

35–40 cm

RQmx
(WS)

RQmn
(GS)

RQmx
(WS)

RQmn
(GS)

RQmx
(WS)

RQmn
(GS)

0.62
0.65
0.36
27.23
<0.01
0.08
0.78
<0.01
<0.01
3.37

0.09
0.16
0.08
4.99
<0.01
0.08
0.22
<0.01
<0.01
1.74

0.17
0.56
0.11
10.52
0.01
NA
0.43
<0.01
NA
NA

0.08
0.20
0.05
3.10
<0.01
NA
0.12
<0.01
NA
NA

0.34
0.34
0.17
9.32
0.02
NA
1.78
<0.01
<0.01
1.09

0.08
0.22
0.05
4.06
<0.01
NA
0.19
<0.01
<0.01
1.09

might have caused moderate to higher individual ecological risk (RQ). Li
et al. (2018) also estimated lower to moderate ecological risks due to simazine. As described by Montuori et al. (2016), the RQ values may be
less relevant in other regions because of the variation in seasons, agricultural practices, contamination levels, and distribution of pollutants.
For all the pesticides that showed higher risk (RQ > 1), a future sitespeciﬁc risk assessment is required to better understand the risks of
speciﬁc pesticides (Pivato et al., 2017). It is noteworthy to mention
that all of the sites that were from the integrated farming had no risk
(∑RQsite <0.01); however, 21% of the sites from conventional farming
had high risk (∑RQsite ≥1).
The threshold value of DDT in soil (μg/kg) for the safety of soil organisms is 10 (Jongbloed et al., 1996). The Dutch ecological limit for DDT as
well as DDD and DDE in soil is 10 μg/kg (RIVM, 2015), the maximum
permissible concentration in soil based on direct ecotoxicology. The
DDT (o, p′-DDT + p, p′-DDT) mean concentration in 35–40 cm from
our study area was above 10 μg/kg (Table 3c), indicating the higher
ecotoxicity associated with DDT. Furthermore, the mean concentration
of p, p′-DDD at the same depth was slightly greater than the Dutch standard for DDD in soil (Table S2), which might affect soil organisms. However, the mean concentration of p, p′-DDE in soils did not exceed the
standard, indicating no risk. The high TER and low RQ values for DDT
in Tables 3a–3c and 4, respectively, further supported that the risk
was either negligible or lower. Our previous study (Bhandari et al.,
2020) indicated that fungicides such as carbendazim and metalaxyl
and insecticides such as chlorpyrifos and imidacloprid had concentration in soils below the guidance values (PSRGVs). However, the current

4.3. Risk quotient and its relationship with farmers' knowledge and behaviour (KNW)
Farmers are the end-stakeholders of pesticides. Their KNW about
safe use of chemical pesticides prevents the release of hazardous pesticides and pesticide containers to the environment. Farmers KNW about
safe disposal of pesticides waste can play a crucial role in increasing the
environmental safety (Yang et al., 2014). Farmers who had poor knowledge about pesticides and associated risks showed improper waste
management methods in Iran (Sharaﬁ et al., 2018). A signiﬁcant correlation (p < 0.01) existed in our study between pesticide risk (RQ) at a
farm site and the farmer's KNW related to the effects and management
of pesticides. Farmers who were aware of the ecological effects of pesticides and the appropriate waste management measures that should be
taken had a negligible pesticide risk at their sites. Although demonstrating no relationship between pesticide risk and knowledge (Lekei et al.,
2014), many other studies have highlighted the signiﬁcance of a
farmer's knowledge regarding pesticide effects and management
(Mohanty et al., 2013; Wang et al., 2017a; Wang et al., 2017b; Yang
et al., 2014). Farmers were at high occupational risk due to the lack of
knowledge and training related to pesticides (Akter et al., 2018;
Atreya et al., 2012). A few farmers randomly disposed of pesticide containers in ﬁelds after carrying out pesticide applications (Fig. 1). A similar disposal method for pesticide packaging was common among
farmers in Tanzania (Lekei et al., 2014) and Ghana (Okoffo et al.,
2016). Furthermore, unacceptable levels of exposure to organophosphates caused high ecological risk (RQ > 1) in Malaysia (Wee and
Aris, 2017). In Costa Rica, an RQ > 1 was observed and believed to be
due to exposure to pyrethroids (Fournier et al., 2018) and in China,
the same can be said for organochlorines (Chen et al., 2020a). Organophosphate pesticides are commonly used in Nepal (Aryal et al., 2014).
This study demonstrated that there was a high risk of organophosphate
exposure at farm sites and the risk was linked to poor knowledge and
behaviour related to chlorpyrifos and profenofos exposure and waste
management.

