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Abstract
The environmental conditions of Code River were strongly influenced by anthropogenic 
activities that include industry, hospitals, domestic, and agriculture. The contamination 
status on the Code River according to BLH Yogyakarta reported in 2014 was heavily 
polluted based on STORET (≤-31). The riverside community were misusing the river for 
final disposal site, potentially contaminating it with lead (Pb). Local communities were 
potentially exposed to Pb toxicity through well water consumption. An Environmental 
Health Risk Assessment (EHRA) study of ingestion exposure of heavy metals was never 
conducted in the Code Riverside, making it  interesting for further studies. The study 
aimed to determine human health risks of consumption of well water containing Pb in 
Code Riverside, Yogyakarta City using an observational design with an Environmen-
tal Health Risk Assessment approach. There were 9 environmental samples and 47 re-
spondents selected based on certain criteria. Data was collected through environmental 
inspection and human health assessment, interviews and anthropometric data meas-
urement of respondents. Data was analyzed by univariate (frequency distribution) and 
EHRA methods. The result showed that the noncarcinogenic risk level of Pb due to well 
water consumption from majority of research sites have RQ value (Risk Quotient) > 1, 
which means high potential risk to human health.
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a high level of activity related to human and 
industrial activities (hotels, hospitals, home 
industries, and agriculture). Most of the 
surrounding communities around the Code 
River use this river as a final disposal site, so 
the water bodies are potentially polluted by 
heavy metals. Environmental status were based 
on calculations using the STORET method and 
associated with the class of river water class 
and according to each monitoring point, the 
Code River is classified as seriously polluted. 
STORET values ranged from -89 to -124, where 
this value was far beyond of the minimum limit 
for severe pollutant category (≤-31). The highest 

Introduction
Heavy metals pollution in water bodies 

has become a major water quality issue in many 
fast growing cities over the last few decades 
(Akoto, 2008). This is because heavy metals 
pose threats to public water supplies (Terra, 
2007) and can also cause health hazard to 
human consumption of fish and water resources 
(Akoto, 2014). Today, water pollution is one of 
the environmental and health issues, especially 
in areas around rivers. 

One of the polluted rivers in Yogyakarta 
city is the Code River. It has a length of 45.63 
km, located in the middle of the city and has 
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by heavy metal in coastal area (Musfirah, 2016).
The heavy metals pollution in river water could 
contaminate the well water of the community 
resulting in toxicities in organs such as 
disorder in renal, neurology, reproduction, 
and gastrointestinal function. As exposure to 
chemicals may included foods and beverages, it 
is necessary to monitor it continuously (Zhou, 
2012). Exposure to heavy metals in the soil 
through drinking water may also harm human 
health, such as increased blood pressure, 
headaches, memory and concentration 
problems and fertility problems (Agusa, 2006). 
In addition, miscarriages and damage to the 
nervous system can occur in pregnant women 
(Ashar, 2013).

Environmental Health Risk Analysis 
(EHRA) is an assessment or health risks that can 
occur over time in a risky human population. 
This predictive study produces quantitative 
risk characteristics, risk management options 
and communication strategies to minimize 
those risks (Bose, 2008). Specific agent-specific 
environmental quality and site-specific data, 
anthropometric characteristics and population 
at risk activity patterns are required for this 
study (Lain, 2016).

Another heavy metals exposure 
assessment has been conducted by Mursidi 
(2015) with Environmental Health Risk Analysis 
method which shows that the percentage of 
respondents who have non-cancer risk due to 
exposure of hexavalent chromium (RQ≥1) is 
16%, while the percentage of respondents who 
has exceeded the limit of non-cancer risk due 
to arsenic exposure (RQ≥1) was 59%. The risk 
of cancer due to the average arsenic exposure in 
the respondents was 1.5 per 10,000 population. 

