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Background: PM10 is a harmful dust that can cause various health problems, especially increased 
respiratory diseases. This study aims to determine the level of environmental health risk through the analysis 
of risk of PM10 exposure to traders in Siteba market area and risk management can be done.  
Materials and methods: This research uses Environmental Health Risk Assessment (EHRA) method. The 
study was conducted from November 2016 to March 2017, with 45 respondents. The sampling technique is 
accidental sampling. Data analysis is univariate and EHRA.  
Results : The average concentration of PM in the three sampling sites was 150 µm / Nm3. The reference 
concentration value (RfC) of PM10 is 0.014 mg / kg / day. The lifetime value of PM10 through inhalation 
at Kodam Intersection and Perumnas Intersection has a value of RQ>1, indicating that the exposure is not 
safe for traders so it is necessary to control and based on PM10 exposure of realtime intake through 
inhalation in the three sampling sites indicates that exposure is safe or not there is a risk to the trader with a 
RQ value <1.  
Conclusions: The results of the lifetime risk show that two sampling sites of Kodam Intersection and 
Perumnas Intersection have risks with RQ> 1 
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INTRODUCTION 

The problem of air pollution is a global problem, almost all countries experience it. Air 
pollution can occur outdoors (outdoor) or indoors (indoor). Outdoor air pollution occurs because 
of the presence of outdoor air pollutants originating from movable sources, namely the burning of 
motorized vehicles such as cars, motorcycles, trucks and buses, and originating from immovable 
sources such as industry, development processes, road activities, and dirt trail above the highway.1  

 According to the World Health Organization (WHO) in 2016, 98% of cities in low and 
middle income countries with more than 100,000 residents did not meet air quality guidelines based 
on WHO standards.1 Southeast Asia is the region with the worst air pollution in the world which 
contributed around 936,300 deaths to 2012. Air pollution in Indonesia has resulted in 60,000 deaths 
per year.2   

One of the air pollutants that can cause health problems are coarse dust particles or 
particulate matter (PM10) which are complex, heterogeneous mixtures of smoke, soot, dust, salt, 
acids, and metals and vary in concentration, size, chemical composition, area surface and source 
of origin.3 These air particles in solid form less than 10 µm in diameter, commonly referred to as 
PM10 and less than 2.5 µm in the house (PM2,5) are believed by environmental experts and public 
health to trigger channel infections breathing, because solid particles PM10 and PM2,5 can settle 
in the respiratory tract bronchi and alveoli.4  

Large particulates can be held in the upper respiratory tract, while small-sized particulates 
can reach the lungs, after which pollutants are absorbed by the circulatory system and spread 
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throughout the body. Studies have shown that particle pollution is associated with lung function 
that is threatened with respiratory problems.5 The health impacts caused are Acute Respiratory 
Tract Infections (ARI), including asthma, bronchitis, and other respiratory disorders. Short and 
chronic exposure to PM10 plays a role in increasing the risk of cardiovascular disease and 
respiratory diseases including lung cancer.6,7  

The results of research at street vendors in Semarang and industrial workers in East Jakarta 
stated that there were health risks due to exposure to PM10. Based on research on street vendors 
due to transportation activities in the city of Semarang, the results of the risk characterization 
estimation indicate the level of risk received by street vendors at maximum PM10 concentrations 
already unsafe for the next 5 years.8 PM10 exposure health risks for industrial workers in Kebon 
Nanas, East Jakarta began to exist and need to be controlled for the duration of exposure> 5 years.9 

The results of the research on the risk level of PM10 life time exposure in Beijing found health 
risks due to exposure to PM10 in densely populated areas higher than the periphery.10 

    The concentration of dust particles depends on location and time.11 The spatial distribution 
of particle concentrations in China varies due to spatial differences in the level of the local economy 
and geographical environment.12 Estimates of the risk characterization of PM10 in Cilegon, West 
Java, both in the adult population and in children, indicate that there are several location points 
which pose a risk of causing public health impacts.13  