Table 5
Correlation matrix between risk quotient (RQsite) of organophosphates (OPs) and knowledge and behaviour (KNB) score at different depths (cm) of soil (n=49). Descriptive statistics of the variables in parenthesis. Values in bold represented either positively or
negatively correlated.
Variables (min–max; mean±SD)
RQ _0–5 (0–11; 0.34±1.57)
RQ _15–20 (0–31; 0.96±4.45)
RQ _35–40 (0–9; 0.25±1.36)
KNB (1–6; 3.63±1.81)

RQ _0–5

RQ _15–20

RQ _35–40

KNB

1

0.57⁎
1

0.27
0.62⁎
1

−0.44⁎
−0.60⁎
−0.38⁎
1

⁎ Correlation is signiﬁcant at the 0.01 level (2-tailed). OPs included in the analysis were
profenofos and chlorpyrifos.
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Fig. 1. Unsafe disposal of pesticide packets and containers at ﬁelds.

For reducing uncertainties due to variations in soil quality, Dutch
EC50 values were corrected for location-speciﬁc differences in samples, considering the organic content and clay material in soils
(Rutgers et al., 2008). Therefore, the use of NOEC values in this
study without any correction for differences in backgrounds such
as with Nepalese soil properties, pesticide application practices and
meteorological parameters has brought a higher level of uncertainty.
Furthermore, the use of international pesticide soil regulatory guidance values for comparisons with measured pesticide concentration
(MSC) in our soil samples without corrections could also increase
uncertainty. The aforementioned properties, practises and parameters may vary within the country. Generalization of results from
the site-speciﬁc research conducted in previous studies may not represent the current scenario of risks, thus conclusion should be drawn
with caution when comparing ﬁndings to other areas of Nepal.
Nevertheless, information from this study provides a baseline of
pesticide EcoRA for policy makers of Nepal.
Ecotoxicological information about chemical pesticides and their
degradation products are not always available and should be incorporated in future risk assessments. For instance, the EcoRA of N-alanine
should be considered more in testing protocols because of its persistence in soils. Furthermore, the ecotoxicity of the degradation product
of chlorpyrifos was higher than chlorpyrifos itself (Baskaran et al.,

4.4. Uncertainty and variability related to risk assessment
In this section, uncertainty and variability regarding the EcoRA
performed are recognized and discussed. For every EcoRA, uncertainty and variability is inevitable and the risk cannot be estimated
with absolute certainty (USEPA, 2004). Of course, the EcoRA rests
on and is limited by the availability of data and handling (i.e.
strength and excellence) (Wee and Aris, 2017). Pesticides were not
detected in most of the soil samples (due to the limits of detection)
(Table S2). In our study, data on pesticide concentrations <LOD
were excluded which could have led to an overestimation of the
mean concentration of pesticides and their associated risks.
However, the TERmx and RQ mx of pesticides (values in bold of
Tables 3a–3c and 4) allows us to say that, considering the worstcase scenario, the ecological risk of several pesticides is notably
high. Variability in endpoint data and risk assessment models
accelerate the uncertainty (Chen, 2005). Uncertainty related to
ecotoxicity data and models can be anticipated since we used the
NOEC data from studies with known ISO/OECD procedures and the
models for risk assessment were based on EFSA methods. However,
EFSA's risk assessment approaches are used internationally, including non-EU countries. These approaches are even adopted by the
FAO and WHO that might be due to the similar environments.
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Appendix A. Supplementary material

