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Excessive presence of heavy metals in water sources can
reduce water quality and harm human health. However, research on heavy metals from
water sources for sanitation and hygiene purposes and drinking water in the Upper Citarum
Watershed remains limited. This study focuses on the distribution of heavy metals and
chemicals that have potential health risks.

Ten heavy metals, namely, lead, cadmium, chromium, copper, cobalt, iron,
mercury, manganese, arsenic, and zinc, were analyzed. Groundwater samples were
collected from 160 locations, and drinking water samples (for respondents who do not drink
groundwater) were collected from 98 locations. Heavy metal concentrations were detected
using inductively coupled plasma optical emission spectrometry.

The levels of arsenic, cadmium, cobalt, iron, mercury, manganese, and lead
exceeded the quality standards for drinking water, while those of arsenic and cobalt did not
exceed the quality standards for water hygiene and sanitation. Arsenic and cobalt quality
standards were more stringent for drinking water compared with those for water hygiene and
sanitation. Lead—cadmium and iron—manganese in groundwater showed a positive Spearman
correlation (p<0.05) and may originate from the same source. Copper and zinc did not exceed
the quality standard in 100% of drinking water samples. Iron and zinc in groundwater differed
significantly due to variations in topography and soil type (p<0.05). This study reveals that 6
out of 10 heavy metals are chemicals of potential concern and are sorted based on potential
risks to health, that is, arsenic > mercury > lead > cobalt > manganese > cadmium. Ingestion
is the main pathway for potential risk, and children are more likely to be at risk than adults.

Stakeholders and decision makers must immediately implement sustainable
actions to protect public health. Evaluation of water sources, technology, maintenance
processes, and water quality should be conducted before and after technology use from Refill
Drinking Water Depots to ensure that raw and processing water meets the quality standards.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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The Citarum River is one of the rivers that support the
lives of most people in West Java (Salami and Pradita,
2020). However, it has been a polluted river due to
the impact of human activities. In the Action Plan
for Control of Pollution and Damage to the Citarum
River Basin for 2019-2025 published by the Regional
Government of West Java Province, the status of the
Citarum Riverispolluted, where domesticandindustrial
activities within the area cause contamination. Based
on data from the Coordinating Ministry for Maritime
Affairs in Kusuma et al. (2018), in at least 3,236 textile
industries, 90% do not have waste water treatment
plants (WWTPs) and 280 tons of chemical wastes
per day are discharged into the Citarum River. The
Upper Citarum watershed is an area that has a high
industrial distribution. The high number of industries
in Bandung Regency will lead to a high potential for
heavy metal pollution levels around the area. Various
types of heavy metals in the environment originate
from the textile industry (Van Ginkel, 2015; Bielak and
Marcinkowska, 2022; Sumantri and Rahmandi, 2020;
Bhardj et al., 2014; Thanki and Bhattacharya, 2022;
Baeketal., 2020). Coal fuel is used for steam generators
(boilers) in the textile industry in Bandung Regency,
and burning coal increases exhaust gas emissions in
the form of particles containing heavy metals (Febrion
and Falah, 2018). Heavy metal concentrations in fly
ash after coal combustion are high in small particles
(<1 m) (Czech et al., 2020). Heavy metal pollution is
a serious concern in Bandung Regency, especially in
groundwater. The groundwater system is related to air,
soil, and river water, so the potential for heavy metal
pollution in groundwater is very large. Heavy metal
contamination in soil occurs because wastewater
effluent containing high concentrations of heavy
metals is released into the drainage system and has a
negative impact on community soil and groundwater.
Groundwater can be polluted due to the infiltration of
water containing contaminants into an aquifer (Van
Ginkel, 2015; Hartmann et al., 2021; Araiza-Aguilar et
al., 2020). Heavy metal pollution in rivers can occur by
releasing wastewater effluent directly into receiving
river water bodies and/or through drainage systems.
The content of heavy metals in the Upper Citarum
watershed will also affect the quality of groundwater.
The interaction between river water and groundwater
can occur with groundwater filling river water (gaining
stream) through streambed and/or river water filling
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groundwater (losing stream) through streambed and
saturation zone (Safeeq and Fares, 2016), so rivers can
be the main source of groundwater recharge (Gao et
al., 2022). Air pollution can occur due to exhaust gas
emissions from industries in the form of particulates
in air containing heavy metals and can experience
deposition in soil/groundwater (Jarsjo et al., 2020;
Adnan et al., 2022; Masum and Pal, 2020; Karbassi et
al., 2015). Air pollution in the industrial environment
can affect people living within the vicinity through
the absorption of heavy metals into the human body
(Manisalidis et al., 2020; Zhao et al., 2022). About
55.86% of the population in Bandung Regency still use
groundwater (shallow well water and pumping wells)
as a source of clean water; the use of groundwater
containing heavy metals in daily life has negative
impacts. Groundwater is used by the community
for sanitation and hygiene, and some people still
use it for drinking and other consumption purposes.
Communities also use other sources of water for
drinking, and the quality of water is unknown. Heavy
metal contaminants in groundwater can be a source of
danger to the surrounding community. Heavy metals
in environmental media are very dangerous because
they are toxic, persistent in the environment, and
bioaccumulative, so they pose a potential threat to
public health (Ali et al., 2019; Fahimah et al., 2020;
Mitra et al., 2022). Heavy metal exposure pathways
from groundwater to the community can occur through
ingestion (oral, usually from exposure to the food chain)
and dermal absorption (usually from the use of water)
(Olawoyin, 2018; Briffa et al., 2020). Heavy metals are
cytotoxic, hepatotoxic, nephrotoxic, neurotoxic, and
carcinogenic (Anyanwu et al, 2018). Heavy metals
contribute to many cases of noncommunicable disease
(NCDs), including neurobehavioral disorders (lead,
mercury), cardiovascular diseases (lead, cadmium),
kidney diseases (lead, cadmium), and some cancers
(arsenic, chromium) (Nordberg et al., 2015). Heavy
metals can also affect the formation of clefts in the
lips and palate (Pi et al., 2018; Takeuchi et al., 2022).
The incidence of cleft lip and palate is caused by 22%
genetic factors and 78% environmental factors (Loho,
2013). Evidence indicates the association between
maternal and paternal exposure to environmental
pollutants and the risk of cleft palate in offspring
(Hao et al., 2015). According to Martin and Griswold
(2009), chronic lead exposure can cause autism,
kidney damage, brain damage, birth defects, and



even death. Several researchers have also found
a relationship between stunting and an increase
in heavy metals in the body (Gardner et al., 2013;
Gleason et al., 2017). The Upper Citarum watershed
has 10 heavy metals, namely, lead (Pb), cobalt (Co),
chromium (Cr), iron (Fe), manganese (Mn), cadmium
(Cd), copper (Cu), zinc (Zn), mercury (Hg), and arsenic
(As) (Sukarjo et al., 2021; Sumantri and Rahmani,
2020; Utami, 2009; Fadhilah et al., 2018; BRES, 2018;
Komarawidjaja, 2017; Septiono and Roosmini, 2015;
Budiman et al., 2012; Salam et al., 2019). Despite
the presence of various heavy metals in the Upper
Ciltarum Watershed, only few reports are available
regarding the determination of which heavy metals
have the potential to pose a health risk (Septiono
and Roosmini, 2015; Thufailah, 2020; Tamang et al.,
2020). Bandung Regency Health Profile Data show
that the incidence of several types of NCDs increased
from 2015 to 2020. Therefore, scholars should study
the concentrations of various types of heavy metals
in groundwater and determine the chemicals of
potential concern (COPC). Analysis of heavy metals
is conducted in groundwater prior to its use for
sanitation and hygiene; analysis of other water sources
is also important to assess the potential cumulative
risk that society accepts and other water sources still
indicate local pollution. This study is a preliminary
work prior to comprehensive examination through
epidemiological studies of heavy metals. Results can
be used by other researchers who are interested in
environmental epidemiology issues that have not
been carried out in this study area. In this context,
this study aims to determine the concentration and
distribution of Pb, Co, Cr, Fe, Mn, Cd, Cu, Zn, Hg,
and As in groundwater and other water sources (for
people who do not use groundwater for drinking);
compare concentration data with the quality of water
used for sanitary hygiene and consumption; and
determine heavy metals that have high risks to public
health (or referred to as COPCs) in adults and children.
COPCs were determined based on two exposure
pathways, i.e., oral and dermal absorption. The study
was conducted in seven sub-districts located in the
Upper Citarum River Watershed, Bandung Regency in
Indonesia, in 2022.

Site description and sampling
The research was conducted in the Upper Citarum

Watershed, Bandung Regency, precisely in seven sub-
districts, namely, Pangalengan, Rancaekek, Ciparay,
Pacet, Baleendah, Majalaya, and Soreang. The
number of sampling points in seven sub-districts is
160 points spread over 24 points in Ciparay, 27 points
in Majalaya, 25 points in Rancaekek, 24 points in
Baleendah, 22 points in Soreang, 20 points in Pacet,
and 18 points in Pangalengan. The number of samples
is not evenly distributed in several sub-districts due
to lack of people who use groundwater for daily life
in areas with high topography, such as Pacet and
Pangalengan Sub-districts, and people are more likely
to use mountain springs. From 160 sampling points,
160 groundwater samples were collected at all points
and 98 other water sources for consumption were
also taken from respondents who use water sources
other than groundwater for consumption. The study
area covers seven sub-districts located at 6°57° 30”
S-7° 17’ 30” S; 107° 30’ 30” E-170° 50’ 0” E (Fig. 1).
Overall, the study area is 47,119.98 Ha. Pangalengan
has an area of 19,540.93 Ha (41.47% of the total area
of the study area), Pacet is 9,193,965 Ha (19.51%),
Ciparay is 4,617.57 Ha (9.80%), Rancaekek is 4,524.83
Ha (9.60%), Baleendah is 4,155.54 Ha (8.82%),
Soreang is 2,550,679 Ha (5.41%), and Majalaya is
2,536.46 Ha (5.38%).

From 22 March 2022 to 10 April 2022, 160
groundwater samples and 98 consumption water
samples (taken from respondents who use water
sources other than groundwater for consumption)
were collected in the study area. The latitude and
longitude at each sampling site were recorded.
The study was conducted during the dry season
by considering the higher concentrations of heavy
metals due to the dilution of rainwater. High
rainfall can cause the dilution of heavy metals in
groundwater (Long et al., 2021; Aithani et al., 2020),
leading to higher heavy metal concentrations in
the dry season than in the rainy season. Written
surveys and sampling of groundwater and drinking
water were carried out simultaneously in seven sub-
districts. The survey forms were distributed at the
sampling locations, precisely at 160 sampling points
to ask questions related to water source use and its
designation. Each respondent signed an informed
consent form after receiving a thorough explanation
of the survey. The percentages of respondents who
use dug wells as water for sanitation and hygiene
(SH) in Ciparay, Majalaya, Rancaekek, Soreang, Pacet,

767



e E
a® W e
e v
L
S
_If. |II
il i’-“\ -‘_\ A R
} ° [ \ - == BANDUNG W ? S
HJ q \ iw B . REGENEY L G
Y ) 8 ® - Yo? 1:600,000
3 il )  BANDUNG . @ L N { A
5RO '\ REGENCY peery Sl B o 30 km
\vg 3 £ ! L N N
,'" ini " P ‘- % \.-') |
/ .y \ { { A N
[ 1 i ] il ™ [ \ I], I
1 L{ ‘?‘\ "-__-'f/ a9 \ : -}AM“‘l T
E s : ) b ~J 7 ) \
; L . '.fgf ) y, P Vllj,l;f-.}'_
\\\\ = :./ ‘I'» .:;- _\* i et ih"'_
| ® Lo . [ e }_;’ Legend -,w;?;?___* "
L. e * e * ) g @  Samgiing Points \.J.
_:'} L] > [ -I Fiver 4 3 rT?‘\‘:"J‘
{ L] BANDUNG | Bustnct Baundary ] e
. /' REGENCY ] Balcendsh Sub-district 1:2.500.000 ~f !
. | [ | ipaeoy Sub-istrct - =
.‘ i ] INDONESIA COUNTRY '
4"1_ L \\ o : B [ | Pacet Sub-dhsind
g { J ] Pangaiengan Sub-district
N\ | [ rancaekek Sub-gstict
g 1‘“’“-\_\ | i ‘il : [ sorcong Sub-distnct .
“| 1:150,000 d Lo 28 N @ 15 20 '
’ e — km 1:45.000.000

Fig. 1: Geographic location of the research area and distribution of sampling points in the Upper Citarum Watershed, Bandung Regency in
Indonesia

and Pangalengan are 70.83%, 77.78%, 64%, 59.09,
60%, and 100% of the respondents, respectively. In
Baleendah, the majority of respondents (56%) used
bore wells for SH. People rarely use pump wells to
meet their water needs for SH and they were only
found in Ciparay (8.33%) and Baleendah (16%). The
type of groundwater used by the respondent will
affect the quality of water; for example, bore well
water has better water quality than water from dug
wells (Alina and Oshunrinade, 2016; Lestari et al.,
2021). Respondents who use groundwater for SH do
not necessarily use it for consumption. In addition to
groundwater, other sources of water for consumption
include refilled water, spring water, and rainwater.
Most respondents in Ciparay, Majalaya, Rancaekek,
Baleendah, and Soreang use refilled water for
consumption, with sequential percentages of 50%,
66.67%, 80%, 88%, and 50%, respectively. Some
respondents use groundwater for consumption, that
is, 50% in Ciparay Sub-district, 22.22% in Majalaya,
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12% in Rancaekek, 12% in Baleendah, and 40.91% in
Soreang. In Pacet and Pangalengan, most respondents
still use groundwater for consumption (80% and
76.47%, respectively). In addition, some respondents
use spring water for consumption, that is, as much
as 3.70% in Majalaya. Meanwhile, about 4% of the
respondents in District of Rancaekek use rainwater
for consumption.

Water sampling and preservation

Groundwater sampling is conducted by taking
a momentary sample (grab sample) following the
Indonesian National Standard Index (SNI) 6989.58:
2008 concerning Groundwater Sampling Methods.
Groundwater sampling is also carried out by SNI
(2008) concerning Groundwater Sampling Methods,
where a bailer is used to collect groundwater. For
deep well water (from drilled wells), sample is
collected by opening the well water faucet and
flowing it for 1-2 minutes and is placed in a container.



Groundwater samples are collected in 250 mL high-
density polyethylene (HDPE) bottles, which are rinsed
with the sampled water in advance. Refilled water
(gallon water) is sampled by rinsing first the HDPE
bottle with sample water and then filling it with the
sample 1 to 2 inches from the top (USEPA, 2016). The
sampling location is recorded using global positioning
system (GPS). Water samples are preserved by
adding 6-7 drops of nitric acid (HNO,) to pH < 2 and
placed in a cool box at 4 °C (Standard Method for the
Examination for Water and Wastewater 22" Edition,
2012). Water samples are stored not exceeding the
maximum storage time of 6 months for heavy metal
analysis (SNI, 2018).

Heavy metal concentration analysis in the laboratory
Sample is prepared at the Laboratory of Industrial
Hygiene and Toxicology, Institute Technology
Bandung, Indonesia. Sample (digest with HNO,) is
prepared by transferring 100 mL of homogenized
water with preservative into a beaker, adding 3 mL
of sensitive HNO,, and covering it with a beaker
glass. The beaker is heated, evaporated to less than
5 mL, and then cooled. The walls of the beaker and
beaker glass are rinsed with distilled water, added
with 5 mL of concentrated HNO,, and reheated to
boiling. Heating is carried out until NO, gas is formed
(generally indicated by a color change to brownish
yellow followed by the reflux process). After cooling,
the sample is added with 10 mL of 1:1 HCL and 15 mL
of distilled water, reheated for 15 minutes, and cooled
again. Beaker glasses are washed again with distilled
water and filtered. The filtrate is transferred to a 100
mL volumetric flask (SNI, 2018). The concentration of
heavy metals is measured by ICP-OES at the Central
Laboratory, Directorate of Research and Community
Service, Padjadjaran University, Bandung City, West
Java, Indonesia. Prior to measurement, a calibration
blank solution and a calibration curve are prepared.