The results of monitoring ambient air quality at several measurement points in Padang City 
were conducted by the Regional Environmental Impact Management Agency (Bapedalda), namely 
in front of SMA 1 Padang, Asratek Housing in Ulak Karang Selatan Village, and Unand Gadut 
Housing in Limau Manis Village with PM10 concentrations not yet passed threshold value or 
quality standard based on the Republic of Indonesia Government Regulation Number 41 of 1999 
concerning Environmental Pollution Control. In this regulation the quality standard PM10 is 150 
µg / Nm3. However, for the measurement points in front of the Al-Munawarah Siteba Mosque in 
2014 PM10 levels exceeded the threshold value or quality standard with PM10 concentration 
values of 157.1 µg / Nm3, and PM10 concentrations at the measurement point in front of the Al-
Munawarah Siteba Mosque at the most the concentration is higher than the location of other 
measurement points. Measurements made by the Bapedalda in front of the Al-Munawarah Siteba 
Mosque to determine PM10 levels in the residential area air. 

The Siteba Market area is located on Jalan Raya Siteba, Padang, which is a densely 
populated area that is passed by private vehicles and public vehicles, such as city transportation, 
Pasar Raya-Siteba. This vehicle emission produces PM10 dust which can give health problems to 
the merchant's respiratory tract in the Siteba Market area, given the distance of the road to the shop 
or merchant cart that is not too far from the highway. The source of PM10 dust in the Siteba Market 
area also originates from the increase or elevation of dust from the road due to vehicle traffic and 
land traces on the highway, and no less important is the cleanliness of the market itself.  

Risk is defined as the possibility or probability of an adverse impact on an organism, 
system, or sub-population arising from exposure to an agent under certain conditions. Health risk 
analysis is a process of estimating the magnitude of a health problem and its consequences at a 
certain time with the aim of predicting the occurrence of health problems caused by risk agent 
hazard exposure.14  

This study aims to determine the level of PM10 exposure environmental health risks to 
traders in the Siteba Market area of Padang City and risk management that can be done. The results 
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of this study are not only beneficial in risk control, but can also be used as a scientific framework 
in making decisions and policies in overcoming health and environmental problems. 
 
METHOD  

This study uses the environmental health risk analysis (ARKL) method. ARKL aims to 
calculate the level of risk received by a population due to environmental exposure. This research 
was conducted from November 2016 to March 2017, with 45 respondents. The human sampling 
technique is accidental sampling with consideration of a homogeneous population and congested 
and congested activities in the market while PM10 concentration samples were taken using the 
Staplex TFIA Model series High Volume Air Samplers. Anthropometric data collection, activity 
patterns, and other supporting data is by interview using questionnaires. 

Some procedures carried out include hazard identification and risk sources, dose response 
analysis, exposure analysis, and risk characterization. The risk level is stated in Risk Quotion (RQ) 
which is expressed as a ratio between the intake value and the reference dose (RfC). Intake is the 
amount of concentration inhaled per kilogram of body weight per day, while RfC is an estimate of 
daily exposure doses that do not cause health effects in the lifetime of exposure. A situation is 
declared risky and management control is needed if the RQ value is> 1. 

The reference concentration value (RfC) PM10 has not been found in the Integrated Risk 
Information System (IRIS) or the Minimum Risk Level (MRL) table, so the reference concentration 
values for PM10 are sought based on National Ambient Air Quality Standard (NAAQS) for PM10 
is 150 µg / m3 (arithmatic mean annual).15 Based on safe concentration I = RfC means the safe 
intake of respondents is RfC, with a default value R = 0.83 m3 / hour, tE = 24 hours / day, fE = 
350 days / year, Wb = 70 kg, tAvg = 365 days /year. Then the reference concentration value (RfC) 
PM10 is 0.014 mg / kg / day.  
 
