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Summary
The surface water quality in the Citarum river declined over the years because various pollutants are
discharged into the river. Agricultural activities are important water-pollution sources, as the upper
basins land use is mainly agricultural but industrial and domestic sources also occur. The extensive
agricultural activities also increased pesticides discharge. The upper Citarum river provides the
community water system with domestic water in Ciwalengke village. The study aims to assess the
health risk from pesticide contamination in the community-water system in Ciwalengke village.
In assessing these health risks, risk prioritizations, human exposures modelling, risk estimation and
scenario analysis were conducted. The detected pesticides were assessed to selected the pesticide
with the highest priority. This assessment compared pesticides’ chronic daily intake values, which are
based on the passive sampling results with health-based guidance values from databases of different
institutions. The risk prioritization indicated that 2,4-dinitrophenol has the highest priority. Hence, it
was used for human exposure modelling.
A human exposure model was developed to estimate the contaminant uptake from surface water. This
model evolved from the NORMTOX model, which calculates daily contaminant uptake. The water
consumption pattern was integrated into NORMTOX to predict the contaminant uptake of different
daily activities and different exposure routes through dermal and oral uptake. The water consumption
survey with 217 respondents from Ciwalengke village provided information about the amount of water
consumption, duration of the activity and respondents’ age-category distribution. Hence, the model
provided age-specific output. The exposure model respectively estimated the uptake value at a specific
point or distribute the uptake value in the population. The output of the human exposure model was
used to calculate the risk of the non-carcinogenic effect of 2,4-dinitrophenol by comparing the
contaminant uptake with the health-based guidance value which was expressed by the hazard
quotient value. The simulated contaminant uptake of 2,4-dinitrophenol did not exceed the healthbased guidance value. Hence, 2,4-dinitrophenol contamination in surface water is likely associated
with a low health risk through the non-carcinogenic effects in the Ciwalengke village.
Three scenarios were developed and compared: a baseline scenario, a surface-water treatment
scenario and bottled water scenario. The latter scenario assumes that only bottled water is used for
drinking water. This scenario was the most effective scenario to reduce the contaminant uptake. The
scenario results were consistent with the sensitivity analysis’ result, which showed that the drinking
water volume strongly determines human exposure model’s the output.
Despite inherent uncertainties in the exposure model (e.g. input assumptions of the exposure model),
the probabilistic model addresses the uncertainty due to input randomness by providing output
distribution which represents the distribution of total uptake in the community. The model also used
data from a site-specific water-consumption survey that represents the actual local condition. In
conclusion, the model is a tool to estimate the contaminant uptake. The exposure model’s result could
well inform on public health purposes to especially prevent adverse effect of chemicals in the surface
water of river basins.
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1.

Introduction

1.1.

Background

The population growth has resulted in an increase in global demand for food that requires expansion
of agricultural activity (Tilman et al., 2001). Over decades, agricultural activity has been dependent on
pesticides to prevent crop loss and increase production (Chandler et al., 2011). Every year,
approximately two million pesticides are being released to the environment (De et al., 2014). The
extensive application of insecticide is considered as the driver of global environment deterioration
(Stehle & Schulz, 2015).
South and southeast Asia are densely populated regions that include almost one-fifth of the world’s
population. The regions’ countries have experienced an increase in pesticide usage due to agricultural
expansion to secure food provision (Gupta, 2012). In Indonesia, rice, an important agricultural
production, increased substantially from 10 to 54 million tonnes in 1961-2004 (Panujuet al., 2013).
The application of fertilizer and pesticide in Indonesia played an important role in increasing rice
production and supporting the economic growth of the country. However, the agrochemical inputs
such as fertilizer and pesticide have brought two contradictive implications. The pesticide application
contributed to preventing crop loss and resulted in an increase in food and fibres production. On the
other hand, the exposure of humans and the environment to pesticides would probably cause an
unacceptable health risk to the population (Mariyono, 2006)
A global assessment of insecticide concentration found that more than half of the detected insecticide
do not comply with the regulatory threshold (Stehle & Schulz, 2015). A review concerning the residue
of the pesticide identified 111 different pesticides in fruit and vegetables from Southeast Asian
countries (Skretteberg et al., 2015). The released of pesticide to the environment results in the soil,
air, and water contamination. The pesticides kills not only the insect and weed, but also non-target
organisms including birds, fish and plants. The pesticides also pose a risk to human health both
carcinogenic and non-carcinogenic effects (Aktar et al., 2009).
The Citarum river, which is the largest river in West Java, covers 11,500 km2 area and include Jakarta,
which is Indonesia’ Capital city (Fulazzaky, 2010). The upper river basin of Citarum is mainly used for
agricultural activity (Hermawan & Kijima, 2009). Over the past 20 years, the upper Citarum River has
experienced declining of water quality due to industrial, agricultural and domestic activities (Kerstens
et al., 2013). Rahmawati et al. (2013) reported that organochlorine pesticides (OCP) residues such as
endrin, heptachlor, endosulfan and aldrin were found in fish which were cultivated in the Citarum
watershed. The concentration of the OCP was proven to be higher in agricultural areas. In 2010, a
photo report revealed that the population in the village Ciwalengke in the upper Citarum river basin
has suffered from skin irritation due to exposure to contaminated water (Candra et al., 2010).
The risk of health hazards due to pesticide contamination vary based on the toxicity of the compound,
period of exposure and the vulnerability of the population to pesticides exposure. The children,
pregnant woman, and geriatric population might be at higher risk (Kim et al., 2017). Hence, an agespecific exposure assessment of the pesticide contamination is important in conducting a risk
assessment. In identifying potential harmful pesticides in river basin, an integrated approach to risk
6

assessment including exposure, hazard, and risk characterization shall be performed (Tsaboula et al.,
2016). The modelling methodology for risk assessment of chemicals pose several advantages such as
its ability to predict potential risk for different scenarios, integrate various types of contaminations
sources and include exposure to multiple pathways and routes (Guillén et al., 2012). Also, exposure
modelling would be a relevant approach to conducting screening for a large number of substances
such as pesticide in surface water (Arnot et al., 2012). Hence, this study aims to evaluate the potential
health risk of the pesticide contamination in a community water system of Ciwalengke village by using
human exposure model with the age-specific output.

1.2.

Study area

Figure 1. Maps of the study area, Ciwalengke village (Kleijn & Tjiong, 2017)
The study area is Ciwalengke village, which located in the upper Citarum river, West Java, Indonesia.
The Citarum river is the largest river in West Java with 11,500 km2 river basin. There are two seasons
in the basin including the dry and rainy season. The rainy season starts from November to April and
the remaining months are dry. In 2003, the population in the Citarum River Basin was 17,8 million. 30%
of citizen income came from agricultural activity while the rest of them work in the industry and
services sector. The Citarum river basin is also known as one of the leading rice production areas in
Indonesia with 390 ha of the total area is covered by irrigated paddy fields (Fulazzaky, 2010). We can
observe from Figure 1 that Ciwalengke village, which is located in the upper Citarum river basin, is
surrounded by industrial area and paddy fields. Based on Kleijn & Tjiong (2017), Ciwalengke village is
a dense area with approximately 3000 inhabitants. The upper Citarum River is linked to a community
water system in Ciwalengke village. Hence, water from the Upper Citarum river is distributed to
Ciwalengke village for domestic use.

1.3.

Research objective

The study aims to assess the health risk from pesticide contamination in the community-water system
in Ciwalengke village. This will be achieved by developing a human-exposure model and using its
output to estimate the population health risks. A scenario analysis will also be conducted to compare
the pesticide exposure levels of different scenarios.
7

1.4.

Research Questions

To achieve the research objective, the following research questions are developed:
RQ1 What are the pesticides concentrations of the surface water? (Chapter 2)
RQ2 Which priority pesticide should be assessed for the health risk assessment of the community
water system? (Chapter 2)
RQ3 What is the exposure of the population to pesticide contamination of the community water
system? (Chapter 3)
RQ4 What is the health risk of the prioritized pesticide which contaminates the community water
system? (Chapter 3)
RQ5 How does the exposure level of the pesticide vary with different exposure scenarios? (Chapter
4)

1.5.

Thesis outline

Figure 2 visualizes the outline of the thesis in a flowchart. Chapter 2 includes a summary of water
quality assessment and risk prioritization, which both answer RQ 1 and 2 respectively. The result of
water quality assessment was summarized and classified to collect information of concentration of the
detected pesticide in surface water which enters community water system in Ciwalengke village. The
concentration of the pesticide was used as the input in performing risk prioritization. The result of risk
prioritization was used to determine the pesticide with highest priority. Chapter 3 describes the
development of human exposure model based on water consumption pattern that will answer RQ3
and risk estimation of the non-carcinogenic effect of the pesticide that will answer RQ4. The pesticide
that will be calculated in human exposure modelling was selected based on the risk prioritization
result, the pesticide with highest priority. The risk estimation will be conducted by comparing the
output of the human exposure model with the health-based guidance value of the pesticide with
highest priority. The sensitivity analysis is also incorporated in Chapter 3 to assess the most sensitive
input variable. Chapter 4 will compare exposure levels of the pesticide based on different exposure
scenarios. Methods, results, discussion and conclusion will be provided for each chapter. Lastly,
Chapter 5 and 6 will respectively discuss and conclude about how the pesticide uptake would affect
population health risk in Ciwalengke village.
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Figure 2. Flowchart of the thesis report

2.

Risk Prioritization of the Pesticides

The risk prioritization is conducted in two steps. The first step summarizes the pesticides
concentration. The summary of pesticides concentration will answer RQ 1 and will be used to calculate
the pesticides intake. The second step compares the pesticides intake with the health-based guidance
value. The results of the second step will answer RQ 2.

Methods
2.1.1. Pesticide measurements and classification
The water-quality assessment was conducted by using passive sampling methods. The passive
sampling methods provide lower limit of detection and calculate time-averaged concentration that is
required for risk assessment (Smedes et al., 2010). The measurement used two types of passive
sampler devices which were silicone rubber and speed disk. The concentration of pollutant will be
reflected by the mass of the pollutants that were accumulated in the sampler. This method has been
used since 1970 to measure the toxic chemicals in the aquatic environment (Vrana et al., 2005).
The measurement used six silicon rubber sheets with a size of 5.5 ×9.5×0.05cm and 3 speedisk with a
five-cm diameter. The sampler devices were placed from December 16th, 2014 to January 14th, 2015.
The samplers were analysed based on ‘Guidelines for passive sampling of hydrophobic contaminants
in water using silicone rubber sampler’ by Smedes & Booij (2012). The measurements were done by a
Ph.D. student at Radboud University.
The pesticides concentrations were summarized and classified based on different pesticide categories.
The classifications were based on the main use of the pesticides including acaricide, herbicide,
9

insecticide, plant growth regulator (PGR), repellent, synergist and fungicide
Organization, 2010).