COPC analysis

COPCs are substances that are potentially
hazardous to human health. The COPCs identified will
be used for further evaluation in the risk assessment
process. COPCs are selected from the chemical of
interest (COI) by using the following general approach
(Woodward-Clyde, 1998; MDEP, 2021).

§ If the concentration of heavy metals exceeds
the applicable screening level (SL) or risk-based

concentration (RBC), then these heavy metals are
considered as COPCs.

§ If the concentration of heavy metals is less than
the applicable SL or RBC, then these heavy metals are
not considered as COPCs.

RBC or SLis a risk-based concentration (benchmark)
from a standard equation that combines the
assumptions of exposure information with toxicity
data. This RBC equation is adopted from the EPA
Superfund Program Risk Assessment Guide from
USEPA (2022b). RBC is a useful protector for humans
(including sensitive groups). RBCs can help identify
areas, types of contaminants, and conditions that
require further attention. In this study, the calculated
RBC is the RBC on tap water—residents. These
receptors are exposed to chemicals in water that
is delivered to the residence from sources such as
groundwater or surface water. Swallowing drinking
water is the proper pathway for all chemicals.
Inhalation exposure pathway is considered for volatile
compounds but is not considered in the present study.
Activities such as bathing and washing contribute to
dermal absorption. RBC will be calculated for cancer
effects and non-cancer effects and on the pathway
of exposure through ingestion (oral) and skin contact
(dermal). The equation used is a special equation for
inorganic compounds (not organic) because the 10
heavy metals analyzed (As, Cd, Co, Cr, Cu, Fe, Hg, Mn,
Pb, and Zn) are inorganic compounds. The equations
used to calculate RBC are as follows:

A. Non-cancer effects
a. Oral (Ingestion) pathway, using Eq. 1 (USEPA,
2022b).

THQx AT x BW
(RBC,) e =7 (1)
{ JxEFxEDx]RW

o

b. Dermal absorption pathway, using Eq. 2 (USEPA,
2022b).

DA,
( RB Cdermal ) NC = ]{pTE"T ( 2 )

Where it is used as Eq. 3 (USEPA, 2022b).

THOx AT x BW

DAwen =
event 1 (3)
—— |xEFxEDxEV x84
RfD,xGIABS
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c. Non-cancer effects RBC, using Eq. 4 (USEPA,

2022b).

RBCy =——

1 @)

+
(RBCm‘aI )Nc (

B. Cancer effects
a. Oral (Ingestion)
2022b).

(RBC,,;).

b. Dermal absorptio
2022b).

_TRxATxLT
CSF, xIFW

RBC

dermal ) Ne

pathway, using Eq. 5 (USEPA,

(5)

n pathway, using Eq. 6 (USEPA,

(RBC,,,, ), =2 o
KpxET
Where, it is used as Eq. 7 (USEPA, 2022b).
DA, , = oo X i
"o |\xDFW
(GUABS)

c. Cancer effects RBC, it is used as Eq. 8 (USEPA,

RBC, = !
1 N 1 (8)
(RBCoral )[ (RBCdermaI )c
C. RBC Total, it is used as Eq. 9 (USEPA, 2022b).
RBC=RBC, +RBC (9)

The information or assumptions used for the
analysis and the default values used in the above
equation are sourced from the USEPA (User’s
Guide — Risk Assessment - Regional Screening
Levels) and USEPA (IRIS — Integrated Risk
Information System — IRIS Assessments). Table 1
shows information related to the default values
used to calculate RBC non-cancer and cancer
effects. Table 2 shows the RfD, Kp, GIABS, and CSF
values of each heavy metal.

Based on the results of a review from the USEPA
(IRIS — Integrated Risk Information System — IRIS
Assessments), the types of heavy metals that are
carcinogenic are As, Cd, Cr, and Pb, while Cu, Hg, Mn,
and Zn are not carcinogenic. Information on the types
of heavy metals such as Co and Fe is not available in
the USEPA (IRIS Assessments).

2022b).
Table 1: Default values used to calculate RBC USEPA (2022c)
Symbol Information Unit Adult Child
Non-cancer effects

THQ Target hazard quotient Unitless 1 1
BW Body weight kg 80 15

AT Averaging time (365 days/y*ED) days 9490 2190

IR Ingestion rate L/day 2.5 0.78

ET Exposure time hours/event 0.71 0.54

EF Exposure frequency days/y 350 350
ED Exposure duration - resident years 26 6
EV Resident events event/day 1 1

SA Resident surface area water - adult cm? 19652 6365

Cancer effects

TR Target Risk Unitless 1x10° *
ET Resident water exposure time hours/event 0.71 *
DFW Resident water dermal contact factor cm?event/kg 2610650 *
LT Lifetime years 70 *
IFW Resident drinking water ingestion rate L/kg 327.95 *
AT Averaging time days/y 365 *
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Table 2: RfD, Kp, GIABS and CSF values of each heavy metal

:::;’IVS RfD RfD Source Volatile  Chemicaltype  Kp(cm/h)  GIABS CSF oral CSF source
As 0.0003 IRIS No Inorganics 0.001 1 1.5 EPAIRIS
cd 0.0005 IRIS No Inorganics 0.001 0.05 15 CAL EPA?
Co 0.0003 PPRTV No Inorganics 0.0004 1 * *

Cr 0.003 IRIS No Inorganics 0.001 0.013 0.5 CAL EPA?
Cu 0.04 HEAST No Inorganics 0.001 1 * *

Fe 0.7 PPRTV No Inorganics 0.001 1 * *

Hg 0.00016 Cal EPA! Yes Inorganics 0.001 1 * *

Mn 0.14 IRIS No Inorganics 0.001 0.04 * *

Pb 00014 N a”goczuzmmms' No Inorganics 0.0001 1 0.0085 Cal/OEHHA
Zn 0.3 IRIS No Inorganics 0.0006 1 * *

RfD = Reference dose (mg/kg-day); Kp = Dermal Permeability Constant (cm/h); GIABS = Fraction of Contaminant Absorbed in Gastrointestinal Tract (unitless); CSF =
Cancer Slope Factor (mg/kg-day); CAL EPA! = The California Environmental Protection Agency Office of Environmental Health Hazard Assessment; CAL EPA? = California
Environmental Protection Agency, U.S in Zeng et al., 2015; Cal/OEHHA = California Office of Environmental Health Hazard Assessment in Parker et al., 2022; PPRTV =
Provisional peer reviewed toxicity values; IRIS = Integrated risk information system; HEAST = The EPA superfund program's health effects assessment summary table

Spatial distributions

Heavy metal concentrations are visualized into a
spatial distribution map. Interpolation is a process
where the value of an attribute in a non-sampled
area is predicted using data that can be accessed
from another sampling area. Inverse distance
weighted (IDW) is the interpolation method used to
visualize heavy metal concentrations and evaluate
water quality. Interpolation considers the geographic
location of the sample points. IDW is an optimal
interpolation model used to assess the spatial
distribution pattern of heavy metal concentrations
in the study area (Saha et al., 2022). This IDW
interpolation technique assumes that variables that
are close to each other are more similar than those
that are far apart. This technique analyzes the values
obtained around the predicted point to estimate the
value for each unobserved point. Measured values
closer to the predicted location have a greater impact
on projected values than those further away (Saha et
al., 2022). Eq. 10 is used in this interpretation (Bhunia
etal., 2018).

n Z‘
Zil[d‘ﬂ j
a1
Zz:ldj

where z is the estimated value at the interpolation
point, z;is the measured value at point j, n is the total

Z= (10)

number of measured values used in the interpolation,
d.is the distance between the interpolated value and
the measured value z, and p represents the weighting
power that determines how the weight is reduced by
increasing the distance.

Statistical analysis

Data are statistically analyzed using the statistical
package for the social sciences (SPSS) version
26.0 with correlation analysis to investigate the
possibility of a positive or negative relationship
between heavy metal concentrations in groundwater.
Significance is set at p<0.05. Kruskal-Wallis test is
used to analyze significant differences in heavy metal
concentrations in areas with different topographies,
namely, high topography (Pacet and Pangalengan)
and low topography (Majalaya, Rancaekek, Ciparay,
Baleendah, and Soreang). The test is used for data
that are not normally distributed (non-parametric
test) and continued with a follow-up test to
determine the location of the difference in heavy
metal concentrations. Differences were considered
significant at p<0.05.

Heavy metal concentration and spatial distribution
map
For sanitation and hygiene (SH)

Table S3 shows the statistical characteristics of the
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Heavy metals in upper watershed

Table 3: Matrix that presents the order of the average concentration of heavy metals in sanitation and hygiene water from highest to lowest

Sub-districts As* cd Co*

Ciparay
Majalaya
Rancaekek
Baleendah
Soreang
Pacet
Pangelangan

"The concentration complies the water quality standard “Regulation of the Health Minister of the Republic of Indonesia No. 32 of 2017” at 100% samples.

Cr*

Cu* Fe Mn Pb Zn*

Hg

**The concentration complies water quality standard Environmental Working Group - EWG (2021) at 100% samples.

1 2 3 4 5 6 7

50

(]

=]

B 40
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337';20
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B 10

) Ik
0

As Cd Co Cr

OCiparay HEMajalaya

Cu

ORancakekek MBaleendah BSoreang O Pacet

= Order from highest to lowest concentration

Average concentration of heavy metals (HMs) < Quality standard and all samples < Quality Standard.
Average concentration of HMs < Quality standard and some samples > Quality Standard

Average concentration of HMs > Quality standard and some samples > Quality Standard

Fe Hg Mn Pb Zn

EPangalengan

Fig. 2: Percentage of the number of samples whose concentration of heavy metals exceeds the sanitation and hygiene water quality standard
in seven sub-districts

analyzed heavy metal concentrations in groundwater
used for SH activities. In terms of the minimum and
maximum concentration values of the 10 heavy
metals, all of them were detected in groundwater
samples used for SH; hence, As, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Pb, and Zn are COI in this study. In detail, the
order of the average concentration of heavy metals
from the highest to the lowest is presented in Table
3 and Fig. 3.

Table 3 shows that in 100% of the SH water samples
analyzed, the contents of As, Co, Cr, Cu, and Zn still
meets the water quality standards for sanitation
hygiene based on the Regulation of the Minister of
Health of the Republic of Indonesia No. 32 of 2017,
although the average concentration has been sorted
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from the highest to the lowest. In contrast to Cd, Fe,
Hg, Mn, and Pb, some of the samples do not meet the
water quality standards for SH. The highest average
concentration (+SD, in mg/L; Table S3) of Cd was
found in Rancaekek (0.0015+0.0025), Fe in Majalaya
(1.7465%3.1291), Hg in Baleendah (0.0135 +0.0571),
Mn in Pacet (1.2254+3.3744), and Pb in Rancaekek
(0.0291+0.0506). Fig. 2 shows the percentage of
samples whose heavy metal concentrations exceed
the SH water quality standard. The heavy metals of
concern in groundwater for SH purposes are Cd, Fe,
Hg, Mn, Pb and Zn. The level of Cd exceeds the quality
standard in five sub-districts, namely, Soreang (9% of
groundwater samples exceeds the quality standard)
> Rancaekek (8%) Baleendah (8%) > Majalaya
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Fig. 3: Spatial distribution map of 10 heavy metals in sanitation and hygiene water

(7%) Pacet (5%); Fe in seven sub-districts, namely,
Majalaya (41%) > Rancaekek (32%) > Ciparay (25%)
> Soreang (23%) > Baleendah (21%) > Pangalengan
(6%) and Pacet (5%); Hg in four sub-districts, namely,
Baleendah (17%) > Pangalengan (11%) > Soreang (9%)
> Ciparay (8%); Mn in seven sub-districts, namely,
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Pangalengan (39%) > Rancaekek (24%) > Ciparay (17%)
> Soreang (14%) > Baleendah (13%) > Majalaya (11%)
> Pacet (10%); and Pb in six sub-districts, namely,
Rancaekek (20%) > Soreang (14%) > Pacet (10%) >
Majalaya (7%) > Pangalengan (6%) > Baleendah (4%).
In particular, although the average concentration of



Mn is the highest in Pacet, the highest percentage of
groundwater samples exceeding the quality standard
was found in Pangalengan. This finding could be due
to the distribution of high Mn concentrations (marked
in red in Fig. 3) in Pacet.

Table 3 and Fig. 2 show that Rancaekek, Majalaya,
and Soreang sub-districts need attention because
of their simular patter their higher average
concentrations of Pb and Cd than the other sub-
districts. They also have the same pattern (Fig. 3):

1. Rancaekek has the highest average
concentrations of Pb and Cd in groundwater; about
20% of groundwater samples exceeded the Pb quality
standard and 8% exceeded the Cd quality standard.

2. Majalaya has the second highest average
concentrations of Pb and Cd in groundwater; 7%
of groundwater samples exceeded the Pb quality
standard and 7% exceeded the Cd quality standard.

3. Soreang has the third highest average
concentrations of Pb and Cd in groundwater; 14%
of groundwater samples exceeded the Pb quality
standard and 9% exceeded the Cd quality standard.

Pb and Cd were found to have a significant positive
correlation (Table 7; p<0.05; r=0.575). Pb and Cd in
the three sub-districts may have originated from
anthropogenic sources. Based on Table S2, these
sub-districts have high distributions of the textile
industry. The release of large amounts of wastewater
containing heavy metals, such as Pb and Cd, is
unavoidable from the textile industry because their
raw materials are mixed with fibers during the dyeing
process (Velusamy et al.,, 2021). Another possible
source of Pb and Cd in groundwater is river water. The
distribution pattern of high Pb and Cd concentrations
is located in the area adjacent to the river (Fig. 3
and Fig. S1). Heavy metal pollution in rivers may
enter the groundwater system through infiltration
and percolation. The West Java government has
implemented the Citarum Harum Program as an
effort to improve water quality in the Citarum
River and its surroundings. This program has been
regulated through Presidential Regulation Number
15 of 2018 concerning the Acceleration of Pollution
Control and Damage to the Citarum River Basin.
The program includes handling industrial waste,
livestock waste, domestic waste, law enforcement,
and others. The program succeeds in improving the
water quality of the Citarum River, from moderately
polluted in 2019 to slightly polluted in 2020 (JOD,
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2020). However, heavy metals are non-degradable
and persistent in the environment (Ali et al., 2019;
Jeyakumar et al., 2023) and are difficult to clean
completely in the environment; this phenomenon
may be one of the reasons for the discovery of
heavy metals in the present study. In addition, the
presence of Hg in Baleendah, Pangalengan, Soreang,
and Ciparay needs attention; in particular, Baleendah
has the highest average concentration of Hg (Fig.
3), with 17% of groundwater samples exceeding
the quality standard (Fig. 2); Hg in Pangalengan has
the second highest average concentration, with
11% of groundwater samples exceeding the quality
standard; Hg in Soreang has the third highest average
concentration, with 9% of groundwater samples
exceeding the quality standard; and Hg in Ciparay
has the fourth highest average concentration, with
8% of groundwater samples exceeding the quality
standard. The high concentrations of Hg in these
sub-districts can be sourced from natural and
anthropogenic sources. Naturally, Hg originates from
volcanoes, geothermal springs, geological deposits,
and oceans (USGS, 2019; Karbassi and Heidari, 2015).
Given that Hg in the sub-district exceeds the water
quality standard, it possibly originates from human
activities (anthropogenic). Hg is thought to have
come from illegal small-scale gold mining or from
burning coal. Globally, artisanal and small-scale gold
mining (ASGM) is the largest source of anthropogenic
mercury emissions (37.7%), followed by stationary
burning of coal (21%) (USEPA, 2022a). Based on Fig.
2 and Table 3, Fe in groundwater also shows a certain
pattern from the seven sub-districts studied; it has a
high average concentration from order 1 to sequence
4 in Majalaya, Ciparay, Rancaekek, and Baleendah
(areas with low topography) and a low mean
concentration from order 5 to 7 in Soreang, Pacet, and
Pangalengan (high topography) (the concentration
distribution pattern can be seen in Fig. 3). Based on
the results of the statistical analysis in Table 8, Fe
significantly differed among different topographical
areas (p<0.05). The number of groundwater samples
that exceed the quality standard is higher in Majalaya
(41%), Ciparay (25%), Rancaekek (32%), Baleendah
(21%). and Soreang (23%) than in Pacet (5%) and
Pangalengan (6%). In contrast to Fe, Mn has high
average concentrations from order 1 (highest) to
3 (Table 3) in Pacet, Soreang, and Pangalengan
(high topography) and low average concentrations



(orders 4 to 7) in Ciparay, Rancaekek, Majalaya, and
Baleendah (low topography); however, the difference
in the concentrations is not significant (p>0.05; Table
8). When viewed from the percentage of samples
that exceeded the groundwater quality standard
for SH purposes (Fig. 2), the result has no pattern
that can inform factors that influence or the source
of Mn in groundwater. Fe and Mn in groundwater
have a significant positive correlation (see Table
7, p<0.05; r=0.498), indicating that they may have
originated from the same source (natural source) and
influenced by topography, soil properties/types, and/
or rock formations. The high average concentration
of Fe in the present study (especially in Majalaya,
Ciparay, Rancaekek, and Baleendah) is thought to
be more influenced by topographic factors and soil
properties/types. These sub-districts are areas with
low topography (Fig. S2) and low slope (Fig. S3) and
are dominated by alluvial soil types (soil derived
from sediment processes or textured sediments
such as clay) (Fig. S4). Meanwhile, Soreang, Pacet,
and Pangalengan are located in a high topographic
area; the latter two are dominated by andosol soil
types (soil originating from volcanic activity), and
the former is dominated by latosol soils (soil formed
from weathering with high intensity and overgrown
by trees). Fe in groundwater may increase with
decreasingaltitude, indicating that the concentration
of Fe is high in areas with low topography. In areas
with high topography, the residence time of Fe is
relatively lower because dissolved Fe will migrate
to areas with lower topography. By contrast, the
concentrations of Fe and Mn are higher in areas
with low topography because they have a longer
residence time in groundwater (Zhai et al., 2021).

