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ABSTRACT 

 

Continuous landfilling in the Pakusari Jember landfills will produce pollutants in the form of leachate which is 
very risky to pollute well water belonging to residents living near the Pakusari Jember landfills. This study aims 
to analyze the environmental health risks of lead pollution (Pb) in well water around the Pakusari Jember 
landfills. This research was a descriptive study with a research design using the Environmental Health Risk 
Analysis method. Population samples in this study were 64 people who were respondents to calculate the risk of 
respondents exposed to lead (Pb). The well water samples analyzed were 23 wells. The concentration of lead 
(Pb) in the well water of the population was analyzed using Atomic Absorption Spectrophotometer (AAS), 
while the values of body weight, intake rate, exposure frequency, and duration of exposure were obtained from 
interviews with 64 respondents to calculate (I) lead (Pb) and the level of health risk (RQ). The results showed 
that the average value of lead concentration (Pb) in the resident well water around the Pakusari Jember landfills 
was 0.058 mg/L. The results of the calculation of the maximum risk level (RQ) in the population is 2, this 
indicates that lead exposure (Pb) has a risk of health problems because of the value of RQ>1. If the value of risk 
level (RQ)>1, risk management is needed . 
Keywords: Risk analysis, Lead (Pb), Landfills 
 

INTRODUCTION 
 

The increase population with all their activities is directly proportional to increase in the amount of waste. 
One national problem that requires special attention from the government is about waste management.(1) The 
location of the landfills in Jember Regency is carried out at landfills located in Kertosari Village, Pakusari 
Jember District. Pakusari landfills is the largest landfills in Jember Regency. 

The process of continuous waste in the landfills produces pollutants in the form of leachate water. The 
composition of leachate is influenced by several factors such as the type of deposited waste and the amount of 
rainfall in the landfills area.(2) Heavy metals that can be found in leachate is lead (Pb). Heavy metal lead (Pb) is 
a cumulative toxin that can affect several body systems and very dangerous for children. About 600.000 new 
cases cause intellectual disability in children each year and an estimated 143.000 deaths per year with the 
highest number of cases in developing countries. About three by two of the diseases caused by heavy metal lead 
(Pb) occur in Southeast Asia.(3) Cases of poisoning due to heavy metal lead (Pb) in Indonesia in 2014 occurred 
in Cinangka Village, Ciampea District, Bogor Regency. Pollution of lead heavy metal (Pb) in Cinangka Village 
come from fsmelting of used batteries, with lead levels in the soil reaching 270.000 ppm (parts per million).(4) 
Heavy metal lead (Pb) can enter the human body in three ways, that is absorption in skin, respiratory tract, 
digestive tract.(5) Lead compounds (Pb) that enter the body through food and drinks will be included in the 
body's metabolic processes. The typical symptoms of lead poisoning (Pb) in children are different from adults. 
Symptoms seen in children are reduced appetite, abdominal pain, vomiting, stiff movements, weakness, do not 
want to play, the results of psychological tests look very low, brain growth disorders, and coma.(6) The quality 
standards value of lead concentration (Pb) in drinking water is based on Minister of Health Regulation 
492/Menkes/Per/IV/2010 that is 0.01 mg/L. 

Resident well water around landfills is the main water source for residents because all water needs come 
from well water for drinking, cooking, bathing, washing, giving livestock drinking, and other needs. Changes in 
water quality because influence of leachate from landfills will affect the health of well water users. Wells have 
long been used as a source of water for various household needs, small, medium and large industries.(7) Water 
exposed to heavy metals is one of the factors that play a role in influencing the quality of clean water.(8) 
Environmental Health Risk Analysis is an assessment health risks that can occur at some time in at risk 
populations. Environmental Health Risk Analysis is used to assess human health risks caused by exposure to 
environmental hazards. Hazards are a potential risk.(9) The assessment of exposure is an important part of risk 
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assessment. Exposure is a process that causes organisms to come into contact with environmental hazards in the 
form of physical agents.(10) Environmental Health Risk Analysis can be used as a reference for determining 
decisions in improving population health.(11) This method is very suitable to be used to study environmental 
impacts on the health of the population. The calculation of the risk level of heavy metal lead (Pb) in well water 
which is consumed by humans can be determined by conducting an Environmental Health Risk Analysis. Heavy 
metal lead (Pb) contained in water consumed continuously can cause health problems for humans.(12) The 
purpose of this study is to analyze the environmental health risks of lead (Pb) pollution in well water around the 
Pakusari Jember landfills. 