In line with our study, Naveedullah 
(2014) showed that anthropogenic and 
agricultural activities were impacting drinking 
water quality of the Siling reservoir. Spatio-
temporal variations and risk assessment of 
select heavy metals (Zn, Cu, Mn, Fe, Cr, Cd, 
and Pb) were investigated in water samples. 
During summer, the environmental quality of 
Mn (37.32 μg/L), Fe (41.0 μg/L), and Cd (1.18 
μg/L) concentrations were higher in the water 
samples, while the concentrations of Zn (86.12 
μg/L), Fe (42.0 μg/L), and Pb (30.82 μg/L) were 
dominant in winter. The calculated values for 

value (-89) was located at C-3 (Gondolayu 
Yogyakarta) and the lowest value (-124) was 
actually upstream at C-1 monitoring point 
(Boyong Sleman Bridge) (BLH Yogyakarta, 
2014). The high polluted status of the river 
flows as a result of industrial waste in the 
manufacture of metallic materials, batik craft 
industry, which utilizes the flow of the Code 
River as a place of direct waste disposal without 
any waste treatment first.

The presence of lead in surface water 
and groundwater depends on the source of the 
pollutant. Pb metal as a result of corrosion of 
mineral rocks due to wave and wind is also one 
of the source of Pb that will enter the body of 
water. Pb entering water bodies as a result of 
human activities include waste water (waste) 
from industries, waste water from mining, lead 
ore, and waste disposal of the battery industry. 
In line with previous theory, a study by Ashar 
(2013) about the concentration of heavy metals 
in community well water around the pollutant 
waste disposal (TPA) of 68 wells found only 
eight wells whose lead concentration exceeds 
the maximum limit of 0.01 mg/L according to 
Permenkes No. 492/Per/IV/2010.

The Code River community is a 
community that has a risk of being affected by 
heavy metal pollution in the water. Selected 
three villages site located along the Code River 
potentially exposed to lead due to industrial 
activities, domestic, agriculture, hotels, 
hospitals are Prawirodirjan, Cokrodiningratan, 
and Keparakan. The contamination of Code 
River is suspected to contaminate the residents’ 
wells in the sub-districts around the Code 
River banks. In accordance with its function, 
the wells provide water derived from the soil 
layer relatively close to the surface of the soil. 
Therefore, it is easily exposed to contamination 
through the seepage of contaminated river 
water.Characteristics of metals in an aquatic 
environment were highly dependent on 
the speciation of metals. It had affected 
the presence of these metals in biological 
tissues (bioavailability) and toxicity to biota, 
transportation and mobilization (Tahir, 2012) 
as well as interaction with sediment or soil and 
will impact ground water and this condition is 
also related to health impact among community 
who consumed shellfish and fish contaminated 
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chronical daily intake (CDI) were found in the 
order of Cr > Fe > Mn > Zn > Cd in summer 
and Zn > Fe > Cr > Pb > Mn > Cu during winter. 
The carcinogenic risk (ECR) via ingestion route 
for Cr, Cd, and Pb were noted to be higher than 
the acceptable limit (10-6).

Lead could be toxic to the human 
body system. In children, lead lowers the 
level of intelligence, growth, hearing, causes 
anemia, and can cause attention and behavior 
disorder. High exposure can result in severe 
brain damage, even death. Young children 
are especially susceptible to lead poisoning 
because they absorb far more lead from their 
environment than adults and their central 
nervous system is still in a developing state. 
The nervous and digestive systems of children 
are still in the development stage, making them 
more susceptible to absorbed lead. Children 
can absorb up to 50% of lead into the body, 
while adults only absorb 10-15%. Lead can also 
poison the red blood cell-production system 
because it can lead to disruption of red blood 
cell formation (Widowati, 2008). 

The surrounding communities have been 
using the river for final disposal so that its water 
bodies are potentially polluted by heavy lead 
metals (Pb). Locals community are most likely 
to be exposed to heavy metal toxicity due to 
the consumption of well water near the banks 
of the Code River. Whereas generally, we know 
that exposure to lead is most possible through 
inhalation paths derived from emissions of 
motor vehicles. However, other factors are also 
affected by the lead pollution from the river 
that permeates to wells because it is located 
very close to the Code River.