RESULT  
 

The results of the highest PM10 concentration measurements were at the Kodam 
Intersection of 230 µm / Nm3, the lowest concentration at the Market Rear was 77 µm / Nm3, and 
the average concentration at the three sampling points was 150 µm / Nm3. The PM10 concentration 
at the Simpang Kodam has passed the quality standard or threshold value based on the Republic of 
Indonesia Government Regulation Number 41 of 1999 concerning Environmental Pollution 
Control with a PM10 concentration value of 230 µm / Nm3. In this regulation the quality standard 
PM10 is 150 µg / Nm3. Whereas PM10 concentrations on Perumnas intersection of 143 µm / Nm3 
and Rear Market of 77 µm / Nm3 are still below the quality standard. 

The average age of respondents is 38.36 years and the highest age is 60 years. The average 
body weight (wb) of the respondent is 61.11 kg with the highest body weight is 82 kg. The average 
duration of daily exposure received by respondents during trading is 10.73 hours / day, the 
respondent exposure frequency (fE) in one year of exposure is 334 days / year, besides the duration 
of exposure (Dt) of the average respondent during trading is 11 , 6 years, the longest duration of 
exposure is 55 years and the shortest exposure is 1 year. Since the rate of inhalation for Indonesians 
does not yet exist, for the calculation of intakes used based on US-EPA, the value of the inhalation 
rate by default for adults is 20 m3 / day or 0.83 m3 / hour.16  

The highest lifetime intake was 0.0306 mg / kg / day located at Simpang Kodam with the 
lowest lifetime intake of 0.0102 mg / kg / day located at the Back of the Market, while the highest 
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realtime intake was 0.0118 mg / kg / day which is also located at Simpang Kodam with the lowest 
realtime intake of 0.0039 mg / kg / day located behind the Market. 

PM10 lifetime RQ values at two sampling points and with average concentrations at three 
points have RQ> 1, which means that exposure is not safe for traders so control needs to be taken, 
while one sampling point located behind the Market has RQ < 1. 

The realtime exposure Quotient (RQ) value for traders in the Siteba Market at all sampling 
points and based on the intake has an average RQ <1, which means that exposure is still safe or not 
risky to traders. 

 
DISCUSSION 

The PM10 concentration at the Kodam intersection of 230 µm / Nm3 has passed the quality 
standard or threshold value based on the Republic of Indonesia Government Regulation Number 
41 of 1999 concerning Environmental Pollution Control with a concentration value of PM10 (150 
µg / Nm3). While PM10 concentration at Simpang Perumnas was 143 µm / Nm3, Behind Market 
of 77 µm / Nm3 was still below the quality standard and the average concentration of PM10 in the 
three sampling locations was the same as the quality standard of 150 µg / Nm3. 

Based on Suhananto's research on PM10 concentration measurements carried out along 
Bogor Highway, Depok City had one measurement location that passed the quality standard when 
compared with the Republic of Indonesia Government Regulation Number 41 of 1999 concerning 
Environmental Pollution Control with PM10 concentration of 159 µg / Nm3, p. this is because the 
industry is around the measurement point, close to the congestion point, and without vegetation 
cover.17 Overall the difference in PM10 concentrations in non-vegetated areas has a high average 
concentration compared to vegetated areas.4,17  

The number of vehicles passing, the point of congestion, and the activities of raising and 
lowering passengers from city transportation in the Pasar Raya-Siteba route became the cause of 
the high concentration of PM10 at the location of the sampling point, namely the Kodam Junction. 
This is in line with Zhang's research conducted in Beijing that overall, vehicle exhaust, coal 
combustion and dust from transportation activities are the main sources of PM10.18 PM10 
concentrations are higher in industrial estates than in the domestic region.19,20  

In addition, the presence of plants and trees has an influence on the low or high 
concentration of PM10 in ambient air. Along the Simpang Kodam road, there are no trees that can 
absorb pollution. At the Perumnas intersection the number of vehicles passing is not as many as 
vehicles passing at the Kodam intersection while in the back of the market there are several trees 
that can absorb pollution or dust in ambient air. 

