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HIGHLIGHTS

e Pyrethroids occurrence and risk assess-
ment in the Citarum River was first
reported.

e A simple and efficient method was built
and validated for pyrethroids analysis.
o p-cyfluthrin, cypermethrin, and delta-
methrin, were detected in the Citarum

River.

e f-cyfluthrin and deltamethrin have
exceeded the Citarum river water
capacity.

e Chronic non-carcinogenic risk associ-
ated to B-cyfluthrin is likely.
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GRAPHICAL ABSTRACT

ABSTRACT

Pyrethroid residues in the Citarum River, Indonesia, was first investigated based on their occurrences, water
assimilative capacity, and risk assessment. In this paper, first, a relatively simple and efficient method was built
and validated for analysis of seven pyrethroids in a river water matrix: bifenthrin, fenpropathrin, permethrin,
B-cyfluthrin, cypermethrin, fenvalerate, and deltamethrin. Next, the validated method was used to analyze py-
rethroids in the Citarum River. Three pyrethroids, p-cyfluthrin, cypermethrin, and deltamethrin, were detected in
some sampling points with concentration up to 0.01 mg/L. Water assimilative capacity evaluation shows that
B-cyfluthrin and deltamethrin pollution exceed the Citarum river water capacity. However, due to hydropho-
bicity properties of pyrethroids, removal through binding to sediments are expected. Ecotoxicity risk assessment
shows that -cyfluthrin, cypermethrin and deltamethrin pose risks to the aquatic organisms in the Citarum River
and its tributaries through bioaccumulation in food chain. Based on bioconcentration factors of the detected
pyrethroids, p-cyfluthrin poses the highest adverse effect to humans while cypermethrin is the safest. Human risk
assessment based on hazard index suggests that acute non-carcinogenic risk associated to consuming fish from
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the study location polluted with p-cyfluthrin, cypermethrin and deltamethrin is unlikely. However, hazard
quotient shows that chronic non-carcinogenic risk associated to consuming fish from the study location polluted
with B-cyfluthrin is likely. However, since the risk assessment was performed separately for each pyrethroid,
further assessment on the impact of mixture pyrethroid to aquatic organisms and humans should be performed to
explore the real impact of pyrethroids to the river system.

1. Introduction

The application of synthetic pyrethroids is of increasing concerns in
the environment. These chemicals are preferred over organophos-
phorus, organochlorines, and carbamates due to their higher effectivity
to pests and disease and their selective toxicity (Tang et al., 2018). More
reports have documented their toxicity (Xia et al., 2004; Aydin et al.,
2005; Hladik and Kuivila, 2009; Kim et al., 2010; Maund et al., 2011;
Abdel-Daim et al., 2013; Ogaly et al., 2015; El Ayari et al., 2022; Riv-
era-Davila et al., 2022; Hutton et al., 2023) especially in mammals, such
as rats. For instance, deltamethrin is neurotoxic and hepatotoxic (Ana-
don et al., 1996; Kim et al., 2010; Romero et al., 2012; Abdel-Daim et al.,
2013; Ogaly et al., 2015; Lu et al., 2019), cypermethrin is neurotoxic,
teratogenic (El Ayari et al., 2022) and is proven to exert central brain
systems (Singh et al., 2012), and B-cyfluthrin is neurotoxic, hepatotoxic,
and teratogenic.

Pyrethroids are hydrophobic with high n-octanol-water partition
coefficients (Koy) and high bioconcentration potential. They are less
soluble in water and rapidly dissipate and accumulate into sediment and
aquatic organisms thus enter the food chain (Katagi, 2011; Kumar et al.,
2012; Werner and Young, 2018). Although they are biodegradable, their
accumulation in sediments making them unavailable for the biodegra-
dation. Some of them have half-lives greater than 60 days and are
resistant to degradation (Werner and Young, 2018; Aznar-Alemany,
2020). Moreover, increasing application of pyrethroids along with their
physical-chemical properties have allowed these compounds to enter the
aquatic environment through leaching and runoff (Bao et al., 2015;
Werner and Young, 2018; Firouzsalari et al., 2019).