2.1.2

(World Health

The health-based guidance value of the pesticides

The health-based guidance value is quantitative information as an output of dose-response
assessment in risk assessment. The output could be used by risk manager in conducting decision
making for protection of human health (IPCS, 2009). The health-based guidance values for chronic
exposure include the Acceptable Daily Intake (ADI), the Tolerable Daily Intake (TDI), and a Reference
Dose (RfD). Those three values were assumed to be comparable with the similar definition for each
term. The ADI is defined as an estimation of substances that could be consumed on a daily basis over
a lifetime without appreciable health risk (World Health Organization, 2010). The guidance values of
each compound were collected from various databases including the following databases:
JMPR (The Joint FAO/WHO Meeting on Pesticides Residues)
JMPR is a joint expert ad hoc by WHO and Food Agricultural Organization (FAO) which annually met
since 1963 to coordinate risk assessment on the pesticide residues. The JPMR evaluated the
toxicological data of the pesticides and provided health-based guidance for pesticides including ADI
and ARfD (Acute Reference Dose) as the output (Crossley, 2002). List of pesticides which have been
evaluated by JMPR could be accessed through http://apps.who.int/pesticide-residues-jmpr-database.
WHO (World Health Organization)
In 2011, the WHO published guidelines for drinking water quality. The guidelines provided chemicals
fact sheets which consist health-based guidance values (TDI) of each chemical (Gorchev & Ozolins,
2011). Most of the TDI values are similar to the ADI value found in JMPR database. Hence, only three
values from WHO drinking water guideline which was used for risk prioritization since those three
values were not available in the JMPR database.
IRIS US-EPA (Integrated Risk Information System United State-Environmental Protection Agency)
The IRIS database provided toxicity value for health effect including Reference Concentration (RfC) for
inhalation exposure and RfD for oral exposure. The database could be accessed through
https://cfpub.epa.gov/ncea/iris/search/. The IRIS database consists of 558 substances data with most of
the substances were registered between 1987-1989 (Fenner-Crisp, 2014).
EFSA (European Food Safety Authority)
The EFSA has been responsible for conducting the review of the active substance in plant protection
product for European Union (EU) since 2003. The evaluation of the active substances conducted in
several phases. The EFSA provided a conclusion on the active substances which would be proposed to
the European Commission for the approval. List of approved substances could be accessed through
http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database. The database provided the ADI, ARfD
value, and the related legislative decision of the active substances.
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RIVM (The Dutch National Institute for Public Health and the Environment)
In 1999 and 2000, the RIVM conducted an update to human health-based maximum permissible risk
(MPR) values of fifty chemicals including metals, aromatic compounds and pesticides. The
quantification of MPR values provided human-toxicological risk limits consist of TDI value, tolerable
concentration in the air, oral cancer risk and inhalation cancer risk (Baars et al., 2001).
BfR (The German Federal Institute for Risk Assessment)
The BfR conducted a toxicological assessment in line with EU regulation on plant protection products.
The output of the assessment is the toxicological limit of the active substances including the ADI, ARfD,
and acceptable operator exposure level (AOEL) values.

2.1.3. Prioritization Approach
The prioritization of pesticides contaminants will be conducted by comparing hazard quotient (HQ)
value of different pesticides. Hazard quotient was used for non-carcinogen risk assessment by
comparing the exposure assessment value, the chronic daily intake (CDI) and the health-based
guidance values including ADI, TDI, and RfD. The hazard quotient was calculated using following
equation (US EPA, 1989):
𝐻𝑄 =

𝐶𝐷𝐼
𝑅𝑓𝐷

Eq. 1

Where, HQ is the Hazard Quotient
CDI is the Chronic daily intake (mg kg-1 day-1)
RfD is the Reference dose (mg kg-1 day-1)
The pesticides were ranked based on the HQ values to determine the priority pesticide to be assessed
in the human exposure modelling. The risk prioritizations were conducted for five different databases
including JMPR, US-EPA, EFSA, RIVM and BfR. The risk prioritization for WHO database was not
performed since most of the values were also used in JMPR database. However, the health-based
guidance values for each chemical were not available in every database. Hence, the other risk
prioritization was conducted by compiling ADI, TDI and RfD values from different database to fill in the
gap of information of each database. The result of the risk prioritization based on the compiled
database was used to select the pesticide with highest priority.
The selection of the health-based guidance values followed below steps:
a. The primary and secondary databases were determined. The primary databases were JMPR and
WHO databases due to its supranational feature. Secondary databases were US-EPA, EFSA, RIVM
and BfR.
b. If the health-based guidance value of the chemical was available in the primary database, the
value would be selected to perform risk prioritization for the compiled database. However, if the
11

health-based guidance value of the chemical could not be found in the primary databases, the
value from the secondary database would be used.
c. If the value was available in more than one database from secondary sources, for example, the
guidance value was found in both EFSA and US-EPA databases, the value that recently established
would be used for conducting the risk prioritization.
The CDI values were calculated by using following equation with the assumption of direct ingestion
from surface water of drinking water uptake (US-EPA, 2003):
CDI =

C × IR × EF × ED
BW × AT

Eq. 2

Where, C is the concentration of the substance (mg L-1)
IR is the water ingestion rate (assumption of 2L day-1, based on (Gordon et al., 2008) for adult water
consumption)
EF is the exposure frequency (365 days/year)
ED is the exposure duration (70 years for adult)
BW is the body weight (60 kg for adults, based on WHO guidelines (Gordon et al., 2008))
AT is the average lifespan (25550 days for adults)
In calculating the CDI, the results of water quality measurement in inlet location were used. For
substances with hydrophobic characteristic (Log Kow>3), measurements from silicon rubber were used
(Deltares, n.d.; Smedes & Booij, 2012). The results of speedisk sampler devise were used for hydrophilic
substances with log Kow less than 3.

Results
2.2.1. Summary of water quality assessment
The measurements were conducted by using two different passive sampler devices. The pesticides
concentrations measured by the silicon rubber device were found to be higher than those measured
by the speedisk (Figure 3). The difference was caused by different characteristics of the passive sampler
device. Silicone rubber has a better result for hydrophobic pesticide with high Kow (Ahrens et al., 2015),
while the speedisk is more suitable for hydrophilic substances.
To select the measurement results from two different passive sampler devices, the pesticides were
classified into hydrophobic and hydrophilic characteristics based on their Kow as mentioned in the
methods section. However, in some cases, the measurement results of hydrophilic pesticides were
found to be higher in silicon rubber measurement instead of speedisk. It also occurred for the other
way around. Hence, for these type of cases, measurement result with higher concentration would be
used as the input for risk prioritization.
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Figure 3. Measurement result from two different passive sampler devices
From the 105 substances that were detected during the one-month sampling period, 65 substances
were identified as pesticides, while 40 other substances varied from polycyclic aromatic hydrocarbons
(PAH), dyestuff and pharmaceutical substances. The largest pesticides category found at the water
community system in Ciwalengke village was the category insecticide, which accounted for 32
substances (49%). Other categories of pesticides were fungicide and herbicide with 16 substances
(25%) and 11 substances (17%) respectively (Figure 4).
60%

Pesticide percentage

50%

Acaricide
Herbicide

40%

Insecticide
30%

PGR
Repellant

20%

Synergist
10%

Fungicide

0%
Pesticide categories

Figure 4. Percentage of pesticides categories
The highest concentration of pesticide substance was found among herbicide category, 2,4dinitrophenol with surface water concentration 750 ng L-1. Another herbicide, clopyralid was also
detected with a high concentration compared to other pesticides, 250 ng L-1. Among insecticide
category, carbofuran and imidacloprid were identified as the highest concentration substances with
115 ng L-1and 65 ng L-1of concentration respectively. For fungicide, metalaxyl was found to be the
13

highest concentration substances with 93 ng L-1concentration. For repellent category, DEET was
detected with concentration 210 ng L-1. The concentration of the substances from the other three
categories, acaricide, synergist and plant growth regulator (PGR) were considered low, compared to
other categories. The highest concentration of substances among acaricide was bromopropylate with
0.02 ng L-1concentration (Appendix 1).

2.2.2. Risk prioritization of the pesticides
Risk Prioritization based on the compiled database for health-based guidance value
The risk prioritization was conducted for 60 pesticides from a total of 65 detected pesticides. The
concentration of DDT, DDE and DDD compounds were sum up as DDT since the available health-based
guidance was for the total value of those compounds. For permethrin, only permethrin with the total
value was included in the risk prioritization. The list of the identified pesticide could be seen in the
Appendix 1.
The hazard quotient was calculated for 46 substances from a total of 65 pesticides. Four health
guidance values of the substances were not available in any database (WHO, JPMR, EFSA, US-EPA,
RIVM and BfR), while 10 substances had concentration below the limit of detection (LOD). Hence, the
hazard quotient could not be calculated for 14 substances.
The result of risk prioritization showed that none of the measured substances has an HQ higher than
1, indicating a low risk to human health due to the low concentration of the substances which resulted
in a low CDI value. However, the CDI value was only calculated based on the drinking water
consumption. Among detected pesticides, 2,4-dinitrophenol is ranked first as the substances with the
highest hazard quotient, 0.0125 (Table 1). Based on the HQ value, the risk is considered low since it is
lower than 1.
Risk prioritization based on various health-based guidance value databases
Based on available health-based guidance value from US-EPA database, the RfD, 24 hazard quotients
of the pesticides were calculated. The other 10 substances had concentration below the LOD, and 26
RfD of the substances were not available. Hence, the hazard quotients of 36 substances were not
calculated. Among the calculated HQ, 2,4-dinitrophenol is found to be the pesticides with the highest
risk. The HQ value of 2,4-dinitrophenol is 0.0125 (Table 1). The result for 2,4-dinitrophenol is similar to
risk prioritization of compiled database since it used the same database, from US-EPA.
For BfR database, 29 hazard quotients of the substances were calculated. The highest hazard quotient
is clopyralid with HQ 5.56E-05 (Table 1). Comparing to the result of the other databases, the HQ value
for the most prioritized chemical was much lower since health-based guidance value only available for
pesticides with low concentration which resulted in a low CDI value.
Comparing to another database, RIVM provided limited health-based- guidance value of the pesticides.
Hence, only 6 hazard quotients of the substances could be calculated. Based on the available HQ, the
highest priority pesticide is carbofuran with HQ 0.0019 (Table 1). The HQ value from risk prioritization
14

based on the JMPR or the compiled database is higher than the result of risk prioritization based on
RIVM database. The difference is caused by a lower value of health-based guidance value in the
compiled database that uses the value from JMPR. The ADI value from JMPR is 0.001 mg kg-1 day-1,
while the value from RIVM is 0.002 mg kg-1 day-1.
Based on EFSA database, the risk prioritization for 28 substances were conducted. Among detected
pesticides, carbofuran is found to be the most priority chemical with hazard quotient 0.0256 (Table 1).
The result of the most prioritized pesticide is similar to the risk prioritization based on RIVM database.
However, the HQ value is found to be higher than the result from RIVM. It is caused by lower ADI value,
0.001 mg kg-1 day-1.
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Table 1. Priority of the pesticides based on hazard quotient of detected pesticides
Substances

CAS Number

CDI
mg kg-1
day-1

2,4-Dinitrophenol
Carbofuran
Clopyralid
Chlorpyrifos
Metalaxyl
Imidacloprid
Linuron
Aldrin
Hexachloro-1,3butadiene
Difenoconazole
Bitertanol
2,4-D
Tebuconazole
Carbaryl
Carbendazim
Diuron
Iprodione
Diazinon
Chlorfenapyr
Endosulfan sulfate
Azoxystrobin
Pymetrozine
DDTa
Pirimicarb
Hexachlorobenzene