Based on the formula of intake (intake) weight is inversely proportional to the amount of 
intake. If other factors are considered constant, it can be concluded, the greater a person's weight, 
the smaller the intake value he receives, and vice versa, the smaller the weight, the greater the value 
of intake received. In addition, according to the 2012 Directorate General of Disease Control and 
Environmental Health (DG P2PL), the default value for the frequency of exposure is 350 days / 
year, the duration of exposure (Dt) is 30 years, and the weight (wb) is 55kg. 

The results of anthropometric measurements and activity patterns on traders in the Siteba 
Market include the average age of respondents, which is 38.36 years, the average body weight (wb) 
of respondents is 61.11 kg, average daily exposure (tE) respondents received during trading, 
namely 10.73 hours / day, the exposure frequency of respondents (fE) in one year of exposure was 
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334 days / year, and the duration of exposure (Dt) of the average respondent during trading was 
11.6 years. 

In this study, the majority of respondents were male by 55.6%. The highest level of 
education in respondents is graduating from high school by 53.3% or as many as 24 people from 
45 respondents. The low level of education of these respondents will affect the low level of 
knowledge about the dangers of air pollution and self-protection from polluted air so that 
respondents with low education will be more at risk of getting health problems especially 
respiratory problems due to exposure to ambient air pollution. 

Based on the results of research on the description of respiratory disorders, it can be 
described the symptoms of the dominant respiratory disorder experienced by respondents during 
trading in the Siteba Market area are shortness of breath, chest pain, and cough of 73.3% is a 
potential symptom if exposed to PM10 for a long period of time. Based on this description, 
respondents had felt the health effects of exposure to PM10 which could increase the risk of 
respiratory disease in traders in the Siteba Market area. 

The above conditions are coupled with the conditions of traders which require to remain in 
the location continuously. Whereas according to the WHO, the effects of PM10 exposure health in 
a short time can affect the reaction of pneumonia, ARI / symptoms in the respiratory tract, increase 
the effects on the cardiovascular system, increase emergency care, increase drug use and increase 
mortality. While the long-term health effects show an increase in symptoms in the lower respiratory 
tract, exacerbations of asthma, decreased lung function in children, increased obstructive chronic 
lung, decreased average life expectancy, especially cardiopulmonary deaths and the probability of 
lung cancer incidence so , it can be said that particulates are predictors of mortality and morbidity 
in the community. 

Based on the calculation of the formula, the reference concentration value (RfC) of PM10 
exposure was 0.014 mg / kg / day. This RfC value is the same as the value used in the Suryaman 
and Wulandari studies.8,21   In contrast to the values used in the Nukman study with RfC PM10 
0.03mg / kg / day derived from epidemiological studies in Taiwan and different from Suhananto's 
research, the RfC PM10 value was 0.0018mg / kg / day which was derived from primary standards 
( standard primary) NAAQS for 24 hour episodes.17,22  

Exposure analysis is carried out based on two categories, namely realtime exposure intakes 
and lifetime or lifespan exposure intakes. The greater the PM10 concentration value, the greater 
the intake received by the respondent. The variables used in calculating this intake consisted of 
concentration (C) PM10 and included values of anthropometric characteristics and activity patterns 
consisting of intake rate (R), exposure time (tE), exposure frequency (fE), duration of exposure 
(Dt) , weight (Wb), and average period (tavg). 

Based on the results of the exposure analysis consisting of lifetime exposure intake and 
realtime exposure intakes, lifetime lifetime exposure values at Simpang Kodam were 0.0306 mg / 
kg / day, Perumnas intersection of 0.0190 mg / kg / day, Market Rear of 0, 0102 mg / kg / day, and 
the average intake is 0.0200 mg / kg / day. While the realtime exposure intake at Simpang Kodam 
was 0.0118 mg / kg / day, Simpang Perumnas was 0.0073 mg / kg / day, Rear Market was 0.0039 
mg / kg / day, and intakes were 0.0077 mg / kg / day. The difference in intake values at each 
sampling location was influenced by differences in PM10 concentration. 