Pyrethroids occurrences are well documented in Asian river systems
and their risks to humans and aquatic organisms have been noted in
China (Liu and Zhang, 2014; Zhao, 2014; Wang et al., 2023), India
(Jabeen et al., 2015), Spain (Peris et al., 2022), Vietnam (Van Toan
et al., 2013; Chau et al., 2015), and Pakistan (Mahboob et al., 2015).
Unfortunately, the occurrence and risk assessment of pyrethroids in
Indonesia were limited with only one report in soil (Ariyani et al., 2020)
and none was performed for the aquatic environment.

Normally, the water ecosystem is capable to reduce concentration of
pollutants based on self-purification, known as assimilative capacity
(Jamshidi, 2019). The water assimilative capacity can be estimated
through grey water footprint concept (Hoekstra et al., 2009). Several
studies have been performed to assess the water assimilative capacity for
contaminants from agricultures such as nutrients (Chapagain et al.,
2006; Mekonnen and Hoekstra, 2011; Munro et al., 2016; Novo, 2017),
pesticides other than pyrethroids (Paraiba et al., 2014; Vale et al., 2019),
chemicals sourced from domestic waste such as pharmaceuticals
(Martinez-Alcala et al., 2018; Wohler et al., 2020), and heavy metals
(Novo, 2017). However, none of these studies assessed the water
assimilative capacity of pyrethroids as pollutants.

Several analytical methods were proposed to analyze pyrethroids in
water. Liquid-liquid extraction is the most popular method due to its
simplicity and efficiency (Oudou and Hansen, 2002; Gil-Garcia et al.,
2006; Feo et al., 2010). However, this method is time-consuming, uses
large volumes of organic solvents, and disposes large amounts of toxic
chemicals (Albaseer et al., 2010). Furthermore, since pyrethroids are
toxic at extremely low water concentrations, analytical methods with
relatively low detection limit is required.

The aim of this study is to develop a simple and efficient liquid-liquid
extraction method to assess the risk of pyrethroids to human health and

ecological risk in the Citarum River. In this study, (i) a simple and
efficient analytical method was developed, validated, and used to
measure pyrethroid concentration in the Citarum River, (ii) the assim-
ilative capacity of the Citarum River to pyrethroids was assessed using
the grey water footprint approach, and (ii) human and ecotoxicological
risk of pyrethroids was assessed based on risk quotient, hazard index,
hazard quotient and carcinogenic risk.

2. Material and methods
2.1. Water sampling

The water samples were randomly collected from 7 locations in the
upstream Citarum River, consisting of 6 tributaries of the Citarum River:
Citarik (S1); Cirasea (S2); Cikeruh (S3); Cikapundung (S4); Cisangkuy
(S5); Ciwidey (S6), and a location in the Citarum River (S7) (Fig. 1).
These locations were selected because they are located downstream of
the agriculture practices known to have used pyrethroids (Ariyani et al.,
2020, 2022). Water sampling was conducted once in August 2021,
representing the driest month according to the 10-years monthly rainfall
data. While previous study shows that dry season was not a driver for
pyrethroid concentration in the water (Harbourt et al., 2014), we are
aware that sampling in several period of times, especially when pesti-
cides are used with the greatest intensity, and at more locations, will
result a better judgement. In this study, sampling was conducted at the
dry season where the assimilative capacity of river to pyrethroids is
minimum. Also, samples were taken from the upstream of the Citarum
River, so the effect of pesticides residues investigated in this study is
mainly from agriculture practices and not from urban life.

Water samples were collected through grab sampling. A horizontal
water sampler was used to collect water. For each sampling location,
water samples were grabbed from 3 different points and the water was
combined as a composite sample. Samples for pyrethroids analysis taken
from the composite samples were filtered and collected in pre-cleaned
glass bottles. After sampling, the bottles were covered with aluminium
foil and stored on ice (<4 °C). The pyrethroids analysis was performed
immediately after the sampling. The quality of water for each composite
sample was measured in situ with a water quality checker.