Prioritization based on compiled database

Healthbased
guidance
value

51-28-5
1563-66-2
1702-17-6
2921-88-2
57837-19-1
138261-41-3
330-55-2
309-00-2
87-68-3

2.50E-05
3.83E-06
8.33E-06
4.00E-08
3.10E-06
2.17E-06
1.00E-07
1.00E-09
1.91E-09

mg kg-1
day-1
2.00E-03
1.00E-03
1.50E-01
1.00E-03
8.00E-02
6.00E-02
3.00E-03
1.00E-04
2.00E-04

119446-68-3
55179-31-2
94-75-7
107534-96-3
63-25-2
10605-21-7
330-54-1
36734-19-7
333-41-5
122453-73-0
1031-07-8
131860-33-8
123312-89-0
50-29-3
23103-98-2
118-74-1

6.67E-08
1.73E-08
5.26E-08
1.33E-07
3.33E-08
9.31E-08
1.96E-08
1.67E-07
1.00E-08
5.33E-08
1.00E-08
3.00E-07
3.78E-08
1.07E-08
2.00E-08
6.79E-10

1.00E-02
3.00E-03
1.00E-02
3.00E-02
8.00E-03
3.00E-02
7.00E-03
6.00E-02
5.00E-03
3.00E-02
6.00E-03
2.00E-01
3.00E-02
1.00E-02
2.00E-02
8.00E-04

Sources

HQ

HQ
rank

RfD US-EPA (1986)
ADI-JMPR (2008)
ADI-EFSA (2005)
ADI-EFSA (2014)
ADI-EFSA (2015)
ADI-JMPR (2001)
ADI-EFSA (2003)
ADI-JMPR (1994)
TDI-WHO (2011)

1.25E-02
3.83E-03
5.56E-05
4.00E-05
3.88E-05
3.61E-05
3.33E-05
1.00E-05
9.57E-06

1
2
3
4
5
6
7
8
9

ADI-JMPR (2007)
EFSA (2010)
ADI-JMPR (2001)
ADI-JMPR (2010)
ADI-JMPR (2001)
ADI-JMPR (2005)
ADI-EFSA (2005)
ADI-JMPR (1995)
ADI-JMPR (2006)
ADI-JMPR (2013)
ADI-JMPR (1998)
ADI-JMPR (2008)
ADI-JMPR (2014)
ADI-JMPR (2000)
ADI-JMPR (2004)
RfD US-EPA (1988)

6.67E-06
5.77E-06
5.26E-06
4.44E-06
4.17E-06
3.10E-06
2.80E-06
2.78E-06
2.00E-06
1.78E-06
1.67E-06
1.50E-06
1.26E-06
1.07E-06
1.00E-06
8.49E-07

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Prioritization based
on US-EPA database

Prioritization based
on EFSA database

Prioritization based
on BfR database

Prioritization based
on RIVM database

Healthbased
guidance
value

Healthbased
guidance
value

Healthbased
guidance
value

Healthbased
guidance
value

mg kg-1
day-1
2.00E-03
5.00E-03

HQ

mg kg-1
day-1
1.25E-02
7.67E-04

6.00E-02

5.17E-05

2.00E-03
3.00E-05

5.00E-05
3.33E-05

1.00E-02

5.26E-06

1.00E-01

3.33E-07

2.00E-03
4.00E-02

9.80E-06
4.17E-06

6.00E-03

1.67E-06

5.00E-04
8.00E-04

HQ

HQ

mg kg-1
day-1

HQ

mg kg-1
day-1

1.50E-04
1.50E-01
1.00E-03

2.56E-02
5.56E-05
4.00E-05

1.50E-01
1.00E-02

5.56E-05
4.00E-06

6.00E-02
3.00E-03

3.61E-05
3.33E-05

6.00E-02
3.00E-03

3.61E-05
3.33E-05

1.00E-02
3.00E-03

6.67E-06
5.77E-06

1.00E-02
1.00E-02

6.67E-06
1.73E-06

3.00E-02
7.50E-03
2.00E-02
7.00E-03
6.00E-02
2.00E-04

4.44E-06
4.44E-06
4.66E-06
2.80E-06
2.78E-06
5.00E-05

3.00E-02

4.44E-06

2.00E-02
7.00E-03
6.00E-02
2.00E-03

4.66E-06
2.80E-06
2.78E-06
5.00E-06

2.00E-01
3.00E-02

1.50E-06
1.26E-06

6.00E-03
1.00E-01
3.00E-02

1.67E-06
3.00E-06
1.26E-06

6.00E-02

3.33E-07

2.00E-02

1.00E-06

2.13E-05

2.00E-03

1.92E-03

1.00E-04

1.00E-05

3.00E-03

1.11E-05

5.00E-04

2.13E-05

8.49E-07
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Metazachlor
Paclobutrazol
Chloropropham
Cyprodinil
2,4-DB
Alpha-HCH
Fluopicolide
Profenofos
Heptachlor epoxide
Biphenthrin
Gamma-HCH
Chlorantraniliprole
Propiconazole
Cypermethrin
Alpha endosulfan
Permethrin
Lambdacyhalothrin
Deltamethrin
Piperonyl butoxide
Propamocarb
Bromopropylate
Beta-endosulfan
2,4,5-T
Anthraquinone
Chlorothalonil
DEET
Famoxadone
Propoxur
Simazine
Tetramethrin
fenbutatin oxide
Thiabendazole
Triadimenol
Milbemectin A3
Isoprocarb
a

67129-08-2
76738-62-0
101-21-3
121552-61-2
94-82-6
319-84-6
239110-15-7
41198-08-7
1024-57-3
82657-04-3
58-89-9
500008-45-7
60207-90-1
52315-07-8
959-98-8
52645-53-1
91465-08-6

6.67E-08
1.67E-08
3.67E-08
2.00E-08
1.67E-08
4.94E-10
3.67E-08
1.33E-08
3.33E-11
2.67E-09
1.00E-09
3.00E-07
1.33E-08
3.33E-09
1.00E-09
6.67E-09
2.00E-09

8.00E-02
2.20E-02
5.00E-02
3.00E-02
3.00E-02
1.00E-03
8.00E-02
3.00E-02
1.00E-04
1.00E-02
5.00E-03
1.56E+00
7.00E-02
2.00E-02
6.00E-03
5.00E-02
2.00E-02

EFSA (2016)
EFSA (2010)
RfD US-EPA (2002)
ADI-JMPR (2003)
TDI-WHO (2011)
TDI RIVM (2000)
ADI-JMPR (2009)
ADI-JMPR (2007)
ADI-JMPR (1994)
ADI-JMPR (2009)
ADI-JMPR (2002)
EFSA (2013)
ADI-JMPR (2004)
ADI-JMPR (2006)
ADI-JMPR (1998)
ADI-JMPR (1999)
ADI-JMPR (2007)

8.33E-07
7.58E-07
7.33E-07
6.67E-07
5.56E-07
4.94E-07
4.58E-07
4.44E-07
3.33E-07
2.67E-07
2.00E-07
1.92E-07
1.90E-07
1.67E-07
1.67E-07
1.33E-07
1.00E-07

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

52918-63-5
51-03-6
24579-73-5
18181-80-1
33213-65-9
93-76-5
84-65-1
1897-45-6
134-62-3
131807-57-3
114-26-1
122-34-9
7696-12-0
13356-08-6
148-79-8
55219-65-3
51596-10-2
2631-40-5

1.00E-09
1.67E-08
1.21E-08
6.67E-10

1.00E-02
2.00E-01
4.00E-01
3.00E-02
6.00E-03
3.00E-03

ADI-JMPR (2002)
ADI-JMPR (2001)
ADI-JMPR (2005)
ADI-JMPR (1993)
ADI-JMPR (1998)
ADI-JMPR (1981)

1.00E-07
8.33E-08
3.03E-08
2.22E-08

43
44
45
46

2.00E-02

ADI-JMPR (2010)

3.00E-04

6.00E-03
2.00E-02
5.20E-04

ADI-JMPR (2003)
ADI-JMPR (1989)
TDI-WHO (2011)

4.00E-03
5.00E-03

5.00E-02
1.00E-01
3.00E-02
3.00E-02

ADI-EFSA (2010)
ADI-JMPR (2006)
ADI-JMPR (2004)
ADI-EC (2005)