The main mineral in clay is layered aluminosilicate
containing Fe. Clay soil contains fine particles
and small pores between particles so it is easy to
become a reducing environment that is conducive
to the reductive dissolution of solid Fe (Zhai et al.,
2021). The average concentration of Mn is higher in
Pacet, Soreang, and Pangalengan than in Majalaya,
Ciparay, Rancakekek, and Baleendah. This finding is
thought to be influenced by rock formations found
in the area. The Mn content is high in limestone
or limestone formations (Force and Cox, 1916).
Pacet, Soreang, and Pangalengan sub-districts
are areas dominated by Plio-Plistocene volcanic
rock formations (Fig. S5). Volcanic rock products
deposited during the Plio-Plistocene period can be
in the form of breccia rocks (MEMR, 2014), which
are composed of limestone. Geological factors
contribute to the composition of groundwater
through the influence of water—rock interactions in
aquifer, where Mn in rocks can be released into the
aquifer at pH 4-7, namely, the decoupling of Mn (1V)
in an insoluble form in rock to Mn (ll) dissolved form
in aquifers (Kousa et al., 2021).

For drinking water or consumption water

Table S4 shows the statistical analysis of the
concentrations of heavy metals in drinking water.
In detail, the order of the average concentration
of heavy metals from the highest to the lowest is
presented in Table 4 and Fig. 5.

Table 4 shows that 100% of the consumption water
samples analyzed for Cr, Cu, and Zn content still meet
the drinking water quality standards in accordance
with the Regulation of the Minister of Health of the
Republic of Indonesia No. 492 of 2010, although the
average concentrations are sorted from the highest

Table 4: Matrix that presents the order of the average concentration of heavy metals in drinking water from highest to lowest

Sub-districts As Cd Co Cr Cu* Fe Hg Mn Pb Zn*

Ciparay 1 3 4 1 3 1 5 3 4 5
Majalaya 7 5 6 5 5 7 7 6 5 6
Rancaekek 5 1 2 2 4 3 1 4 1 4
Baleendah 4 7 7 7 6 6 3 7 7 1
Soreang 3 6 1 6 7 5 2 5 3 2
Pacet 2 2 3 4 2 2 6 1 2 7
Pangelangan 6 4 5 3 1 4 4 2 6 3

*The concentration complies the water quality standard Regulation of the Health Minister of Indonesia No. 492/2010 at 100% samples
The quality standard for heavy metal concentrations referes to Regulation of the Health Minister of Indonesia No. 492/2010, except for Co which refers to the Agency

for Toxic Substances and Disease Registry — ATSDR (2004).

1 2 3 4 5 6 7

= Order form highest to lowest concentration

Average concentration of heavy metals (HMs) < Quality standard and all samples < Quality standard
Average concentration of HMs < Quality standard and some samples > Quality standard
Average concentration of HMs > Quality standard and some samples > Quality standard
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Fig. 4: Percentage of the number of samples whose heavy metal concentrations exceed the consumption water quality standard in seven
sub-districts

Table 5: Percentage of total consumption water sample that exceed the quality standard for groundwater and from refill water/spring/

rainwater
Heavy Type of water Ciparay Majalaya* Rancakekek** Baleendah Soreang Pacet Pangalengan
Metals consumption
e Well water [i818 [10.00 Bo.00 2727 [oo.00  |50.00
Refill water, etc 58133 | 82 " |90.00 - [70.00 | 7273 0.00 Bo.oo |
cd Well water 0.00 0.00 0.00 0.00 0.00 100.00  0.00
Refill water, etc 100.00 0.00 100.00 0.00 0.00 0.00 0.00
o Well water 75.00 0.00 0.00 50.00 100.00 100.00  100.00
Refill water, etc  25.00 100.00 100.00 50.00 0.00 0.00 0.00
o Wellwater  ESBSTT | {6000 |ESss BT Bod  EESc EEST
Refill water, etc [16l67 0.00 0.00 )00  0.00 0.00
He Well water le6.67 0.00 0.00 25.00 [i6.67 0.00 [100.00
Refill water, etc  [33.33 0.00 [100.00 75.00 8333 0.00 0.00
vy Wellwater  EBIBOC | 0.00 [ fGoco |HGoo0 @G0
Refill water, etc 8100 | 0.00 0.00 0.00 0.00 0.00 0.00
by Well water Bo.oo 0.00 111 B5.00 Bsss  [{B0oo0 [B33s3
Refill water, etc -) - - _ '7 0.00 -

to the lowest. The levels of As, Cd, Co, Fe, Hg, Mn, and
Pb do not meet the drinking water quality standards
in few samples, similar to previous reports (Abeer et
al., 2020; Hossain et al., 2023; Rahman et al., 2023).
As and Co do not exceed the quality standard for
SH purposes (Table 3, Fig. 2) but exceed that of the
quality standard for drinking water; this finding is due
to the fact that the quality standard for drinking water
is stricter than for SH purposes. The highest average
concentrations (£SD, in mg/L; Table S4) of As were
found in Ciparay (0.0129+0.0108), Cd in Rancaekek
(0.00174£0.0047), Co in Soreang (0.0018+0.0041),
Fe in Ciparay (0.5528+1.5324), Hg in Rancaekek
(0.023240.1016), Mn in Pacet (1.2254+3.3744),
and Pb in Rancaekek (0.0171+0.0316) (details
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In Majalaya, 1 sample of drinking water from springs did not detect various types of heavy metals
In Rancaekek, 1 sample of drinking water from rainwater detected As and Pb with concentrations exceeding the quality standard.

regarding the spread of high concentrations in Fig.
5). The percentage of samples whose heavy metal
concentrations exceed the quality standards for
consumption water is presented in Fig. 4.

Among the seven heavy metals that were found
to be above the quality standards, As and Pb were
detected in the largest number of samples and
exceeded the quality standards for drinking water,
with average values of 45% and 27%, respectively (Fig.
4). Other types of heavy metals are sorted as follows:
Co (13%) > Mn (11.7%) > Fe (11.52%) > Hg (10.57%)
> Cd (3.17%). Based on Table 5, As in drinking water
is more dominant, with concentrations exceeding the
quality standards in water other than groundwater
(refill water or rainwater) (90% in Rancaekek >



81.82% in Majalaya > 72.723 in Soreang > 70% in
Baleendah >58.33% in Ciparay > 50% in Pangalengan),
compared with groundwater (100% in Pacet > 50% in
Pangalengan >41.67% in Ciparay > 30% in Baleendah
> 27.27% in Soreang > 18.18 % in Majalaya > 10% in
Rancaekek). Pb with concentrations that exceed the
quality standard is more dominant in drinking water
from water sources other than groundwater (Table
5). In refill water, the heavy metals detected may
be related to the raw water source used at the Refill
Drinking Water Depot (DAMIU); the technology used
cannot remove heavy metals, and its maintenance
process is not optimal. According to Hasanawi and
Salami (2022), ultrafiltration (UF) is the processing
technology generally used by DAMIU in Bandung
Regency as reported by 83% of the respondents, and
ozonation is used by 17% of the respondents. The UF
process can effectively remove microorganisms and
other pathogenic bacteria (Pei and Duo, 2022) and
colloidal particles (Nguyen, 2014) but cannot remove
heavy metals in certain speciation forms, such as
dissolved charged ions (Bernat et al., 2007). Hence,
UF can remove heavy metals in particulate form
(adsorbed on particulates) but cannot remove those
indissolved forms because UF does not have a charged
membrane on the surface and its pore size is too
large (Nguyen, 2014). In drinking water sourced from
groundwater, the sources of heavy metals have been
described previously, except for As and Co. The source
of arsenic in groundwater is thought to be of natural
origin. As shown in Table 7, As and Fe are positively
and significantly correlated in the Spearman test, but
the correlation is very weak (p<0.05; r=0.162). As can
bind to Fe(lll)-oxyhydroxides or Fe oxides in soils.
The reductive dissolution of Fe(lll)-oxyhydroxides or
iron oxides is the main geochemical mechanism of
the release of soil As into groundwater (Maity et al.,
2011). Arsenopyrite (FeAsS) is the most abundant
mineral that contains As and is generally found in the
environment and in various rock-forming minerals,
such as sulfides, oxides, phosphates, carbonates, and
silicates (Smedley and Kinniburgh, 2002). Given the
weak correlation between As and Fe, other sources
of As in groundwater may exist, such as from textile
industry (Singha et al., 2021), use of pesticides in
agriculture (Hooda, 2010; DHSS, 2013; Kayode et al.,
2020), use of fertilizers in agriculture (Jayasumana et
al., 2015), and coal-fired power plants (DHSS, 2013).
Furthermore, the source of Co in groundwater is
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difficult to discuss because the results of the Spearman
correlation were not significant compared with those
of the other heavy metals (p>0.05 in Table 7). The
results of the Kruskal Wallis analysis did not show any
significant differences based on topography (p>0.05
in Table 8), but try to explain based on the dominant
land use. Table 3 shows the average concentration
of Co in seven sub-districts, where the highest
average concentration was found in Pangalengan,
Soreang, and Pacet (dominant in areas with a high
percentage of agriculture; Table S1) and the lowest
concentration was detected in Rancakekek, Ciparay,
Majalaya, and Baleendah (predominant in areas with
a low percentage of agriculture; Table S1). Thus, Co is
thought to originate from agricultural activities, such
as from the use of fertilizers. Co is also an essential
micronutrient for plant growth (Hu et al., 2021). One
of the fertilizers sold freely in Indonesia contains 0.27
ppm Co. However, the type of fertilizer used in the
study area remains unknown. Rainwater is another
source of drinking water for one of the respondents
in Rancaekek; the sample has As concentration
that exceeded the quality standard. The increased
concentration of arsenic (As) is due to mineral dust
particles entering the system, when rainwater
interacts with the roof catchment (Quaghebeur et
al., 2019) and may be the reason for the high Pb in
rainwater.

Chemical of potential concerns
For sanitation and hygiene (SH)

Groundwater is used by respondents for sanitation
and hygiene. Heavy metals in water have the potential
to enter the respondent’s body through the dermal
pathway because water is only used for SH and not
used for drinking, so the RBC calculated refers to only
the RBC of the dermal pathway and does not consider
the RBC of the oral pathway. Based on information
from IRIS USEPA, metals that have carcinogenic risks
are As, Cd, Cr, and Pb, while Co, Cu, Fe, Hg, Mn, and
Zn are not carcinogenic; hence, RBC is calculated only
on non-cancer effects and does not consider cancer
effects. Table S5 shows the matrix for determining
COPCs based on the comparison of the concentration
values of heavy metals from SH water with RBC
or SL in adults. Table S5 shows that the maximum
concentration of As is smaller than that of RBC As
(0.0448 mg/L < 1.80298 mg/L), and the same is true for
other metals such as Cd, Co, Cr, Cu, Fe, Hg, Mn, Pb, and



N. Fahimah et al.

Fig. 5: Spatial distribution map of 10 heavy metals in drinking water

Zn, with values of 0.0157 mg/L < 59.7928 mg/L; 0.0171 20927.52 mg/L; 0.2588 mg/L < 99.92687 mg/L; and
mg/L < 4.48447 mg/L; 0.0323 mg/L < 1379.84 mg/L; 1.0918 mg/L < 2989.65 mg/L, respectively. All heavy
0.1414 mg/L < 239.172 mg/L; 14.9385 mg/L < 4185.54 metal concentrations were concluded to be lower than
mg/L; 0.2803 mg/L < 0.95669 mg/L; 12,2943 mg/L < the RBC values, so they were not retained as COPCs.
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Skin contact (dermal), in contrast to oral consumption,
does not pose a potential risk (Luo et al., 2022). As such,
determination of COPCs will be continued by calculating
RBC from oral intake. In addition, the potential risk
of children is higher than that of adults (Gao et al,,
2019; Xiao et al., 2019), so determination of COPCs
will be continued by calculating RBC in children. Table
S6 shows the matrix for determining COPCs based on
the comparison of the concentrations of heavy metals
from SH water with RBC or SL in children. Similar to the
conclusion of COPCs in adults, Table S6 shows that the
concentrations of As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Pb, and
Zn in SH water are smaller than the RBC in children.
Thus, these metals are not retained as COPCs. The
results of determining COPCs cannot be seen only by the
comparative analysis of the use of SH water for adults
and children. Without considering the risk of oral intake,
the heavy metals inferred as COPCs have not been seen
because oral intake is the main pathway for potential
health risks. Table S6 shows that the order of RBC from
highest to lowest: Min (15929.126 mg/L) > Fe (3185.8253
mg/L) > Zn (2275.5895 mg/L) > Cr (1050.2721 mg/L) >
Cu (182.0472 mg/L) > Pb (63.7165 mg/L) > Cd (45.5118
mg/L) > Co (3.4134 mg/L) > As (1.3654 mg/L) > Hg
(0.7282 mg/L). The smaller the RBC value is, the more
likely it is to pose a risk to human health, so it needs to
be maintained as COPCs; however, it will depend on the
concentration of heavy metals detected in the field.

For drinking water or consumption water

The RBC of drinking water was calculated for
direct contact (oral pathway) with drinking water
to determine COPCs posing a risk to human health.
These RBCs were calculated in adults (Table 5) and
children (Table 6). In drinking water, the RBC on
skin contact (dermal) was not considered and only
referred to RBC from the oral pathway and RBC
cancer effects only.