2.2. Apparatus and chemical

Standards of seven pyrethroids (bifenthrin, 98%; fenpropathrin,
99.5%; permethrin, 73.8% trans, 25.8% cis; p-cyfluthrin, 99.5%;
cypermethrin, 99.2%; fenvalerate, 99.5% and deltamethrin, 99.3%),
were all sourced from Chem Service, West Chester, USA (Table 1). These
pyrethroids were chosen in preferences due to their usage and their
availability in Indonesia. All solvents used in this experiment were gas
chromatography (GC) or liquid chromatography (LC) grade and sourced
from Merck Darmstadt, Germany. Magnesium sulphate anhydrous and
other chemicals used in this study were sourced from Merck unless
otherwise stated. Pyrethroids solutions were prepared in either acetone
or n-hexane. Individual solutions were prepared for each pyrethroid at
100 + 5 mg/L and then mixed to obtained a mix solution with final
concentration of 5 mg/L for each pyrethroid. The standard solutions
were then prepared by diluting the mix solution in n-hexane, while the
spiking solutions were prepared in acetone.
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2.3. Pyrethroid analysis

Method validation was conducted through spike experiment where
blank samples were fortified with pyrethroids. For the spike experiment,
a 30 mL of sample was transferred to a 50-mL centrifuge tube and the
spiking solution was added into the sample at the desired concentrations
before being submitted for extraction. For the extraction, a 3 mL solution
of 1% acetone in n-hexane was added for each sample as the solvent. The
extraction was performed in a rotary agitator spinning at 15 rpm for 60
min. The mixture was then centrifuged at 4000 rpm for 1 min and the
supernatant was separated. An aliquot of the supernatant was trans-
ferred into the column containing the small piece of magnesium sul-
phate anhydrous to remove water before injected into the gas
chromatography - electron capture detector (GC-ECD) for
quantification.

For analysis of water samples, the extraction was conducted as for
the spike experiment. However, in water samples analysis, no addition
of pyrethroids was done.

The target pyrethroids were detected by an Agilent 7890 B gas
chromatography coupled with a micro-electron capture detector (GC-
HECD). Separations were performed in an Agilent HP-5 column (30 m x
0.320 mm x 0.25 pm). The separation was optimized at these conditions:
injector temperature at 250 °C; injection at 1 pL with a ratio of 1:1;
carrier gas He at 2 mL/min; make-up gas (N3) at 30 mL/min; the oven
temperature was initially set at 200 °C then increased to 315 °C. The
oven was programmed by: (i) ramping up the initial temperature at
5 °C/min to 245 °C and hold for 1 min; (ii) ramping up at 5 °C/min to
265 °C and hold for 5 min; (iii) ramping up at 5 °C/min to 275 °C; (iv)
ramping up at 20 °C/min to 315 °C and hold at 5 min.

2.4. Method validation
For method validation, parameters of linearity, accuracy, precision,
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Chemosphere 335 (2023) 139067

and limit of detection (LoD) were evaluated. Linearity was evaluated for
every target pyrethroid at concentration range of 1-500 pg/L by plotting
the peak areas of each pyrethroid to their respective concentrations.
Accuracy was evaluated as percent recovery values in the spiked sam-
ples at 8 pg/L. Precision was evaluated as percent relative standard
(RSD) of six replicates of the blank water sample spiked with pyre-
throids. LoD for every pyrethroid was established as the minimum
concentration that could be detected from spiked samples at the lowest
tested concentration.

2.5. Water assimilative capacity

In this study, the water assimilative capacity was adapted from the
grey water footprint concept. The assimilative capacity for each pyre-
throid was calculated based on maximum assimilative capacity (MAC) in
the following equation (Novo, 2017):