Based on the data of heavy metals in 
Code River, heavy metal pollution source, and 
carcinogenic and non-carcinogenic impact in 
humans, we are interested in measuring the 
level of lead contained in well water consumed 
by Cokrodiningratan, Prawirodirjan and 
Keparakan Community around Riverside 
Code ,Yogyakarta City. The observational 
study with the Environmental Health Risks 
Assessment approach of lead (Pb) combine 
with water quality assessment, nowadays, has 
not been applied widely nor properly in that 
region generally because previous study only 
reported about water quality assessment and 

not explain health impact to community by 
way of ingestion exposures. Therefore, this 
study aimed to determine the health risks 
of community due to Pb metal in well water 
excavated for drinking water by using specific 
formula for risk characterization to explain 
health impact.
Method

This was an observational study with an 
Environmental Health Risk Analysis (EHRA) 
design where risk factors were measured at the 
same time to predict the magnitude of health 
risks due to Pb metal in well water consumed 
by local community. The study was conducted 
on August – September 2017 in the Code 
Riverside of Yogyakarta City. The selected 
location was based on the consideration that the 
area is potentially polluted by wastes disposal 
such as industry, integrated maritime areas, 
settlements, hotels and agricultural activities. 
The environmental population were the well 
water consumed by community in the Code 
River Bank of Yogyakarta City. The sample of 
this research were water wells collected from 
three locations with a total of 9 wells based on 
certain criteria. Heavy metal content of lead was 
analyzed using the AAS (Atomic Absorption 
Spectroscopy) method.

The human population was the entire 
population living in the Code Riverside. The 
samples were 47 respondent and sampling 
method was by purposive sampling. This study 
used Environmental Health Risk Analysis 
(EHRA) method with computer program.
Result and Discussion

The results of this study indicate the risk 
of Pb metal due to the consumption of well water 
in three research sites and was supported by the 
characteristics of respondents who contribute 
to health problems. We choose the study site 
which includes three locations based on the 
name of the village closest to the riverside Code 
of Yogyakarta City and being located in the 
middle of the river across the city of Yogyakarta 
is Cokrodiningratan, Prawirodirjan, and 
Keparakan urban village. Respondents in this 
study amounted to 47 people who consume well 
water from each urban village. Characteristics 
of respondents of each urban village is shown 
below in Table 1. 

Table 1 showed that respondents over 
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40 years old were the most common in the 
population of Cokrodiningratan and Keparakan, 
amounting to 11 respondents (62.5%). The 
majority of respondents (6 respondents or 
37.5%) had elementary education level in 
Prawirodirjan and Keparakan and length of stay 
(<30 years) were found mostly in Keparakan 
i.e. 15 respondents (93.8%) from the total of 16 
respondents (100 %).

 Preliminary survey showed that local 
residents use well water for daily consumption, 
either public wells and private wells located 
close to the banks of the Code River. The lead 
concentration (Pb) in well water is analyzed 
in the laboratory. Well water samples are 
collected directly by the researchers and 
assisted by the population of the River Code, 
City of Yogyakarta. This measurement is 
needed in order to determine the level of risk. 
The results of the complete measurement for 
lead concentration (Pb) levels in well water 
in the Cokrodiningratan, Prawirodirjan and 
Keparakan Urban Village around Riverside 
Code, Yogyakarta City is 1.103 mg/L; 1.187 
mg/L; 1.195 mg/L, respectively. The standard 
guideline for Pb assessment in well water 

(drinking water) stated the Pb levels is 0.01 mg/L 
according to Permenkes No.492 in 2010. The 
highest concentration of (Pb) environmental 
samples were found in Keparakan. It can be 
concluded that all well water samples are unsafe 
to be consumed by the community because it 
exceeded quality standard requirements of 
Pb heavy metal contamination on well water 
for drinking water. The high level of Pb metal 
in the Keparakan Urban village well water is 
because it is located in the center area of the 
city that has concentrated pollution caused by 
various human activities in urban areas. Lead 
(Pb) can evaporate and react with oxygen in 
the air. The source of Pb pollution was derived 
from automotive emissions, paint, pipes and 
cables, plastic, ceramics, cosmetics, antiknock 
fuel known as Tetra Ethyl Lead (TEL), and was 
also found in rocks, soil and plants (Direktorat 
Bina Kesehatan Kerja dan Olahraga, 2012).

