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Abstract: High concentrations of detergent waste disrupt aquatic biota. Detergent content can increase
nutrient levels, causing environmental problems. The purpose of this study was to determine the level
of public health risk in Lamangga Village, Baubau City, where well water containing phosphate and
surfactants is consumed. This was an observational study with environmental health risk analysis. The
study was composed of representative samples from 14 wells used as a source of drinking water and 70
respondents. The results showed that the average concentration of phosphate in drinking water sources
across the 14 sampling points was 0.020 mg/L and that of surfactants was 0.39 mg/L. The rate of exposure
to detergent concentration in raw water (intake rate) is directly proportional to the risk level value (RQ).
The RQ of all respondents was < 1. All 70 respondents had a target hazard quotient (THQ) < 1, and no
respondents had a THQ value higher than 1. The standardization values issued by the US-EPA Agency
and the Regulation of the Minister of Health of the Republic of Indonesia Number 32/2017 set the
reference dose (RfD) value of surfactants and phosphate at 0.05 mL/L/d. Surfactant exposure can cause
irritation to the skin and eyes and damage the skin’s natural protective layer, while phosphate exposure
is not directly toxic to humans in small concentrations. Risk management strategies are necessary to
control phosphate and surfactant concentrations in drinking water so that they do not result in future
non-carcinogenic risk effects.
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1. Introduction

The global water crisis is one of the greatest challenges of this century, with increased pressure
on freshwater resources due to population growth, urbanization, and climate change. Amidst such
growing demand, water pollution is a compounding, serious threat. Domestic, industrial, and
agricultural waste, including chemicals such as surfactants and phosphates, contaminate freshwater
sources, making them unsuitable for consumption or other uses.

Water is a fundamental chemical compound for human life and other living beings, whose
function cannot be replaced by any other compound, as it is the main component both in plants and
animals, including humans [1]. The need for clean water is directly proportional to the extent of water
pollution caused by human activities, which ultimately impacts humans as well for example, the
disposal of domestic household waste such as detergent waste, which can accumulate and become
toxic [2]. Aquatic ecosystems are particularly affected by water pollution as their abiotic components
mostly consist of water [3].

Greywater, which includes wastewater from activities such as washing clothes and dishes, differs
from blackwater in that it typically contains fewer pathogens but still poses significant risks due to
contaminants like detergents, phosphates, and surfactants [4]. Domestic wastewater is commonly
contaminated with solid and liquid waste, containing microorganisms and being characterized by low
dissolved oxygen values, high organic content, and high biological oxygen demand (BOD) [5].

High concentrations of detergent waste can disrupt aquatic biota, especially fish organs such as
the liver, gills, and reproductive organs. The presence of detergent can increase nutrient levels, causing
environmental problems [6]. Detergents are the largest source of phosphate, so the risk of pollution
increases if laundry wastewater is released carelessly [7].

Detergent contamination is a widespread issue that affects water quality across the globe. The
discharge of detergent-laden wastewater, especially from households, has been recognized as a major
contributor to water pollution in both urban and rural areas [8]. The presence of excessive phosphate
in water bodies can result in a process of nutrient enrichment known as eutrophication, a natural
process in which waters gradually age and become more productive for biomass growth [9]. This
increase in nutrient levels, especially phosphate and nitrate, triggers excessive algae growth. One of
the main sources of these nutrients is detergent waste containing phosphate. Uncontrolled algae growth
can cover the water surface, inhibit sunlight penetration, and reduce dissolved oxygen levels,
ultimately threatening the lives of aquatic biota. This phenomenon has become a global concern
because of its impact on water quality and aquatic biodiversity [10].

Globally, detergent formulations vary depending on the country. Several developed countries have
imposed strict regulations to limit or ban the use of phosphates in detergents to reduce the risk of
eutrophication [11]. As a result, detergent manufacturers have developed environmentally friendly
formulas using biodegradable surfactants and natural ingredients. For example, in Indonesia,
environmentally friendly liquid detergents using ethanol extracts of soapberry seeds (Sapindus rarak
DC) combined with decyl glucoside and lauryl glucoside surfactants have been developed [12]. The
challenges posed by detergent contamination are particularly relevant in developing countries, where
wastewater treatment infrastructure may be lacking, leading to increased risks of pollution in
groundwater and surface water sources.

A study by Subhan et al. [13] on Barrang Lompo Island, Makassar City, showed that the intake rate
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of detergent concentration exposure in raw water was directly proportional to the risk level value (RQ).
The results of the intake rate from all respondents were still lower than the reference dose value,
resulting in a RQ value lower than one (RQ < 1).