1.30E-02
2.00E-01
8.00E-03

1.30E-05
1.50E-02
3.00E-04

1.28E-06
1.83E-07

8.00E-02
2.20E-02

8.33E-07
7.58E-07

3.20E-02

2.08E-06

3.00E-02

6.67E-07

5.00E-02
3.00E-02

7.33E-07
6.67E-07

8.00E-02

4.58E-07

8.00E-02
5.00E-03

4.58E-07
2.67E-06

1.50E-02

1.78E-07

1.50E-02

1.78E-07

1.56E+00
4.00E-02
1.60E-03

1.92E-07
3.33E-07
2.08E-06

5.00E-02
2.50E-03

1.33E-07
8.00E-07

1.00E-02

1.00E-07

2.90E-01

4.18E-08

2.08E-06

2.56E-06
1.78E-07
3.33E-06

1.30E-02
1.00E-02
6.00E-03
5.00E-02
5.00E-03

1.03E-06
3.33E-07
1.67E-07
1.33E-07
4.00E-07

1.30E-02

7.69E-08

6.00E-03
1.00E-02

4.00E-02
5.00E-02
6.00E-03

3.33E-07
6.67E-08
1.67E-07

5.00E-03

4.00E-07

1.00E-02
2.00E-01
2.90E-01
3.00E-02
6.00E-03

1.00E-07
8.33E-08
4.18E-08
2.22E-08

1.00E-03

4.94E-07

4.00E-05

2.50E-05

2.33E-07
1.50E-02

1.50E-02

6.00E-03

1.20E-02
2.00E-02

1.00E-01
5.00E-02
3.00E-02

1.00E-01
5.00E-02
3.00E-02

7.00E-06

3.45E-08
5.00E-03
1.50E-02

3.33E-07

DDT is the total concentration of DDT, DDE, DDD compounds.
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Discussion
Water quality assessment
The measurements of pesticides concentrations in Ciwalengke community water system were
conducted by using passive sampling methods with silicone rubber and speedisk sampler devices. The
passive sampling method was advised as an emerging strategy for monitoring of priority pollutants as
it was considered as a reliable, robust, and cost-effective tool for monitoring program (Allan et al.,
2006). Ahrens et al. (2015) also mentioned that passive sampling fulfilled the requirements of rapid
and effective methods in conducting direct monitoring of chemicals concentration in the environment
to assess their effect to the environment and human health. Passive sampling method poses a few
drawbacks. One of the limitations is relatively low sampling rate. The sampling rate is defined as the
amount of water that go through the sampler device over exposure time which expressed as L/day
(Smedes et al., 2010). However, the limitation of low sampling rate could be taken as an advantage
since it makes the time-weighted average (TWA) water concentration of the pesticides easier to
determine. The TWA concentration is more useful for assessment of the impact of the pollutant on the
environment rather than a short-term concentration (Namieśnik et al., 2005).
The results of water quality measurement were used as the input for risk prioritization in calculating
the CDI. Based on Smedes et al. (2010) silicon rubber results were more suitable for hydrophobic
chemicals with log Kow higher than 3, and speedisk results were fit for hydrophilic chemicals. However,
as mentioned in the results section, several chemicals with hydrophobic characteristic had a higher
concentration in speedisk measurement. The situation occurred vice versa for hydrophilic compounds.
This was probably caused by chemicals that pose both hydrophobic and hydrophilic characteristics.
Moreover, different type of sampler uses a different type of sorbent. The application of the different
type of sorbent could lead to poor retention or poor recovery for different chemicals that result in
underestimation (NAVFAC, 2015). Hence, to avoid the underestimation, the higher concentrations
among those two passive sampler devices were used as the input in calculating the CDI.
Based on the result of passive sampler device measurement with silicone rubber, 2,4-dinitrophenol,
clopyralid, DEET, carbofuran and metalaxyl are the highest concentration pesticides which detected at
the Ciwalengke community water system. An EU-wide survey for organic persistent pollutant was
conducted by analysing over 100 water samples of European river from 27 European countries. Based
on the survey, 2,4-dinitrophenol was detected with average and maximum value of 18 ng L-1 and 174
ng L-1respectively. This is lower than the concentration in Ciwalengke with value of 750 ng L-1 (Loos et
al., 2009). The concentration of 2,4-dinitrophenol is also found to be lower in Huaihe River, China with
mean value 260 ng L-1 (Wang et al., 2009). The concentration of carbofuran in Evros river, northern
Greece was also found to be lower than the concentration at Ciwalengke village, 45 ng L-1 and 115 ng
L-1 (Vryzas etal., 2008). However, the maximum concentration of DEET was found to be higher in the
European survey for groundwater compared to the measurement result in Ciwalengke village, 454 ng
L-1 and 210 ng L-1 respectively (Loos et al., 2010). Ciwalengke village is surrounded by agricultural and
industrial areas, especially textile factories. The 2,4-dinitrophenol is used not only for pesticides but
also for making dyes that probably use in the textile factory. Hence, a higher concentration of 2,4dinitrophenol in Ciwalengke village is possibly caused by the discharge of the pollutant from both
agricultural and industrial activity.
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Risk prioritization of the pesticides
The risk prioritizations were conducted by comparing CDI with health-based guidance value of
different databases, including JMPR/WHO, US-EPA, EFSA, BfR, ad RIVM. However, each database does
not provide health-based guidance value for every detected pesticide. Hence, the health-based
guidance values from various databases were compiled and selected to determine the priority
pesticide. The selection of the health-based guidance values from different databases was similar to
the protocol for selection of health-based reference values by De Brouwere & Cornelis (2015). The
primary database was the priority database in selecting the values, and if it was not available in the
primary database, the value from secondary sources could be used. The year of establishment of the
reference value was also considered in choosing the values if the reference values were available in
more than one database. However, there was a difference in selecting the primary database. De
Brouwere & Cornelis (2015) selected WHO and EFSA as the main choices for database selection due to
its supranational nature and policy relevance of European context. On the other hand, this study used
only JMPR/WHO as the main sources of the database, while EFSA database was classified as secondary
database. The JMPR adopted paradigm by the International Programme on Chemical Safety (IPCS) in
deriving health-based guidance values. The paradigm is widely used by the risk-assessment bodies all
over the world (FAO, 2008). Hence, the JMPR value was used as the primary database.
The result of risk prioritization finds 2,4-dinitrophenol as the most prioritized pesticide based on risk
prioritization with the compiled health-based guidance databases. The HQ value for the noncarcinogenic effect of 2,4-dinitrophenol is 0.0125. Carbofuran and clopyralid are calculated as second
and third prioritized pesticide with HQ values 0.0038 and 5.56E-05, respectively. It could be interpreted
that there is a low risk of non-carcinogenic effect in the population since the HQ values are low (less
than 1). The low HQ values of human risk assessment for surface water contamination of pesticides
were found in Greece. The highest HQ value of the detected pesticide was parathion methyl with the
HQ value of 0.0246 and followed by molinate with HQ value of 0.0236 (Papadakis et al., 2015). A
surface water risk assessment that conducted in Ethiopia was also found a low health risk of noncarcinogenic effect from pesticides exposure including 2,4-D, deltamethrin, and endosulfan (Teklu et
al., 2015).
In conducting risk prioritization, the calculations of chronic daily intake were only based on drinking
water consumption. However, the other route of exposure from water contamination was also
considered as an important source of exposure, such as dermal exposure and fish consumption (USEPA, 2015). Hence, human exposure modelling was conducted in the next chapter to estimate
exposure of the pesticide based on different routes of exposure.
The data and resources limitations and a large number of chemicals have challenged the scientist and
regulatory in determining potential chemical that poses unintended effect on human and
environmental health (Arnot et al., 2012). The risk prioritization helps decision makers by providing
background information in selecting the pesticide which should be listed in conducting monitoring and
screening program for surface water quality (Tsaboula et al., 2016). Roos et al. (2012) concluded that
an adequate prioritization approach should be a risk-based approach that included exposure and
effect. The prioritization approach in this study used a risk based prioritization which expressed by
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hazard quotient (HQ) that compare the exposure and effect assessment of the chemicals. Hence, the
result of the prioritization is considered valid as it used an adequate prioritization method and the
result is relatively comparable to other studies. The risk prioritization approach could further be
utilized to monitor and evaluate the exceedance of chemicals in the surface water. Hence, an
unacceptable exposure of the population to harmful chemicals could be prevented.

Conclusion
The measurements of pesticides concentration were summarized to answer RQ 1. The measurements
detected different categories of pesticide in the surface water of Ciwalengke village. 2,4-dinitrophenol,
Clopyralid and DEET were found to be the highest concentration pesticides. The concentration of 2,4dinitrophenol is 750 ng L-1. The risk prioritization compared the chronic daily intake and health-based
guidance value to answer RQ 2. The risk prioritization also found 2,4-dinitrophenol as the highest
priority pesticide with hazard quotient 0.0125.

3.

Human Exposure Modelling and Risk Estimation of Pesticide
Contamination

The human exposure model was developed to answer RQ 3 in estimating exposure of the pesticide to
the population. The output of the model will be used to predict the health risk due to pesticide
contamination. The risk estimation will answer RQ 4.

3.1
3.1.1.

Methods
Selection of the pesticides for human exposure modelling and risk estimation

To perform human exposure modelling and risk estimates of the pesticides contamination, the results
of the risk prioritization that was based on compiled health-based guidance value was used. The result
of the most prioritized pesticides was 2,4-dinitrophenol. Hence, the human exposure modelling would
estimate the exposure of 2,4-dinitrophenol through water contamination to the population.

3.1.2. Model Development
For deterministic approach, the model calculated the output based on fixed input value which defined
by initial condition. Hence, random fluctuation in the input variable was not allowed (WHO, 2005). The
model was developed by adopting an integrated human exposure and uptake model (NORMTOX)
which predicts the life-time average daily of the contaminant which included both deterministic and
probabilistic model. The NORMTOX model has calculated exposure from three different routes
including oral, inhalation and dermal. Uptake of chemical was calculated based on various contact
media. For oral routes, it calculated contaminations via soil particles, surface (swimming water),
swimming pool water, drinking water and food products. For inhalation, the calculation was based on
air quality measurement. For dermal uptake, the model calculated exposure via soil particles, surface
(swimming water), swimming pool water, bathing water and showering water (Ragas & Huijbregts,
1998).
The NORMTOX model focused on calculating exposure from different contact media which later
categorized into different routes of exposure. However, this human exposure modelling was focused
on predicting uptake of contaminants from various water consumptions patterns along river basin in
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Ciwalengke village. The water consumption was calculated based on different daily activities which
exposed the residents of river basin from different route of exposure. The model was focused on
pesticides contamination in water compartment. As a result, oral and dermal uptakes were chosen as
the route of exposure to estimate human exposure to contaminated water. The model does not
calculate inhalation as route as exposure to assess the exposure.
The probabilistic approach was defined as the model which considered randomness of the input
variables. The random variables expressed in various statistical distribution. The probabilistic or
stochastic model estimates the probability of exposure in the population (WHO, 2005). NORMTOX was
used Crystal Ball 7 as a tool to perform Monte Carlo simulations. However, this model used Yet Another
Simulation Add-In (YASAI) to perform Monte Carlo simulations. YASAI is an Excel spreadsheet tool
which was designed for beginning students to perform Monte Carlo simulations. YASAI features
included producing random variables, identifying outputs and specifying scenarios (Eckstein &
Riedmueller, 2002)
In conducting probabilistic model, several steps were performed with YASAI. First, generating random
variables, the distribution types of the input variables were defined to generate random variables.
YASAI provided the different type of distribution including normal, lognormal, uniform, triangular,
poisson, binominal, exponential and discrete distribution. Second, specifying output, YASAI’s method
in specifying output was straightforward. The equation of the model was used in the SIMOUTPUT
function to calculate the output. Last, running the simulations, number of iterations was defined
before running the simulations. In this study, 1000 iterations were used to perform Monte Carlo
simulations.
Model Framework
Figure 5 visualizes the model framework of the human exposure model based on surface water
contamination. The human exposure model tries to incorporate water consumption pattern in
assessing exposure of the pesticide through surface water contamination. The model calculates
exposure from each activity for different routes of exposure including oral and dermal routes. The
output of the model will provide total uptake from different routes and activities that sums up as a
total uptake.
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Drinking water

Water consumption based on daily activities

Surface water
treatment (yes/no)

Community water system

Surface water concentration of the pesticides

Water for cooking

Swimming

Gastrointestinal
tract
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Uptake

Brushing teeth

Bathing

Total
Uptake

Washing clothes

Washing dishes

Religious activity

Dermal absorption
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Uptake

Washing hands

Washing foods
Figure 5. Model framework of human exposure assessment of surface water contamination
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Oral uptake
Exposure assessment for oral uptake was calculated based on daily water consumption patterns of the
residents. The information concerning water consumption patter would be discussed later in the input
variable. The sources of exposure were distinguished into different activities including drinking water,
water for cooking (amount of water which used for cooking and directly ingested), ingestion from
swimming water, brushing teeth, and bathing. The daily uptake of every activity was calculated by
following NORMTOX equation which was slightly modified (Ragas & Huijbregts, 1998):
𝑈𝑜 =

𝐶𝑤 × 𝐼𝑅 × 𝐴𝑜
𝐺

Eq. 3

Where, Uo is the daily oral contaminant uptake (mg kg-1 day-1)
Cwis the contaminant concentration in surface water (mg L-1)
I is the daily intake rate (L day-1)
Ao is the contaminant absorption factor in the gastrointestinal tract (dimensionless)
G is the body weight (kg)
The equation was modified for the unit and terms since it was intended to calculate contamination
from water compartment. The time correction factor for non-daily exposure from the original equation
was not used since the input variables were already converted into daily basis activities. For nondrinking water ingestion rate, including swimming, bathing, and brushing teeth, the following equation
was used to calculate the daily intake rate:
𝐼 = 𝐼𝑅 × 𝐸𝐷𝑑

Eq. 4

Where, I the daily intake rate (L day-1)
IR is the ingestion rate of the activities (L minute-1)
EDd is the event duration on daily basis (minute day-1)
Dermal uptake
Exposure calculation for dermal uptake was based on various activities which related to water
consumption in river basin. The activities which included in the dermal uptake calculation were
swimming, bathing, washing hands, washing foods, religious activities that called wudhu (ritual of
washing part of the bodies before praying for Muslim), washing clothes, and washing dishes. The
exposure via dermal uptake was calculated by following NORMTOX equation which was modified by
water dermal contact dose equation by ATSDR (ATSDR, 2005; Ragas & Huijbregts, 1998)
𝑈𝑑𝑤 =