Higher intake or intake values can make these locations more risky than other locations. 
The longer the duration of daily exposure, the annual frequency of exposure, and the time of 
respondents exposed to risk agents, the greater the intake of the person and the more risk of health 
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problems due to exposure to the risk agent. In addition, the value of intake or intake is inversely 
proportional to body weight. The greater the weight, the smaller the intake (intake) received by the 
respondent or vice versa. 

The value of respondent's risk based on lifetime and realtime received intake (RQ) which 
was assessed in this study with PM10 RfC value that is equal to 0.014 mg / kg / day. The lifetime 
risk calculation results obtained from the comparison between the intake and the RfC value produce 
2 risk areas (RQ> 1), namely the Kodam Intersection and Perumnas Intersection and for RQ with 
the average intake also produce RQ> 1 which means that exposure is not safe for traders control is 
carried out, while one sampling point located behind the Market has RQ <1. 

The results of realtime risk calculations obtained from the comparison between the intake 
and RfC values by using the actual exposure duration obtained RQ values <1 in all sampling 
locations, meaning that exposure is still safe or not risky to traders. 

Based on the calculation results, the concentration (C daily average) of PM10 is safe or 
allowed to be exposed to traders in the Siteba Market area of 0.104 mg / m3 or 104 µg / Nm3 for 
lifetime exposure, while the concentration value obtained from the calculation results the maximum 
concentration is 0.230 mg / m3 or 230 µm / Nm3 with an average concentration in all three 
sampling points namely 0.150 mg / m3 or 150 µm / Nm3. 

Based on the results of measurements, the safe exposure time (tE) for traders is 4.8 hours / 
day at maximum concentration, while the exposure time (tE) obtained from the calculation results 
is 10.73 hours / day. In addition, the safe frequency of exposure (fE) for traders in one year of 
exposure is 152 days / year, while the exposure frequency (fE) obtained from the calculation is 334 
days / year. 

The decrease in PM10 exposure concentration due to transportation is by limiting the age 
of motorized vehicles and the use of gas fuel. This is in line with Zhang's research and also 
Laumbach's research stating vehicle emissions control will be a possible strategy to reduce PM10 
pollution.18,23 In addition, reducing PM10 concentration can be done by planting trees or by 
utilizing vegetation along the Siteba Highway. Whereas to reduce exposure time and exposure 
frequency it is not possible to apply to traders because traders do not have rules of working hours 
or rules of daily trading hours and remember social and economic factors, so that control can be 
done is the use of personal protective equipment (PPE) in the form of masks, but the use of this 
mask is very dependent on the awareness of each individual. 

Risk communication is a follow-up of this ARKL research. The parties responsible for 
reducing the impact of PM10 exposure in the Siteba Market area. For the relevant government in 
order to be able to make adequate parking facilities, besides that traffic regulation for public 
vehicles such as city transportation and bentor is very necessary to unravel congestion for the 
comfort and safety of other motorists. In addition, the UPTD of the Nanggalo Market or Siteba 
Market in order to convey information and socialize the health impact of PM10's exposure. So, 
traders can be aware of PM10 exposure such as by reducing trading time per day. To reduce the 
risks and impacts that will occur it is necessary to collaborate between the government and the 
population at risk so that risk management can be carried out properly. 

 
CONCLUSSION  

The results of the calculation of lifetime risk levels generated 2 locations at risk of exposure 
to PM10 (RQ> 1), namely the Kodam Intersection and Perumnas Intersection and for RQ with 
intakes also produced RQ> 1 which means PM10 exposure is not safe for traders in Siteba Market, 
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Padang. calculation of realtime risk level RQ value <1 at all sampling locations which means that 
exposure is still safe for traders. Risk management that can be done is to reduce PM10 
concentration values through limiting the age of motorized vehicles, using fuel gas, and planting 
trees or using vegetation in along Jalan Siteba. 
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