Table 5 confirms that heavy metals such as As,
Cd, Co, Hg Mn, and Pb can be maintained as COPCs
because their maximum concentrations are greater
than RBC, with values of 0.0416 mg/L > 0.0101 mg/L;
0.0234 mg/L > 0.0167 mg/L; 0.0171 mg/L > 0.0100
mg/L; 0.5090 mg/L > 0.0053 mg/L; 12.2943 mg/L
> 4.6720 mg/L; and 0.1229 mg/L > 0.0559 mg/L,
respectively. From the 160 samples analyzed, the
concentration of As greater than the COPC value is
45.57%, Cd is 0.63%, Co is 1.27%, Hg is 7.59%, Mn
is 1.27%, and Pb is 5.06%. Therefore, heavy metals
such as As, Cd, Co, Hg, Mn, and Pb have the potential
to pose a risk to human health; moreover, some
sample points need attention because 45.57% have
the potential to pose health risks from As (less than
10%) and from low percentage (Cd, Co, Hg, Mn and
Pb). Arsenic concentrations in drinking water to
levels that pose a health risk were found in Pakistan
(Abeer et al., 2020), India (Ravindra and Mor, 2019),

Table 5: Matrix for determining COPCs from the comparison of heavy metal concentrations for consumption water with RBC or SL for adults;
n =160

Cancer Effects

Non Cancer Effects

RBC = RBCc Retain as COPC
RBC oral RBC dermal Calc. Goals RBCoral RBCdermal Calc. Goals + RBChe
Const. Max. Cone.  (RBCo)e (RBCd)e RBC (RBCo)nc (RBCd)nc RBC NC (Screening Based on Based on 160 samples
mg/L mg/L (mg/L) mg/L (mg/L) tevel)  yio conc.
TCR=1x10-6 THQ=1 Yes (%) No (%)

As 0.0416 0.0001 *x 0.0001 0.0100 *x 0.0100 0.0101 Yes
cd 0.0234 0.0000 *x 0.0000 0.0167 *x 0.0167 0.0167 Yes |0.63 EI
Co 0.0171 * *x 0.0100 *x 0.0100 0.0100 Yes ’1.27 E’
Cr 0.0268 0.0002 *x 0.0002 0.1001 *x 0.1001 0.1003 No 0.00 E
Cu 0.0840 * *x 1.3349 *x 1.3349 1.3349 No 0.00 E’
Fe 7.6741 * *x 23.3600 *x 23.3600 23.3600 No 0.00 E
Hg 0.5090 * *x 0.0053 *x 0.0053 0.0053 Yes E.SQ
Mn 12.2943 * *x 4.6720 *x 4.6720 4.6720 Yes ’1.27 El
Pb 0.1229 0.0092 *x 0.0092 0.0467 *x 0.0467 0.0559 Yes HS.06 E
Zn 0.9703 * *x 10.0114 *x 10.0114 10.0114 No 0.00 ‘O

*RBC oral is not calculated because water is used only for SH

**RBC for cancer effects is not calculated because heavy metals is non-carcinogenic
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Table 6: Matrix for determining COPCs from the comparison of heavy metal concentrations for consumption water with RBC or SL for chil-
dren; n =160

Cancer Effects

Non Cancer Effects

Retain as COPC

RBCoral RBC dermal Calc. Goals RBCoral RBCdermal Calc. Goals RECR;(?SCCC
o om Cone (RBCak (ool RBCe - (RBCone (RECNC g e SE2eTG  gggaqon _Sasedon 160sampls
TCR = 1x 10-6 THQ = 1 Max. Conc. =y < (%) No (%)

As 0.0416 * * 0.0060 ** 0.0060 0.0060 Yes E
Cd 0.0234 * * 0.0100 *x 0.0100 0.0100 Yes ’0.63 .:]
Co 0.0171 * * 0.0060 *x 0.0060 0.0060 Yes |2.53 E
Cr 0.0268 * * 0.0602 *x 0.0602 0.0602 No 0.00 -CI
Cu 0.0840 * * 0.8022 *x 0.8022 0.8022 No 0.00 -CI
Fe 7.6741 * * 14.0385 *x 14.0385 14.0385 No 0.00 -CI
Hg 0.5090 * * 0.0032 *k 0.0032 0.0032 Yes 5.86 E
Mn 12.2943 * * 2.8077 *x 2.8077 2.8077 Yes ’1.27 .:]
Pb 0.1229 * * 0.0281 *x 0.0281 0.0281 Yes E.49 E
Zn 0.9703 * * 6.0165 *x 6.0165 6.0165 No 0.00 .0

*) For Children, RBC cancer effects are not calculated
**) RBCoral is Not calculated because water is used only for SH

China (Jiang et al., 2021), and Iran (Maleki and Jari,
2021). The results in children (Table 6) are the same
as that in adults (Table 5), that is, the types of heavy
metals that are retained as COPCs are As, Cd, Co, Hg,
Mn, and Pb, but the percentage of sample points
that have potential health risks children are bigger
than adults, with values of 63.29% for As, 0.63%
for Cd, 2.53% for Co, 8.86% for Hg, 1.27% for Mn,
and 9.49% for Pb. Children have underdeveloped
immune systems and unique activity patterns
that make them more susceptible to heavy metal
exposure (Wang et al., 2019). Compared with adult
body size, children absorb 40% to 90% more heavy
metals ingested (ATSDR, 1990). Low-income children
may be at particular risk due to poor diet lacking
nutrients that can otherwise help inhibit heavy metal
absorption (Bradman et al., 2001). Exposure to the
risk of heavy metals through consumption water
intake can threaten the welfare of the community;
the groups most vulnerable to this risk are children so
they require special treatment (Ismael et al., 2022).
This study reveals that six of 10 types of heavy metals
are chemicals of potential concerns (COPCs) and are
sorted based on potential risks to health: As > Hg >
Pb > Co > Mn > Cd. Ingestion is the main pathway for
potential risk, and children are more likely to be at risk
than adults. Heavy metals detected in drinking water
can accumulate in the human body and can cause

780

side effects on human health. The bioaccumulation
of heavy metals Hg, Pb, Cd, and As has a variety of
toxic effects on tissues and organs of the body. They
can damage tissues and even organs, reduce organ
function, and cause neurological disorders, cancer,
and even death (Malik and Sandhu, 2023; Pandey
and Kumari, 2023). Hg, Pb, Cd, and As interfere with
cellular activities including growth, proliferation
(cell cycle repetition), differentiation, damage repair
processes, and apoptosis. The mechanism of action
for heavy metals is similar, namely, by inducing
toxicities including reactive oxygen species (ROS)
generation, weakening of antioxidant defenses,
enzyme inactivation, and oxidative stress. Heavy
metals can induce toxicity in biological systems by
binding to sulfhydryl groups and forming ROS. Several
toxic metals including Cd and As can cause genomic
instability. Defects in deoxyribonucleic acid (DNA)
repair after the induction of oxidative stress and DNA
damage by Cd and As have been considered to be
the cause of their carcinogenicity (Balali-Mood et al.,
2021). Carcinogenicity of As, Cd, and Pb may occur
due to ROS generation in cells by selectively activating
transcription factors, indicating that cell death may
be associated with exposure to carcinogenic metals.
The mechanism of carcinogenesis induced by As, Cd,
and Pb is as follows.

- As can bind to DNA-binding proteins and interfere



with the DNA repair process, thereby increasing

the risk of carcinogenesis (Engwa et al., 2019).

- Generation of ROS by Pb is the key in changing
the structure and sequence of chromosomes
(Silbergeld et al., 2000; Ohiagu et al., 2022)

- Cd has been implicated in promoting apoptosis,
oxidative stress, DNA methylation, and DNA
damage (Engwa et al., 2019).

Long-term arsenic exposure can cause skin lesions
(pigmentation, keratosis, and skin carcinoma cancer)
(Banerjee et al., 2023). The effects of Hg poisoning
on the human body are not limited to redness of
the hands and feet; kidney failure; cardiovascular,
liver, brain, and hormonal problems; and intestinal
ulceration (Jyothi and Farook, 2020). Hg poisoning
causes psychiatric disorders due to central nervous
system (CNS) dysfunction and affects listening
and speaking disorders. Intention tremor (often
shaking) is a disorder that occurs in speech and
mouth disorders (Kark et al., 1971). Attention-deficit
hyperactivity (ADHD) and ASD (autism spectrum
disorder) are some of the disorders associated
with mental retardation; people who are exposed
to Hg also manifest abnormal behavior (Jyothi and
Farook, 2020). Co can be absorbed through the
gastrointestinal tract and accumulate in the liver,
kidneys, pancreas, heart, skeleton, and skeletal
muscles. Chronic increases in serum Co may result in
adverse long-term biological effects such as immune
modulation and oxidative DNA damage. Higher
Co concentrations are associated with neurologic,
cardiac, hematological, and endocrine toxicity. Higher
Co levels in tissues compete with calcium uptake and
affect other signaling processes involving hypoxic

responses, oxidative stress, and energy metabolism
(Uddin and Rumman, 2020).

Statistical results

Based on the results of normality testing with
Shapiro Wilk, the concentration of 10 types of
heavy metals in groundwater has an abnormal
distribution (p<0.05), so analysis was carried out
using Spearman’s correlation (non-parametric). The
Spearman correlation coefficient between heavy
metals in groundwater is presented in Table 7.

In Table 7, a significant positive correlation exists
between heavy metals. As is significantly positively
correlated with Fe (p<0.05), but the correlation is
very weak (r=0.162). Significant and weak positive
correlations also occur in Co and Mn, Cr and Fe, Cr
and Hg, Cr and Mn, Cr and Pb, and Cu and Pb. Cd has
a significant and quite strong positive correlation with
Pb (p<0.05; r=0.575). A strong and significant positive
correlation also occurrs between Cr and Cu (p<0.05;
r=0.567) and Fe and Mn (p<0.05; r=0.498). The strong
correlations among heavy metals indicate that they
may have originated from the same source (Zhao et
al., 2021).

Kruskal-Wallis analysis was used to test differences
in heavy metal concentrations in groundwater in
the seven sub-districts (Table 8). Cr, Cu, Fe, and Zn
are significantly different among several sub-districts
(p<0.05). Fe and Zn are significantly different in areas
with high and low topography. High concentrations of
Fe and Zn are found in areas at low topography and
vice versa. Low concentrations of Fe and Zn are found
in areas of high topography. In addition to topographic
differences, the two divisions of the region have

Table 7: Spearman correlation coefficient between heavy metals in groundwater

As Cd Co Cr Cu Fe Hg Mn Pb Zn
As 1.000 -0.034 -0.097 0.080 0.035 0.162" -0.140 0.082 0.105 0.079
cd 1.000 0.071 0.063 0.106 0.060 0.071 0.094 0.575° 0.070
Co 1.000 0.006 0.040 0.092 0.024 0.266" -0.022 0.022
Cr 1.000 0.567" 0.327° 0.208" 0.177° 0.238" 0.123
Cu 1.000 0.072 0.113 0.086 0.210° 0.060
Fe 1.000 -0.025 0.498" 0.125 0.101
Hg 1.000 0.043 0.083 0.009
Mn 1.000 0.139 0.024
Pb 1.000 0.090
Zn 1.000

* Correlation is significant at the 0.05 level (2-tailed).
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Table 8: Results of the Kruskal — Wallis analysis to determine significant differences in heavy metal concentrations in groundwater in regions
with different topography

Heavy Metals Kruskal-Wallis H df Asymp. Sig.
As 0.009 1 0.923
Cd 1.254 1 0.263
Co 1.465 1 0.226
Cr 0.016 1 0.898
Cu 2.980 1 0.084
Fe* 18.133 1 0.000
Hg 0.057 1 0.811
Mn 2.237 1 0.135
Pb 3.773 1 0.052
Zn* 3.939 1 0.047

*indicates significant value (<0.05)

different soil types (Fig. S4). In low topography,
the dominant type of soil is clay. According to Zhai
et al. (2021), Fe is found to be high in clay soils
and has a lower residence time in high topography
because it can migrate to areas with low topography;
meanwhile, Zn is suspected of migrating even though
the concentrations in all samples do not exceed the
quality standard (Table 3). The concentrations of Cr
and Cu still meet the quality standards for drinking
water and for sanitation and hygiene (Table 3). The
concentrations of Cr and Cu significantly differ among
several sub-districts (p<0.05) and have a strong
positive correlation, indicating that they originate
from natural sources, such as the main material in
soil and/or geological activity. Hence, the significant
difference between Cr and Cu is thought to be
influenced by the characteristics of each sub-district.

This study analyzed water quality through
comparison of quality standards in regulations,
determined chemicals of potential concerns,
and statistically analyzed 10 heavy metals in
groundwater used for sanitation and hygiene as
well as water sources other than groundwater for
consumption. The areas with the highest average
concentrations of heavy metals in groundwater
for hygiene and sanitation purposes were as
follows: in Rancaekek (0.0015+0.0025 mg/L) for Cd,
Majalaya (1.7465+3.1291 mg/L) for Fe, Baleendah
(0.0135+0.0571 mg/L) for Hg, Pacet (1.2254+3.3744
mg/L) for Mn, and Rancaekek (0.0291+0.0506 mg/L)
for Pb. The concentrations of Fe in groundwater for SH
at 23%, Mn at 18%, Pb at 9%, Hg at 6%, Cd at 6% of the
study area were higher than the maximum allowable
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limits. Moreover, 46%, 27%, 13%, 11%, 11%, 11%,
and 3% of the consumption water samples contained
As, Pb, Co, Fe, Hg, Mn, and Cd, and the values were
higher than the maximum limit. In drinking water,
samples that exceeded the maximum limits of As, Cd,
Hg and Pb were dominant sourced from refill water,
while Fe, Mn and Co were sourced from groundwater.
Thus, As, Cd, Co, Fe, Hg, Mn, and Pb exceeded the
quality standards for drinking water, while only
As and Co did not exceed the quality standards for
water hygiene and sanitation. Arsenic and cobalt
quality standards are more stringent for drinking
water compared with water sanitation and hygiene.
Lead—cadmium and iron—-manganese in groundwater
showed a positive Spearman correlation (p<0.05) and
may have originated from the same source. About
100% of the drinking water samples had copper and
zinc concentrations that did not exceed the quality
standard. Iron and zinc in groundwater differed
significantly based on differences in topography and
soil types (p<0.05). This study reveals that six out of
10 heavy metals are chemicals of potential concern
and are sorted based on potential risks to health, that
is, arsenic > mercury > lead > cobalt > manganese
> cadmium. Ingestion is the main pathway for
potential risk, and children are more likely to be at
risk than adults. Therefore, evaluating the quality of
community drinking water in Bandung Regency should
be conducted in collaboration with stakeholders
and decision makers, who must immediately take
sustainable actions to protect public health; possible
actions include determining areas that have a high
level of vulnerability of groundwater to heavy metal
pollution and are unfit for use as a source of drinking
water, considering alternative sources of drinking



water, and/or the application of engineering to reduce
health risks. Evaluation of water sources, technology,
and maintenance processes and checking of water
quality before and after technology application from
Refill Drinking Water Depots should be conducted
on a regular basis to ensure that raw and processing
water meets the quality set out in regulations. These
processes will accelerate the cessation of use in the
event of water quality deterioration and trigger the
necessary actions to prevent further deterioration
and remedy. People need to be careful in choosing
drinking water sources that are free from heavy
metal pollution. Communities should be provided
with information on how to determine the quality of
water suitable for drinking.

N. Fahimah, the first author and corresponding
author, has contributed with conceptualization, data
curation, formal analysis, methodology, software,
visualization, roles/writing - original draft, writing
— review, and editing. I.R.S. Salami, has contributed
with supervision, writing — review, editing, and
funding acquisition. K. Oginawati has contributed
with supervision, writing — review, and editing.
S.JYapfrine and Y.N. Thaher have contributed with
data curation. A. Supriatin has contributed with
project administration and data curation.

This research was supported by the P2MI (Research,
Community Service and Innovation) Program, Faculty
of Civil and Environmental Engineering, ITB with
grant number [Dean’s Decree Number 89/IT.1C06/
SK-KP.01/2021]. The authors would like to thank all
team members, especially the research group of the
Environmental Management Technology, Institut
Teknologi Bandung (ITB) and Industrial Hygiene and
Toxicology Laboratory, ITB, Indonesia.

The authors declare no potential conflict of interest
regarding the publication of this work. In addition,
the ethical issues including plagiarism, informed
consent, misconduct, data fabrication and, or
falsification, double publication and, or submission,
and redundancy have been completely witnessed
by the authors. The author’s statement there are no
human or animal respondents in this study.