A study by Wulandari et al. [14] in the Tukad Ayung River Basin (DAS), Bali, showed that the
water phosphate content in the Tukad Ayung DAS ranged from 0.3 to 0.9 mg/L, still below the 1 mg/L
threshold set by the PP No. 82/2001 class 3 Quality Standard. This was in line with results by
Manurung et al. [15] on Kodingareng Lompo Island, Makassar City, where 11 drinking water wells
were sampled. The highest detergent concentration found was 2.98 mg/L and the lowest was 0.005
mg/L, with an average of 0.696 mg/L.

Recent studies have shown that water pollution by surfactants and phosphates, especially from
detergent waste, could pose significant health risks in the next five years [16]. Surfactants in detergents
can cause skin, eye, and respiratory tract irritation, as well as disrupt soil structure and soil
microorganisms, which ultimately affects the quality of groundwater for human consumption 17].

Detergents contain surfactants and phosphates, which are discharged directly into wastewater
drains. This highlights the need to analyze the distribution of phosphates and surfactants in well water
for the community in Lamangga Village, Baubau City.

The Lamangga sub-district is one of the sub-districts in Murhum District, Baubau City, Southeast
Sulawesi Province, Indonesia (Figure 1). The pollution of well water in Lamangga Village is driven
by several critical factors, including inadequate management of household waste disposal, insufficient
wastewater treatment infrastructure, and high population density. Numerous households in this region
discharge detergent waste generated from laundry activities directly into water channels without any
prior filtration, thereby elevating the risk of hazardous chemicals permeating the soil and
contaminating nearby water sources. Furthermore, the absence of domestic wastewater treatment
facilities results in household waste entering the environment unfiltered, which exacerbates the
pollution of well water for residents situated near drainage systems. The high density of settlements
further exacerbates the situation, as the proximity between wells and pollution sources such as
household drainage channels and sub-standard sanitation systems decreases, thereby increasing the
likelihood of contamination. Collectively, these factors render the well water in Lamangga Village
particularly susceptible to detergent pollution, posing significant health risks to the local community.
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Figure 1. Study area.
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Lamangga Village was selected for this study due to its reliance on dug and drilled wells for
drinking water, a source that is susceptible to contamination from nearby domestic wastewater. The
community’s exposure to potential water pollutants such as detergents makes it an ideal case for
analyzing the impact of detergent contamination on public health.

Contamination of well water by detergents represents a significant environmental issue with risks
to public health, particularly in regions where well water serves as the primary source for daily
consumption and other needs. Detergents comprise chemical constituents, including surfactants and
phosphates, which have the potential to pollute groundwater. This contamination can lead to alterations
in the physical, chemical, and biological properties of water, thereby increasing the likelihood of health
problems such as dermal irritations, gastrointestinal disorders, and endocrine disruptions.
Consequently, this study is crucial for evaluating the extent of contamination, identifying associated health
impacts, and assessing the risk levels faced by affected communities. Through the implementation of an
environmental health risk analysis, this research aims to generate recommendations for the management of
well water quality and to propose mitigation strategies that can alleviate the adverse effects of detergent
contamination, ultimately safeguarding public health and promoting environmental sustainability.

2. Materials and methods
2.1. Type of research

This study uses an observational method (field observations and laboratory analysis of
concentrated surfactant and phosphate levels in well water) with the Environmental Risk Quality
Analysis (ARKL) approach. ARKL, also referred to as environmental health risk analysis, is a
systematic approach employed to assess and evaluate the potential health risks associated with human
exposure to environmental pollutants [18]. This analytical framework is utilized to ascertain the degree
to which specific contaminants such as detergents, heavy metals, or various chemical compounds can
adversely affect human health, taking into account the level of exposure and toxicological properties
of the substances in question, namely in the form of a description of the variables studied. In this case,
an environmental health risk analysis of phosphate and surfactants in well water for the Lamangga
community in Baubau City was conducted.

2.2. Sampling technique

The sampling methodology employed in the environmental health risk analysis concerning
detergent contamination in well water utilized a purposive sampling approach. This involved the
deliberate selection of wells with a heightened likelihood of detergent contamination, guided by
specific environmental factors and community activities. The selected wells were predominantly
situated in proximity to pollution sources, including residential areas where laundry waste is directly
discharged into the environment, locations characterized by inadequate sanitation infrastructure, and
regions with a high population density. Water samples from the wells were collected utilizing a grab
sampling technique, which involved obtaining samples at designated times to accurately reflect the
prevailing conditions at the moment of collection. Moreover, samples were obtained from multiple
locations to enhance the reliability of the findings concerning the distribution of detergent pollution
within the study area. Subsequently, the collected samples were subjected to laboratory analysis to
quantify surfactant levels and other chemical indicators associated with detergent contamination,
thereby facilitating an assessment of the potential health risks to the community.
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2.3. Data analysis
In this study, the environmental health risk analysis (EHR A) was implemented in the following stages:
2.3.1. Hazard identification

This stage aims to identify the hazards caused by the presence of surfactants and phosphates in
the environment. Surfactants, which are often used in detergents, can cause skin, eye, and respiratory
tract irritation and have bioaccumulation properties in aquatic organisms. Phosphates, on the other
hand, trigger water eutrophication, which has an impact on ecosystems and water quality. In this stage,
data on the concentration of chemicals in the environment (such as drinking water or surface water) were
collected and compared with safe limits set by international standards, such as WHO and EPA IRIS.