Based on observations in the field, the 
river waters located in Cokrodiningratan urban 
village, precisely in Kampung Gondolayu, is 
also potentially very polluted by heavy metal 
Pb because of its proximity to the Gondolayu 
Bridge and densely populated settlements with 

Table 1. Distribution of Respondents Characteristics in the Cokrodiningratan, Prawirodirjan and 
Keparakan Urban Village around Riverside Code, Yogyakarta City

Characteristic

Cokrodiningratan Prawirodirjan Keparakan

Number 
(n)

Percentage
 (%)

Number 
(n)

Percentage
 (%)

Number 
(n)

Percentage 
(%)

Age

< 30 years old 1 6.7 4 25 4 25
30-40 years old 3 20 2 12.5 1 6.2
>40 years old 11 73.3 10 62.5 11 68.8

Educational Level

Not School 1 6.7 0 0 0 0
Not graduated elementary school 2 13.3 2 12.5 0 0
Elementary school 5 33.3 6 37.5 6 37.5
Junior High School 2 13.3 1 6.2 5 31.2
Senior High School 5 33.3 4 25 3 18.8
College 0 0 3 18.8 2 12.5

Length of stay

< 30 year 4 26.7 5 31.2 15 93.8
30-40 year 3 20 3 18.8 1 6.2

>40 year 8 53.3 8 50 0 0
Sources : Primary Data 2017
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various loads of household waste and waste, 
hotel, and RS. Sardjito. If the river water has 
been polluted, of course, it can affect the quality 
of the well water in the vicinity along the river 
and aquatic biota. The results of this study are 
consistent with the research of Hong-fei (2010) 
who reported that the mean concentration of 
Pb in local drinking water (0.139 ± 0.080) mg/L 
exceeded WHO standard (0.01 mg/L). Thus, 
lead (Pb) can contribute to health risks through 
oral exposure (drinking water). It is theoretically 
reinforced that wells as a source of clean water 
should be supported under construction terms, 
site conditions for construction (Buka, 2014). 
The source of ground water that many people 
use is water wells. Water wells polluted by both 
domestic and industrial waste cause negative 
impacts on human health (Widiyanto, 2015).

Other studies also found that the Pb 
levels in fish tissue was higher than that of other 
heavy metals such as Dellta Niger i.e. Pb> Cr> 
Ni> Ag> Cd with a mean level of 5.12 ± 1.23 mg/
kg, 2.69 ± 1.44 mg/kg, 1.94 ± 0.34 mg/kg, 1.02 
± 0.34 mg/kg and 0.38 ± 0.08 mg/kg (Moslen, 
2017). In addition, Pb and Cd have exceeded 
the FAO/WHO standard. Potential pollutants 
in the Azuabie River are anthropogenic, 
domestic, industrial and municipal waste 
activities. Fish are contaminated by heavy 
metals during feeding, causing the food chain 
to be cut off by many dead biota and as a heavy 
metal hyperacumulator (Moslen, 2016). 

Heavy metals enter the human body 
through several pathways such as food 
chain, direct ingestion, dermal contact, fume 

inhalation, and particles through mouth and 
nose. Although ingestion is considered to be 
the primary route of exposure to chemical 
contaminants in drinking water sources, 
inhalation and dermal absorption are also 
increasingly taken into account as important 
exposure pathways. Seasonal succession 
of different elements can be a key factor in 
determining seasonal variation of metal 
concentrations in different water sources and 
its relationships with environmental factors. 
Furthermore, seasonal variations play an 
important role in metal concentration in soil 
and water dynamics (Naveedullah, 2014).

The local community who live along the 
Riverside Code of Yogyakarta City still use the 
well water as a drinking water every day. Intake 
estimation data and noncarcinogenic risk level 
(RQ) of riverside Code community can be seen 
in table 2.