783

©2023 The author(s). This article is licensed under
a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or
format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes
were made. The images or other third-party material
in this article are included in the article’s Creative
Commons license, unless indicated otherwise in a
credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To
view a copy of this license, visit:
http://creativecommons.org/licenses/by/4.0/

The following is the Supplementary data to this
article can be found from the below link:
https://docs.google.com/document/d/1320cCjD-
9myvdB0Oh36i4EgKGHCW4aR50M/edit?usp=share_li
nk&ouid=110524797063764488087&rtpof=true&s-
d=true

GJESM Publisher remains neutral with regard
to jurisdictional claims in published maps and
institutional affiliations.

% Percent
ADHD Attention deficit hyperactivity
(RBC,) RBC from dermal absorption route for
c cancer effects
RBC from dermal absorption route for
(RBC )y non cancer effects
(RBC ). RBC from oral route for cancer effects
RBC from oral route for non cancer
(RBC )y effects
As Arsenic
ASD Autism spectrum disorder
ASGM Artisanal and small-scale gold mining


http://creativecommons.org/licenses/by/4.0/
https://docs.google.com/document/d/1320cCjD9myvdB0h36i4EgKGHCW4aR50M/edit?usp=share_link&ouid=110524797063764488087&rtpof=true&sd=true
https://docs.google.com/document/d/1320cCjD9myvdB0h36i4EgKGHCW4aR50M/edit?usp=share_link&ouid=110524797063764488087&rtpof=true&sd=true
https://docs.google.com/document/d/1320cCjD9myvdB0h36i4EgKGHCW4aR50M/edit?usp=share_link&ouid=110524797063764488087&rtpof=true&sd=true
https://docs.google.com/document/d/1320cCjD9myvdB0h36i4EgKGHCW4aR50M/edit?usp=share_link&ouid=110524797063764488087&rtpof=true&sd=true

AT

AT

BW

Cc

CAL EPA
Cal/
OEHHA
cd
cm/h
cm?
CNS

Co

col
COPCs
Cr

CSF

Cu
DAMIU
Days/y
DFW
df

DNA
ED
EF
ET

ET

EV
Fe

GIABS
GPS
HEAST

Hg

Averaging Time
Averaging time
Body weight
Cancer effect

California Environmental Protection
Agency

California Office of Environmental
Health Hazard Assessment

Cadmium

Centimeters per hour

Square centimeter

Central nervous system

Cobalt

Chemical of interest

Chemical of potential concerns
Chromium

Cancer slope factor

Copper

Refill drinking water depot
Days per year

Resident water dermal contact factor
Degree of freedom

The distance between the
interpolated value and the measured
value zi

Deoxyribonucleic acid
Exposure Duration - resident
Exposure frequency

Exposure time

Resident water exposure time
Resident events

Iron

Fraction of contaminant absorbed in
gastrointestinal tract

Global positioning system

The EPA superfund program’s health
effects assessment summary table

Mercury

784

HMs
ICP OES

IDW
IFW
IR
IRIS
Kp
L/day
L/kg
LT
mg/L
mg/L
Mn
NC
NCDs
NH4+

PPRTV

RBC
RfD
ROS
SA
SD
SH
SL
SNI
THQ
TR
WWTPs

Zn

Heavy metals

Inductively coupled plasma optical
emission spectrometric

Inverse distance weighted
Resident drinking water ingestion rate
Ingestion rate

Integrated risk information system
Dermal permeability constant
Liters per day

Liters per kilogram

Lifetime

Milligram per liter

Milligrams per liter

Manganese

Non cancer effect
Noncommunicable diseases
Ammonium

The weighting power that determines
how the weight is reduced by
increasing distance.

Lead

Provisional peer reviewed toxicity
values

Risk based concentration
Reference of dose

Reactive oxygen species
Resident surface area water - adult
The standard deviation
Sanitation and hygiene
Screening level

Indonesian national standard
Target hazard quotient

Target risk

Waste water treatment plants

The estimated value at the
interpolation point

The measured value at point

Zinc


https://www.epa.gov/pprtv
https://www.epa.gov/pprtv

Abeer, N.; Khan, S.A.; Muhammad, S.; Rasool, A.; Ahmad, 1., (2020).
Health risk assessment and provenance of arsenic and heavy metal in
drinking water in Islamabad, Pakistan, Environ. Technol. Innovation.,
20(101171): 1-8 (8 pages).

Adnan, M.; Xiao, B.; Xiao, P.; Zhao, P.; Bibi, S., (2022). Heavy metal, waste,
COVID-19, and rapid industrialization in this modern era—Fit for
Sustainable future. Sustainability, 14(8): 1-18 (18 pages).

Aithani, D.; Jyethi, D.S.; Siddiqui, Z.; Yadav, A.K.; Khillare, PS., (2020).
Source apportionment, pollution assessment, and ecological and
human health risk assessment due to trace metals contaminated
groundwater along urban river floodplain, Groundwater Sustainable
Dev., 11(2020): 1-14 (14 pages).

Ali, H.; Khan, E.; llahi, 1., (2019). Environmental chemistry and
ecotoxicology of hazardous heavy metals: environmental persistence,
toxicity, and bioaccumulation. J. Chem., 2019 (6730305): 1-14 (14
pages).

Alina, AT.; Oshunrinade, O., (2016). Comparison of water quality from
boreholes and hand dug wells around and within the University
of Lagos, Lagos, Nigeria. Int. J. Res. Environ. Stud., 3(2): 93 — 100 (8
pages).

Anyanwu, O.B.; Ezejiofor, A.N.; Igweze, Z.N.; dan Orisakwe, O.E., (2018).
Heavy Metal mixture exposure and effects in developing nations: An
update. Toxics. 6(4): 1-32 (32 pages).

Araiza-Aguilar, J.A.; Rojas-Valencia, M.N.; Aguilar-Vera, R.A., (2020).
Forecast generation model of municipal solid waste using multiple
linear regression. Global J. Environ. Sci. Manage., 6(1): 1 - 14 (14
pages).

ATSDR, (1990). ATSDR case studies in environmental medicine. Arsenic
toxicity. Agency for Toxic Substances Disease Registry. US Department
of Health and Human Services, Public Health Service. (48 pages).

ATSDR, (2004). Toxicological Profile for Cobalt. Agency for Toxic
Substances and Disease Registry. US Department of Health and
Human Services, Public Health Service. (486 pages).

Baek, K.; Seo, Y.; Kim, J.; dan Baek, S., (2020). Monitoring of particulate
hazardous air pollutants and affecting factors in the largest industrial
area in South Korea: The Sihwa-Banwol complex, Environ. Eng. Res.,
25(6): 908 — 923 (16 pages).

Balali-Mood, M.; Naseri, K.; Tahergorabi, Z.; Khazdair, MR.; and Sadeghi,
M., (2021). Toxic mechanisms of five heavy metals: mercury, lead,
chromium, cadmium, and arsenic. Front. Pharmacol., 12(643972):
1-19 (19 pages).

Banerjee, S.; Dhar, S.; Sudarshan, M.; Chakraborty, A.; Bhattacharjee, S.;
Bhattacharjee, P., (2023). Investigating the synergistic role of heavy
metals in Arsenic-induced skin lesions in West Bengal, India. J. Trace
Elem. Med. Biol., 75(127203): 1-8 (8 pages).

Bernat, X.; Sanchez, |.; Stuber, F.; Bengoa, C.; Fortuny, A.; Fabregat, A.;
Font, J., (2007). Removal of heavy metals by ultrafiltration. Proc. Eur.
Congr. Chem. Eng (11 pages).

Bhardj, V.; Kumar, P; dan Singhal, G., (2014). Toxicity of heavy metals
pollutants in textile mills effluents. Int. J. Sci. Eng. Res., 5(7): 664-666
(3 pages).

Bhunia, G.S.; Shit, P.K.; Maiti. R., (2018). Comparison of GIS-based
interpolation methods for spatial distribution of soil organic carbon
(SOC). J. Saudi Soc. Agric. Sci., 17(2): 114 — 126 (13 pages).

Bielak, E.; Marcinkowska, E., (2022). Heavy metals in leathers, artificial
leathers, and textiles in the context of quality and safety of use. Sci.
Rep., 12(5061): 1-12 (12 pages).

Bradman, A.; Eskenazi, B.; Sutton, P.; Athanasoulis, M.; Goldman, L.R.,
(2001). Iron deficiency associated with higher blood lead in children
living in contaminated environments. Environ. Health Perspec.,
109(10): 1079-1084 (6 pages).

BRES, (2018). Ringkasan eksekutif informasi kinerja pengelolaan
lingkungan hidup daerah Kabupaten Bandung (RE IKPLHD kab.

785

Bandung) [Executive summary of performance information for
regional environmental management in Bandung Regency (RE IKPLHD,
Bandung Regency)]. Bandung Regency Environmental Service, West
Java Province. (23 pages).

Briffa, J.; Sinagra, E.; Blundell, R., (2020). Heavy metal pollution in the
environment and their toxicological effects on humans. Heliyon. 6(9):
1-26 (26 pages).

Budiman, B.T.P,; Dhahiyat, Y.; Hamdani, H., (2012). Bioakumulasi logam
berat pb (timbal) dan cd (kadmium) pada daging ikan yang tertangkap
di Sungai Citarum Hulu [Bioaccumulation of heavy metals Pb (lead)
and cd (cadmium) in fish meat caught in the Upper Citarum River].
Jurnal Perikanan dan Kelautan. 3(4): 261 — 270 (10 pages).

Czech, T.; Marchewicz, A.; Sobczyk, AT.; Krupa, A.; Jaworek, A.; Sliwinski,
L.; Rosiak, D., (2020). Heavy metals partitioning in fly ashes between
various stages of electrostatic precipitator after combustion of
different types of coal. Process Saf. Environ. Protect., 133(2020): 18-
31 (14 pages).

DHSS, (2013). Arsenic Contaminated Soil. Division of Public Health.
Delaware Health and Social Services (2 pages).

Engwa, G.A.; Ferdinand, P.U.; Nwalo, F.N.; Unachukwu, M.N., (2019).
Mechanism and health effects of heavy metal toxicity in humans. In
O. Karcioglu, and B. Arslan (Eds.), Poisoning in the modern world - new
tricks for an old dog. IntechOpen. (128 pages).

EWG, (2021). Drinking water standards, no-compromise benchmarks to
fully protect public health. Environmental Working Group (10 pages).

Fadhilah, R.; Oginawati, K.; Romantis, N.AY., (2018). The pollution profile
of Citarik, Cimande and Cikuing Rivers in Rancaekek District, West Java,
Indonesia. Indones. J. Urban Environ. Tech., 2(1): 14-26 (13 pages).

Fahimah, N.; Oginawati, K.; Suharyanto., (2020). Fate and spatial
distribution of Pb, Cd, Cu and Zn in the water column and in the
surface sediment of Indonesian Estuary (Citarum River Estuary). E3S
Web Conference. 148(07007): 1-7 (7 pages).

Febrion, C.; Falah, U.S., (2018). Studi identifikasi pencemaran logam
timbal (Pb) dan merkuri (Hg) di udara ambien pada lokasi industri
pengguna bahan bakar batu bara di wilayah Kabupaten Bandung
[Study of identification of lead (Pb) and mercury (Hg) pollution in
ambient air at industrial locations using coal fuel in the Bandung
Regency Area]. Envirosan, 1(1): 31-41 (11 pages).

Force, E.R.; Cox, L.J., (1916). Manganese contents of some sedimentary
rocks of Paleozoic Age in Virginia. US Geological Survey Bulletin 1916,
United States.

Gao, B.; Gao, L.; Gao, J.; Xu, D.; Wang, Q.; Sun, K., (2019). Simultaneous
evaluations of occurrence and probabilistic human health risk
associated with trace elements in typical drinking water sources from
major river basins in China. Sci. Total Environ., 666(2019): 139 — 146
(8 pages).

Gao, Z,; Lliu, W.; Liu, J.; Wang, Z.; Wang, S., (2022). Study on the
relationship between river water and groundwater under different
aquifer mediums. Water, 14(7): 1-19 (19 pages).

Gardner, R.M.; Kippler, M.; Tofail, M.; Bottai, M.; Hamadani, J.; Grander,
M.; Nermell, B.; Palm, B.; Rasmussen, K.M.; Vahter, M., (2013).
Environmental exposure to metals and children’s growth to age 5
years: a prospective cohort study. Am. J. Epidemiol., 177(12): 1356-
1367 (12 pages).

Gleason, K.M., (2017). Heavy metals, chronic malnutrition and
neurodevelopment among children in rural Bangladesh. Doctoral
dissertation, Harvard T.H. Chan School of Public Health.

Hao, Y,; Tian, S.; Jiao, X.; Mi, N.; Zhang, B.; Song, T.; An, L.; Zheng, X.;
Zhuang, D., (2015). Association of parental environmental exposures
and supplementation intake with risk of nonsyndromic orofacial clefts:
A case-control study in Heilongjiang Province, China. Nutrients. 7(9):
7172-7184 (13 pages).

Hartmann, A.; Jasechko, S.; Gleeson, T.; Wada, Y.; Andreo, B.; Barbera,
J.A.; Brielmann, H.; Bouchaou, L.; Charlier, J.B.; Darling, W.G.; Filippini,