2.3.2.  Dose-response analysis

This stage analyzes the relationship between the level of surfactant or phosphate exposure and the
biological response it causes. The goal is to determine the threshold at which these chemicals begin to
cause harmful effects. Toxicology data from laboratories or epidemiological studies are used to develop
a dose-response curve, which includes values such as the no-observed adverse effect level NOAEL) and
the lowest observed adverse effect level (LOAEL). For example, high surfactant exposure can cause
more severe irritation effects, while low exposure can be considered safe. The dose-response analysis
is carried out based on the standardization values issued by the US-EPA Agency and the Regulation of the
Minister of Health of the Republic of Indonesia Number 32/2017 concerning environmental health quality
standards and air health requirements namely, the reference dose (RfD) value of surfactants and
phosphate was set to 0.05 mL/L/d. The dose and concentration hereinafter referred to as RfD are safe
reference values for the non-carcinogenic effects of a risk agent. The RfD value is the result of research
from various sources, conducted directly on human objects, from extrapolations from the results of
empirical research on human experimental animals related to environmental matrices, and from
regulations or standards set for pollutant risk agents, especially in the context of detergent liquid waste.

2.3.3. Exposure analysis

Duration of exposure refers to the length of time a person or population is exposed to a particular
chemical. Exposure can be acute (short term) or chronic (long term). For surfactants and phosphates,
chronic exposure duration is usually more relevant because accumulation of chemicals in the
ecosystem can lead to long-term impacts on human health. Factors such as frequency of use of
contaminated water sources, water consumption habits, and vulnerable populations (children, elderly)
are taken into account to determine the duration and intensity of exposure (USEPA).

C x InhR x ET x EF x ED
ADD = (1)
BW x AT

where ADD is the average daily dose (mL/L/day), C is the concentration of contaminant in water (mL/L),
IngR is the ingestion rate (L/h), ET is the exposure time (h/d), EF is the frequency of exposure (d/year), ED
is the duration (year), BW is the body weight (kg), and AT is the averaging time (d/year).
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2.3.4. Risk characterization

Risk characterization is the final stage that integrates the results of the previous three steps to provide
an overview of the level of risk faced. In this stage, risk is calculated by comparing the actual chemical
concentration (from the hazard identification stage) with the value considered safe (from the dose-response
analysis). Risk quotient (RQ) is a ratio used in environmental health risk analysis to assess the potential
impact of a hazardous substance on humans or ecosystems. RQ is calculated by comparing the level
of exposure (exposure concentration, EC) of a substance with a threshold that is considered safe, such
as the reference dose (RfD). Risk is usually expressed by RQ or by the probability of a particular health
effect occurring. If RQ > 1, it means that the health risk is significant and requires mitigation measures.

RQ )

ADD
RfD

where RQ is the risk quotient (mL/L/day), and RfD is the reference dose (mL/L/).

The target hazard quotient (THQ) is an indicator used in health risk analysis to assess the potential
non-carcinogenic risk of exposure to hazardous chemicals, such as heavy metals, pesticides, or other
chemicals. THQ is calculated based on the comparison between the daily exposure dose and the
reference value that is safe for humans.

fE x Dt x R x Mc -3
RfD x WB x Tvag

THQ = 3)
where THQ is the target hazard quotient (mL/L/day), fE is the frequency of exposure (d/year), Dt is
the duration of exposure (year), R is the ingestion rate (L/h), Mc is the detergent concentration (mL/L),
RfD is the reference dose (mL/L), Wb is the body weight (kg), and Tavg is the time average (d/year).

2.4. Ethical approval

Ethical approval was obtained from the Ethics Committee of the Faculty of Public Health,
Hasanuddin University, number 5741/UN4.14.1/TP.01.02/2023, consenting for environmental sample
collection, data collection, and handling.

3. Results

Table 1 shows that the majority of respondents were male (55.7%), aged 31-60 years (50.0%),
had completed a college education (50.0%), and were self-employed (42.9%). Table 2 shows that the
main source of drinking water used by the respondents was dug wells, and drinking water was
processed by boiling.