2003). Higher tier risk assessment methods directed at improving risk
assessments should also be considered to better understand pesticide
risk rising from the current (ﬁrst tier) risk assessment. For comprehensive EcoRA, future studies should also consider acute toxicity which can
be derived from using toxicity data such as EC50 and an assessment factor of 1000 (Wang et al., 2020). Our study dealt with a few pesticides
and limited ecotoxicological information (Table 1), henceforth results
should be interpreted with caution. Furthermore, we collected limited
soil samples from a small area in winter season, henceforth results are
not comparable to other regions and seasons. It isn't likely that it provided a complete assessment of pesticide risks in the environment.
The present risk assessment depends upon deterministic methods and
conservative approaches. Various elements including the test organisms, the regional meteorology and hydrology, and the local soil qualities can directly inﬂuence pesticide ecotoxicity (Huguier et al., 2015;
Jegede et al., 2017). Consequently, studies need to be conducted with
recent soil samples and the ﬁndings of these studies need to be integrated into Nepalese pesticide risk assessments after developed models
are validated.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.147921.
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5. Conclusions
We found limited ecotoxicological studies on pesticides in Nepal.
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Nepal. The risk assessment was based on TER and RQ methods
under two scenarios: general and worst-case. For both the scenarios,
our results identiﬁed chlorpyrifos as the main soil pollutant and contributed signiﬁcant ecological risks at all depths, particularly for
Folsomia candida. For the worst-case scenarios, chlorpyrifos, profenofos and imidacloprid posed a potential risk to soil organisms,
hence application of these pesticides in agriculture should be reduced. Future studies should include models for assessing cocktails
risk due to either antagonistic or synergistic effects of pesticides.
Since the knowledge and behaviour of farmers can reduce ecological
risk of pesticides, a crucial step can be increasing programs such as
awareness and training related to pesticide effects and waste management. Ecological risk of a few pesticides could not be assessed
in this study due to inadequate toxicity data (i.e. NOEC). Our ﬁndings
argue for a comprehensive EcoRA in future research, which would
beneﬁt by considering and evaluating more pesticides and collecting
toxicity data on the sensitive species in a given country so as to make
a standard test species.
CRediT authorship contribution statement
Govinda Bhandari: Conceptualization, Methodology, Formal analysis, Writing – original draft, Visualization. Kishor Atreya: Supervision,
Writing – review & editing. Jana Vašíčková: Writing – review & editing.
Xiaomei Yang: Supervision, Writing – review & editing. Violette
Geissen: Supervision, Writing – review & editing.

Declaration of competing interest
The authors declare that they have no known competing ﬁnancial
interests or personal relationships that could have appeared to inﬂuence the work reported in this paper.
Acknowledgements
We are grateful to the Nufﬁc for providing the funds to conduct this
study (through Project No. 5160957247). We would like to thank Jakub
Hofman and Paul van den Brink for providing comments and suggestions during the manuscript preparation. We thank Robin Palmer for
reviewing the English language.
9