https://www.sciencedirect.com/science/article/pii/S2352186420314711
https://www.sciencedirect.com/science/article/pii/S2352186420314711
https://www.sciencedirect.com/science/article/pii/S2352186420314711
https://www.sciencedirect.com/science/article/pii/S2352186420314711
https://www.mdpi.com/2071-1050/14/8/4746
https://www.mdpi.com/2071-1050/14/8/4746
https://www.mdpi.com/2071-1050/14/8/4746
https://www.sciencedirect.com/science/article/pii/S2352801X20301090
https://www.sciencedirect.com/science/article/pii/S2352801X20301090
https://www.sciencedirect.com/science/article/pii/S2352801X20301090
https://www.sciencedirect.com/science/article/pii/S2352801X20301090
https://www.sciencedirect.com/science/article/pii/S2352801X20301090
https://www.hindawi.com/journals/jchem/2019/6730305/
https://www.hindawi.com/journals/jchem/2019/6730305/
https://www.hindawi.com/journals/jchem/2019/6730305/
https://www.hindawi.com/journals/jchem/2019/6730305/
http://www.bluepenjournals.org/ijres/abstract/2016/May/Aina_and_Oshunrinade.php
http://www.bluepenjournals.org/ijres/abstract/2016/May/Aina_and_Oshunrinade.php
http://www.bluepenjournals.org/ijres/abstract/2016/May/Aina_and_Oshunrinade.php
http://www.bluepenjournals.org/ijres/abstract/2016/May/Aina_and_Oshunrinade.php
https://www.mdpi.com/2305-6304/6/4/65
https://www.mdpi.com/2305-6304/6/4/65
https://www.mdpi.com/2305-6304/6/4/65
https://www.gjesm.net/article_36862.html
https://www.gjesm.net/article_36862.html
https://www.gjesm.net/article_36862.html
https://www.gjesm.net/article_36862.html
https://www.atsdr.cdc.gov/HEC/CSEM/arsenic/docs/arsenic.pdf
https://www.atsdr.cdc.gov/HEC/CSEM/arsenic/docs/arsenic.pdf
https://www.atsdr.cdc.gov/HEC/CSEM/arsenic/docs/arsenic.pdf
https://www.atsdr.cdc.gov/toxprofiles/tp33.pdf
https://www.atsdr.cdc.gov/toxprofiles/tp33.pdf
https://www.atsdr.cdc.gov/toxprofiles/tp33.pdf
https://www.eeer.org/upload/eer-2019-419.pdf
https://www.eeer.org/upload/eer-2019-419.pdf
https://www.eeer.org/upload/eer-2019-419.pdf
https://www.eeer.org/upload/eer-2019-419.pdf
https://www.frontiersin.org/articles/10.3389/fphar.2021.643972/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.643972/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.643972/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.643972/full
https://www.sciencedirect.com/science/article/pii/S0946672X22001833
https://www.sciencedirect.com/science/article/pii/S0946672X22001833
https://www.sciencedirect.com/science/article/pii/S0946672X22001833
https://www.sciencedirect.com/science/article/pii/S0946672X22001833
https://folk.ntnu.no/skoge/prost/proceedings/ecce6_sep07/upload/454.pdf
https://folk.ntnu.no/skoge/prost/proceedings/ecce6_sep07/upload/454.pdf
https://folk.ntnu.no/skoge/prost/proceedings/ecce6_sep07/upload/454.pdf
https://www.ijser.org/researchpaper/Toxicity-of-Heavy-Metals-Pollutants-in-Textile-Mills-Effluents.pdf
https://www.ijser.org/researchpaper/Toxicity-of-Heavy-Metals-Pollutants-in-Textile-Mills-Effluents.pdf
https://www.ijser.org/researchpaper/Toxicity-of-Heavy-Metals-Pollutants-in-Textile-Mills-Effluents.pdf
https://www.sciencedirect.com/science/article/pii/S1658077X15300825?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1658077X15300825?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1658077X15300825?via%3Dihub
https://www.nature.com/articles/s41598-022-08911-9#citeas
https://www.nature.com/articles/s41598-022-08911-9#citeas
https://www.nature.com/articles/s41598-022-08911-9#citeas
https://ehp.niehs.nih.gov/doi/10.1289/ehp.011091079
https://ehp.niehs.nih.gov/doi/10.1289/ehp.011091079
https://ehp.niehs.nih.gov/doi/10.1289/ehp.011091079
https://ehp.niehs.nih.gov/doi/10.1289/ehp.011091079
https://docplayer.info/167015220-Buku-1-ringkasan-eksekutif-informasi-kinerja-pengelolaan-lingkungan-hidup-daerah-kabupaten-bandung-tahun-2018.html
https://docplayer.info/167015220-Buku-1-ringkasan-eksekutif-informasi-kinerja-pengelolaan-lingkungan-hidup-daerah-kabupaten-bandung-tahun-2018.html
https://docplayer.info/167015220-Buku-1-ringkasan-eksekutif-informasi-kinerja-pengelolaan-lingkungan-hidup-daerah-kabupaten-bandung-tahun-2018.html
https://docplayer.info/167015220-Buku-1-ringkasan-eksekutif-informasi-kinerja-pengelolaan-lingkungan-hidup-daerah-kabupaten-bandung-tahun-2018.html
https://docplayer.info/167015220-Buku-1-ringkasan-eksekutif-informasi-kinerja-pengelolaan-lingkungan-hidup-daerah-kabupaten-bandung-tahun-2018.html
https://docplayer.info/167015220-Buku-1-ringkasan-eksekutif-informasi-kinerja-pengelolaan-lingkungan-hidup-daerah-kabupaten-bandung-tahun-2018.html
https://www.cell.com/action/showPdf?pii=S2405-8440%2820%2931534-6
https://www.cell.com/action/showPdf?pii=S2405-8440%2820%2931534-6
https://www.cell.com/action/showPdf?pii=S2405-8440%2820%2931534-6
http://jurnal.unpad.ac.id/jpk/article/view/2569/2325
http://jurnal.unpad.ac.id/jpk/article/view/2569/2325
http://jurnal.unpad.ac.id/jpk/article/view/2569/2325
http://jurnal.unpad.ac.id/jpk/article/view/2569/2325
http://jurnal.unpad.ac.id/jpk/article/view/2569/2325
https://www.sciencedirect.com/science/article/pii/S0957582019313217
https://www.sciencedirect.com/science/article/pii/S0957582019313217
https://www.sciencedirect.com/science/article/pii/S0957582019313217
https://www.sciencedirect.com/science/article/pii/S0957582019313217
https://www.sciencedirect.com/science/article/pii/S0957582019313217
https://dhss.delaware.gov/dph/files/arsenicsoilfaq.pdf
https://dhss.delaware.gov/dph/files/arsenicsoilfaq.pdf
https://www.intechopen.com/chapters/64762
https://www.intechopen.com/chapters/64762
https://www.intechopen.com/chapters/64762
https://www.intechopen.com/chapters/64762
https://www.ewg.org/sites/default/files/2021-11/EWG_TWDBStandards-Chart_11.2021_PP03.pdf
https://www.ewg.org/sites/default/files/2021-11/EWG_TWDBStandards-Chart_11.2021_PP03.pdf
https://e-journal.trisakti.ac.id/index.php/urbanenvirotech/article/view/3551
https://e-journal.trisakti.ac.id/index.php/urbanenvirotech/article/view/3551
https://e-journal.trisakti.ac.id/index.php/urbanenvirotech/article/view/3551
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_07007.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_07007.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_07007.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_07007.pdf
https://jurnal.universitaskebangsaan.ac.id/index.php/envirosan/article/download/73/72
https://jurnal.universitaskebangsaan.ac.id/index.php/envirosan/article/download/73/72
https://jurnal.universitaskebangsaan.ac.id/index.php/envirosan/article/download/73/72
https://jurnal.universitaskebangsaan.ac.id/index.php/envirosan/article/download/73/72
https://jurnal.universitaskebangsaan.ac.id/index.php/envirosan/article/download/73/72
https://jurnal.universitaskebangsaan.ac.id/index.php/envirosan/article/download/73/72
https://www.usgs.gov/publications/manganese-contents-some-sedimentary-rocks-paleozoic-age-virginia
https://www.usgs.gov/publications/manganese-contents-some-sedimentary-rocks-paleozoic-age-virginia
https://www.usgs.gov/publications/manganese-contents-some-sedimentary-rocks-paleozoic-age-virginia
https://www.sciencedirect.com/science/article/pii/S0048969719306369?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719306369?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719306369?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719306369?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719306369?via%3Dihub
https://www.mdpi.com/2073-4441/14/7/1134
https://www.mdpi.com/2073-4441/14/7/1134
https://www.mdpi.com/2073-4441/14/7/1134
https://dash.harvard.edu/handle/1/42066846
https://dash.harvard.edu/handle/1/42066846
https://dash.harvard.edu/handle/1/42066846
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4586523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4586523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4586523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4586523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4586523/
https://www.pnas.org/doi/full/10.1073/pnas.2024492118
https://www.pnas.org/doi/full/10.1073/pnas.2024492118

M.; Garvelmann, J.; Goldscheider, N.; Kralik, M.; Kunstmann, H.;
Ladouche, B.; Lange, J.; Lucianetti, G.; Martin, J.F.; Mudarra, M.;
Sanchez, D.; Stumpp, C.; Zagana, E.; Wagener, T.,, (2021). Risk of
groundwater contamination widely underestimated because of fast
flow into aquifers. Proc. Nat. Acad. Sci. USA, 118(20): 1-7 (7pages).

Hasanawi, A.; Salami, L.R.S., (2022). Analysis of physicochemical and
microbial parameters in refill drinking water sources and health risk
assessment: A case study in Bandung District. Ecol. Eng. Environ.
Technol., 23(14): 45 — 56 (2 pages).

Hooda, PS., (2010). Trace elements in soils. Wiley Publication (595
pages).

Hossain, M.; Bhattacharya, P.; Frape, S.K.; Ahmed, K.M.; Jacks, G.; Hasan,
M.A.; Bromssen, M.V.; Shahiruzzaman, M.; Morth, C.M., (2023).
A potential source of low-manganese, arsenic-safe drinking water
from intermediate deep aquifers (IDA), Bangladesh. Groundwater
Sustainable Dev. 2023(100906): 1-40 (40 pages).

Hu, X.; Wei, X.; Ling, J.; and Chen, J.,, (2021). Cobalt: an essential
micronutrient for plant growth?. Front. Plant Sci., 12(768523): 1-24
(24 pages).

Ismael, M.; Mokhtar, A.; Adil, H.; Li, X.; Li, X., (2022). Appraisal of heavy
metals exposure risks via water pathway by using a combination
pollution indices approaches, and the associated potential health
hazards on population, Red Sea State, Sudan. Phys. Chem. Earth Parts
A/B/C, 127(103153): 1-11 (11 pages).

Jarsjo, J.; Andersson-Skold, Y.; Froberg, M.; Pietron, J.; Borgstrom, R.; Lov,
A.; Kleja, D.B., (2020). Projecting impacts of climate change of metal
mobilization at contaminated sites: Controls by the groundwater level.
Sci. Total Environ., 712(135560): 1-13 (13 pages).

Jayasumana, C.; Fonseka, S.; Fernando, A.; Jayalath, K.; Amarasinghe,
M.; Siribaddana, S.; Gunatilake, S.; Paranagama, P., (2015). Phosphate
fertilizer is a main source of arsenic in areas affected with chronic
kidney disease of unknown etiology in Sri Lanka. SpringerPlus, 4(90):
1-8 (8 pages).

Jeyakumar, P.; Debnath, C.; Vijayaraghavan, R.; Muthuraj, M., (2023).
Trends of bioremediation of heavy metal contamination. Environ. Eng.
Res., 28 (4): 1-19 (19 pages).

Jiang, C.; Zhao, Q.; Zheng, L.; Chen, X,; Li, C.; Ren, M., (2021). Distribution,
source and health risk assessment based on the Monte Carlo method
of heavy metals in shallow groundwater in an area affected by mining
activities, China. Ecotoxicol. Environ. Saf., 224(112679): 1-10 (10 pages).

JOD, (2020). Sungai Citarum [Citarum River]. Jabar Open Data, West Java
Province.

Jyothi, N.R.; Farook, N.A.M., (2020). Mercury toxicity in public health. In
J. K. Nduka, and M. N. Rashed (Eds.), Heavy metal toxicity in public
health. IntechOpen (160 pages).

Karbassi, A.R.; Heidari, M., (2015). An investigation on role of salinity, pH
and DO on heavy metals elimination throughout estuarial mixture.
Global J. Environ. Sci. Manage., 1(1): 41-46 (6 pages).

Karbassi, A.R.; Tajziehchi, S.; Afshar, S., (2015). An investigation on heavy
metals in soils around oil field area. Global J. Environ. Sci. Manage.,
1(4): 275-282 (8 pages).

Kark, R.A.; Poskanzer, D.C.; Bullock, J.D.; Boylen G., (1971). Mercury
poisoning and its treatment with N-acetyl-D, L-penicillamine. New
Engl. J. Med., 285(1): 10-16 (7 pages).

Kayode, OT.; Aizebeokhai, A.P.; Odukoya, A.M., (2020). Arsenic in
agricultural soils and implications for sustainable agriculture, IOP.
Conf. Series: Earth Environ. Sci., 655(012081): 1-8 (8 pages).

Komarawidjaja, W., (2017). Paparan limbah cair industri mengandung
logam berat pada lahan sawah di Desa Jelegong, Kecamatan
Rancaekek, Kabupaten Bandung [Exposure to industrial liquid waste
containing heavy metals in paddy fields in Jelegong Village, Rancaekek
District, Bandung Regency]. Jurnal Teknologi Lingkungan, 18(2): 173-
181 (9 pages).

Kousa, A.; Komulainen, H.; Hatakka, T.; Backman, B.; Hartikainen, S.,

786

(2021). Variation in groundwater manganese in Finland. Environ.
Geochem. Health. 43(2021): 1193-1211 (19 pages).

Kusuma, M.S.B.; Hutosit, L.M.; Kombaitan, B.; Syafila, M.; Setiadi, T.;
Aryantha, I.N.P; Piliang, Y.A., (2018). Strategi pengelolaan terpadu
penyelesaian permasalahan Daerah Aliran Sungai Citarum [Integrated
management strategy to solve Citarum Watershed Problems]. Institut
Teknologi Bandung.

Lestari, I.; Singkam, A.; Agustin, F.; Miftahussalimah, P.; Maharani, A.;
Lingga, R., (2021). Perbandingan kualitas air sumur galian dan bor
berdasarkan parameter kimia dan parameter fisika [Comparison of
water quality of dug and drilled wells based on chemical parameters
and physical parameters]. BIOEDUSAINS: Jurnal Pendidikan Biologi
Dan Sains., 4(2): 155-165 (11 pages).

Loho, J.N., (2013). Prevalensi labioschisis di RSUP. Prof. dr. R. D. Kandou
Manado periode Januari 2011 — Oktober 2012 [Prevalence of
labioschisis in RSUP. Prof. dr. R.D. Kandou Manado for the Period
January 2011 - October 2012]. J. E-Biomedik, 1(1): 396—401 (6 pages).

Long, X.; Liu, F; Zhou, X.; Pi, J.; Yin, W,; Li, F.; Huang, S.; Ma, F., (2021).
Estimation of spatial distribution and health risk by arsenic and heavy
metals in shallow groundwater around Dongting Lake plain using GIS
mapping. Chemosphere. 269(2021): 1-11 (11 pages).

Luo, Y.; Rao, J.; Jia, Q., (2022). Heavy metal pollution and environmental
risks in the water of Rongna River caused by natural AMD around
Tiegelongnan copper deposit, Northern Tibet, China. PLoS ONE, 17(4):
1-20 (20 pages).

Maity, J.P.; Nath, B.; Yen-Chen, C.; Bhattacharya, P.; Sracek, O.;
Bundschuh, J.; Kar, S.; Thunvik, R.; Chatterje, D.; Ahmed, K.M.; Jacks,
G.; Mukherjee, A.B.; Jean, J., (2011). Arsenic-enriched groundwaters
of India, Bangladesh and Taiwan—Comparison of hydrochemical and
mobility constraints. J. Environ. Sci. Health., Part A. 46(11): 1163-1176
(14 pages).

Maleki, A.; Jari, H., (2021). Evaluation of drinking water quality and non-
carcinogenic and carcinogenic risk assessment of heavy metals in rural
areas of Kurdistan, Iran. Environ. Technol. Innovation, 23(101668):
1-13 (13 pages).

Malik, B.; Sandhu, K.K., (2023). Occurrence and impact of heavy metals
on environment. Mater. Today., Proceedings: 1-6 (6 pages).

Manisalidis, I.; Stavropoulou, E.; Stavropoulos, A.; Bezirtzoglou, E.,
(2020). Environmental and health impacts of air pollution: A review.
Front. Public Health. 8(14): 1-13 (13 pages).

Martin, S.; Griswold, W., (2009). Human health effects of heavy
metals. environmental science and technology briefs for citizens. 15:
1-6 (6 pages).

Masum, M.H.; Pal, S.K., (2020). Statistical evaluation of selected air
quality parameters influenced by COVID-19 lockdown. Global J.
Environ. Sci. Manage., 6(SI): 85-94 (10 pages).

MDEP.,, (2021). Remedial action guidelines for contaminated sites (RAGs).
Maine Department of Environmental Protection, Augusta, Maine.
(259 pages).

MEMR, (2014). Geology. Ministry of Energy and Mineral Resources.

Mitra, S.; Chakrabortu A.J.; Tareq, A.M.; Emran, T.B.; Nainu, F.; Khusro,
A.; Idris, A.M.; Khandaker, M.U.; Osman, H.; Alhumaydhi, F.A.; Simal-
Gandara, J., (2022). Impact of heavy metals on the environment and
human health: Novel therapeutic insights to counter the toxicity. J.
King Saud. Univ. Sci., 34(3): 1-21 (21 pages).

Nag. R.; Cummins, E., (2022). Human health risk assessment of lead
(Pb) through the environmental - food pathway. Sci. Total Environ.,
810(151168): 1-14 (14 pages).

Nguyen, U.N.T, (2014). Removal of natural organic matter and heavy
metal using charged ultrafiltration membranes. Worcester Polytechnic
Institute (WPI) and Shanghai Jiao Tong University (SJTU) (68 pages).

Nordberg, G.F.; Fowler, B.A.; Nordberg, M., (2015). Handbook on the
toxicology of metals. San Diego: Academic.