C

MAC = G O W

in which C (mg/L) denoted the pyrethroid concentration in the water
body and Cp,ax (mg/L) was the acceptable concentration for each pyre-
throid. The values of Cp.x are also known as maximum residues limit
(MRL). In this study the Cpax for deltamethrin (0.004 pg/L) and
permethrin (0.0004 pg/L) were generated from Canadian Water Quality
Guidelines (Pawlisz et al., 1998) while other pyrethroids were obtained
either from World Health Organization (Albaseer et al., 2010) or EU
directive on drinking water quality (98/83/CE) (Prammer, 1998). Since
anthropogenic chemicals do not naturally occur in the water, the natural
concentration of pyrethroids in the receiving water body (Cyq) is equal
to zero (Franke et al., 2013).
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Table 1
Properties of pyrethroids.
Properties Pyrethroids
bifenthrin fenpropathrin permethrin B-cyfluthrin cypermethrin fenvalerate deltamethrin
chemical HiC _CHy F HC. _CH;  CI HiC._CHy cl HiC.__CHy
. — { % cl % Br
structure o, ZA(/CM F F ] - o\\\r/g\%\m ﬂ N \ O:ﬁ"ta
N ( CHy H\K\m e = 0
o i
~" /&H - [/ H O _CHy
N O AN Iy ‘ X 2
/E\ J H ﬁHa oY NQ\\ o( CHy
7 s S
O - L
x r/f) IS
O/‘\t\
| =
® g
~F
CAS No 82657-04-3 39515-41-8 52645-53-1 68359-37-5 52315-07-8 51630-58-1 52918-63-5
IUPAC Name (2-methyl-3-phenylphenyl) [cyano-(3-phenoxyphenyl) (3-phenoxyphenyl)methyl [cyano-(4-fluoro-3- [cyano-(3-phenoxyphenyl) [cyano-(3- [(S)-cyano-(3-
methyl (1R,3R)-3-[(Z)-2- methyl] 2,2,3,3- 3-(2,2-dichloroethenyl)- phenoxyphenyl)methyl] 3- methyl] 3-(2,2- phenoxyphenyl) phenoxyphenyl)methyl]
chloro-3,3,3-trifluoroprop-1- tetramethylcyclopropane-1- 2,2-dimethylcyclopropane- (2,2-dichloroethenyl)-2,2- dichloroethenyl)-2,2- methyl] 2-(4- (1R,3R)-3-(2,2-
enyl]-2,2- carboxylate 1-carboxylate dimethylcyclopropane-1- dimethylcyclopropane-1- chlorophenyl)-3- dibromoethenyl)-2,2-
dimethylcyclopropane-1- carboxylate carboxylate methylbutanoate dimethylcyclopropane-1-
carboxylate carboxylate
formula Cy3H2,CIF30, C2Ho3NO3 C2;1ClyH003 CyH;8C1L,FNO3 C2H19CLLNO3 Co5H32CINO3 CyoH19BroNO3
Type I I/11 I I I 11 11
Used isomers 1 1 2 (73.8%; 25.8%) 2 (80.0%; 19.8%) 2 (58.5%; 40.8%) 1 1
(percentage)
log n-Octanol- 6.00 6.00 6.50 5.95 6.60 6.20 6.20

Water
Partition
Coefficient

(log Koc)

D 32 WALy ‘W

£906€1 (£€20T) SE€ a4oydsowsay)
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2.6. Risk assessment

The risk assessment was conducted based on the human risk and the
ecotoxicological risk. The human risk and ecotoxicological risk for the
aquatic organisms inhabited in the Citarum River were assessed for each
pyrethroid based on their maximum detected concentrations. The eco-
toxicological risk was performed using risk quotient (RQ, Eq. (2))
(Papadakis et al., 2015; Peake et al., 2016):

_ MEC

" PNEC 2

RQ
where MEC was the measured concentration and PNEC is the predicted
no effects concentration for each pyrethroid in water for aquatic or-
ganisms. PNEC was used due to the absence of ambient water quality
standard for pyrethroids (Martinez-Alcala et al., 2018) and was calcu-
lated based on Eq. (3) (Smit et al., 2005).

1 -3
PNEC = AO— x {LCso/ECspi (algae, daphnids, fish)} 3)
SF

In this study, the assessment factor (Agg) of 1000 was employed to
calculate the uncertainty as a result of extrapolation of the single-species
laboratory data to multi-species ecosystem (Li et al., 2020; Reis et al.,
2021). The minimum value of the lethal concentration 50 (LCsg) or the
median effective concentration (ECsg) of the three taxa aquatic organ-
isms (algae, daphnia, fish) inhabited the Citarum River was also used
(Smit et al., 2005).

The short term non-carcinogenic effect, long-term non-carcinogenic
effect, and carcinogenic risk for each pyrethroid were represented by the
hazard index (HI), hazard quotient (HQ), and carcinogenic risk (R)
consecutively (USEPA, 2000; Hu et al., 2011; Shi et al., 2011; Kim et al.,
2013; Liu et al., 2016). The HI ((Eq. (4))) showed the pyrethroid intake
through fish consumption per kilogram body weight and was calculated
from estimated short-term intake (ESTI, Eq. (5)) and acute reference
dose (ARfD) which was adjusted based on European Union and USEPA
regulations (Prammer, 1998; USEPA, 2000):

ESTI
HI= o )
DI
EsTI= & )
BW

where C was the highest measured concentration for each pyrethroid in
fish (mg/kg). In this study, the bioconcentration factor was used to es-
timate the pyrethroid concentration in fish (Laskowski, 2002; Katagi,
2011). The daily intake (DI) of fish rate was adjusted to 0.086 kg, while
body weight (BW) of 60 kg was used (Yusiasih et al., 2019).