Table 3 shows the laboratory examination of phosphate concentration in drinking water sources;
a minimum value of 0.012 mg/L and a maximum value of 0.032 mg/L. were recorded. Phosphate
concentration did not exceed the maximum level permitted according to the Regulation of the Minister
of Health of the Republic of Indonesia Number 32/2017 (0.05 mg/L). Surfactant concentration in
drinking water sources ranged from 0.018 to 0.062 mg/L, exceeding the maximum level permitted
according to the same regulation (0.05 mg/L). The distance of the well from the waste water drainage
channel (WWDC) used by respondents varied from 5 to 10 m. Table 4 shows that all water sampling
locations met the phosphate and surfactant standards.
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Table 1. Distribution of respondents by gender, age group, education, and type of work in
the Lamangga sub-district in 2024.

Characteristics n %
Gender

Male 39 55.7
Female 31 43.4
Age

0-14 years 2 2.9
15-30 years 25 35.7
31-60 years 35 50.0
> 61 years 8 11.4
Level of education

Elementary school 2 2.9
Middle school 4 5.7
High school 29 41.4
College 35 50.0
Type of work

Not yet/Not working 16 229
Student/College 6 8.6
Student

Self-employed 30 42.9
Civil servant 18 25.7

*Source: Primary data, 2024.

Table 2. Sources of community drinking water management in Lamangga Village, 2024.

Characteristics n %
Types of wells

Dug well 14 100
Drilled well 0 0
Treatment

Cooked 70 100
Uncooked 0 0

*Source: Primary data, 2024.
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Table 3. Detergent concentration in water sources, distance from waste water drainage
channel to well, and number of respondents in the Lamangga sub-district, 2024.

Location Distance Detergent concentration Respondent
(m) Phosphate Surfactant amount
1 > 10 0.012 0.028 2
2 > 10 0.022 0.035 9
3 > 10 0.018 0.024 4
4 5-10 0.016 0.042 7
5 > 10 0.028 0.018 5
6 >10 0.032 0.038 7
7 > 10 0.014 0.05 5
8 >10 0.016 0.045 5
9 > 10 0.020 0.032 5
10 5-10 0.014 0.062 3
11 > 10 0.018 0.048 3
12 5-10 0.016 0.055 5
13 > 10 0.022 0.027 5
14 > 10 0.016 0.025 5

*Note: Distance waste water drainage channel to well water (m). Source: Primary
Data, 2024.

Table 4. Detergent concentration in water sources compared to the regulation standards.

Location Detergent concentration Standard
Phosphate Surfactant

1 0.012 0.028

2 0.022 0.035

3 0.018 0.024

4 0.016 0.042

5 0.028 0.018

6 0.032 0.038

7 0.014 0.05

8 0.016 0.045 0.05

9 0.020 0.032

10 0.014 0.062

11 0.018 0.048

12 0.016 0.055

13 0.022 0.027

14 0.016 0.025

*Source: Primary data, 2024.

Figure 2 shows that detergent contamination of water sources at the study area is still categorized
as safe and meets the requirements by the Minister of Health of the Republic of Indonesia Number
32/2017, which is 0.05 mg/L.

AIMS Environmental Science
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Figure 2. Detergent concentration in water sources.

Table 5 shows that the age of respondents ranged from 11 to 75 years with a median of 33 years.
Respondents’ weight ranged from 13 to 130 kg with a median of 61 kg. Respondents’ intake rate ranged
from 1-2 L/d with a median of 2 L/d. Frequency of exposure (fE) was obtained by asking respondents
about how often they left their place of residence each year in days. Extreme values, either very high or
very low, can affect the average intake level or frequency of exposure, which ultimately affects the results
of the risk analysis. All respondents stated that they consumed drinking water from wells every day.

Table 5. Respondent characteristics based on body weight and community activity patterns

in Lamangga Village, 2024.

Characteristics Minimum Maximum  Median
Age (years) 11 75 33
Body weight (kg) 13 130 61
Intake rate (L/d) 317 365 365
Exposure frequency (d/year) 1 2 2

*Source: Primary Data, 2024.

Table 6. Minimum, maximum, and mean values of non-carcinogenic intake for
respondents’ real-time exposure duration in Lamangga Village, 2024.

Detergent Intake Information

Min Max Mean
Surfactant 2x10* 6x1073 1x1073 No health risk detected
Phosphate 1x10* 5x1073 7x10™ No health risk detected

*Note: Surfactant RfD = 0.5 mg/kg/day; phosphate RfD = 0.5 mg/kg/day. Source:

Primary data, 2024.

AIMS Environmental Science
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Based on Table 6, it can be seen that the intake values meet the standards. Figure 3 is a risk
quotient (RQ) projection for exposure duration in Lamangga Village in 5-30 years. Mean RQ
values range from 1x10™ to 6x10, all being below 1, indicating that there is no significant risk. As
exposure increases from 5 to 30 years, the RQ for surfactant/phosphate exposure shows a gradual
increase but remains below the safety threshold (RQ < 1).