G. Bhandari, K. Atreya, J. Vašíčková et al.

Science of the Total Environment 788 (2021) 147921
Palma, P., Kock-Schulmeyer, M., Alvarenga, P., Ledo, L., Barbosa, I.R., Lopez de Alda, M.,
Barcelo, D., 2014. Risk assessment of pesticides detected in surface water of the
Alqueva reservoir (Guadiana basin, southern of Portugal). Sci. Total Environ. 488
(489), 208–219.
Pivato, A., Lavagnolo, M.C., Manachini, B., Vanin, S., Raga, R., Beggio, G., 2017. Ecological
risk assessment of agricultural soils for the deﬁnition of soil screening values: a comparison between substance-based and matrix-based approaches. Heliyon 3, e00284.
PPD, 2014. Annual Progress Report. Plant Protection Directorate, Hariharbhawan, Lalitpur,
Nepal.
PQPMC, 2019. Registered Pesticides List and Pesticide Consumption Statistics. Plant Quarantine and Pesticides Management Centre, Lalitpur, Nepal, p. 167.
Renaud, M., Akeju, T., Natal-da-Luz, T., Leston, S., Rosa, J., Ramos, F., Sousa, J.P., AzevedoPereira, H., 2018. Effects of the neonicotinoids acetamiprid and thiacloprid in their
commercial formulations on soil fauna. Chemosphere 194, 85–93.
RIVM, 2015. Evaluation of Ecological Risk Limits for DDT and Drins in Soil. National Institute for Public Health and the Environment, The Netherlands, p. 96.
Rutgers, M., Tuinstra, J., Spijker, J., Mesman, M., Wintersen, A., Posthuma, L., 2008. Ecological Risks of Soil Contamination in the Second Step of the Remediation Criterion.
RIVM, Bilthoven, The Netherlands, p. 77.
Sánchez-Bayo, F., Baskaran, S., Robert Kennedy, I., 2002. Ecological relative risk (EcoRR):
another approach for risk assessment of pesticides in agriculture. Agric. Ecosyst. Environ. 91, 37–57.
Sharaﬁ, K., Pirsaheb, M., Maleki, S., Arfaeinia, H., Karimyan, K., Moradi, M., Safari, Y., 2018.
Knowledge, attitude and practices of farmers about pesticide use, risks, and wastes; a
cross-sectional study (Kermanshah, Iran). Sci. Total Environ. 645, 509–517.
Sharma, D.R., Thapa, R.B., Manandhar, H.K., Shrestha, S.M., Pradhan, S.B., 2012. Use of pesticides in Nepal and impacts on human health and environment. J. Agric. Environ. 13,
67–74.
Sun, H., Qi, Y., Zhang, D., Li, Q.X., Wang, J., 2016. Concentrations, distribution, sources and
risk assessment of organohalogenated contaminants in soils from Kenya, eastern
Africa. Environ. Pollut. 209, 177–185.
Sun, S., Sidhu, V., Rong, Y., Zheng, Y., 2018. Pesticide pollution in agricultural soils and sustainable remediation methods: a review. Curr. Pollut. Rep. 4, 240–250.
Tan, H., Li, Q., Zhang, H., Wu, C., Zhao, S., Deng, X., Li, Y., 2020. Pesticide residues in agricultural topsoil from the Hainan tropical riverside basin: determination, distribution,
and relationships with planting patterns and surface water. Sci. Total Environ. 722,
137856.
Thomatou, A.-A., Zacharias, I., Hela, D., Konstantinou, I., 2013. Determination and risk assessment of pesticide residues in lake Amvrakia (W. Greece) after agricultural land
use changes in the lake’s drainage basin. Int. J. Environ. Anal. Chem. 93, 780–799.
Tiwari, R.K., Singh, S., Pandey, R.S., 2019. Assessment of acute toxicity and biochemical responses to chlorpyrifos, cypermethrin and their combination exposed earthworm,
Eudrilus eugeniae. Toxicol. Rep. 6, 288–297.
Tsaboula, A., Papadakis, E.N., Vryzas, Z., Kotopoulou, A., Kintzikoglou, K., PapadopoulouMourkidou, E., 2016. Environmental and human risk hierarchy of pesticides: a prioritization method, based on monitoring, hazard assessment and environmental fate.
Environ. Int. 91, 78–93.
Ullah, S., Faiz, P., Aamir, M., Sabir, M.A., Mahmood, Q., 2019. Occurrence and spatiovertical distribution of DDT in soils of abandoned DDT factory area, Amangarh,
Pakistan. SN Appl. Sci. 1, 9.
USEPA, 2004. An Examination of EPA Risk Assessment Principles and Practices. U.S. Environmental Protection Agency, Washington, DC, p. 193.
USEPA, 2009. Chlorpyrifos Summary Document Registration Review. United States Environmental Protection Agency, Washington, DC.
Uwizeyimana, H., Wang, M., Chen, W., Khan, K., 2017. The eco-toxic effects of pesticide
and heavy metal mixtures towards earthworms in soil. Environ. Toxicol. Pharmacol.
55, 20–29.
Vasickova, J., Hvezdova, M., Kosubova, P., Hofman, J., 2019. Ecological risk assessment of
pesticide residues in arable soils of the Czech Republic. Chemosphere 216, 479–487.
Vryzas, Z., Alexoudis, C., Vassiliou, G., Galanis, K., Papadopoulou-Mourkidou, E., 2011. Determination and aquatic risk assessment of pesticide residues in riparian drainage canals in northeastern Greece. Ecotoxicol. Environ. Saf. 74, 174–181.
Wang, B., Yu, G., Huang, J., Yu, Y., Hu, H., Wang, L., 2009. Tiered aquatic ecological risk assessment of organochlorine pesticides and their mixture in Jiangsu reach of Huaihe
River, China. Environ. Monit. Assess. 157, 29–42.
Wang, J., Tao, J., Yang, C., Chu, M., Lam, H., 2017a. A general framework incorporating
knowledge, risk perception and practices to eliminate pesticide residues in food: a
structural equation modelling analysis based on survey data of 986 Chinese farmers.
Food Control 80, 143–150.
Wang, W., Jin, J., He, R., Gong, H., 2017b. Gender differences in pesticide use knowledge,
risk awareness and practices in Chinese farmers. Sci. Total Environ. 590-591, 22–28.
Wang, X., Zhu, X., Peng, Q., Wang, Y., Ge, J., Yang, G., Wang, X., Cai, L., Shen, W., 2019.
Multi-level ecotoxicological effects of imidacloprid on earthworm (Eisenia fetida).
Chemosphere 219, 923–932.
Wang, H., Cheng, Z., Yuan, H., Zhu, N., Lou, Z., Otieno, P., 2020. Occurrence of banned and
commonly used pesticide residues in concentrated leachate: implications for ecological risk assessment. Sci. Total Environ. 710, 136287.
Watts, M., 2012. Chlorpyrifos as a possible global POP. https://www.pan-europe.info/old/
News/PR/121009_Chlorpyrifos_as_POP_ﬁnal.pdf.
Wee, S.Y., Aris, A.Z., 2017. Ecological risk estimation of organophosphorus pesticides in
riverine ecosystems. Chemosphere 188, 575–581.
WHO, 2009. Principles and methods for the risk assessment of chemicals in food. Environmental Health Criteria. 240, p. 98 (Stuttgart, Germany).
Xu, R., Kuang, R., Pay, E., Dou, H., de Snoo, G.R., 2008. Factors contributing to overuse of
pesticides in western China. Environ. Sci. 5, 235–249.