Ohiagu, F.O.; Chikezie, P.C.; Ahaneku, C.C.; Chikezie, C.M., (2022).


https://www.pnas.org/doi/full/10.1073/pnas.2024492118
https://www.pnas.org/doi/full/10.1073/pnas.2024492118
https://www.pnas.org/doi/full/10.1073/pnas.2024492118
https://www.pnas.org/doi/full/10.1073/pnas.2024492118
https://www.pnas.org/doi/full/10.1073/pnas.2024492118
http://www.ecoeet.com/Analysis-of-Physicochemical-and-Microbial-Parameters-in-Refill-Drinking-Water-Sources,149933,0,2.html
http://www.ecoeet.com/Analysis-of-Physicochemical-and-Microbial-Parameters-in-Refill-Drinking-Water-Sources,149933,0,2.html
http://www.ecoeet.com/Analysis-of-Physicochemical-and-Microbial-Parameters-in-Refill-Drinking-Water-Sources,149933,0,2.html
http://www.ecoeet.com/Analysis-of-Physicochemical-and-Microbial-Parameters-in-Refill-Drinking-Water-Sources,149933,0,2.html
https://onlinelibrary.wiley.com/doi/book/10.1002/9781444319477
https://onlinelibrary.wiley.com/doi/book/10.1002/9781444319477
https://www.sciencedirect.com/science/article/pii/S2352801X23000061?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352801X23000061?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352801X23000061?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352801X23000061?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352801X23000061?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fpls.2021.768523/full
https://www.frontiersin.org/articles/10.3389/fpls.2021.768523/full
https://www.frontiersin.org/articles/10.3389/fpls.2021.768523/full
https://www.sciencedirect.com/science/article/pii/S147470652200047X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S147470652200047X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S147470652200047X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S147470652200047X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S147470652200047X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S004896971935555X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S004896971935555X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S004896971935555X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S004896971935555X?via%3Dihub
https://springerplus.springeropen.com/articles/10.1186/s40064-015-0868-z
https://springerplus.springeropen.com/articles/10.1186/s40064-015-0868-z
https://springerplus.springeropen.com/articles/10.1186/s40064-015-0868-z
https://springerplus.springeropen.com/articles/10.1186/s40064-015-0868-z
https://springerplus.springeropen.com/articles/10.1186/s40064-015-0868-z
https://www.eeer.org/journal/view.php?number=1441
https://www.eeer.org/journal/view.php?number=1441
https://www.eeer.org/journal/view.php?number=1441
https://www.sciencedirect.com/science/article/pii/S0147651321007910
https://www.sciencedirect.com/science/article/pii/S0147651321007910
https://www.sciencedirect.com/science/article/pii/S0147651321007910
https://www.sciencedirect.com/science/article/pii/S0147651321007910
https://opendata.jabarprov.go.id/id/infografik/sungai-citarum
https://opendata.jabarprov.go.id/id/infografik/sungai-citarum
https://www.intechopen.com/chapters/70839
https://www.intechopen.com/chapters/70839
https://www.intechopen.com/chapters/70839
https://www.gjesm.net/article_9543.html
https://www.gjesm.net/article_9543.html
https://www.gjesm.net/article_9543.html
https://www.gjesm.net/article_14054.html
https://www.gjesm.net/article_14054.html
https://www.gjesm.net/article_14054.html
https://www.nejm.org/doi/full/10.1056/nejm197107012850102
https://www.nejm.org/doi/full/10.1056/nejm197107012850102
https://www.nejm.org/doi/full/10.1056/nejm197107012850102
https://iopscience.iop.org/article/10.1088/1755-1315/655/1/012081/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/655/1/012081/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/655/1/012081/pdf
https://ejurnal.bppt.go.id/index.php/JTL/article/view/2047
https://ejurnal.bppt.go.id/index.php/JTL/article/view/2047
https://ejurnal.bppt.go.id/index.php/JTL/article/view/2047
https://ejurnal.bppt.go.id/index.php/JTL/article/view/2047
https://ejurnal.bppt.go.id/index.php/JTL/article/view/2047
https://ejurnal.bppt.go.id/index.php/JTL/article/view/2047
https://link.springer.com/article/10.1007/s10653-020-00643-x
https://link.springer.com/article/10.1007/s10653-020-00643-x
https://link.springer.com/article/10.1007/s10653-020-00643-x
http://www.citarumpedia.id/2019/10/strategi-pengelolaan-terpadu.html
http://www.citarumpedia.id/2019/10/strategi-pengelolaan-terpadu.html
http://www.citarumpedia.id/2019/10/strategi-pengelolaan-terpadu.html
http://www.citarumpedia.id/2019/10/strategi-pengelolaan-terpadu.html
http://www.citarumpedia.id/2019/10/strategi-pengelolaan-terpadu.html
https://journal.ipm2kpe.or.id/index.php/BIOEDUSAINS/article/view/2346
https://journal.ipm2kpe.or.id/index.php/BIOEDUSAINS/article/view/2346
https://journal.ipm2kpe.or.id/index.php/BIOEDUSAINS/article/view/2346
https://journal.ipm2kpe.or.id/index.php/BIOEDUSAINS/article/view/2346
https://journal.ipm2kpe.or.id/index.php/BIOEDUSAINS/article/view/2346
https://journal.ipm2kpe.or.id/index.php/BIOEDUSAINS/article/view/2346
https://ejournal.unsrat.ac.id/index.php/ebiomedik/article/view/4569
https://ejournal.unsrat.ac.id/index.php/ebiomedik/article/view/4569
https://ejournal.unsrat.ac.id/index.php/ebiomedik/article/view/4569
https://ejournal.unsrat.ac.id/index.php/ebiomedik/article/view/4569
https://www.sciencedirect.com/science/article/pii/S0045653520328964
https://www.sciencedirect.com/science/article/pii/S0045653520328964
https://www.sciencedirect.com/science/article/pii/S0045653520328964
https://www.sciencedirect.com/science/article/pii/S0045653520328964
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0266700
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0266700
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0266700
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0266700
https://www.tandfonline.com/doi/abs/10.1080/10934529.2012.598711
https://www.tandfonline.com/doi/abs/10.1080/10934529.2012.598711
https://www.tandfonline.com/doi/abs/10.1080/10934529.2012.598711
https://www.tandfonline.com/doi/abs/10.1080/10934529.2012.598711
https://www.tandfonline.com/doi/abs/10.1080/10934529.2012.598711
https://www.tandfonline.com/doi/abs/10.1080/10934529.2012.598711
https://www.sciencedirect.com/science/article/pii/S2352186421003163
https://www.sciencedirect.com/science/article/pii/S2352186421003163
https://www.sciencedirect.com/science/article/pii/S2352186421003163
https://www.sciencedirect.com/science/article/pii/S2352186421003163
https://www.sciencedirect.com/science/article/pii/S2214785323004078
https://www.sciencedirect.com/science/article/pii/S2214785323004078
https://www.frontiersin.org/articles/10.3389/fpubh.2020.00014/full
https://www.frontiersin.org/articles/10.3389/fpubh.2020.00014/full
https://www.frontiersin.org/articles/10.3389/fpubh.2020.00014/full
https://engg.k-state.edu/chsr/files/chsr/outreach-resources/15HumanHealthEffectsofHeavyMetals.pdf
https://engg.k-state.edu/chsr/files/chsr/outreach-resources/15HumanHealthEffectsofHeavyMetals.pdf
https://engg.k-state.edu/chsr/files/chsr/outreach-resources/15HumanHealthEffectsofHeavyMetals.pdf
https://doi.org/10.22034/GJESM.2019.06.SI.08
https://doi.org/10.22034/GJESM.2019.06.SI.08
https://doi.org/10.22034/GJESM.2019.06.SI.08
https://www.maine.gov/dep/spills/publications/guidance/rags/Maine-Remedial-Action-Guidelines-2021-05-01.pdf
https://www.maine.gov/dep/spills/publications/guidance/rags/Maine-Remedial-Action-Guidelines-2021-05-01.pdf
https://www.maine.gov/dep/spills/publications/guidance/rags/Maine-Remedial-Action-Guidelines-2021-05-01.pdf
https://vsi.esdm.go.id/index.php/gunungapi/data-dasar-gunungapi/494-g-sirung?start=2
https://www.sciencedirect.com/science/article/pii/S1018364722000465?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1018364722000465?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1018364722000465?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1018364722000465?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1018364722000465?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S004896972106246X
https://www.sciencedirect.com/science/article/pii/S004896972106246X
https://www.sciencedirect.com/science/article/pii/S004896972106246X
https://web.wpi.edu/Pubs/E-project/Available/E-project-012814-155000/unrestricted/MQP_Report-_Removal_of_NOM_and_heavy_metal-_Uyen_Nguyen.pdf
https://web.wpi.edu/Pubs/E-project/Available/E-project-012814-155000/unrestricted/MQP_Report-_Removal_of_NOM_and_heavy_metal-_Uyen_Nguyen.pdf
https://web.wpi.edu/Pubs/E-project/Available/E-project-012814-155000/unrestricted/MQP_Report-_Removal_of_NOM_and_heavy_metal-_Uyen_Nguyen.pdf
http://www.icohweb.org/site/publications-handbook-on-the-toxicology-of-metals.asp
http://www.icohweb.org/site/publications-handbook-on-the-toxicology-of-metals.asp
https://medcraveonline.com/MSEIJ/MSEIJ-06-00183.pdf

Human exposure to heavy metals: toxicity mechanisms and health
implications. Mater. Sci. Eng. Int. J., 6(2): 78-87 (10 pages).

Olawoyin, R., (2018): Adverse human health impacts in the anthropocene.
Environ. Health Insights. 12: 1-5 (5 pages).

Pandey, S.; Kumari, N., (2023). Chapter 8 - Impact assessment of heavy
metal pollution in surface water bodies, Editor(s): Sushil Kumar Shukla,
Sunil Kumar, Sughosh Madhay, Pradeep Kumar Mishra, In Advances in
Environmental Pollution Research. Met. Water.: 129 — 154 (26 pages).

Parker, G.H.; Gillie, C.E.; Miller, J.V.; Badger, D.E.; Kreider, M.L., (2022).
Human health risk assessment of arsenic, cadmium, lead, and
mercury ingestion from baby foods. Toxicol. Reports. 9(2022): 238—
249 (12 pages).

Pei, L.; Duo, J., (2022). Study on treatment of tiny pollution water with
PAC-HUM system in Kuitun River. Membr., 12(10): 1-12 (12 pages).
Pi, X.; Qiao, Y.; Wei, Y,; Jin, L; Li, Z.; Liu, J.; Zhang, Y.; Wang, L.; Liu, Y,;
Xie, Q.; Ren, A., (2018). Concentrations of selected heavy metals in
placental tissues and risk for neonatal orofacial clefts. Environ. Pollut.,

242(Part B): 1652-1658 (7 pages).

Quaghebeur, W.; Mulhern, R.E.; Ronsse, S.; Heylen, S.; Blommaert,
H.; Potemans, S.; Mendizabal, CV.; Garcia, JT., (2019). Arsenic
contamination in rainwater harvesting tanks around Lake Poopd
in Oruro, Bolivia: An unrecognized health risk. Sci. Total Environ.,
688(2019): 224-230 (7 pages).

Rahman, M.S.; Reza, A.H.M.S.; Ahsan, M.A,; Siddique, M.A.B., (2023).
Arsenic in groundwater from Southwest Bangladesh: Sources, water
quality, and potential health concern. HydroRes., 6(2023): 1-15 (15
pages).

Ravindra, K.; Mor, S., (2019). Distribution and health risk assessment of
arsenic and selected heavy metals in Groundwater of Chandigarh,
India. Environ. Pollut., 250(2019): 820-830 (11 pages).

Safeeq, M.; Fares, A., (2016). Groundwater and surface water interactions
in relation to natural and anthropogenic environmental changes.
Emerging issues in groundwater resources, Adv. Water Secur., 289—
326 (38 pages).

Saha, A.; Gupta, B.S.; Patidar, S.; Martines-Villegas, N., (2022). Spatial
distribution based on optimal interpolation techniques and
assessment of contamination risk for toxic metals in the surface soil. J.
South Am. Earth Sci., 115(103763): 1-14 (14 pages).

Salam, M.A.; Paul; S.C.; Noor, S.N.B.M.; Siddiqua, S.A.; Aka, T.D.; Wahab,
R.; Aweng, E.R., (2019). Contamination profile of heavy metals in
marine fish and shellfish. Global J. Environ. Sci. Manage., 5(2): 225-
236 (12 pages).

Salami, I.R.S.; Pradita, D.P., (2020). The effect of aeration on rover water
receiving industrial discharges to its quality and toxicity. E3S Web
Conference. 8(05010): 1-6 (6 pages).

Septiono, M. A.; Roosmini, D., (2015). Heavy metal distribution in water,
sediment, and fish at upper Citarum river and its potential exposure
pathway to human. In Proceedings of the 5th Environ. Technol.
Manage. Conf., Bandung, Indonesia. 1-10 (10 pages).

Silbergeld, E.K.; Waalkes, M.; Rice, J.M., (2000). Lead as a carcinogen:
Experimental evidence and mechanisms of action. Am. J. Ind. Med.,
38(3): 316-323 (8 pages).

Singha, K.; Pandit, P.; Maity, S.; Sharma, S.R., (2021). Chapter 11- Harmful
environmental effects for textile chemical dyeing practice Green
Chemistry for Sustainable Textiles, Woodhead Publishing (2021), 153-
164 (12 pages).

Smedley P. L.; Kinniburgh D. G., (2002). A review of the source, behaviour
and distribution of arsenic in natural waters. Appl. Geochem., 17(5):
517-568 (52 pages).

SNI, (2008). Metoda pengambilan contoh air tanah [Groundwater
sampling method]. Standar Nasional Indonesia [Indonesian National
Standard] (24 pages).

SNI, (2018). Cara uji logam menggunakan Spektrometer Emisi Atom ICP
— OES [Method of testing metals using an ICP-OES]. Standar Nasional

787

Indonesia [Indonesian National Standard] (21 pages).

Sukarjo; Zulaehah, I.; Handayani, C.0.; Zu’amah, H., (2021). Heavy metal
pollution assessment in paddy fields and dryland in Bandung District,
West Java. IOP Conf. Ser.: Earth Environ. Sci., 648(012114): 1-7 (7
pages).

Sumantri, A.; Rahmani, R.Z., (2020). Analisis pencemaran kromium (VI)
berdasarkan kadar chemical oxygen demand (COD) pada hulu Sungai
Citarum di Kecamatan Majalaya Kabupaten Bandung Provinsi Jawa
Barat [Analysis of chromium (VI) pollution based on chemical oxygen
demand (COD) levels in the upstream of the Citarum River in Majalaya
District, Bandung Regency, West Java Province] Jurnal Kesehatan
Lingkungan Indonesia. 19 (2): 144 — 151 (8 pages).

Takeuchi, M.; Yoshida, S.; Kawakami, C.; Kawakami, K.; Ito, S., (2022).
Association of maternal heavy metal exposure during pregnancy
with isolated cleft lip and palate in offspring: Japan Environment and
Children’s Study (JECS) cohort study. PLoS ONE. 17(3): 1-12 (12 pages).

Tamang, S.K.; Singh, P.D.; Datta, B., (2020). Forecasting of Covid-19
cases based on prediction using artificial neural network curve fitting
technique. Global J. Environ. Sci. Manage, 6(Sl): 53-64 (10 Pages).

Thanki, A.; Bhattacharya, D., (2022). Review on the evaluation of
various natural adsorbents for the removal and treatment of textile
wastewater. In: Hagq, I., Kalamdhad, A.S., Dash, S. (eds) Environmental
Degradation: Monitoring, Assessment and Treatment Technologies.

Springer, Cham.
Thufailah, N.A.,, (2020). Penilaian Risiko Kesehatan
Masyarakat ~ dari  Pemakaian ~ Sumber Air Bersih  Non-

PDAM di DAS Citarum Hulu [Public Health Risk Assessment of Use
Non-PDAM Clean Water Sources in Upper Citarum Watershed], Thesis
of Master’s Program, Institut Teknologi Bandung (156 pages).

Uddin, M.H.; Rumman, M., (2020). Chapter: Cobalt toxicity and human
health, Metal Toxicology Handbook, 1 Edition, CRC Press, Boca Raton
(13 pages).

USEPA (2022c). Regional screening levels (RSLs) — User’s guide. United
States Environmental Protection Agency.