Projected Phosphate Intake
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Figure 3. Results of phosphate intake projection in Lamangga Village, 2024.

Figure 4 shows the risk quotient (RQ) projection for 5-30 years of exposure duration in the
Lamangga sub-district. The mean RQ value ranges from 2x10™ to 1x10, not exceeding the RfD value.
Since the RQ < 1, phosphate/surfactant exposure is considered to pose a low risk for adverse health
effects. As exposure duration increases from 5 to 30 years, the RQ for surfactant/phosphate exposure
shows a gradual increase but remains below the safety threshold.
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Figure 4. Surfactant intake projection results for the Lamangga sub-district, 2024.
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Based on Table 7, as RQ < 1, the level of exposure is deemed safe for both children and adults,
meaning no carcinogenic risk from detergent exposure.

Table 7. Distribution of respondents based on non-carcinogenic risk level categories in
drinking water sources for Lamangga Village Community, 2024.

Age group Risk level Risk quotient (RQ)
Phosphate Surfactant
Child >1 0 0
(n=4) (0%) (0%)
<l 2 2
(100%) (100%)
Adult >1 0 0
(n =68) (0%) (0%)
<l 68 68
(100%) (100%)

*Source: Primary data, 2024.

Figure 5 shows a projection of the target hazard quotient (THQ) in Lamangga Village for
phosphate. The mean THQ value ranges from 2x107 to 1x10®, not exceeding the RfD value. Such
THQ < 1 means that the risk does not need to be controlled but all conditions must be maintained so
that the THQ value does not surpass 1. As exposure duration increases from 5 to 30 years, the RQ for
phosphate exposure shows a gradual increase but remains below the safety threshold.

THQ Phosphate Projection
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Figure 5. THQ phosphate projection in Lamangga Village, 2024.

Figure 6 shows the target hazard quotient (THQ) projection in Lamangga Village for surfactant.
The mean THQ value ranges from 4x107 to 2x10°, not exceeding the RfD value. All THQ values are
below 1, indicating that there is no significant risk; still, an increase over time would have practical
implications for long-term exposure and could affect public health. As exposure duration increases
from 5 to 30 years, the RQ for surfactant exposure shows a gradual increase but remains below the
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safety threshold (THQ < 1).

THQ Surfactant Projection
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Figure 6. Results of the THQ surfactant projection in Lamangga Village, 2024.
4. Discussion
4.1. Respondent characteristics

In this study, a total of 70 respondents were interviewed: 33 female (44.3%) and 39 male (55.7%).
The respondents’ weight ranged from 13 to 130 kg with a median of 61 kg. Respondents ranged from 11
to 75 years, with a median of 33 years.

In risk analysis, body weight will affect the magnitude of the risk value. Theoretically, the heavier
a person 1s, the less likely they are to experience health problems due to risk agents in drinking water
sources. Human body weight reflects a person’s nutritional status. Poor nutrition will affect a person’s
immune system and the occurrence of health problems. Based on toxicology studies, there is an inverse
relationship between a person’s body weight and toxic effects. When a person’s body weight increases,
the distribution of toxic substances or toxins in their body becomes wider, resulting in a decrease in
the average amount of toxic substances per kilogram of body weight. In addition, body weight will
affect the nutrients in the human body: People with ideal body weight will have appropriate nutrition
so that the presence of metals in the body to replace nutrients will be blocked [19].

4.2. Ingestion rate

Ingestion rate is the amount of groundwater consumed by respondents per day and is used to
calculate the risk level of detergents. The intake rate value was calculated based on the answers of
respondents, who said they drank water according to their needs, drank when thirsty, drank after eating,
or drank according to the recommendation of 8 glasses per day. We took the default value of 2 L/d for
adults and 1 L/d for children [20].

The exposure unit for the frequency variable is expressed as days per year. The greater the
frequency of exposure, the greater the level of risk due to exposure to surfactants and phosphate. If all
respondents have an exposure frequency of 365 days, it means they are all likely to have a fairly high

AIMS Environmental Science Volume 12, Issue 2, 256-275.
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intake value (I). The more often and longer an individual is in a polluted environment, the greater the
number of risk agents entering the body and the greater the risk of health problems [21].

When calculating intake, it is understood that exposure time, exposure frequency, and exposure
duration all have a direct relationship. This means that the longer and more often a person is exposed
to a risk agent, the higher the intake value they receive. As a result, their risk of experiencing health
problems due to exposure to risk agents also increases.