Table 2 showed the estimation of 
noncarcinogenic the highest risk level at 30 
years duration of exposure with a mean Pb 
level in well water of 1.187 mg/L and showed 
that the average Pb intake experienced by 
the Prawirodirjan respondent was 0.0079501 
mg/kg/day with the highest intake per day at 
0.0127033 mg/kg/day and the lowest 0.0056286 
mg/kg/day. With the daily average intake, the 
population has an average risk level (RQ) of 
1,9875 with the highest risk level of 3.1758 and 
the lowest of 1.4071. Thus, all research sites are 
at greatest risk of exposure to Pb heavy metals 
because the value of RQ > 1.

The majority of the population of 

Table 2. Intake (I) and Non- Carcinogenic Risk (RQ) Pb level by well water consumption (Dt = 30 
years) Cokrodiningratan. Prawirodirjan and Keparakan Community

Location C mean
(mg/L) Mean Min Max

Pb Intake (mg/kg/day)
Cokrodiningratan   1.103 0.0077108 0.0024838 0.0118410
Prawirodirjan   1.187 0.0079501 0.0056286 0.0127033
Keparakan   1.195 0.0072197 0.0037777 0.0114876
Noncarcinogenic (RQ) Pb Level
Cokrodiningratan  1.103 1.9277 0.6209 2.9602
Prawirodirjan  1.187 1.9875 1.4071 3.1758
Keparakan  1.195 1.8049 0.9444 2.8719

Sources: Primary Data 2017
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the Code River, especially in the urban 
areas of Cokrodiningratan, Prawirodirjan, 
and Keparakan consume well water for the 
fulfillment of daily needs. This is due to the 
abundance and ease of obtaining the water 
without paying any cost and the PDAM pipeline 
is only affordable for people with higher 
economies and sometimes the PDAM network 
does not flow smoothly yet the monthly PDAM 
bill still charge. The majority of the population 
of the Code River is in lower middle economic 
class and their daily income is only sufficient 
for daily food needs.

Our study is in line with other study 
reported by Setiyono (2014) in which well water 
contaminated with Mn metal is utilized due to 
unawareness of the community and the inability 
to find alternative sources of clean water. The 
results of the examination showed that Mn 
level exceeds the standard in 29 wells (69%) 
while the remaining 13 wells are still below 
the provisions. There were even 4 wells that 
are still used by the community even when the 
Mn content in the water exceeds the stipulated 
requirements. The public health impact can be 
projected if the group’s community continues to 
consume clean water with Mn levels exceeding 
the prescribed levels. Manganese (Mn) levels 
in the environment are increasing in line 
with increased human and industrial activity. 
Manganese from human activities can enter the 
water, soil, air and the environment (Widowati, 
2008).

Health problems could occur due to the 
use of well water containing Pb contaminants. 
This metal is very dangerous and has no benefit 
to the body. If these metals enter the body, it will 
settle in the target organ of the liver and kidneys, 
so that in a short time it will give an acute effect 
and in the long term it will cause chronic effects 
that will endanger the health of the population.
The traditional method for evaluating health 
effects is to directly compare the measured values 
with permissible limits, but it is not sufficiently 
reliable to provide detailed hazard levels and 
identify concerned contaminants (Wu, 2010). 
Health risk assessment is an important tool 
for estimating the potential health impact 
in aquatic ecosystems caused by various 
contaminants (Iqbal, 2012). This method has 
been applied to evaluate the potential adverse 

health effects by exposure to contaminated 
water (Naveedullah, 2014). Another study also 
explained human impact from heavy metal 
samples, including six trace metals (As, Cr, Cu, 
Mn, Ni, and Zn), were detected in >50% of the 
samples. Concentrations of As and Ni exceeded 
the corresponding standards in 20% and 58% 
of the samples, respectively. As a result, arsenic 
noncarcinogenic risks were higher than the 
level of concern in 19% of the population, 
whereas carcinogenic risks were >10 (-4) for 
46%, and >10 (-6) for 90% of the population 
(Kavcar, 2009).