METHODS 
 

The type of research used is descriptive by using the Environmental Health Risk Analysis method. The time 
of the research was held from November to December 2018. Analysis of lead (Pb) concentration was carried out 
at the Laboratory of Instrument Chemistry at Maliki UIN Malang. The number of population samples in this 
study were 64 people and 23 wells of well water samples. The population sampling technique in this study used 
the total sampling technique and the sampling technique of well water belonging to the population was carried 
out by grab sample. 

RESULTS 
 

General Description of Pakusari Jember Landfills and Characteristics of Respondents 
 

The Pakusari Jember landfills located in Kertosari Village, Pakusari District, Jember Regency. The waste 
management system at the Pakusari Jember landfills implements a landfill control system, which is processing 
waste by means of a layered system alternating between soil and waste.(13) Characteristic of respondents is 
shown in Table 1. 

Table 1. Characteristic Distribution of Respondents 
 

Characteristic Frequency Percentage 
Age 
1. Underage Children (0-17 years) 
2. Youth (18-65 years old) 
3. Middle-aged (66-79 years) 
4. Parents (80-99 years old) 
5. Old People Aged (100 years and above) 

 
11 
51 
2 
- 
- 

 
17.2 
79.7 
3.12 

- 
- 

Gender 
1. Men 
2. Women 

 
32 
32 

 
50 
50 

Work 
1. Housewife 
2. Farmers 
3. Students 
4. Entrepreneur 
5. Not working 
6. Scavengers 

 
10 
24 
10 
4 
11 
5 

 
15.6 
37.5 
15.6 
6.3 
17.2 
7.8 

Weight 
1. <50 kg 
2. ≥50 kg 

 
24 
40 

 
37.5 
62.5 

Exposure Duration 
1. 3-15 years 
2. 16–26 years 

 
18 
46 

 
28.1 
71.9 

Intake rate 
1. 1 liter / day 
2. 2 liters / day 

 
6 
58 

 
9.4 
90.6 

Frequency of exposure 
365 days / year 

 
64 

 
100 

 
 

Concentration of Lead (Pb) in Population Well Water Around Pakusari Jember Landfills 
 

The results of analysis of lead (Pb) concentrations in population well water around the Pakusari Jember 
landfills are shown in table 2. The average value of lead concentration (Pb) in 23 population wells around the 
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Pakusari Jember landfills is 0.058 mg/L. The highest value of lead (Pb) concentration is 0.094 mg/L and the 
lowest is 0.012 mg/L. 

 

Table 2. Concentration of Lead (Pb) in Well Water Around Pakusari Jember Landfills 
 

Concentration of Lead (Pb) in Well Water 
Minimal 
(mg/L) 

Average 
(mg/L) 

Maximum 
(mg/L) 

Quality Standards (mg/L) (Minister of Health 
Regulation 492/Menkes/Per/IV/2010) 

0.012 0.058 0.094 0.01 
 

Analysis of Intake of Lead (Pb) in Population Well Water Around Pakusari Jember Landfills 
 

The formula used to calculate the intake in the population, that is: 
 

௡௞ܫ =
ா݂ ݔ ܴ ݔ ܥ ௧ܦ ݔ 

௕ܹ ௔௩௚ݐ ݔ 
 

 

Based on the calculation results, it is known that the intake of all respondents (population) around the 
Pakusari Jember landfils every day until the time of this study is 0.0003 mg / kg x days to 0.002 mg / kg x days. 
 

Assessment of Level Lead (Pb) Risk in Population Well Water Around Pakusari Landfills 
 
The formula used to calculate the level of risk in the population is: 

 

ܴܳ =  
ܫ

ܦ݂ܴ
 

 

The minimum risk level (RQ) calculation shows the value of RQ = 0.3, this means that the value of RQ <1. 
While the results of calculating the level of risk (RQ) maximum indicates RQ = 2, this means that the value of 
RQ> 1. 

 
Management of Risk Lead (Pb) Exposure to Population Well Water Around Pakusari Jember Landfills 

 
Risk management that can be done is to reduce exposure concentration (C) and intake rate (R).(14) 
The formula used to calculate safe concentration is: 

௡௞ (௔௠௔௡)ܥ =
௔௩௚ݐ ݔ ௕ܹ ݔ ܦ݂ܴ
ܴ ா݂ ݔ  ௧ܦ  ݔ 

 

 

From the results of calculations, it can be seen that the value of safe concentration of lead (Pb) in well water 
for the population (population) is the concentration of lead (Pb) below 0.04 mg / L. 