The HQ (Eq. (6)) was calculated from the chronic daily intake (CDI,
Eq. (7)), the amount of pyrethroid intake per kilogram body weight, and
the chronic reference dose (RfD):

CDI

HQ=1rr ©

EF x ED
CDI=ESTI x — = )
in which EF was the exposure frequency (days), ED was the exposure
duration (years), and AT was the average lifespan (Hu et al., 2011).
The carcinogenic risk (Eq. (8)) was calculated from chronic daily
intake (CDI), slope factor (SF) (USEPA, 2006), and age dependent
adjustment factor (ADAF) (Kim et al., 2013):

R =CDI x SF x ADAF 8

In this study, the carcinogenic risk was only estimated for permethrin
since it was the only pyrethroid in this study that has been classified as a
carcinogenic compound (USEPA, 2006).
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3. Result and discussion
3.1. Validation of the analytical procedure

The proposed method only used small amount of solvent (3 mL)
during extraction and did not involve clean-up step, where materials or
adsorbent usually used, afterwards. Evaporation, which is usually
involved in pesticide analysis (Yusiasih et al., 2021), was also eliminated
from this method. Therefore, in terms of the number and amount of
chemicals used in this method, this method is relatively simple and
efficient. However, it must be noted that the extraction time is 60 min
thus it is relatively time consuming. The analytical performance of the
GC- pECD method (Table 2) was satisfied for the target pyrethroids, with
wide linear ranges and the correlation coefficients of seven calibration
curves were also satisfied, ranging from 0.9936 to 0.9997. The percent
recoveries of pyrethroids fell from 80.70 to 114.1%. These values were
below the values suggested by both European Commission (EC, 2010)
and AOAC International (AOAC, 2016). The repeatability (% RSD) of the
method for all pyrethroids were from 1.87 to 6.72%. These values were
all below the suggested value of AOAC International (AOAC, 2016)
which was 16%. The LoD of pyrethroid ranged from 1.67 to 8.67 ug/L.
Compare to other studies (Hu et al., 2015; Yang et al., 2016a, 2016b;
Han et al., 2018; Lu et al., 2018; Qian et al., 2018; Riaz et al., 2018;
Wang et al., 2018; Liu et al., 2019), the LoD obtained in this study is
higher. However, it must be note that other methods use either special
adsorbent, advanced material, or eutectic solvents that must be syn-
thetized or relatively toxic solvents.

3.2. Pyrethroid concentrations and water assimilative capacity

In this study, only three pyrethroids: p-cyfluthrin, cypermethrin, and
deltamethrin, were detected in sampling points with concentrations up
to 0.01 mg/L (see Table 3). For other pyrethroids with “not detected”
status, their concentration in the sampling points were defined as LOD/2
(Liu et al., 2020). Concentrations of p-cyfluthrin, and deltamethrin in
Citarik (S1), Ciwidey (S6), and the Citarum River (S7) were exceeded
their MRLs. However, pyrethroids are hydrophobic so they are likely to
be removed from the water and bind to sediments (Jabeen et al., 2015).

Pyrethroid were frequently detected in surface water in several re-
gions. For example in Bangladesh (Hossain et al., 2015); Mexico (Mor-
eno-Villa et al., 2012); Vietnam (Van Toan et al., 2013); China (Wang
et al., 2013; Zhao, 2014); and United States (Delgado-Moreno et al.,
2011) and most of the time, their concentrations were below 5 pg/L
(Tang et al., 2018). However, in some cases, pyrethroids were detected
at higher concentrations up to 13 mg/L (Tang et al., 2018). Due to their
hydrophobicity characteristic, pyrethroids are likely to be accumulated
in the solid particles such as sediments (Li et al., 2017; Tang et al., 2018).
Therefore, the levels of pyrethroids residues in surface water were likely