4.3. Phosphate and surfactant concentration in detergent

1) Phosphate

Large phosphate levels in water can be recognized by an unpleasant odor. Also, the color of the
water changes to green and becomes increasingly cloudy. This is a sign of eutrophication, a process
that reduces the aesthetic and recreational value of lakes, rivers, and streams and reduces the dissolved
oxygen content in water, which can result in fish death and other ecosystem disturbances.
Eutrophication also causes decreased water clarity and replacement of phytoplankton with blue-green
algae that produce toxins that threaten human and animal health. Eutrophication increases water
treatment costs (due to taste and odor problems caused by algae) [22]. Eutrophication in marine
ecosystems is caused by detergents containing phosphate, which is also influenced by pH, salinity, and
temperature. One form of eutrophication is algae blooming, water hyacinth growth, and algae bloom
explosions [19].

The presence of phosphate compounds in water greatly affects the balance of aquatic ecosystems.
If the phosphate levels in the water are low, the growth of organisms or aquatic plants will be inhibited.
On the other hand, if phosphate levels are high, their growth will be unlimited, damaging the
sustainability of the aquatic ecosystem [23].

2) Surfactant

Surfactant levels have been found in shallow groundwater. One origin is the direct continuous
discharge of detergents into the wastewater drain for periods of tens of years. The age and depth of the
well, the design of the waste water drainage channel, and the distance between the waste water drainage
channel and the well all influence the surfactant value [13].

Anionic surfactant levels in the samples exceeded the normal limit (0.2 mg/L) set by the Government
Regulation Number 82/2001. As such, this study evidences that the raw water used contains quite high
amounts of detergents, which is feared to have an effect on human health [24]. This is in line with
previous research by Larasati et al., [25] that presented data on methyil blue active benzene (MBAS)
testing of detergent content in the Tapak River Estuary Waters of Semarang. The highest MBAS value
was 0.026 mg/L at station 1, located in the river body. An MBAS value of 0.017 mg/L was found at
station 2, also located in the river body. Stations 3—8 had MBAS results < 0.010 mg/L.

If the use of anionic surfactants exceeds the safe threshold value, negative impacts will occur,
namely increased toxicity, a taste in the water, and reduced oxygen absorption, which has the potential
to damage the gills and respiratory organs of fish and inhibit plant photosynthesis [24].

4 4. Risk level

1) Phosphate

The RQ value, obtained by multiplying the intake and RfD phosphate values, ranged from 1.5x10%
to 1.1x10°°2 with an average of 1.3x10%, showing that phosphate remains in the safe category. As the
RQ of phosphate in the Lamangga Village (in real time) is < 1, the population is still safe or not at risk
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when consuming the water sources studied. The RQ result <1 was also projected for the next 5-30
years, showing that the population in Lamangga Village will still be safe in consuming drinking water.
If the concentration of phosphate in raw well water increases every year, the risk level for the
community will also increase.

2) Surfactant

The RQ value, obtained by multiplying the intake and RfD surfactant values, ranged from 4.9x10°%
to 1.3x10% with an average of 2.2x10™. This is still in the safe category. Variations in the RQ value
can be caused by differences in surfactant levels in water, activity patterns, and respondent
anthropometric data.

As the RQ of surfactant in the Lamangga Village (in real time) is < 1, the population is still safe
or not at risk when consuming the water sources evaluated. The RQ result <1 was also projected for
the next 5-30 years, showing that the population in Lamangga Village will still be safe in consuming
drinking water. If the concentration of surfactants in raw well water increases every year, the risk level
for the community will also increase.

In this study, risk assessment examined exposure to detergents through certain exposure
routes (oral/ingestion) by considering activity patterns and human anthropometric measurements.
Exposure was compared with reference dose values (detergent RfD = 0.5 mg/kg/day) to estimate the
magnitude of future risk. This is in line with research by Subhan et al. [13]. The risk level of
detergent residue consumption in drinking water was highest for respondents with an intake of
0.073 mg/kg/day (RQ = 0.146), while the lowest risk level was found for respondents with an
intake of 0 mg/kg/day (RQ = 0.0). The risk level value of all respondents was still below one (RQ < 1),
classified as safe or not at risk. This is in contrast with the study by Manurung et al. [15]. According
to the US-EPA (2006), the RfD for detergents through oral exposure (ingestion) is 0.5 mg/kg/day. The
risk level for non-carcinogenic diseases was calculated using Eq 2, and a value of 1.0551 was found.
Detergent residues in drinking water in a concentration of 1.28088 mg/L are classified as unsafe or
non-carcinogenic risks to public health.