𝐶𝑤 × 𝑆𝑎 × 𝑓𝑏𝑠𝑥 × 𝐾𝑝 × 𝐸𝑇 × 𝐶𝐹 × (1 − 𝐸𝑓)
𝐺

Eq. 5

Where, Udwa is the daily dermal contaminant uptake (mg kg-1 day-1)
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Cw is the contaminant concentration in surface water (mg L-1)
Sa is the surface area of the body (cm2)
Fbsx is the fraction of body area which contact with the water contaminant (dimensionless)
Kp is the dermal contaminant absorption rate (cm hour-1)
ET is the exposure time (hours day-1)
Ef is the evaporation fraction (only for showering, dimensionless)
CF is the conversion factor (1L/1000 cm3)
G is the body weight (kg)
The modification was conducted by substituting, Awa, dermal contaminant absorption rate (m/day)
which was included in the NORMTOX equation with Kp, coefficient permeability (cm/hour). The
experimental database of absorption chemicals from water was used to calculate Kp values from a
function of octanol-water partition coefficient Kow and the molecular weight of 90 chemicals. Hence, it
was assumed to be comparable to the contaminant absorption rate from NORMTOX equation. In
addition, duration of the exposure was not included in the NORMTOX equation. Hence, exposure time
(ET) variable from ATSDR equation was added to the equation. The exposure time variable was
considered important since the population was not exposed to the contaminated water for 24 hours
per day for every activity. Following the adjustment of the equation, conversion factor from ATSDR
equation was added. During the literature review of the input for the model, evaporation fraction for
the specific chemical could be found. Hence, It was not included in the calculation.

3.1.3. Input of the model
Input variables were collected by analysing water consumption survey which conducted in Ciwalengke
village and conducting the literature review of input variables from existing model of human exposure
assessment. For deterministic model, mean values of the input were used. For probabilistic model,
type of distribution of collected input variables from literature review were not available. Hence, it is
assumed that most of the input variables were using lognormal distribution for the probabilistic model.
For the input variables with available data from water consumption survey, goodness-of-fit test with
Kolmogorov-Smirnov test was performed by using the EasyFit (Mathwave Technologies) to determine
the distribution type. The result of Kolmogorov-Smirnov test could be seen in the Table 2.
Table 2. Result of Kolmogorov-Smirnov test to determine distribution type
Variables
Distribution Type
Pvalue
Result from EasyFit
Bodyweight
Lognormal
0.78
Accepted 0.77>0.05
Height
Lognormal
0.47
Accepted 0.48>0.05
Bod surface area
Lognormal
0.97
Accepted 0.97>0.05
Drinking water consumption
Lognormala
<0.00
Rejected 0.00<0.05
Duration of brushing teeth (min/day)
Lognormala
<0.00
Rejected 0.00<0.05
Duration of bathing (min/day)
Lognormala
<0.00
Rejected 0.00<0.05
Duration of bathing (hour/day)
Lognormala
<0.00
Rejected 0.00<0.05
Duration of washing clothes (hour/day)
Lognormala
<0.00
Rejected 0.00<0.05
Duration of washing dishes (hour/day)
Lognormala
<0.00
Rejected 0.00<0.05
Duration of washing hands(hour/day)
Triangularb
<0.00
Rejected 0.00<0.05
aBased on Kolmogorov-Smirnov test lognormal distribution was rejected, however lognormal distribution was the
distribution type with the highest value among available distribution type in YASAIw. Hence, lognormal distribution was
chosen as distribution type of the variables for the probabilistic model.
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bBased

on Kolmogorov-Smirnov test triangular distribution was rejected, however triangular distribution was the
distribution type with the highest value among available distribution type in YASAIw. Hence, triangular distribution was
chosen as distribution type of the washing hands variable for the probabilistic model.

The water consumption survey was carried out by a Ph.D. student at Radboud University. The survey
was conducted by interviewing respondents with a questionnaire concerning their water
consumptions pattern. There were 217 respondents involved in the survey. The results of the
questionnaires were analysed by statistical software, IBM SPSS Statistics 23. Data from water
consumption survey was summarized with daily consumption and duration of each activity as the
output. The water consumption was classified into different categories based on daily activities. The
mean, standard deviation, minimum and the maximum value of water consumption from different
activities were generated for two different age categories, 18-65 years and 65-75 years. Those values
were used as the input for human exposure modelling. The sources of water consumption for drinking
water were from bottled water (57.60%), shallow well (27.65%), and municipal water supply (14.75%).
The concentration of the pesticide in the shallow well is assumed to remain the same as the surface
water concentration, as no adequate treatment is conducted before the water is consumed as a
drinking water. For other activities, the source of water consumption was mostly from a shallow well.
Hence, the worst-case scenario with assumption surface water is directly consumed as drinking water
is applied in conducting the human exposure model.
The age categories were originally divided into six categories including age 0-1, 1-5, 5-1, 12-18, 18-65,
65-75. However, based on the result of the survey, the respondent fall into two different categories
with most of the respondents were at age 18-65 category. Proportions of the respondents based on
their age categories were 93.5% from age category 18-65 and 6.5 from age category 65-75.
Input of oral uptake
Inputs for oral intake was divided into inputs for different age group and inputs for the general age
group. Inputs of different age group included body weight, drinking water consumption, water for
cooking consumption and duration of various activities (Table 2).
Table 3. Input variable for oral intake of different age group
Variable

Unit

Age Group 18-65
Mean
SD
56.79
11.10
1.71
0.64
0.45
0.39

Age group 65-75
Mean
SD
45.07
6.62
1.47
0.54
0.90
1.06

Sources

Body weight
kg
1
Oral intake of drinking water
L day-1
1
Oral intake from water for cooking Lday-1
1
Duration of activities
Swimming
min day-1
1.5
1.5
2
Brushing teeth
min day-1
6.29
2.94
5.57
3.25
1
Bathing
min day-1
27.99
16.53
26.78
15.64
1
Note. Source: 1, A calculation from water consumption survey in Ciwalengke village (2016); 2, Based on swimming duration
for adults in US-EPA Human Exposure Handbook (US-EPA, 2011)

For general age input variable of oral uptake, information was collected from the various database.
Ingestion rate for bathing was derived from input from multimedia environmental pollutant
assessment system (MEPAS) model for shower water inadvertent water ingestion rate (Usw). The value
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was 0.06 L/hour which converted into ml/min for input of this model. For ingestion rate brushing teeth,
the value was derived from the amount of water used for 1 minutes of mouth rinse. The amount of
water was 5 ml/minute. In calculating the ingested water from brushing teeth, it was assumed 10% of
the water used for mouth rinsing during brushing teeth was directly ingested (Table 3).
Table 4. Input variable for oral intake of different age group
Variable
Unit
Value
Sources
Ingestion rate of bathing
ml min-1
1.00
1
Ingestion rate of brushing teeth
ml min-1
0.50
2
Ingestion rate of swimming
ml min-1
1.18
3
Surface water concentration
mg L-1
0.00075
4
Absorption fraction of gastrointestinal tract
1.00
5
Note. Source: 1, (Strenge & Chamberlain, 1996); 2,(Sjögren et al., 1994); 3, US-EPA Exposure Factors Handbook (US-EPA,
2011); 4, Data from measurement of pesticides concentration at Ciwalengke village; 5, Absorption fraction was assumed as
1 based on (US-EPA, 2002)

Input of dermal uptake
For dermal uptake input of different age, most of the input was derived from the result of the survey
(Table 4). However, for body surface area, the input was calculated by following equation (Du Bois &
Du Bois, 1916):
𝐵𝑆𝐴 = 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 0.425 × 𝑏𝑜𝑑𝑦 ℎ𝑒𝑖𝑔ℎ𝑡 0.725 × 0.007184

Eq. 6

Where, BSA is the body surface area (m2)
Table 5. Input variable for dermal intake of different age group
Variable

Unit

Age Group 18-65
Mean
SD
56.79
11.10
150.96
7.36
1.52

Age group 65-75
Mean
SD
45.07
6.62
144.79
9.09
1.34

Sources

Body weight
kg
1
Body Height
m2
1
Body surface area
m2
2
Duration of activities
Swimming
hour day-1
0.03
0.03
1
Bathing
hour day-1
0.47
0.28
0.45
0.26
1
Washing clothes
hour day-1
0.30
0.22
0.23
0.15
1
Washing dishes
hour day-1
0.27
0.22
0.22
0.26
1
Religion activity
hour day-1
0.08
0.08
1
Washing hands
hour day-1
0.02
0.01
0.02
0.01
1
Washing foods
hour day-1
0.03
0.03
1
Note. Source: 1, A calculation from water consumption survey in Ciwalengke village (2016); 2, body surface area was
calculated based on weight and height of the survey by using above equation;

The input variable for general age group included contaminant specific input, dermal absorption rate,
surface water concentration and absorption fraction via gastrointestinal. For a fraction of body surface,
the values were calculated by divided part of the body which involved in each activity with total skin
area. The Information concerning the surface area of the part of the body, including arms, face, feet
and hands, were collected from US-EPA database (US-EPA, 2011). For washing hands, washing clothes,
washing foods, the fraction was calculated by divided hands surface area with the body surface. For
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religion activities, the fraction was calculated by dividing the sum of various body area (forearms, face,
hands and feet) with a total surface area for adults (Table 5).
Table 6. Input variable for dermal intake of general age group
Variable
Unit
Value
Sources
Dermal contaminant absorption rate
cm hour -1 1.50E-03
1
Surface water concentration
mg L-1
7.50E-04
2
Absorption fraction of gastrointestinal tract
1.00
3
Fraction body surface area in contact during activities
Swimming
_
1.00
4
Bathing
_
1.00
4
Washing clothes
_
0.05
4
Washing dishes
_
0.05
4
Religion activity
_
0.20
4
Washing hands
_
0.05
4
Washing foods
_
0.05
4
Note. Source: 1, Based on Kp value from US EPA guidelines (US-EPA, 2002), the Absorption fraction was assumed as 1 ;2,
Measurement of inlet surface water concentration in Ciwalengke village (2016); 3, Absorption fraction was assumed as 1
based on (US-EPA, 2002); 4, US-EPA Exposure Factors Handbook (US-EPA, 2011)

3.1.4. Output of the model
For deterministic model, the outputs of the model were average daily uptake from pesticide water
contamination for the different age group. The outputs were distinguished into output for different
route of exposure including oral and dermal uptake and output from water consumptions pattern
based on different activities including drinking water, water for cooking, bathing, brushing teeth,
washing clothes, washing hands, washing dishes, washing foods, religion activity and other activities
along the river such as swimming. The output from the activities were calculated based on total uptake
from both routes of exposure of each activity since an individual could be exposed from different
routes during the activity. For example, bathing uptake would be the result of oral uptake and dermal
uptake from bathing activity.
Monte Carlo simulation was performed to conduct probabilistic modelling of human exposure. The
output was generated from the SIMOUTPUT function of YASAI which included random variables and
the equation for uptake of the contaminant including, oral uptake, dermal uptake, and total uptake.
YASAI also provided frequency chart of the output variables.