Table 2
Method evaluation.
Pyrethroids % % Rec Linear regression (r) LoD (pg/
RSD L)
bifenthrin 4.92 106.3-111.5 y = 5.57E5 x + 1.84E7 8.33
(0.9936)
fenpropathrin ~ 4.49 91.5-96.3 y = 9.52E5 x + 8.17E6 8.47
(0.9988)
permethrin 3.52 94.6-100.2 y = 3.27E5 x + 1.09E7 8.43
(0.9987)
p-cyfluthrin 2.67 102.5-108.5 y = 1.31E6 x —5.81E6 1.69
(0.9997)
cypermethrin 1.87 91.7-95.1 y = 8.92E5 x + 1.15E7 1.79
(0.9983)
fenvalerate 5.72 80.7-86.8 y = 9.34E5 x + 2.02E7 8.67
(0.9959)
deltamethrin 6.72 108.4-114.1 y = 1.03E6 x + 8.60E6 1.67

(0.9992)




M. Ariyani et al.

Table 3

Concentration (mg/L) of pyrethroid in Citarum river.

Location Residues (mg/L)
B-cyfluthrin cypermethrin deltamethrin
Citarik (S1) nd(845x10% nd(895x10%  0.005 + 2.82

Cirasea (S2)
Cikeruh (S3)
Cikapundung (S4)
Cisangkuy (S5)

n.d (8.45 x 107
n.d (8.45 x 1074
n.d (8.45 x 107%)
n.d (8.45 x 107%)

n.d (8.95 x 107
n.d (8.95 x 107
n.d (8.95 x 107
n.d (8.95 x 107

n.d (8.35 x 107
n.d (8.35 x 1074
n.d (8.35 x 107%)
n.d (8.35 x 107

n.d (8.35 x 1074
0.004

Ciwidey (S6) 0.01
Citarum (S7) 0.009

0.004
n.d (8.95 x 107

n.d = not detected.

to be lower than in sediments. Also, high hydrophobicity of pyrethroids
is likely resulting in elevated bioconcentration in biota. In this study,
pyrethroids concentrations in several sampling points in the Citarum
River and its tributaries were relatively high (up to 10 pg/L) and due to
their hydrophobicity properties, their concentrations in the sediments
are likely to be higher than detected in this study.

Data from Table 3 was then used to calculate MAC and the result was
given in Table 4. If MAC is equal to 1, the water capacity is the same as
the pollution level, thus higher MAC values indicate pollution level that
are higher than the water capacity (Novo, 2017). In this study, MAC
values were only calculated for the detected pyrethroids (>LOD):
B-cyfluthrin, cypermethrin, and deltamethrin. MAC values of p-cyflu-
thrin and deltamethrin are >1, implying that the concentrations of
B-cyfluthrin and deltamethrin in water have exceeded the water ca-
pacity. Therefore, the water system is under stress (Keller and Cavallaro,
2008; Novo, 2017). On the contrary, the MAC value of cypermethrin is
less than 0.1, suggesting that cypermethrin pollution is lower than the
water capacity. It is important to note that from the seven studied py-
rethroids, deltamethrin has the lowest Cyax value (Table 4). Therefore,
deltamethrin has the highest chance to put the system under stress.

Unlike other contaminants that are easily break down through nat-
ural process, pyrethroids will remain in the long-term either in water or
sediment and prolong the attenuation process through natural assimi-
lative capacity (Hossain et al., 2015). While pyrethroids are biode-
gradable, they tend to be bind to sediments thus are not available for
biodegradation and making them persistent. For instance, the maximum
half-life for cypermethrin is 619 days and p-cyfluthrin is 183 days. The
persistency of pyrethroids making them available to aquatic organisms
and enter the food chain through bioaccumulation.

3.3. Risk assessment

Using the maximum concentration of each detected pyrethroid in the
water, the ecotoxicity risk based on RQ values and the human risk based
on HQ and HI values were assessed. The toxicological properties which
were used to estimate the PNEC are presented in Table 4. Our study
showed that the detected pyrethroids have high RQ values. RQ value of
less than 1 is considered to have insignificant risk to the environment