ECOFRAM, 1999. Ecological Committee on FIFRA Risk Assessment Methods. ECOFRAM,
USA https://www.epa.gov/sites/production/ﬁles/2015-08/documents/terrreport.pdf
p. 677.
EFSA, 2013. Conclusion on the peer review of the pesticide risk assessment of the active
substance chlorantraniliprole. EFSA J. 11, 107.
EFSA, P.P., Ockleford, C., Adriaanse, P., Berny, P., Brock, T., Duquesne, S., Grilli, S.,
Hernandez-Jerez, A.F., Bennekou, S.H., Klein, M., Kuhl, T., Laskowski, R., Machera, K.,
Pelkonen, O., Pieper, S., Stemmer, M., Sundh, I., Teodorovic, I., Tiktak, A., Topping,
C.J., Wolterink, G., Craig, P., de Jong, F., Manachini, B., Sousa, P., Swarowsky, K., Auteri,
D., Arena, M., Rob, S., 2017. Scientiﬁc opinion addressing the state of the science on
risk assessment of plant protection products for in-soil organisms. EFSA J. 15, 225.
FAO, 2017. Food and Agriculture Organization of the United Nations: FAOSTAT - inputs/
pesticides use. http://www.fao.org/faostat/en/#data/RP.
Fountain, M., Hopkin, S., 2005. Folsomia Candida (Collembola): a “standard” soil arthropod. Annu. Rev. Entomol. 201.
Fournier, M.L., Echeverria-Saenz, S., Mena, F., Arias-Andres, M., de la Cruz, E., Ruepert, C.,
2018. Risk assessment of agriculture impact on the Frio River watershed and Cano
negro Ramsar wetland, Costa Rica. Environ. Sci. Pollut. Res. 25, 13347–13359.
Frampton, G.K., 2000. Recovery responses of soil surface Collembola after spatial and temporal changes in long-term regimes of pesticide use. Pedobiologia 44, 489–501.
GC, S., Neupane, J., 2019. Pesticides use in Nepal and its effects on human health – a review. Acta Sci. Agric. 3, 114–117.
Haj-Younes, J., Huici, O., Jors, E., Moral, M., 2015. Sale, storage and use of legal, illegal and
obsolete pesticides in Bolivia. Cogent Food Agric. 1, 1–12.
Herbert, I.N., Svendsen, C., Hankard, P.K., Spurgeon, D.J., 2004. Comparison of instantaneous rate of population increase and critical-effect estimates in Folsomia candida
exposed to four toxicants. Ecotoxicol. Environ. Saf. 57, 175–183.
Huguier, P., Manier, N., Owojori, O.J., Bauda, P., Pandard, P., Rombke, J., 2015. The use of
soil mites in ecotoxicology: a review. Ecotoxicology 24, 1–18.
Iturburu, F.G., Calderon, G., Ame, M.V., Menone, M.L., 2019. Ecological Risk Assessment
(ERA) of pesticides from freshwater ecosystems in the Pampas region of Argentina:
legacy and current use chemicals contribution. Sci. Total Environ. 691, 476–482.
Jaabiri Kamoun, I., Jegede, O.O., Owojori, O.J., Bouzid, J., Gargouri, R., Rombke, J., 2017. Effects of deltamethrin, dimethoate, and chlorpyrifos on survival and reproduction of
the collembolan Folsomia candida and the predatory mite Hypoaspis aculeifer in
two African and two European soils. Integr. Environ. Assess. Manag. 14, 92–104.
Jager, T., Crommentuijn, T., van Gestel, C.A., Kooijman, S.A., 2007. Chronic exposure to
chlorpyrifos reveals two modes of action in the springtail Folsomia candida. Environ.
Pollut. 145, 452–458.
Jänsch, S., Frampton, G.F., Römbke, J., Van den Brink, P.J., Scott-Fordsmand, J.J., 2006. Effects of pesticides on soil invertebrates in model ecosystem and ﬁeld studies: a review and comparison with laboratory toxicity data. Environ. Toxicol. Chem. 25,