The formula used to calculate the rate of safe consumption is: 
 

ܴ௡௞ (௔௠௔௡) =
௔௩௚ݐ ݔ ௕ܹ ݔ ܦ݂ܴ
௠௔௞௦ܥ ா݂ ݔ  ௧ܦ  ݔ 

 

 

From the results of calculations, it can be seen that the value of the safe consumption of drinking water from 
well water can be consumed by the population, which is less than 0.8 liters / day. 
 

DISCUSSION 
 

Characteristics of Respondents 
 
The characteristics of the population around the Pakusari Jember landfills are the age of the respondents at 

most adults (26-45 years) as many as 21 people (32.8%) and at least in the elderly (65 years and above) as many 
as 1 people (1.5%); the number of female respondents was 32 people (50%) and men as many as 32 people 
(50%); the type of work of respondents is as many as 24 farmers (37.5%) and at least as entrepreneurs as many 
as 4 people (6.3%); the average respondent's weight is 50.39 kg; the average duration of exposure of 
respondents is 20 years; the average rate of intake of respondents is 2 liters / day; and the average exposure 
frequency of respondents is 365 days / year. 

A very young person is generally more susceptible to heavy metals than adults due to a greater level of 
sensitivity and absorption in the digestive tract.(15) One characteristic variable that is very important in 
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calculating intake is weight. The greater a person's weight, the smaller the dose received.(16) The greater a 
person's weight, the less risk a person may experience due to heavy metals.(17) 

In theory, the intake value is influenced by the concentration of the risk agent, the rate of intake, the 
frequency of exposure, the duration of exposure, and weight. The intake value is inversely proportional to the 
value of body weight, so the greater the value of the respondent's weight, so the smaller the value of the 
respondent's intake of heavy metals. Respondents with weight above average have a smaller risk than 
respondents who weigh below average.(18) 

The duration of exposure is the length of time the respondent begins to live in a settlement reduced by the 
initial establishment of the Pakusari Jember landfills (1992) until the research took place, that is until November 
2018. This was intended to determine the level of risk experienced by respondents consume well water 
containing lead (Pb) as drinking water which is possible to pollution by leachate water from the Pakusari Jember 
landfills. Heavy metal poisoning caused by toxins carried by heavy metals occurs in very long intervals.15 This 
event occurs because the heavy metals that enter the body in small amounts can still be received by the body at 
that time. However, because the process of entry takes place continuously in a continuous manner, at a certain 
time the body is no longer able to tolerate the toxic forces carried by heavy metals. 

The average respondent's intake rate is 2 liters / day. The difference in consumption of drinking water is 
caused by the need for drinking water intake by respondents in carrying out their daily activities. The intake rate 
is a variable that also determines the magnitude of risk.17 The greater intake rate, the greater the level of risk, 
taking into account the duration of exposure, frequency of exposure, and weight of the respondent. The intake 
rate affects the risk level value.(19) 

The average value of exposure frequency of respondents in this study is 365 days / year. The higher the 
exposure frequency of the respondents, the higher the respondents exposed to lead (Pb). The frequency of 
exposure will affect heavy metal intake in the body.(15) The longer a person lives in a polluted environment, the 
greater the risk or impact received.(16) 
 

Concentration of Lead (Pb) on Population Well Water Around Pakusari Jember Landfills 
 
The first step taken in Environmental Health Risk Analysis is to identify hazards. The hazard identification 

in this study is the presence of lead (Pb) contained in the well water around the Pakusari Jember landfills. The 
source of the contamination is possible from the high concentration of lead (Pb) in leachate from the garbage in 
the landfills so that it is possible to enter into the soil and pollute the well water around the landfills. The 
residents' well water is used by residents as clean water facilities to fulfill their daily needs, especially as a 
source of drinking water. The high concentration of pollutants can affect the quality of groundwater around the 
industry through seepage and groundwater flow, especially during the rainy season.(20) 

Based on the research that has been done, it is obtained that the average lead (Pb) concentration in the 
resident well water around the Pakusari Jember landfills is 0.058 mg / L. This shows that the lead concentration 
(Pb) in the well water exceeds the quality standard by the Minister of Health Regulation No. 492 / Per / IV / 
2010 which is 0.01 mg / L. 

