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ABSTRACT

The ideal drinking water requirement is clean water that is colorless, odorless, and tasteless, doe not
contain pathogenic germs, does not contain chemicals or heavy metals, does not endanger the health
of living things, and is not economically harmful. The ARKL study is intended to calculate or predict
the risk to human health, including identification of the presence of uncertainty factors, tracing to
specific exposures, taking into account the inherent characteristics of the agent of concern, and the
characteristics of specific targets. Based on the ARKL study, the minimum RQ and maximum RQ
values for each risk agent are <1 (safe). This study used dug-well water from the community of
Telugu Jaya Village. The purpose of the study was to assess the risk of exposure to heavy metals
contained in dug-well water. Measurement parameters were carried out in the form of Ph, TSS, and
nine heavy metal elements (Cu, Cd, Cr6+, CrT, Pb, Ni, Fe, Zn, and Co). After the measurement, the
risk of heavy metal exposure to local community-dug well water was analyzed. The results showed
that HI <1, so it was concluded that the level of heavy metal intake from the dug well was still below
the reference dose (RfD), which means that the exposure limit was still safe.

Keywords: dug well water; heavy metal exposure; RfD/SF; heavy metal elements; ARKL.
INTRODUCTION

Southeast Sulawesi is one of the islands in Indonesia that is rich in nickel mining commodities,
resulting in a lot of open land due to nickel mining operations. Water is a major problem that is often
the result of mining activities such as decreased productivity, acid mine drainage, decreased
groundwater levels, erosion and sedimentation, and water pollution. Wastewater is water that comes
from a process or an activity. Most mining industries produce liquid waste from both mining and
processing activities because water has an important role at every stage of the production process.
Nickel mining activities can cause pollution of water quality, namely mineral ore tetroxide, due to
mining activities dismantling layers of rock in the soil, which contains many metal minerals (ores),
such as iron (Fe), nickel (Ni), and lead (Pb). Pollution in a water well can come from the surface of
the land where the well is located or from the side that seeps following the flow of groundwater,
both air groundwater and natural groundwater, due to differences in groundwater levels and well
water levels due to well water extraction (Widowati et al., 2008:193).

Quality Standard for Nickel Mining Wastewater

The quality standard of wastewater from nickel ore mining businesses or activities is the limit or
maximum level of pollutant elements and/or the amount of pollutant elements that are tolerated in
wastewater that will be discharged or released to water sources from nickel ore mining businesses
and/or activities.

Table 1. Nickel Ore Mining Wastewater Quality Standard

Parameters Source Mining Processing
pH - 6-9 6-9
Total Suspended
Solids (TSS) mg/l 200 200
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Cu mg/l 2 2

Cd mg/l 0,05 0,05
Zn mg/l 5 5

Pb mg/l 0,1 0,1
Ni mg/l 0,5 0,5
Cré* mg/I 0,1 0,1
Cr Total mg/l 0,5 0,5
Fe mg/l 5 5

Co mgl/l 0,4 0,4

Environmental Health Risk Analysis

ARKL (Environmental Health Risk Analysis) is an approach used to assess health risks in the
environment with the output being a risk characterization (expressed as a risk level) that explains
whether or not a risk agent or environmental parameter poses a risk to public health. The assessment
parameter is the reference dose (RfD) value. If there is an increase in concentration that exceeds the
quality standard, it will be able to disturb or endanger public health.

Table 2. RfD and SF values of some Ingestion pathway risk agents or chemical species

No.
(RfD, Agent Respt/)lr<1 5€ dDose Crystallization and Reference Effects
1 Cu 4,00.107? -
2 cd 500,10 Human chronic exposure proteinuria (USEPA,
T 1985)
Decreased erythroyte Cu, Zn-Supuroxide
i Dismutase (ESOD) activity in male and female
1
3 Zn 3,00.10 volunteers (Yadrck et al., 1989; Fischer et al.,
1984; Davis et al)
4 Pb 3,50.10°3 -
5 Ni 2,00.10 -
1-year drinking water bioassay with rats
6+ 3 (McKenzie et al, 1958) and drinking water
6 cr 3,00.10 exposure of Jinzhou residents (Zhang and Li,
1987)
7 Cr Total 1,00.10%° -

Causes impaired oxygen uptake in the blood,
8 Fe 3,00.10 characterized by dizziness, nausea. If

consumed in high amounts can damage nerves.
9 Co 2,90.10* -

RESEARCH METHODS
Research Location

This research was conducted in Telutu Jaya Village, Tinanggea Sub-District, South Konawe District,
Southeast Sulawesi Province (Figure 1). Geographically, Telutu Jaya Village is located between 4°
26' 23.2" South latitude and 122° 10" 11.6" East longitude.
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Figure 1. Research Location Map
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Figure 2. Research concept diagram

In this study, the variables studied were respondent characteristics (age, body weight (Wb), exposure
time (tE), exposure frequency (fE), exposure duration (Dt), reference dose (RfD), average time
(tAVG), non-carcinogenic risk (RQ), carcinogenic risk (ECR), slope factor (CSF), intake (I), and
ingestion rate (R). The way of presenting research data is presented descriptively in the form of

tables and narratives.

The implementation of ARKL includes four steps, namely:
1. Hazard Identification
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The sample is the number of individuals in one household whose well water is used as a research
sample with inclusion criteria, namely that residents’ wells are 3-4 km from mining activities
and their well water is used for drinking water.

2. Dose-Response Analysis (RfD)
The reference dose and concentration, hereafter referred to ass RfD and RfC, are the values used
as a reference for safe values for non-carcinogenic effects of a risk agent, while the SF (slope
factor) is a reference for safe values for carcinogenic effects (Table 2).