2490–2501.
Jegede, O.O., Owojori, O.J., Rombke, J., 2017. Temperature inﬂuences the toxicity of deltamethrin, chlorpyrifos and dimethoate to the predatory mite Hypoaspis aculeifer
(Acari) and the springtail Folsomia candida (Collembola). Ecotoxicol. Environ. Saf.
140, 214–221.
Jongbloed, R.H., Traas, T.P., Luttik, R., 1996. A probabilistic model for deriving soil quality
criteria based on secondary poisoning of top predators. Ecotoxicol. Environ. Saf. 34,
279–306.
Keesstra, S.D., Bouma, J., Wallinga, J., Tittonell, P., Smith, P., Cerdà, A., Montanarella, L.,
Quinton, J.N., Pachepsky, Y., van der Putten, W.H., Bardgett, R.D., Moolenaar, S., Mol,
G., Jansen, B., Fresco, L.O., 2016. The signiﬁcance of soils and soil science towards realization of the United Nations Sustainable Development Goals. Soil 2, 111–128.
Lavelle, P., Decaëns, T., Aubert, M., Barot, S., Blouin, M., Bureau, F., Margerie, P., Mora, P.,
Rossi, J.P., 2006. Soil invertebrates and ecosystem services. Eur. J. Soil Biol. 42, S3–S15.
Lekei, E.E., Ngowi, A.V., London, L., 2014. Farmers' knowledge, practices and injuries associated with pesticide exposure in rural farming villages in Tanzania. BMC Public
Health 14, 1–13.
Lewis, K., Tzilivakis, J., Green, A., Warner, D., 2006. Pesticide properties DataBase (PPDB).
University of Hertfordshire, UKhttps://sitem.herts.ac.uk/aeru/ppdb/en/atoz.htm.
Li, Z., Jennings, A., 2017. Worldwide regulations of standard values of pesticides for
human health risk control: a review. Int. J. Environ. Res. Public Health 14, 1–41.
Li, L., Zhang, Y., Zheng, L., Lu, S., Yan, Z., Ling, J., 2018. Occurrence, distribution and ecological risk assessment of the herbicide simazine: a case study. Chemosphere 204,
442–449.
de Lima, E.S.C., Brennan, N., Brouwer, J.M., Commandeur, D., Verweij, R.A., van Gestel,
C.A.M., 2017. Comparative toxicity of imidacloprid and thiacloprid to different species
of soil invertebrates. Ecotoxicology 26, 555–564.
Liu, Y.R., Zheng, Y.M., He, J.Z., 2012. Toxicity of profenofos to the springtail, Folsomia candida, and ammonia-oxidizers in two agricultural soils. Ecotoxicology 21, 1126–1134.
MoFE, 2018. Nepal's Sixth National Report to the Convention on Biological Diversity. Ministry of Forests and Environment, Kathmandu, p. 137.
Mohanty, M.K., Behera, B.K., Jena, S.K., Srikanth, S., Mogane, C., Samal, S., Behera, A.A.,
2013. Knowledge attitude and practice of pesticide use among agricultural workers
in Puducherry, South India. J. Forensic Legal Med. 20, 1028–1031.
Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6, e1000097.
Montuori, P., Aurino, S., Garzonio, F., Sarnacchiaro, P., Polichetti, S., Nardone, A., Triassi, M.,
2016. Estimates of Tiber River organophosphate pesticide loads to the Tyrrhenian Sea
and ecological risk. Sci. Total Environ. 559, 218–231.
Novais, S.C., Soares, A.M., Amorim, M.J., 2010. Can avoidance in Enchytraeus albidus be
used as a screening parameter for pesticides testing? Chemosphere 79, 233–237.
Okoffo, E.D., Mensah, M., Fosu-Mensah, B.Y., 2016. Pesticides exposure and the use of personal protective equipment by cocoa farmers in Ghana. Environ. Syst. Res. 5, 1–15.
10