3.1.5. Risk Estimation
The risk estimation was conducted by using risk characterizations approach as part of human risk
assessment steps. Risk characterization is the estimation of risk by comparing the exposure assessment
and the effect assessment (ADI and TDI). The human risk was determined by hazard quotient ratio.
However, the ratios do not represent the absolute measure of risks. The conclusion can only be that
risk of an adverse effect will probably increase as the risk ratio increases (Leeuwen & Vermeire, 2007)
The hazard quotient was commonly calculated by divided daily dose intake with health-based guidance
value (ADI/TDI/RfD). However, the output of human exposure modelling was average daily uptake.
Hence, the health-based guidance value was multiplied by contaminant absorption factor in the
gastrointestinal tract (Ao).For oral uptake, the following equation was used to calculate hazard quotient
(Ragas & Huijbregts, 1998; US EPA, 1989):
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𝐻𝑄𝑜 =

𝑈𝑜
𝐴𝑜 × 𝑅𝑓𝐷𝑜

Eq. 7

Where, HQo is the hazard quotient for oral uptake
Uo is the daily oral contaminant uptake (mg kg-1 day-1)
Ao is the contaminant absorption factor in the gastrointestinal tract (dimensionless)
RfDo is the reference dose oral, it could be expressed as ADI or TDI (mg kg-1 day-1)
For dermal uptake, the risk was estimated by using below equation (Ragas & Huijbregts, 1998; US EPA,
1989):
𝐻𝑄𝑑 =

𝑈𝑑
𝐴𝑜 × 𝑅𝑓𝐷𝑜

Eq. 8

Where, HQd is the hazard quotient for oral uptake
Ud is the daily dermal contaminant uptake (mg kg-1 day-1)
Ao is the contaminant absorption factor in the gastrointestinal tract (dimensionless)
RfDo is the reference dose, it could be expressed as ADI or TDI (mg kg-1 day-1)
The total HQ from both oral and dermal routed were used to predict the risk of non-carcinogen effect.
If, HQ value larger than 1, the exposure value was exceeded human health-based guidance value.
Hence, the potential non-cancer effect might occur among the population.

3.1.6. Sensitivity Analysis
The sensitivity analysis was performed to identify the most sensitive input variable (i.e. the variable
where a change in input, change the output most). The sensitivity analysis was carried out by using
YASAIw version 2.0 which is the modified version of YASAI with the additional sensitivity analysis
features (Pelletier, 2009). The correlation between input and output variables was expressed through
the spearman rho coefficient. The correlation coefficient value was squared and normalized to 100%
to calculate contribution to output variance. The value of contribution to output variance is used to
determine the most sensitive variables (Chen & Liao, 2006).
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3.2.

Results

3.2.1. Deterministic Human Exposure Model
Uptake based on routes of exposure
The total uptake of 2,4-Dinitrophenol from both oral and dermal route of exposures for both age
categories were 2.99E-05 mg kg-1day-1 for age category 18-65 and 4.11E-05 mg kg-1day-1 for age
category 65-75 (Table 7). Higher uptake for age category 65-75 was probably caused by lower body
weight value. The total exposure from oral uptake contributed almost 100% of the total exposure.
Hence, the amount of exposure from dermal uptake is considered low or negligible compared to the
oral uptake.
Table 7. Total uptake based on different route of exposure
Route of Exposure
Oral uptake
Dermal uptake
Total uptake

Total Uptake (mg kg-1 day-1)
Age 18-65
Age 65-75
2.97E-05
4.09E-05
1.64E-07
1.74E-07
2.99E-05
4.11E-05

Uptake based on water consumptions pattern
The output of deterministic model also classified uptake of various daily activities. For the age category
18-65, the uptake from drinking water, water for cooking, and bathing were considered higher than
other activities. The uptake form those activities were accounted for 75.53%, 19.88%, and 4.03%
respectively from total uptake (Figure 6A).
The result of contaminant uptakes of age category 65-75 for various daily activities were relatively
similar from the result of age category 18-65. However, the uptake proportion from drinking water
and water for cooking was different. The percentage of uptake from drinking water was 59.57%, lower
than age category 18-65 and the percentage uptake from water for cooking was 36.47%, higher than
age category 65-75 (Figure 6B). The difference was caused by different water consumption pattern of
each activity.
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Figure 6. Proportion of contaminant uptake from different activities of age category 18-65 (A) and
age category 65-75 (B)
Table 7 shows daily water consumption, duration and uptake from different activities. It could reflect
amount of water that consumed by population on daily basis and amount uptake of contaminants
related to the water consumptions. However, only water consumption from oral routes of exposure
could only be used as a variable to calculate the contaminant uptake based on activities, such as
drinking water and water for cooking. For dermal uptake, the duration of the activities reflected the
amount of contaminants uptake. We could observe that higher uptake of bathing was due to longer
duration of exposure from contaminated water.
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Table 8. Comparison of water consumption, duration, and uptake of the contaminant
Daily Activities
Water Consumptions

Drinking water
Water for cooking
Swimming
Brushing Teeth
Bathing
Washing Clothes
Washing Dishes
Religion Activity
Washing Hands
Washing Foods
a

(L Person-1 day-1)
Mean
SD
1.71
0.64
0.45
0.39
3.04
1.26
49.99
20.73
12.87
8.94
11.26
9.49
22.48
10.96
5.13
2.68
2.86
2.08

Age 18-65
Duration of the
Activities (min day-1)
Mean
1.50a
6.29
27.99
17.89
16.37
5.00
1.35
2.00

SD
2.94
16.53
13.18
12.98
0.48
-

Uptake

Water Consumptions

(mg kg -1 day -1)

(L Person-1 day-1)
Mean
SD
1.47
0.54
0.90
1.06

2.26E-05
5.94E-06
3.37E-08
1.20E-07
1.21E-06
4.50E-09
4.05E-09
4.98E-09
3.30E-10
4.95E-10

2.80
47.51
16.34
11.67
25.44
4.72
6.18

1.03
19.61
13.33
8.17
15.25
1.61
5.42

Age 65-75
Duration of the
Activities (min day-1)

Uptake
(mg kg -1 day -1)

Mean
1.50 a
5.57
26.78
13.57
13.36
5.00
1.38
2.00

SD
3.25
15.64
9.08
15.36
0.53
-

2.45E-05
1.50E-05
4.24E-08
1.33E-07
1.43E-06
3.83E-09
3.66E-09
5.53E-09
3.83E-10
5.49E-10

Based on the calculation from one respondent, hence it was assumed that the value was applied to both age categories
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3.2.2. Probabilistic Human Exposure Model
Oral uptake distribution
Based on the estimation of the probabilistic model, the mean value of oral uptake for age category 1865 was slightly different with 2.43E-05 mg kg-1day-1 and 2.97E-05 mg kg-1day-1 oral uptake for
probabilistic and deterministic result respectively. However, for age category 65-75, the result of the
deterministic model was noticeably differenced with the deterministic model. The mean value from
probabilistic model was 2.55E-05 mg kg-1day-1, while result of deterministic calculation was 4.09E-05
mg kg-1day-1 (Figure 7A).
Dermal uptake distribution
The total dermal uptake from the probabilistic result for both age groups were slightly higher from the
result of the deterministic model. The mean value from dermal uptake of age 18-65 was 2.67E-07 mg
kg-1day-1 with 95 percentile value 5.04E-07 mg kg-1day-1. For the dermal uptake of age 65-75, the mean
value was 2.83E-07 mg kg-1day-1 with 95 percentile value 5.17E-07 mg kg-1day-1 (Figure 7B).
Total uptake distribution
The mean value of total uptake of age category 18-65 from the probabilistic model was comparable to
result from deterministic value, 2.46E-05 mg kg-1day-1 and 2.58E-05 mg kg-1day-1 respectively.
However, the result of total uptake for age 65-75 from the probabilistic model was noticeably lower
than the result from deterministic model. It is probably affected by the result of oral uptake since oral
uptake almost contribute 100% of the total exposure (Figure 7C).
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Figure 7. Distribution of oral uptake (A); Distribution of dermal uptake (B); Distribution of total uptake
(C)
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3.2.3. Risk Estimation
Based on the calculation of deterministic model, the hazard quotients of age category 18-65 and
65-75 were 0.0150 and 0.0205 respectively. The difference was probably caused by the difference in
body weight and drinking water consumption. The HQ value was found considerably lower than 1.
Hence, the risk of non-carcinogen effect was low or negligible for 2,4-Dinitrophenol contamination on
the surface water.
For probabilistic model, the mean value of HQs for both age categories were 0.0123 and 0.0129
respectively for age category 18-65 and age category 65-75. The 99 percentile value for age category
18-65 was 0.0291 (Figure 8). Hence, based on the HQ values, the exposures of 2,4-Dinitrophenol from
surface water contamination to the population in Ciwalengke village were not exceeded the healthbased guidance value. Hence, the risk for non-carcinogenic effect due to 2,4-Dinitrophenol exposure
is considered low in the population.
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Figure 8. Distribution of hazard quotient (HQ)

3.2.4. Sensitivity Analysis
The sensitivity analysis was performed to predict the input variables which contributed to the uptake
of the contaminants. The result of the sensitivity analysis for total uptake age category 18-65 is shown
in figure 9A. The correlation coefficient represented the relationship between the input variable and
the output. The drinking water, body weight, and brushing teeth duration were the most sensitive
inputs variable with the contribution to the variance of the total uptake 75.775, 23.26%, and 0.17%
respectively.
For the age category 65-75, the drinking water, body weight, and bathing duration were found to be
the most sensitive variable as its accounted for 86.06%, 12.95%, and 0.57% of the total uptake of the
contaminants. The strength of the relationship between input variables and total uptake could also be
identified by higher correlation coefficient (Figure 9B).
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Figure 9. Sensitivity analysis of total uptake from age category 18-65 (A) and age category 65-75 (B)

3.3.