Table 4
Ecotoxicological risk and water assimilative capacity assessment.
Pesticide MEC (mg/ PNEC (mg/ Cmax (mg/ RQ MAC
L) L) L)
bifenthrin ND 1.26E-09 1E-04 - -
fenpropathrin ~ ND 5.3E-10 1E-04 - -
permethrin ND 1.26E-09 4E-06 - -
B-cyfluthrin 0.01 2.9E-10 2E-04 3.79 55
E-+07
cypermethrin 0.004 4.8E-10 5E-02 8.33 0.8
E+06
fenvalerate ND 1.35E-09 5E-02 - -
deltamethrin 0.005 7.4E-11 4E-07 6.76 12500
E+07
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thus immediate management is not required (Peake et al., 2016). The
high RQ values for p-cyfluthrin, cypermethrin, and deltamethrin
(>8000000) suggesting that these pyrethroids pose high risks to the
aquatic organisms in Citarum River and its tributaries. This result is in
line with the studies conducted in Europe where several pyrethroids,
including deltamethrin, are identified as contaminants with high RQ
(Lettieri et al., 2016; Werner and Young, 2018; Peris et al., 2022). Since
the RQ values for the detected pyrethroids are 6 order of magnitude
higher than the insignificant risk value, immediate management for
contamination of the detected pyrethroids is needed for the Citarum
River system.

Several studies have demonstrated that the Citarum River is the
habitat for aquatic organisms from various tropic levels such as green
algae, crustaceans, to various species of fish (Putra and Lili, 2012;
Sunardi et al., 2012; Muntalif et al., 2016). Due to their Kow and Koc
properties, pyrethroid with log Kow > 4.5 such as cypermethrin (6.5)
and p-cyfluthrin (5.94) may dissipate from the water column and bind to
the solid particles in sediments (Laskowski, 2002; Werner and Young,
2018). These properties also responsible to pyrethroids risk to the
aquatic sediment-dwelling organisms (Li et al., 2017), since they may
bio-accumulate into the organisms from the higher trophic level through
the food chain mechanism. Moreover, metabolism and elimination of
pyrethroids in fish are slower than in mammals or birds due to insuffi-
cient hydrolytic enzymes for pyrethroids in fish (Aydin et al., 2005;
Kumar et al., 2012; Richterova and Svobodova, 2012; Brander et al.,
2016). Therefore, pyrethroids are more toxic to fish than to other
aquatic organisms.

In this study, the bioconcentration factor for each pyrethroid (Las-
kowski, 2002) was used to calculate the concentrations of pyrethroids in
fish (Table 5 and 6). The maximum values of the concentrations were
then used for the human risk assessment in Table 6. Assuming that fish in
study locations was consumed, using fish daily intake data for Indonesia,
the acute and chronic risk represented by HI and HQ were estimated.
However, since permethrin; the one and only pyrethroid which
considered as carcinogenic compound; was not detected in all study
location, the carcinogenic risk due to pyrethroid contamination in fish
was neglected. The HI for p-cyfluthrin, cypermethrin, and deltamethrin
are 0.57; 0.017; and 0.5 respectively while the HQ are 2.27; 0.342; and
0.5 respectively. For adults with 60 kg of bodyweight, the HI values are
lower than 1, suggesting no short-term non-carcinogenic effect are likely
to be resulted from fish consumption from the sampling points (Yusiasih
et al., 2021). Similarly, the HQ values for cypermethrin and delta-
methrin do not exceed 1, suggesting no long-term non-carcinogenic ef-
fect are likely. However, the HQ value of B-cyfluthrin is higher than 1,
suggesting that long-term non-carcinogenic effect related to p-cyfluthrin
contamination is possible and cannot be neglected. Fortunately, the
chronic toxicity due to the exposure of low-concentration of pyrethroid
does not cause any specific symptoms, unless it is combined with the
nerve disease (Aznar-Alemany, 2020).

Several studies have reported the presence of deltamethrin, and
cypermethrin in fish tissue. For instance, deltamethrin and cypermeth-
rin were detected in fish from Indus River (Jabeen et al., 2015). Similar
to our study, the toxicity risk due to the daily intake was negligible.
Moreover, the accumulation of pyrethroid in human shall become of
concerns since pyrethroid has been documented in humans’ urine
(Heudorf et al., 2004), hair and blood of pregnant women (Ostrea et al.,
2009; Channa et al., 2012), and humans’ breast milk (Zehringer et al.,
2001; Corcellas et al., 2012) and these may lead to reproductive system
disorders (Aznar-Alemany, 2020). However, since the ecotoxicity and
human risk assessment in this study are performed individually, further
study is required to investigate the impact of mixed pyrethroids
contaminations.