G. Bhandari, K. Atreya, J. Vašíčková et al.

Science of the Total Environment 788 (2021) 147921
Yuantari, M.G., Van Gestel, C.A., Van Straalen, N.M., Widianarko, B., Sunoko, H.R., Shobib,
M.N., 2015. Knowledge, attitude, and practice of Indonesian farmers regarding the
use of personal protective equipment against pesticide exposure. Environ. Monit. Assess. 187, 1–7.
Zhang, H.B., Luo, Y.M., Zhao, Q.G., Wong, M.H., Zhang, G.L., 2006. Residues of organochlorine pesticides in Hong Kong soils. Chemosphere 63, 633–641.

Xu, L., Granger, C., Dong, H., Mao, Y., Duan, S., Li, J., Qiang, Z., 2020. Occurrences of 29 pesticides in the Huangpu River, China: highest ecological risk identiﬁed in Shanghai
metropolitan area. Chemosphere 251, 126411.
Yadav, I.C., Devi, N.L., Li, J., Zhang, G., Shakya, P.R., 2016. Occurrence, proﬁle and spatial
distribution of organochlorines pesticides in soil of Nepal: implication for source apportionment and health risk assessment. Sci. Total Environ. 573, 1598–1606.
Yang, X., Wang, F., Meng, L., Zhang, W., Fan, L., Geissen, V., Ritsema, C.J., 2014. Farmer and
retailer knowledge and awareness of the risks from pesticide use: a case study in the
Wei River catchment, China. Sci. Total Environ. 497-498, 172–179.

11