Discussion

Input variables of the model
The input of water consumption of each daily activity was calculated based on the analysis of raw data
from water consumption survey in Ciwalengke village. Hence, it becomes the strength of the study as
it used the actual data that represent the population. The daily drinking water consumption for age
category 18-65 and 65-75 were 1.71L and 1.47L. The average water consumption was below WHO
guideline of 2 L drinking water per day. A lower daily drinking water consumption was also reported in
British Columbia and Sweden with drinking water consumption 1.0L and 1.86L respectively (Jones et
al., 2007; Westrell et al., 2006).
For the duration of swimming activity, based on the survey, only one respondent regularly swims in
the river so the value could not be derived from the survey. Hence, data for swimming duration from
US-EPA was used. The median value based on US-EPA handbook of exposure was 45 minutes per
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month which was similar to the result of the survey from one respondent (US-EPA, 2011). For
bodyweight variable, the mean values for both age category were 65.8 kg and 45.1 kg respectively for
age category 18-65 and 65-75. The body weight of age category 18-65 followed the body weight
pattern of Asia adult population with average value 57.7 kg (Walpole et al., 2012). For age category
65-75, the average body weight is much lower than the mean value from US-EPA with 76.4 kg
bodyweight (US-EPA, 2011). This was probably caused by the small sample size of the survey in
Ciwalengke for age category 65-75 with only 14 respondents from total of 217 respondents. Moreover,
the average bodyweight of Northern American population is relatively higher than Asian population
due to a higher percentage of overweight population.
The Input of probabilistic model requires distribution type of each random variable. Hence, EasyFit
software was performed to test distribution type for the water consumption survey. However, for
input variables that were collected from literature review, lognormal distribution was applied. For
swimming duration, goodness-of-fit tests could not be conducted as only one respondent who
regularly swims in the river. Hence, a triangular distribution was used with the assumption of minimum
duration was zero as most of the respondent do not swim in the river and the maximum value was
obtained from US-EPA database from the 95 percentile value (US-EPA, 2011). The triangular
distribution is probably not fit to the real distribution in the population, as most of the respondents do
not swim or have zero duration for swimming. However, the YASAIw software provide limited
distribution types for random variables. Hence, the triangular distribution was chosen. The assumption
of the lognormal distribution of collected data from the literature review and triangular distribution
for swimming duration variable were also used by Ragas et al. (2009) in conducting human exposure
modelling with NORMTOX.
Output variables of the model
The output of the model was the uptake of the pesticide from different route and activities. For uptake
based on routes of exposure, the result showed a noticeable difference between oral and dermal
uptake. Dermal uptake was accounted for almost 100% of the total uptake. Other studies also reported
low dermal uptake compare to oral and inhalation routes (Ragas & Huijbregts, 1998; Zartarian et al.,
2012).
The output of the model was used to estimate non-carcinogenic health risk of the population to 2,4dinitrophenol contamination in the surface water. The result of the risk estimation from the
probabilistic model found that the mean values of the HQ were 1.23E-02 for age category 18-65 and
1.29E-02 for age category 65-75. A human risk assessment conducted based on surface water
contamination of Huaihe River, China also found a very low health risk of 2,4-dinitrophenol
contamination due to a low concentration of the pesticide in the surface water (Wang et al., 2009).
The health risk value was 5.49E-09. However, the calculation methods in estimating the risk is different.
The health risk was calculated based on equation for human health criteria for consumption of water
and organism.
The reference dose (RfD) in calculating the HQ in this study is derived from critical effect of cataract
formation due to oral exposure (US-EPA, 2015). Hence, the risk estimation could only explain about
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the risk of cataract development and no conclusion could be derived from other health effects
including skin irritation that has been reported in Ciwalengke village (Candra et al., 2010).
Sensitivity analysis
The result from sensitivity analysis found that drinking water consumption and body weight were the
most important variables in calculating the total uptake of the contaminant. The body weight
variability also was also reported as the variables that mainly influenced by human exposure modelling
of persistent organic pollutants in Venice lagoon (Radomyski et al., 2016). The drinking water
consumption was calculated for 75.53% and 59.57% of the total uptake of the contaminants for age
category 18-65 and 65-75 respectively. The large proportion of the total uptake could explain the
strong contribution of the drinking water consumption to the output variance.
The surface water concentration was assumed to be constant as the result of the measurement only
provided a point estimate value of the average concentration. The standard deviation, minimum, and
maximum value of the variable was not available. Hence, the random variables of surface water
concentration could not be provided. This assumption has implication to the result in sensitivity
analysis. The sensitivity analysis that was performed by YASAIw calculated input with random variables
to determine the sensitive variable, so the surface water concentration was assumed to be constant
input parameter that was not calculated during sensitivity analysis.

3.4.

Conclusion

The human exposure modelling was conducted to answer RQ 3. This model estimated exposure of 2,4dinitrophenol from surface water contamination to the population in two approaches. The first
approach was the deterministic model which calculated the exposure based on point estimate value.
The results of exposure assessment based on deterministic approach were 2.99E-05 mg kg-1day-1
uptake for age category 18-65 and 2.99E-05 mg kg-1day-1 for age category 65-75. The probabilistic
model estimated uptake distribution in the society. To answer RQ 4, output of human exposure model
was used to calculate the health risk. The risk estimation found the mean HQ value from the
probabilistic model of age group 18-65 and 65-75 0.0142 and 0.0202 respectively. The HQs values
indicate a low non-carcinogenic effect (cataract formation), as the HQ value is lower than 1.

4.

The Scenario Analysis

The scenario analysis will be conducted to answer RQ 5 by comparing three different scenarios of
pesticide exposure.

4.1.

Methods

The scenario analysis could provide information about the implication of different exposure scenarios
in the future that could be used by the decision maker to improve health quality of the community in
Ciwalengke village. The scenario analysis was conducted by running the probabilistic model for
different input of each scenario by using YASAIw program. The following exposure scenarios will be
applied to reduce exposure to pesticide contamination of a community water system in Ciwalengke
village.
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Scenario 1 (Baseline scenario)
The first scenario was the baseline scenario. The human exposure modelling was conducted by using
this scenario. The scenario assumed that the inhabitants consumed the water directly from surface
water without treatment.
Scenario 2 (Surface water treatment scenario)
In this scenario, surface water treatment for the pesticide was assumed to be performed before the
water consumptions. The treated water was used for every daily activity. The surface water treatment
was assumed to use activated carbon with 91.38% removal rate of pesticide after the treatment
(Hameed et al., 2009).
Scenario 3 (Bottled water scenario)
The last scenario is the bottled water scenario. The scenario assumed that the population used bottled
water for drinking water. In this scenario, the bottled water was assumed to be free form pesticide
contamination. However, for other activity, the inhabitants used water from the shallow well without
treatment, so the concentration of the pesticide remained the same with surface water concentration.

4.2.

Results

4.2.1. Scenario 1 (Baseline scenario)
The result of baseline scenario was the same with the human exposure model from the probabilistic
model as the model was used baseline scenario to estimate total uptake of the contaminant. The mean
values of the uptake for both age categories of 18-65 and 65-75 were 2.46E-05 mg kg-1day-1 and 2.58E05 mg kg-1day-1, respectively (Figure 8C).

4.2.2. Scenario 2 (Surface water treatment scenario)
The scenario was assumed 91.38% reduction of surface water contamination. Hence, the surface water
concentration was decreased to 6.47E-05 mg L-1 compare to the baseline concentration 7.50E-04 mg/L.
The uptake of the contaminant showed similar distribution pattern with the lower mean value of the
uptake, 2.08 mg kg-1day-1 for total uptake age category 18-65 and 2.21E-06 mg kg-1day-1 for uptake age
category 65-75 (Figure 10A).

4.2.3. Scenario 3 (Bottled water scenario)
In this scenario, the contamination of pesticide in drinking water was assumed to be zero as the
population consumed the bottled water. It resulted in lower uptake of the contaminant from previous
two scenarios. The mean value of total uptake for age categories 18-65 and 65-75 were 7.48E-07 mg
kg-1day-1 and 8.59E-07 mg kg-1day-1 (Figure 10B). The distribution pattern of total oral uptake followed
the distribution pattern of total uptake from the dermal route.
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Figure 10. Total uptake distribution of surface water treatment exposure scenario (A) and bottled
water scenario (B)

4.2.4. Comparison of different scenario in reducing the uptake of the pesticide
Figure 11A shows distribution of the uptake of the contaminant from different scenarios for age
category 18-65. The total uptake from different scenario from age category 18-65 was similar to age
category 65-75 (Figure 11B). The result from different scenario showed that risk of non-carcinogenic
effect is low in the population since no scenario exceed health-based guidance value of 2,4dinitrophenol, 2.00E-03 mg kg-1day-1. Based on the result from both age categories, scenario 3, the
bottled water scenario was found to be the scenario with the minimum uptake of contaminants. It was
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caused by the elimination of drinking water as the main contribution to the total uptake of the
contaminant.

A

B

Figure 11. Distribution of total uptake of different scenarios for age category 18-65 (A) and age
category 65-75 (B)

4.3.

Discussion

The upper Citarum river has experienced declining of the water quality over the past twenty years. The
agricultural activity was responsible for 36% of the water pollution (Kerstens et al., 2013). The
degradation of water quality will continue due to pollutants load if no treatment is conducted
(Fulazzaky, 2010). The scenarios of different interventions were developed to reduce discharge of the
pollutant to the water body in Citarum including treatment of domestic and industrial wastewater
(Kerstens et al., 2013). However, the scenario to reduce the exposure of the pesticide to the population
due to current surface water quality is also important. Hence, three different scenarios were
developed to estimate uptake of the contaminant to the human body.
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The first scenario is the baseline scenario which assumed direct consumption from the surface water.
The second scenario is the application of surface water treatment before the consumption. The last
scenario is assumed bottled water as the only source of drinking water. The first and the second
scenario were also used in conducting human health risk assessment due to pesticide contamination
in rivers and lake of northern Greece (Papadakis et al., 2015). The last scenario was developed due to
a large preference of the Indonesian in using bottled water for drinking due to lack of piped water
quality (Prasetiawan et al., 2017).
The second scenario reduced the total uptake of the 2,4-dinitrophenol by 91% for both age categories.
The improvement was similar to the reduction of the surface water concentration as the model used
the linear equation in calculating exposure assessment. This scenario used activated carbon as surface
water treatment in removing pollutant from the surface water. The activated carbon could be made
from agricultural waste such as coconut shell, date stone, and corn cob. The conversion of the
agricultural waste could be used as a cheap material for activated carbon (Hidayu et al., 2013). Hence,
the treatment is feasible to be implemented in Indonesia, as Indonesia also produce agricultural waste
that could be turned into cheap activated carbon. A certain type of activated carbon could remove
particular chemicals. However, surface water is contaminated by a various type of chemicals. Hence,
the risk of other chemicals remains the same.
The third scenario decreased the total uptake by 97%. The decreasing of the total uptake could be
explained by the contribution of the drinking water to the total uptake. The result of sensitivity analysis
also found drinking water as the most influential input in determining the output of the total uptake.

4.4.

Conclusion

Three different scenarios were developed and compared to answer RQ 5. The scenarios include the
baseline scenario, the surface water treatment scenario and the bottled water scenario. Based on the
mean value of the total uptake from the probabilistic model, the highest reduction of the contaminant
was found to be the bottled water scenario.
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5.