4.5. Target hazard quotient (THQ)

1) Surfactant

Target hazard quotient (THQ) assessment for surfactants is critical in understanding potential
ecological and human health risks. Surfactants, which are widely used in a variety of industrial and
consumer products, can pose significant environmental hazards, especially when they enter aquatic
ecosystems. THQ is a quantitative measure that helps evaluate the risks associated with exposure to
these chemicals, particularly in terms of their toxicity and bioaccumulation potential. Surfactants can
exhibit varying degrees of toxicity depending on their chemical structure and the specific biological
systems they affect. For example, studies have shown that certain biosurfactants, such as rhamnolipids,
although beneficial in agricultural and industrial applications, can still pose risks to aquatic organisms
if not properly managed [26]. Surfactant toxicity can be assessed using a variety of bioassays, including
those involving bacteria, fungi, and aquatic invertebrates, which provide insight into their ecological
impacts [27]. In addition, the presence of surfactants in wastewater can cause cumulative toxic effects,
requiring a comprehensive risk assessment that takes into account individual and mixture toxicities [28].

The environmental persistence and bioaccumulation of surfactants are also important factors in
calculating THQ. For example, quaternary ammonium compounds (QACs), commonly found in
personal care products, have been identified as emerging contaminants in urban sediments, raising
concerns about their long-term ecological effects [29]. Studies have shown that these compounds can

AIMS Environmental Science Volume 12, Issue 2, 256-275.



270

be toxic to a variety of nontarget organisms, including fish and invertebrates, highlighting the
importance of evaluating their environmental fate and bioaccumulation potential [30]. Furthermore,
the interaction of surfactants with other pollutants can exacerbate their toxic effects, complicating risk
assessment [31].

In addition to ecological risks, human health implications of surfactant exposure should also be
considered. Surfactants used in agricultural formulations, such as polyethoxylated amines, have been
shown to contribute significantly to herbicide toxicity, affecting not only target pests but also nontarget
species, including beneficial insects [32]. The lack of a regulatory framework addressing surfactant
toxicity further complicates the risk assessment landscape [33].

2) Phosphate

The THQ for phosphate in detergents is an important metric for assessing potential environmental
and health impacts associated with the use of these substances. Phosphate, commonly found in laundry
detergents, has been linked to a variety of ecological problems, particularly eutrophication in aquatic
systems, which can lead to harmful algal blooms and subsequent toxicity to aquatic life and humans [34].
Regulation of phosphate in detergents has become an important focus for environmental health, leading
to initiatives to limit its concentration in products to reduce these risks.

Recent studies have shown that the THQ for phosphate in detergents can vary significantly based
on the formulation and concentration of phosphate used. For example, Hossain et al. highlighted that
certain detergents available in Bangladesh contain varying levels of phosphate, with some brands
showing very high concentrations that can cause environmental pollution [35]. This variability
underscores the need for strict regulation and consumer awareness of phosphate content in detergents.

In addition, the introduction of phosphate-free alternatives is a response to growing concerns
about phosphate pollution. Khamidulina and Proskurina discussed the global shift toward phosphate-
free detergents, emphasizing the importance of a regulatory framework that limits phosphate content
to levels that do not pose a risk to human health or the environment [34]. Proposed regulations, such
as those by Rospotrebnadzor, suggest a maximum permissible phosphate concentration of 0.5% in
synthetic detergents, reflecting a proactive approach to reducing potential hazards associated with
phosphate use [34].

Assessing the hazard ratio for phosphate in detergents also involves understanding its interactions
with other components in the environment. For example, the presence of surfactants and other
pollutants in wastewater from detergent use can exacerbate the risks associated with phosphate [36].

4.6. Risk management

1) Phosphate exposure risk management

Phosphate contamination risk management in well water is an important issue related to public
health. This contamination can occur due to various factors, including excessive use of phosphate
fertilizers in agriculture, industrial waste, and domestic waste disposal. Therefore, the implementation
of effective risk management is essential to protect public health and the environment.

The implementation of risk management based on international standards such as ISO 31000 can
help in identifying, analyzing, and managing risks associated with phosphate contamination.
According to Setiawan and Bandung [37], the implementation of risk management can improve the
operational performance and competitive value of an organization by identifying interrelated sources
of risk [37]. The risk management process proposed by Yoewono and Prasetyo [38] includes steps
ranging from determining the scope to analyzing and treating risks, which are very relevant in the
context of phosphate contamination risk management.
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In the context of public health, it is important to understand the impact of phosphate
contamination. Studies have shown that exposure to high levels of phosphate can cause a variety of
health problems, although there is no direct evidence that phosphate specifically causes respiratory and
gastrointestinal disorders [39].

Therefore, effective risk management should include clear mitigation strategies, including
monitoring water quality and educating the public about the dangers of contamination. Risk analysis
methods such as the Ishikawa Diagram and Failure Mode Effect Analysis (FMEA) can also be applied
to understand the causes and impacts of phosphate contamination [40]. By using these methods,
authorities can identify critical points in the water supply chain that are potentially contaminated and
formulate appropriate preventive measures.