The results of this study are consistent 
with study reported by Lain (2016) that for 
noncarcinogenic health risk estimates in the 
following year, a 5 to 30 year exposure period 
is established. It is found that at 30 years 
exposure, the RQ value is 2.346 which means 
that if exposure lasts up to 30 years, then there 
will be noncarcinogenic health risks to be 
avoided. Another study conducted by Hong Fei 
(2010), reported that the average daily intake 
dose (ADD) of Pb via drinking water and 
rice consumption was partially up to 4.63 μg/
(kg/d) and 2.99 μg/(kg/d). Only ADD of adults 
through drinking water ingestion exceeded 
3.5 μg/(kg/d) Pb of provision tolerable daily 
intake (PTDI) by the joint FAO/WHO Expert 
Committee on Food Additives (JECFA).

Lead exposure (Pb) in the human body 
can be through the path of ingestion. Adults 
absorb 5-15% of all digested Pb. Lead in the 
body is able to inhibit the activity of enzymes 
involved in the formation of hemoglobin (Hb) 
and part of the Pb will be excreted through 
urine and feces while other parts will be bound 
to proteins, accumulates in the kidneys, liver, 
nails, tissue, hair and fat. The half-life of Pb 
in erythrocytes is 35 days, in the liver and 
kidney tissue it is 40 days, and 30 days in bone 
(Widowati, 2008). This is confirmed in the 
post-exposure of diseases caused by exposure 
to heavy metals by Direktorat Bina Kesehatan 
Kerja dan Olahraga (2012) that lead in the body 
is unneeded, some will be released through the 
urine (75-80%) and feces (about 15%) some 
will accumulate in the liver , kidneys, fat tissue, 
and hair.

Concentration of lead in human blood 
has been related to lead contamination in 
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drinking water which could impact health (Al-
Othman, 2013). High levels of lead in blood are 
associated with delayed puberty in girls because 
this might suppress the ovary’s production of 
hormones that prepare a young girl’s body to 
ovulate, or release an ovum, for the first time 
(Schoeters, 2008). With exposure throughout 
pregnancy, lead (Pb) can be regulated from bone 
storage of the material in the blood, eventually 
crossing the placenta and cause fetal death 
(Barn, 2014). Short-term exposure to high levels 
of lead can cause brain damage, paralysis (lead 
palsy), anaemia and gastrointestinal symptoms. 
Longer-term exposure can cause damage to the 
kidneys, reproductive and immune systems in 
addition to effects on the nervous system. The 
most critical effect of low-level lead exposure is 
on intellectual development in young children 
and, like mercury, lead crosses the placental 
barrier and accumulates in the foetus. Infants 
and young children are more vulnerable than 
adults to the toxic effects of lead. Furthermore, 
they also absorb lead more readily. Even short-
term, low-level exposures of young children 
to lead is considered to have an effect on 
neurobehavioural development. Generally, 
resident children and adults are at high risk 
of exposure to Pb in groundwater through 
ingestion (Asiedu, 2014). Lead contamination 
in drinking water is considered unsafe category 
because it is higher than the standard limit and 
it is necessary to make community aware about 
the water quality before drinking. Therefore, the 
government could play a vital role by offering 
free testing service to ensure good quality water 
and risk management for drinking as well as 
preventing public health problems among 
community (Hasan, 2017).
Conclusion

The highest average Pb content in 
well water was found in Keparakan Village 
compared to other locations. The risk level of 
noncarcinogenic (Risk Quotient/RQ) of Pb 
metal due to the consumption of well water of 
the majority of research sites has a value RQ> 
1, meaning that it is very risky for health. Of 
course, risk management is needed to control 
it. It is expected that the community, especially 
the people who live in Cokrodiningratan 
Urban Village, Prawirodirjan Urban Village, 
and Keparakan Village. The River bank Code 

Community of Yogyakarta always restrict 
the daily limit consumption of well water or 
treat water optimally according to the health 
requirement by reducing the oral intake 
rate, lowering the lead during washing and 
processing food, and reducing exposure 
frequency (fE) and exposure duration (Dt) of 
lead.
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