Discussion

Risk Assessment
The risk assessment is a systematic procedure that includes hazard identification, effect assessment,
exposure assessment, and risk characterization (Leeuwen & Vermeire, 2007). In this study, exposure
assessment was modelled to estimate human exposure to pesticide contamination and the model’s
output was used to calculate the relative risk that is expressed by the hazard quotient. The exposure
modelling was conducted through deterministic and probabilistic approaches.
The deterministic model was developed by integrating water consumption from human daily activities
and routes of exposure to estimate human exposure to specific chemical based on surface water
contamination. The approach is relatively comprehensive in conducting human exposure assessment
based on surface water contamination as it calculated the exposure to different activities through
different routes of exposure including oral and dermal routes. Other studies only considered ingestion
from drinking water consumption to estimate exposure from water contamination (Tsaboula et al.,
2016). The estimation of human exposure from the deterministic model was calculated based on point
estimates of the input variables with a straightforward equation. Hence, It generated a single estimate
of exposure and risk estimation that could be easily understood (Yuan et al., 2014). However, The
heterogeneous range of exposure in the population could not be evaluated by using the average value
which used as the input of the deterministic models. Hence, a probabilistic approach was also
conducted.
The probabilistic approach used probability distribution of the input variables to estimate exposure
based on the random variables. It will produce the distribution of the exposures which represent
heterogeneous exposure in the society instead of a point estimate value in deterministic approach
(Fryer, Collins, Ferrier, Colvile, & Nieuwenhuijsen, 2006). However, the probabilistic approach is not a
replacement of the deterministic model. It is applied for a complementary to the deterministic model.
The deterministic approach provides a point estimate value that is easily understood by decision
maker, while probabilistic approach describes the distribution of the value in the population. Hence,
using both deterministic and probabilistic approach to perform risk assessment will provide a better
estimation of human exposure (Bresson et al., 2009; McKinlay et al., 2008).
The model validation is needed to determine if a model represents the world accurately (Thacker et
al., 2002). However, the model validation was not conducted in this study due to data limitation. The
model validation is also out of the study scope. Hence, the model’s output was compared to other
studies. The model’s output was found to be comparable to other study. This increases robustness of
the model.
The human exposure model used assumptions in the inputs of the exposure model that could lead to
uncertainty. However, the data from a site-specific survey is used in the model that represents the
actual condition in the population. Hence, a better accuracy could be provided. Moreover, the
probabilistic model incorporated the uncertainty that comes from inherent randomness of the input
variables by producing the distribution of output based on the random input variables. Hence, the
developed model could be utilized as a tool to provide information on the harmful effect of the surface
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water contamination. The exposure model could also be applied to other river basin. The monitoring
data of water quality from different areas could be incorporated into the model. However, the
availability and quality of the data will influence the accuracy of the estimation.
The exposure model in this study provides estimation of aggregate exposure for a single pollutant. The
pollutant enters human body simultaneously from multiple routes and multiple pathways
(Moschandreas, 2011). Hence, the estimation of aggregate exposure to single pollutant is needed to
calculate the uptake from different routes and pathways of the contaminant. However, the population
is not only exposed to a single contaminant. The result of water quality assessment identified 65
different pesticides in the surface water that simultaneously expose the population. Hence, the model
should be further developed to calculate exposure of the mixture chemicals in the surface water of
river basin by using a cumulative approach.
The scenario analysis
The scenarios provided the estimation of the total uptake based on different exposure scenarios
including surface water treatment and bottled water consumption. The scenario analysis approach
could be used as risk management tool, as it calculates the reduction of the exposure based on
different exposure scenarios. The risk management is defined as a decision-making process in selecting
the appropriate regulatory decision as a response to human health hazard by considering political,
social, and engineering information against risk relative information (Leeuwen & Vermeire, 2007). The
scenarios for sustainable improvement of the surface water quality have not been applied because it
is out of the study scope. However, the scenarios in this study consider the reduction of the exposure
that decrease health risk in the population. The scenario analysis could be further improved by
combining different scenarios in reducing the discharge of the pollutant to the water body that results
in decreasing of the pollutant concentration in the surface water.
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6.

Conclusion

The study aims to assess the health risk of Ciwalengke village inhabitants due to pesticide
contamination in the community water system. To achieve the objective, five research questions were
developed. Different methods were applied to answer the research questions. The human exposure
modelling was developed to estimate the uptake of the pesticide in the population. The output of the
human exposure model was used to estimate the risk by comparing the exposure assessment and
effect of the selected pesticide based on the result of risk prioritization. The scenario analysis was also
performed to assess change in the exposure level to surface water pesticide contamination based on
different exposure scenario.
The risk prioritization was conducted in two steps including water quality measurement and providing
pesticides ranking. The water quality assessment found 2,4-dinitrophenol, clopyralid, and DEET as the
highest concentration among the detected pesticides. The risk prioritization was performed by
comparing the daily intake contaminant which calculated based on the concentration in the surface
water with the health-based guidance value from compiled databases including JMPR, WHO, US-EPA,
EFSA, BfR, and RIVM. The risk prioritization concluded 2,4-dinitrophenol as the most prioritized
pesticide with the highest HQ value 0.0125. Hence, 2,4-dinitrophenol was selected in conducting
human exposure modelling.
The human exposure modelling was performed with two different approaches for age-specific
categories. The result from water consumption survey found that the respondent fell under two age
categories including 18-65 and 65-75. Hence, the total uptake of the contaminant as the output of
human exposure model was provided in age-specific value. For deterministic model, the total uptake
for age category 18-65 and 65-75 were 2.99E-05 mg kg-1day-1 and 4.11E-05 mg kg-1day-1 respectively
with almost 100% of the total intake came from oral uptake value. For probabilistic model, the mean
value of the total uptake for age category 18-65 2.46E-05 mg kg-1day-1 and 2.58E-05 mg kg-1day-1 for
age category 65-75.
The risk estimation used the output of human exposure model to calculate HQ for non-carcinogenic of
2,4-dinitrophenol. The calculation found that the HQ for age category 18-65 and 65-75 were 0.0123
and 0.0129 respectively from the probabilistic model. It showed that the exposure did not exceed the
health-based guidance value. The HQ less than 1 could be interpreted as a low risk of non-carcinogenic
effect in the society.
The scenario analysis compared three different exposure scenarios including baseline, surface water
treatment, and bottled water scenario. The result of the scenario analysis found that replacing the
source of drinking water with bottle water gave the most effective impact with 97%. The sensitivity
analysis also found that drinking water as the most influential variable in determining the total uptake
of the contaminant.
In conclusion, the human exposure modelling in this study is a comprehensive approach to conducting
a risk assessment of pesticide contamination in the Citarum river basin and its Ciwalengke village by
applying both deterministic and probabilistic approaches. Besides, the model used the input variables
based on actual data that resulted in a more accurate output estimation. The probabilistic approach
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also provides distribution of the total uptake by using random input variables that represent the range
of the exposure in the population. This human exposure modelling could be applied in assessing
exposure of different surface water pollutant. The study objective was achieved by using the output
of the model to predict the health risk in the population. The model results will also inform decision
makers on potential harmful pesticides that could threaten the population in river basin.
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Appendix
Table 9. Result of Pesticide Measurement in Ciwalengke Village
Substances

Aldrin
DDD-p,p'
DDE-p,p'
DDT-o,p'
DDT-p,p'
Alpha endosulfan
Beta-endosulfan
Endosulfan sulfate
Alpha-HCH
Gamma-HCH (Lindane)
Heptachlor epoxide
Hexachlorobenzene
Hexachloro-1,3-butadiene
2,4,5-T
4-(2,4-dichlorophenoxy) butyric acid
2,4-Dinitrophenol (2,4-DNP)
2,4-D
Anthraquinone
Bifenthrin
Bromopropylate
Carbaryl
Carbofuran
Chloropropham
Chlorpyrifos
Chlorothalonil
Clopyralid
Lambda-cyhalothrin
Cypermethrin
Cyprodinil
DEET
Deltamethrin
Diazinon
Famoxadone
Iprodione
Metazachloor
Cis-permethrin
Trans-permethrin
Permethrin (sum)
Pirimicarb
Propoxur
Simazine
Tetramethrin
Azoxystrobin
Bitertanol
Carbendazim
Difenoconazole
Diuron
Fenbutatin oxide
Imidacloprid
Linuron

CAS Number

309-00-2
72-54-8
72-55-9
789-02-6
50-29-3
959-98-8
33213-65-9
1031-07-8
319-84-6
58-89-9
1024-57-3
118-74-1
87-68-3
93-76-5
94-82-6
51-28-5
94-75-7
84-65-1
82657-04-3
18181-80-1
63-25-2
1563-66-2
101-21-3
2921-88-2
1897-45-6
1702-17-6
91465-08-6
52315-07-8
121552-61-2
134-62-3
52918-63-5
333-41-5
131807-57-3
36734-19-7
67129-08-2
61949-76-6
61949-77-7
52645-53-1
23103-98-2
114-26-1
122-34-9
7696-12-0
131860-33-8
55179-31-2
10605-21-7
119446-68-3
330-54-1
13356-08-6
138261-41-3
330-55-2

Measurement
from Silicon
Rubber
Inlet (ng
Outlet
L-1)
0.03
0.03
0.02
<
0.01
0.03
<
0.30
<
0.03
0.00
0.01
0.00
<
0.50
750.00
1.00
7.00
0.08
0.02
1.00
115.00
1.10
1.20
<
250.00
0.06
0.10
0.60
210.00
0.03
0.30
<
5.00
2.00
0.04
0.10
0.20
0.60
<
<
<
9.00
<
<
2.00
<
<
65.00
3.00

(ng L-1)
0.08
0.05
0.05
0.001
0.02
0.07
<
<
<
0.06
0.0012
0.01
0.0006
<
<
2200
<
11
0.06
0.3
2
85
2
0.7
<
220
0.2
0.1
1
240
0.04
0.2
0.2
2
<
0.3
0.5
0.8
0.8
<
<
0.04
6
<
11
0.9
4
<
460
9

Measurement
from Speedisk
Inlet

Outlet

(ng L-1)
<
0.15
0.16
<
0.01
<
<
<
0.01
0.02
<
0.02
0.06
<
<
<
1.58
1.43
<
<
<
17.00
<
0.43
<
<
<
<
<
34.59
<
<
<
1.90
<
<
<
<
<
<
<
1.04
2.37
0.52
2.79
0.89
0.59
<
2.21
0.63

(ng L-1)
<
0.29
0.58
<
0.05
<
0.83
<
0.05
0.11
<
0.02
0.05
<
<
<
1.65
1.88
<
<
<
22.65
<
0.56
<
<
<
<
<
153.94
<
<
<
2.26
<
<
<
<
<
<
0.49
<
2.02
<
4.64
0.98
0.91
<
2.05
0.62

Pesticide Category

Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Fungicide
Herbicide
Herbicide
Herbicide
Herbicide
Herbicide
Repellent
Insecticide
Acaricide
Insecticide
Insecticide
Herbicide
Insecticide
Fungicide
Herbicide
Insecticide
Insecticide
Fungicide
Repellent
Insecticide
Insecticide
Fungicide
Fungicide
Herbicide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Herbicide
Insecticide
Fungicide
Fungicide
Fungicide
Fungicide
Herbicide
Acaricide
Insecticide
Herbicide
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Metalaxyl
Propiconazole
Pymetrozine
Tebuconazole
Thiabendazole
Triadimenol
Chlorantraniliprole
Fluopicolide
Milbemectin A3
Paclobutrazol
Piperonyl butoxide
Propamocarb
Chlorfenapyr
Isoprocarb
Profenofos
a< = lower than limit of detection (LOD)
bPGR=Plant Growth Regulator

57837-19-1
60207-90-1
123312-89-0
107534-96-3
148-79-8
55219-65-3
500008-45-7
239110-15-7
51596-10-2
76738-62-0
51-03-6
24579-73-5
122453-73-0
2631-40-5
41198-08-7

93.00
0.40
<
4.00
<
<
9.00
1.1
<
0.5
0.5
<
0.70
10.00
0.40

63
0.2
<
2
0.9
<
<
0.9
<
0.2
0.7
<
0.3
5
0.3

14.99
<
1.14
1.15
<
<
1.24
0.80
<
<
0.48
0.36
1.60
3.15
<

16.07
<
4.38
1.23
<
<
1.46
0.80
<
<
1.13
0.71
0.50
3.04
0.67

Fungicide
Fungicide
Insecticide
Fungicide
Fungicide
Fungicide
Insecticide
Fungicide
Insecticide
PGRb
Synergist
Fungicide
Insecticide
Insecticide
Insecticide
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