Furthermore, research by Trimadya et al. [39] showed that implementing a structured risk
management system in the food supply chain can help reduce the risk of contamination, which can
also be applied in the context of well water. Thus, a systematic approach to risk management will not
only protect public health but also increase public confidence in the quality of the water used.

2) Surfactant

ISO 31000 emphasizes the importance of contextualization, risk identification, risk analysis, and
risk management, all of which are relevant in dealing with potential surfactant contamination.
Surfactant contamination can occur through various sources, including industrial waste and the use of
poorly managed cleaning products [31]. Therefore, it is important to conduct a comprehensive risk
analysis to identify sources of contamination and their impact on well water quality. FMEA, for
example, can help identify potential failures in a water management system and prioritize risks that
need to be addressed [40].

Transparent disclosure of risk management is also important in this context [41]. Companies or
organizations involved in water resource management must prepare clear reports on the risks faced
and the steps taken to manage them. This not only increases public trust but also helps in better
decision-making by stakeholders [42]. Thus, effective risk management focuses not only on risk
mitigation but also on clear communication of the risks and strategies implemented.

In its implementation, training and strengthening of human resource (HR) capacity are also key
factors in the success of risk management. Trained HR will be better able to recognize risks and
implement the necessary mitigation steps [43]. Therefore, training programs that focus on risk
management and awareness of well water contamination should be an integral part of a broader risk
management strategy.

Limitations:

1) The number and distribution of well water samples tested may be limited, so they cannot represent the
entire population of wells in the study area. This may reduce the generalizability of the study results.

2) The level of detergent contamination in well water may fluctuate due to weather factors, changes
in land use, and domestic activities of the community. Measurements taken only at one time or a
certain season may not describe the broader situation

3) The results of the study may only apply to a specific region or condition and cannot be directly
applied to other regions with different environmental or social characteristics.

4) Tt is difficult to control for other variables that may affect public health, such as hygiene habits,
access to clean water, and health services, so the results of the study may be influenced by
unmeasured variables.
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5. Conclusions

The analysis of environmental health risks associated with detergent contamination in well water
highlights the significant implications for human health and environmental sustainability. Detergents,
containing surfactants and phosphates as key components, pose potential risks when they infiltrate well
water through domestic, industrial, or agricultural wastewater. Surfactants can lead to skin irritation,
respiratory problems, and damage to aquatic ecosystems, while phosphates contribute to
eutrophication, compromising water quality and ecosystem balance.

The average concentration of phosphate in drinking water sources at 14 sampling points was
0.020 mg/L and that of surfactant was 0.39 mg/L. In samples No. 10 and 12, the surfactant value was
0.062 mg/L and 0.055 mg/L, respectively. These values exceed the quality standard set by the Minister
of Health of the Republic of Indonesia Number 32/2017. The intake value (the amount of risk agent
concentration consumed) varied greatly. The intake value was calculated for the duration of real-time
exposure of 5-30 years and is directly proportional to the risk level value (RQ). The RQ value was lower
than one (RQ < 1). The THQ measurement used several variables similar to the RQ measurement;
THQ was always less than or equal to 1, and no respondents presented a THQ greater than 1.

This study underscores the importance of evaluating risk factors through systematic approaches
such as hazard identification, dose-response analysis, exposure duration assessment, and risk
characterization. Elevated levels of surfactants and phosphates in well water may exceed safe
thresholds established by organizations like WHO, increasing the likelihood of adverse health
outcomes, particularly with prolonged exposure.

Our results showed that no individual samples were at risk of negative health consequences.
Health risk management in the Lamangga sub-district regarding phosphate and surfactants in drinking
water does not need to be carried out because the risk level value was classified as safe. On the other
hand, the concentration of phosphates and surfactants in raw water for drinking water needs to be
considered so that it does not increase and cause non-carcinogenic risk effects in the future.

To mitigate detergent pollution in the environment, a multifaceted approach is required,
encompassing regulatory measures, technological advancements, and shifts in societal behavior.
Governmental bodies must enact policies aimed at restricting or prohibiting the use of phosphates in
detergents, while simultaneously promoting the adoption of more sustainable materials. The detergent
industry should prioritize the development of surfactant-based formulations that are readily
biodegradable and exhibit minimal ecological impact. Furthermore, enhancing the capabilities of both
household and industrial wastewater treatment facilities is essential to prevent the direct contamination
of water sources with detergent waste. Community education is also vital, focusing on the appropriate
usage of detergents, the selection of more environmentally benign products, and the implementation
of efficient washing practices, such as the incorporation of filtration technologies prior to wastewater
disposal. By undertaking these comprehensive measures, it is possible to significantly reduce detergent
pollution, thereby safeguarding both environmental integrity and public health.
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