Concentration of lead (Pb) and cadmium (Cd) in the rainy season tends to increase compared to the dry 
season.(21) This is because in the rainy season, the rainwater entering the groundwater flow increases, resulting 
in increased discharge and volume. In conditions of rain, the discharge of leachate becomes large so it can 
overflow.(22) 
 

Analysis of Intake of Lead (Pb) in Population Well Water Around Pakusari Jember Landfills 
 

Calculation of intake values in populations consuming drinking water from well water around the Pakusari 
Jember landfills is based on lead (Pb) concentration data and respondent characteristics. Lead (Pb) concentration 
is calculated based on minimum and maximum concentration, while for body weight, intake rate, exposure 
frequency, and duration of exposure use the average value. Based on the results of calculations, it is known that 
the value of intake lead (Pb) in the population in around Pakusari Jember landfills between 0,0003 mg / kg x 
days to 0.002 mg / kg x days. The intake value is directly proportional to the risk agent concentration value, 
intake rate, duration of exposure, and frequency of exposure.(23) This means that the greater the values, the 
greater the value of intake. The greater a person's weight, the smaller the health risk. Based on the explanation 
above, it can be concluded that the amount of intake is influenced by concentration, duration of exposure, 
frequency of exposure, intake rate, and body weight. 
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Assessment of Level of Lead (Pb) Risk in Population Well Water Around Pakusari Landfills 
 

The level of risk stated in RQ is used to determine the level of risk of the risk agent that enters the human 
body whether it has a risk to health or is still within safe limits. The level of risk is obtained from the 
comparison between intake and reference dose (RfD). The greater the intake value, the greater the risk of health. 

The results of calculating the maximum risk level (RQ) in the population show the value of RQ>1. This 
means that exposure to lead (Pb) has a risk of health problems. Lead (Pb) exposure is 0.094 mg / L (maximum 
concentration) or more, in populations with an average body weight of 50.39 kg is not safe for the exposure 
frequency of 365 days / year for 20 years. Based on the explanation above, it can be concluded that the 
magnitude of health risks in the population (population) is caused by exposure to lead (Pb). According to the 
results of observations and interviews with respondents that the average population around the Pakusari landfills 
has insufficient knowledge of the chronic effects of lead (Pb) pollution. Therefore, it was suggested to the 
Jember Health Office to map the community groups at risk of health effects due to exposure to lead (Pb). If the 
value of the risk level (RQ)>1, it is necessary to carry out risk management.(14) 

 
Risk Management of Lead (Pb) Exposure to Population Well Water Around Pakusari Landfills 

 
Risk management is a follow-up that must be done if the risk level value (RQ) shows a value >1 (the level of 

risk that is not safe). Risk management is intended to ensure that individuals or populations at risk of being 
exposed to risk agents remain safe from health problems. Risk management that can be done is to reduce 
exposure concentration (C) and intake rate (R) .(14) From the results of calculations, it can be seen that the value 
of safe concentration of lead (Pb) in well water for the population is the concentration of lead (Pb) below 0.04 
mg / L. From the calculation results, it can be seen that the value of the safe consumption of drinking water from 
well water can be consumed by the population, which is less than 0.8 liters / day. 

 
CONCLUSION 

 
Based on the research results, characteristics of the population around the Pakusari Jember landfills), namely 

the age of the respondents at most adults (26-45 years) as many as 21 people, the number of female respondents 
as many as 32 people and men as many as 32 people, the type of respondent work at most as 24 farmers, the 
average weight of the respondents is 50,39 kg, the average duration of exposure of respondents is 20 years, the 
average rate of intake of respondents is 2 liters / day, and the average exposure frequency of respondents is 365 
days /year; the average value of lead concentration (Pb) found in the well water of residents living near the 
Pakusari Jember landfills is 0.058 mg / L; the value of lead intake (Pb) of the population around the Pakusari 
Jember landfills is 0,0003 mg / kg x days to 0,002 mg / kg x days; the level of risk of lead pollution (Pb) in 
resident well water around the Pakusari Jember landfills is RQ> 1, this means that lead exposure (Pb) is 0,094 
mg / L (maximum concentration) or more, in populations with an average body weight of 50,39 kg it is not safe 
for the exposure frequency of 365 days / year for 20 years; and risk management of lead (Pb) pollution in the 
population around the Pakusari Jember landfills by reducing lead concentration (Pb) in community well water 
below 0.04 mg / L and determining the rate of safe consumption of drinking water from well water that can be 
consumed by the population is less than 0.8 liters / day. 
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