4. Conclusion

A relatively simple and efficient method, which did not include
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Table 5
Toxicology properties of each pyrethroid to aquatic organism from different taxa.
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Taxa Organism ECs0/LCsp (mg/L)
bifenthrin fenpropathrin permethrin B-cyfluthrin cypermethrin fenvalerate deltamethrin
Algae Green algae 0.43 - 0.004 2.37 0.0272 - 9.1
Crustacean Daphnia magna 0.001 0.0005 0.001 0.0003 0.0005 0.002 0.004
Fish Poecilia reticulata - - 0.245 0.02 0.122 - 0.005
Oreochromis niloticus - - 0.027 0.016 0.64 0.015 0.001
Oreochromis mossambicus - - 0.004 - 0.01 0.026 0.0008
Clarias gariepinus - - - 0.21 0.21 0.001 0.004
Cyprinus carpio 0.075 0.003 0.006 0.25 0.25 0.002 0.00007
Xiphophorus helleri - - - - - -
bl analysis. Retno Yusiasih: Conceptualization, Methodology, Investiga-
;a e6 sk " tion. Een Sri Endah: Investigation. Tiny Agustini Koesmawati: Re-
uman risk assessment. .
sources. Yohanes Susanto Ridwan: Resources. Oman Rohman:
p Cyfluthrin  Cypermethrin  Deltamethrin Investigation. Diana Rahayuning Wulan: Resources. Muhammad
Concentration (mg/L) 0.011 0.004 0.005 Bachri Amran: Writing - Review & Editing. Mariska Margaret Pitoi:
c Conceptualization, Visualization, Formal analysis, Writing - Review &
Concentration in fish (mg/L) 7.9 2.38 3.49 Editing
C
Daily intake (kg/day) 0.086 0.086 0.086
DI Funding
Exposure frequency (days) 365 365 365
EF .
Exposure duration (years) 20 20 20 This research was partly fupported by INSINAS 2020-2021 Resear.ch
ED Grant Program from the Ministry of Research and Technology Indonesia.
Body weight (kg) 60 60 60
BW
Average lifespan 25550 25550 25550 Declaration of competing interest
AT
Acute reference dose (mg/k: 0.02 0.2 0.01 . . .
ARD (mg/ke) The authors declare that they have no known competing financial
Estimated short time intake 0.011 0.003 0.005 interests or personal relationships that could have appeared to influence
ESTI the work reported in this paper.
Hazard index 0.57 0.017 0.5
H Data availability
Chronic daily intake 0.011 0.003 0.005
CDI
Chronic reference dose (mg/kg)  0.005 0.01 0.01 Data will be made available on request.
RfD
Hazard quotient 2.27 0.342 0.5
HQZ q Acknowledgements
Slope factor - - -
SF The authors wish to thank Muhamad Hanif Resgi Putranto for his
Age-dependent adjustment factor - - - help for map preparation. The authors also acknowledge the facilities
ADAF o and scientific support through E-Layanan Sains, National Research and
Carcinogenic risk - - - .
R Innovation Agency.

clean-up step and evaporation, was validated for pyrethroid analysis in
river water. Three pyrethroids, p-cyfluthrin, cypermethrin, and delta-
methrin, were detected in samples. From those pyrethroids, p-cyfluthrin,
and deltamethrin pollution have exceeded the river water capacity.
However, since pyrethroids are relatively hydrophobic, they may be
removed from water and bind to sediment. The ecotoxicity risk analysis
showed that p-cyfluthrin and deltamethrin pose adverse risk to the
aquatic organisms in the Citarum River and its tributaries through bio-
accumulation in the food chain. Hazard index of adults for p-cyfluthrin,
deltamethrin, and cypermethrin were less than 1 thus acute risk asso-
ciated with fish consumption from the study location contaminated with
these pyrethroids is unlikely. However, hazard quotient value shows
that chronic non-carcinogenic risk to human resulted from consuming
fish contaminated with p-cyfluthrin is likely thus pyrethroid contami-
nation in fish from the study location should be considered. Moreover,
further study on the risk assessment of mixed pyrethroids to aquatic
organisms should be performed in the future.
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Supplementary data to this article can be found online at https://doi.
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