3. Exposure Analysis

Exposure analysis is to measure or calculate the intake of the risk agent. Different equations or
formulas are used to calculate intakes.

Intake on the ingestion route of exposure:

| CxRx foxD,
MK 7T VA s e s Formula 1
W, xt (Formula 1)
Description:
Ink (Intake) : The amount of risk agent concentration
(mg) that enters the human body with a certain body weight (kg) every day (mg/kg x day)
C (Concentration) : Concentration of the risk agent in clean/drinking water or in
food (mg/l).
R (Rate) : Consumption rate or the amount of water
volume or weight of food that enters every hour (liter/day)
Fe (frequency of exposure) . The length or number of days of
exposure each year (Days/year)
D: (duration time) . Length or number of years of exposure
(year)
W (weight of body) : Weight of human
body/population/population group (kg)
Tavg (NK) (time average) : Average time period for non-carcinogen
effects (days).

Risk Characterization

Risk characterization is done by comparing or dividing the intake with the dose or concentration of
the risk agent.

Calculation of non-carcinogenic risk level:

RQ= L ................................................................... (Formula 2)

Dsecription:

Used to calculate the RQ for ingestion route exposure.

I (Intake) : Intake that has been calculated by
the formula above.

RfD (Reference Dose) : Reference value of the risk agent
at ingestion exposure.

The risk level is said to be SAFE when the intake is < RfD or RfCnya or expressed by RQ <1.
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The risk level is said to be UNSAFE when the intake > RfD or RfCnya or expressed by RQ >1.
RESULTS AND DISCUSSION
Respondent Characteristics

The parameters of respondents’ characteristics from the population sample in Telutu Jaya Village,
Tinanggea Subdistrict were age, body weight (Wy), and frequency of exposure (fg). The
measurement results are presented in the table below.

Table 3. Characteristic parameters of respondents in two groups residing in Telutu Jaya Village.

i - Adults
Respondent Characteristics Children (0 - <12
years) (>18 years old)
Body Weight (kg) 15 58
Length of Stay (days/year) 350 350

Default values are used to measure the amount of drinking water intake, which for children with an
average body weight of 15 kg is 1 liter/day, while for adults up to 58 kg is 2 liters/day.

Furthermore, conduct a dose-response analysis, namely finding the RfD value of the risk agent (the
ARKL study) and understanding what effects the risk agent may have on the human body. Intake
measurement (l) uses formula 1 to find the value of the level of health risk caused by chemical
agent pollution. The RQ value is calculated by comparing the intake or the amount of concentration
of chemical agents that enter the human body with a certain body weight every day with the RfD
(reference dose) value. The results of the intake and RQ measurements are presented in the table
below.

Table 4. Intake and RQ Measurement Results in Telutu Jaya Village

Reference Intake (mg/kg/day) Risk Level

Parameters dose unit Concentra
(RD)-  tion(mg/l)  Adult Kids Adult Kids

mg/kg/day
fgg)m'“m 0.001 0.001967  0.000069 0.000126 0.068576 0.125723
Chromium 0.003 0.001767  0.000062 0.000113 0.020534 0.037646
val. 6 (Cr*®)
Copper (Cu) 0.400 0.002600  0.000091 0.000166 0.000227 0.000416
Lead (Pb) 0.0035 0.001767  0.000062 0.000113 0.017601 0.032268
Zinc (zn) 0.3 0.017867  0.000623 0.001142 0.002077  0.003807
Total
chromium 1.0 0.001667  0.000058 0.000107 0.000058  0.000107
(Cr 1or)
Iron (Fe) 0.3 0.026867  0.000937 0.001718 0.003123 0.005725
Nickel (Ni) 0.02 0.003100  0.000108 0.000198 0.005405  0.009909

Cobalt (Co) 0.00029 0.002233  0.000078 0.000143 0.268533 0.492311

Based on the results of the calculation of the Environment Health Risk Analysis (ARKL) that has
been carried out from the previous stages, it is known that the resulting risk value is below the
specified standard.

Table 3 and Table 4 show that minimum RQ and maximum RQ values for each risk agent are <1,
which means that in adults such as workers in the risk group with an estimated body weight of 58
kg, the intake rate in adults in 2L/day for 350 days/year for the next 30 years is said to be safe when
consuming dug well water as drinking water in Telutu Jaya Village, Tinanggea Subdistrict, South
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Konawe Regency with the concentration value of water chemical risk agents not more than the
existing.

CONCLUSIONS

Risky chemical agents or heavy metal elements were measured in the parameters of community dug
well water in Telutu Jaya Village, Tinanggea District, in the form of Cu, Cd, Cr6+, CrT, Pb, Ni, Fe,
Zn, and Co. Exposure pathways of risky heavy mental elements that enter the human body through
ingestion (swallowed). The RfD (Reference Dose) value is the value used as a reference for
measuring the value of drinking water intake, where measurements are made in two groups, namely
children (aged 0-<12 years) with an average body weight of 15 kg and water consumption of 1
liter/day, and adults (>18 years) with a body weight of 58 kg and water consumption of 2 liters/day.
From the results of the calculation of risk characteristics in Telutu Jaya Village, Tinanggea
Subdistrict, the RQ value of all test samples is <1. This means that exposure to heavy metal elements
in community-dug well water is considered safe. The risk management that needs to be done related
to dug well water is to strive to maintain the quality of dug well water consumed by the community,
especially in Telutu Jaya Village, Tinanggea District, by conducting periodic checks and controlling
the parameters of pollutants that exceed quality standards.
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