USEPA, (2016). Quick guide to drinking water sample collection: second
edition update. United States Environmental Protection Agency.

USEPA, (2022a). Mercury emissions: The global context. United States
Environmental Protection Agency.

USEPA, (2022b). Regional screening levels (RSLs) - Equations. United
States Environmental Protection Agency.

USGS, (2019). Mercury in the environment. The United States Geological
Survey.

Utami, D.N., (2019). Kajian kandungan logam berat dalam gabah (oryza
sativa L.) varietas ciherang yang ditanam pada lahan sawah irigasi DAS
Citarum Hulu [Study of heavy metal content in grain (oryza sativa I.) of
the ciherang variety grown in Upstream Citarum irriggated paddy fields].
Program Studi Teknologi Pangan Fakultas Teknik Universitas Pasundan.

Van Ginkel, C.H., (2015). Water quality in the Bandung Basin. Towards a
better understanding of the water quality in the Upper Citarum River
Basin. Bachelor Thesis. University of Twente (99 pages).

Velusamy, S.; Roy, A.; Sundaram, S.; Mallick, T.K., (2021). A review on
heavy metals ions and containing dyes removal through graphene
oxide — based adsorption strategies for textile wastewater treatment.
Chem. Rec., 21(7): 1570-1610 (41 pages).

Wang B.; Duan X.; Feng W.; He J.; Cao S.; Liu S.; Shi D.; Wang H.; Wu F,,
(2019). Health risks to metals in multimedia via ingestion pathway for
children in a typical urban area of China. Chemosphere. 226(2019):
381-387 (7 pages).

Woodward-Clyde. (1998). Chemical of potential concern and chemicals
of potential ecological concern memorandum for mississippi river.
Aluminum Company of America Davenport Facility, Riverdale, Lowa.

Xiao, J.; Wang, L.; Deng, L.; Jin, Z., (2019). Characteristics, sources, water
quality and health risk assessment of trace elements in river water and
well water in the Chinese Loess Plateau. Sci. Total Environ., 650(2019):


https://medcraveonline.com/MSEIJ/MSEIJ-06-00183.pdf
https://medcraveonline.com/MSEIJ/MSEIJ-06-00183.pdf
https://journals.sagepub.com/doi/10.1177/1178630218812791
https://journals.sagepub.com/doi/10.1177/1178630218812791
https://www.sciencedirect.com/science/article/pii/B9780323959193000045
https://www.sciencedirect.com/science/article/pii/B9780323959193000045
https://www.sciencedirect.com/science/article/pii/B9780323959193000045
https://www.sciencedirect.com/science/article/pii/B9780323959193000045
https://www.sciencedirect.com/science/article/pii/S2214750022000154?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214750022000154?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214750022000154?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214750022000154?via%3Dihub
https://www.mdpi.com/2077-0375/12/10/1010
https://www.mdpi.com/2077-0375/12/10/1010
https://www.sciencedirect.com/science/article/pii/S0269749118311242?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749118311242?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749118311242?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749118311242?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719326038?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719326038?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719326038?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719326038?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969719326038?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2589757822000105
https://www.sciencedirect.com/science/article/pii/S2589757822000105
https://www.sciencedirect.com/science/article/pii/S2589757822000105
https://www.sciencedirect.com/science/article/pii/S2589757822000105
https://www.sciencedirect.com/science/article/pii/S0269749118358330
https://www.sciencedirect.com/science/article/pii/S0269749118358330
https://www.sciencedirect.com/science/article/pii/S0269749118358330
https://link.springer.com/chapter/10.1007/978-3-319-32008-3_11
https://link.springer.com/chapter/10.1007/978-3-319-32008-3_11
https://link.springer.com/chapter/10.1007/978-3-319-32008-3_11
https://link.springer.com/chapter/10.1007/978-3-319-32008-3_11
https://www.sciencedirect.com/science/article/pii/S0895981122000542?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0895981122000542?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0895981122000542?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0895981122000542?via%3Dihub
https://www.gjesm.net/article_34370.html
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_05010.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_05010.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/08/e3sconf_etmc2020_05010.pdf
https://www.researchgate.net/publication/284899558_Heavy_Metal_Distribution_in_Water_Sediment_and_Fish_at_Upper_Citarum_River_and_Its_Potential_Exposure_Pathway_to_Human
https://www.researchgate.net/publication/284899558_Heavy_Metal_Distribution_in_Water_Sediment_and_Fish_at_Upper_Citarum_River_and_Its_Potential_Exposure_Pathway_to_Human
https://www.researchgate.net/publication/284899558_Heavy_Metal_Distribution_in_Water_Sediment_and_Fish_at_Upper_Citarum_River_and_Its_Potential_Exposure_Pathway_to_Human
https://www.researchgate.net/publication/284899558_Heavy_Metal_Distribution_in_Water_Sediment_and_Fish_at_Upper_Citarum_River_and_Its_Potential_Exposure_Pathway_to_Human
https://onlinelibrary.wiley.com/doi/10.1002/1097-0274(200009)38:3%3C316::AID-AJIM11%3E3.0.CO;2-P
https://onlinelibrary.wiley.com/doi/10.1002/1097-0274(200009)38:3%3C316::AID-AJIM11%3E3.0.CO;2-P
https://onlinelibrary.wiley.com/doi/10.1002/1097-0274(200009)38:3%3C316::AID-AJIM11%3E3.0.CO;2-P
https://www.sciencedirect.com/science/article/pii/B9780323852043000051?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9780323852043000051?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9780323852043000051?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9780323852043000051?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0883292702000185?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0883292702000185?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0883292702000185?via%3Dihub
http://water.lecture.ub.ac.id/files/2012/03/SNI-_metode-sample-air-tanah.pdf
http://water.lecture.ub.ac.id/files/2012/03/SNI-_metode-sample-air-tanah.pdf
http://water.lecture.ub.ac.id/files/2012/03/SNI-_metode-sample-air-tanah.pdf
https://pesta.bsn.go.id/produk/detail/12925-sni6989-822018
https://pesta.bsn.go.id/produk/detail/12925-sni6989-822018
https://pesta.bsn.go.id/produk/detail/12925-sni6989-822018
https://iopscience.iop.org/article/10.1088/1755-1315/648/1/012114/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/648/1/012114/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/648/1/012114/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/648/1/012114/pdf
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://ejournal.undip.ac.id/index.php/jkli/article/view/32160
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0265648
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0265648
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0265648
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0265648
https://link.springer.com/chapter/10.1007/978-3-030-94148-2_8
https://link.springer.com/chapter/10.1007/978-3-030-94148-2_8
https://link.springer.com/chapter/10.1007/978-3-030-94148-2_8
https://link.springer.com/chapter/10.1007/978-3-030-94148-2_8
https://link.springer.com/chapter/10.1007/978-3-030-94148-2_8
https://digilib.itb.ac.id/index.php/gdl/view/51821
https://digilib.itb.ac.id/index.php/gdl/view/51821
https://digilib.itb.ac.id/index.php/gdl/view/51821
https://digilib.itb.ac.id/index.php/gdl/view/51821
https://digilib.itb.ac.id/index.php/gdl/view/51821
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429438004-21/cobalt-toxicity-human-health-md-hafiz-uddin-marufa-rumman
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429438004-21/cobalt-toxicity-human-health-md-hafiz-uddin-marufa-rumman
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429438004-21/cobalt-toxicity-human-health-md-hafiz-uddin-marufa-rumman
https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide
https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide
https://www.epa.gov/sites/default/files/2015-11/documents/drinking_water_sample_collection.pdf
https://www.epa.gov/sites/default/files/2015-11/documents/drinking_water_sample_collection.pdf
https://www.epa.gov/international-cooperation/mercury-emissions-global-context#types
https://www.epa.gov/international-cooperation/mercury-emissions-global-context#types
https://www.epa.gov/risk/regional-screening-levels-rsls-equations
https://www.epa.gov/risk/regional-screening-levels-rsls-equations
https://www.usgs.gov/mission-areas/water-resources/science/mercury#:~:text=Mercury is emitted by natural,%2C industrial uses%2C and mining.
https://www.usgs.gov/mission-areas/water-resources/science/mercury#:~:text=Mercury is emitted by natural,%2C industrial uses%2C and mining.
http://repository.unpas.ac.id/41206/
http://repository.unpas.ac.id/41206/
http://repository.unpas.ac.id/41206/
http://repository.unpas.ac.id/41206/
http://repository.unpas.ac.id/41206/
https://essay.utwente.nl/68814/1/Ginkel-Kees-van.pdf
https://essay.utwente.nl/68814/1/Ginkel-Kees-van.pdf
https://essay.utwente.nl/68814/1/Ginkel-Kees-van.pdf
https://onlinelibrary.wiley.com/doi/10.1002/tcr.202000153
https://onlinelibrary.wiley.com/doi/10.1002/tcr.202000153
https://onlinelibrary.wiley.com/doi/10.1002/tcr.202000153
https://onlinelibrary.wiley.com/doi/10.1002/tcr.202000153
https://www.sciencedirect.com/science/article/pii/S0045653519306046?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0045653519306046?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0045653519306046?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0045653519306046?via%3Dihub
https://semspub.epa.gov/work/07/139711.pdf
https://semspub.epa.gov/work/07/139711.pdf
https://semspub.epa.gov/work/07/139711.pdf
https://www.sciencedirect.com/science/article/pii/S0048969718337793?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969718337793?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969718337793?via%3Dihub

2004-2012 (9 pages).

Zeng. F.; Wei, W.; Li, M.; Huang, R.; Yang, F.; Duan, Y., (2015). Heavy metal
contamination in rice producing soils of hunan province, china and
potential health risks. Int. J. Environ. Res, Public Health. 12(12), 15584
—15593 (10 pages).

Zhai, Y,; Cao, X.; Xia, X.; Wang, B.; Teng, Y,; Li, X., (2021). Elevated Fe and
Mn concentrations in groundwater in the songnen plain, Northeast
China, and the factors and mechanisms involved. Agron., 11(12): 1-20
(20 pages).

Zhao, X.; Li, Z.; Wang, D.; Xu, X.; Tao, Y.; Jiang, Y.; Zhang, T.; Zhao, P, Li,
Y., (2022). Pollution characteristics, influencing factors and health
risks of personal heavy metals exposure: Results from human
environmental exposure study in China. Build. Environ., 220(109217):
1-10 (10 pages).

Zhao, Y.; Gao, L.; Zha, F; Chen, X.; Zhou, X.; Wang, X.; Chen, Y.; Pan, X.,
(2021). Research on heavy metal level and co-occurrence network in
typical ecological fragile area. J. Environ. Health Sci. Eng., 19(2021):
531-540 (10 pages).

AUTHOR (S) BIOSKETCHES

40132, West Java, Indonesia.

= Email: lulufahimah@gmail.com

= ORCID: 0000-0002-5890-8260

= Web of Science ResearcherID: HJY-3667-2023
= Scopus Author ID: 57215064564

= Homepage: https://env.itb.ac.id/

= Email: indahrss28@gmail.com

= ORCID: 0000-0003-4108-1110

= Web of Science ResearcherID: NA
= Scopus Author ID: 25628844800

= Email: katharina.oginawati@gmail.com
= ORCID: 0000-0001-6167-9035

= Web of Science ResearcherID: NA

= Scopus Author ID: 571895223833

Ganesha 10, Bandung 40132, West Java, Indonesia.
= Email: sharnellajy24@gmail.com

= ORCID: 0000-0003-0936-6466

= Web of Science ResearcherID: NA

= Scopus Author ID: NA

= Homepage: https://env.itb.ac.id/

Bandung 40132, West Java, Indonesia.
= Email: adeesupriatin2@gmail.com
= ORCID: 0000-0002-9211-9644

= Web of Science ResearcherID: NA

= Scopus Author ID: NA

Ganesha 10, Bandung 40132, West Java, Indonesia.
= Email: yutika.nadira81@gmail.com

= ORCID: 0000-0002-4531-7381

= Web of Science ResearcherID: HJY-3566-2023

= Scopus Author ID: NA

= Homepage: https://env.itb.ac.id/

Fahimah, N., Ph.D. Candidate, Department of Environmental Engineering, Institut Teknologi Bandung, Jalan Ganesha 10, Bandung

Salami, I.R.S., Ph.D., Associate Professor, Environmental Management Technology Research Group, Department of Environmental
Engineering, Institut Teknologi Bandung, Jalan Ganesha 10, Bandung 40132, West Java, Indonesia.

= Homepage: https://env.itb.ac.id/lecturer/ir-indah-rachmatiah-siti-salami-m-sc-ph-d/

Oginawati, K., Ph.D., Associate Professor, Environmental Management Technology Research Group, Department of Environmental
Engineering, Institut Teknologi Bandung, Jalan Ganesha 10, Bandung 40132, West Java, Indonesia.

= Homepage: https://env.itb.ac.id/lecturer/dr-ir-katharina-oginawati-ms/

Yapfrine, S.J., B.Eng., Instructor, Graduate Student, Department of Environmental Engineering, Institut Teknologi Bandung, Jalan

Supriatin, A., B.Eng., Laboratory Staff, Industrial Hygiene and Toxicology Laboratory, Institut Teknologi Bandung, Jalan Ganesha 10,

= Homepage: https://env.itb.ac.id/tentang/fasilitas/lab-higiene-industri-dan-toksikologi/

Thaher, Y.N., B.Eng., Instructor, Undergraduate Student, Department of Environmental Engineering, Institut Teknologi Bandung, Jalan

HOW TO CITE THIS ARTICLE

Global J. Environ. Sci. Manage., 9(4): 765-788.

DOI: 10.22035/gjesm.2023.04.08
URL: https://www.gjesm.net/article_702119.html

Fahimah, N.; Salami, I.R.S.; Oginawati, K.; Yapfrine, S.J.; Supriatin, A.; Thaher, Y.N., (2023). Mapping and
determining chemical of potential concerns from heavy metals in water usage in the uppers watershed.

788


https://www.sciencedirect.com/science/article/pii/S0048969718337793?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690941/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690941/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690941/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690941/
https://www.mdpi.com/2073-4395/11/12/2392
https://www.mdpi.com/2073-4395/11/12/2392
https://www.mdpi.com/2073-4395/11/12/2392
https://www.mdpi.com/2073-4395/11/12/2392
https://www.sciencedirect.com/science/article/pii/S036013232200453X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S036013232200453X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S036013232200453X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S036013232200453X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S036013232200453X?via%3Dihub
https://link.springer.com/article/10.1007/s40201-021-00625-w#citeas
https://link.springer.com/article/10.1007/s40201-021-00625-w#citeas
https://link.springer.com/article/10.1007/s40201-021-00625-w#citeas
https://link.springer.com/article/10.1007/s40201-021-00625-w#citeas
mailto:lulufahimah@gmail.com
https://env.itb.ac.id/
https://env.itb.ac.id/lecturer/ir-indah-rachmatiah-siti-salami-m-sc-ph-d/
https://env.itb.ac.id/lecturer/dr-ir-katharina-oginawati-ms/
https://env.itb.ac.id/
https://env.itb.ac.id/tentang/fasilitas/lab-higiene-industri-dan-toksikologi/
https://env.itb.ac.id/

	Mapping and identifying heavy metals in water use as chemicals of potential concerns in upper waters
	Abstract
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	Site description and sampling 
	Water sampling and preservation 
	Heavy metal concentration analysis in the laboratory 
	COPC analysis 
	A. Non-cancer effects 
	B. Cancer effects 
	Spatial distributions 
	Statistical analysis 

	RESULTS AND DISCUSSION 
	Heavy metal concentration and spatial distribution map  
	For sanitation and hygiene (SH) 
	For drinking water or consumption water 
	Chemical of potential concerns 
	For sanitation and hygiene (SH) 
	For drinking water or consumption water 
	Statistical results 

	CONCLUSION
	AUTHORS CONTRIBUTION 
	ACKNOWLEDGEMENTS 
	CONFLICT OF INTEREST 
	OPEN ACCESS 
	APPENDIX. SUPPLYMENTARY DATA 
	PUBLISHER’S NOTE 
	ABBREVIATIONS
	REFERENCES


