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ABSTRACT 

Carbon monoxide (CO) exposure has been linked to various health problems, including the risk of low birth 

weight (LBW) in newborns. Geographic Information Systems (GIS) in the health sector can be a way to collect 

information to manage health and environmental problems in regional-based environmental management. This 

study aims to analyze spatially the relationship between ambient CO concentrations and the prevalence of LBW 

in Palembang. This study used a quantitative approach with an ecological study design. CO concentration data 

were obtained from the Environmental Agency of Palembang City, while LBW prevalence data were obtained 

from the Health Office of Palembang City. Spatial and time-series analyses were conducted to examine the serial 

relationship between pollutant concentration time series data and LBW occurrence time series data during the 

period of 2019 – 2023. In the 2019-2022 period, the CO concentrations in the city of Palembang showed 

fluctuating results in each district. The lowest CO concentration was recorded in 2020 at 1984 µg/Nm³/hour and 

the highest was in 2022 at 13568 µg/Nm3/hour. The highest number of LBW cases was 58 babies in 2023, and 

consistently zero case during the period of 2020-2023 in one district. There is a relationship between CO 

concentrations in 2021-2022 and LBW occurrences in 2022-2023 in Ilir Timur I district. However, when viewed 

over a longer period, there is no relationship between the average CO concentration from 2019-2022 and the 

average LBW prevalence from 2020-2023 in the city of Palembang. 
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INTRODUCTION 

Low Birth Weight (LBW) has become a public health issue faced by many countries around 

the world. Babies born weighing less than 2500 grams regardless of gestational age are one of 

the criteria for LBW. Survey results from 147 countries showed that globally, 1 in 7 live 

births suffered from LBW, with nearly half of these cases occurred in South Asia (UNICEF-

WHO, 2019). Furthermore, the World Health Organization (WHO) prioritizes LBW as a key 

outcome indicator in the Global Nutrition Monitoring Framework. Based on the Indonesian 

Health Profile for the year of 2023 (Kemenkes, 2024), there was an increase in the prevalence 

of LBW from 2.5% in 2022 to 3.9% in 2023. The province of South Sumatera recorded an 

incidence of LBW cases amounting to 3387 in 2023, with the city of Palembang accounting 

for 295 cases of LBW infants. In 2022, the three leading causes of neonatal mortality were 

asphyxia, LBW, and infections (Dinkes, 2022). 

 

LBW can hinder physical growth and development in children. It can result in lower academic 

cognitive scores, prevalence of mental disorders, and serious emotional and behavioral 

problems (Leijon et al., 2016). Pregnant women are among the vulnerable groups because the 

decrease in their immunity makes any form of action could potentially affect the fetus in the 
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womb. Risk factors for LBW from the mother include age, prenatal care, nutritional status, 

anemia, smoking habits, parity, and underlying diseases. Intrauterine Growth Retardation 

(IUGR) can inhibit the overall growth of the fetus due to the lack of blood and nutrient supply 

to the fetus through the placenta. 

 

A study of WHO (2022) states that CO gas is is produced from the incomplete combustion of 

carbon fuels, such as wood, gasoline, charcoal, natural gas, and kerosene. Polluted air 

contributes to 37% of premature deaths due to respiratory and cardiovascular complications. 

Environmental factors, especially air pollutants such as ozone (O3), sulfur dioxide (SO2), 

nitrogen dioxide (NO2), carbon monoxide (CO), hydrocarbons, and particulate matter (PM), 

have the potential to increase the risk of LBW babies (Sarizadeh et al., 2020). This condition 

is further exacerbated by the high mobility of vehicles in the metropolitan city of Palembang. 

In the year of 2019-2022, the average types of vehicles in Palembang included 139017 

passenger cars, 796 buses, 21545 trucks, and 380575 motorcycles (BPS, 2024). CO becomes 

a latent threat because it is undetectable by human senses. Acute CO toxicity during 

pregnancy causes fetal hypoxia through the formation of carboxyhemoglobin, which inhibits 

the dissociation of oxygen from hemoglobin and reduces transplacental oxygen transfer 

(Tuoni et al., 2023).  

 

The Indonesian health profile by the Ministry of Health (2024) states that maternal and child 

health is one of the targets of the 2020-2024 National Medium-Term Development Plan 

(RPJMN). LBW can have serious impacts on infant health, including stunting. The national 

target for 2024 is to reduce the prevalence of stunting to 14%. It is hoped that LBW will no 

longer be a risk factor for stunting in children in Indonesia. A good quality of prenatal care, 

especially in the first and third trimesters, is crucial for early identification of various risk 

factors that can lead to pregnancy complications, such as premature birth and LBW, and 

hence, appropriate preventive measures can be taken promptly to protect the health of both the 

mother and the fetus. 

 

Geographic Information System (GIS) in the health sector is useful in enhancing health 

surveillance. Spatial analysis can become a way to collect information to manage health and 

environmental issues in an effort to implement area-based environmental management. The 

incidence data of LBW can be processed into meaningful maps, in this case, capable of 

presenting the distribution of LBW incidents based on air quality factors, i.e., CO 

concentration in the city of Palembang. Therefore, this research was aimed to conduct a 

spatial analysis of the risk factor of CO concentration in ambient air on the prevalence of low-

birth-weight infants in the city of Palembang from 2019 to 2023. 

 

METHOD 
This study uses ecological study design, a combination of spatial analysis (GIS) and time-series 

analysis to examine the relationship between the independent variable, i.e., CO concentration, and the 

dependent variable, i.e., LBW infants. The data used includes birth data of infants from 2020 to 2023 

from the Health Office of Palembang City and CO concentration data from 2019 to 2022 from the 

Environmental Agency of Palembang City through sampling at seven locations representing seven 

districts. Air sampling was conducted using the active manual method, where an air pump draws air 

through a collection medium, and then the air sample is analyzed at the Environmental and Land 

Agency Laboratory of South Sumatra Province using a CO analyzer based on SNI 7119.10-2011, 
calculation the concentration of CO gas is read directly from the recorder in ppm and can be converted 

to µg/Nm³/hour. Spatial analysis with overlay techniques in QGIS software will process the data into a 

distribution map of LBW incidence based on ambient CO concentration. 
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RESULT 
CO Concentration in Ambient Air in the City of Palembang in the Period of 2019-2022  

Table 1.  

CO consentrations in the period of 2019-2022 

District 
CO concentration (µg/Nm3/hour) 

2019 2020 2021 2022 Average 

Bukit kecil 5460 1984 5649 8312 5396  

Ilir Timur I 7801 6010 12816 10528 9288  

Ilir Timur III 4296 3600 5563 13568 6756  

Jakabaring 4178 10112 8112 6704 7276  

Kertapati 5408 6069 10535 7342 7338  

Alang-alang Lebar 6906 6842 12994 8594 8834  

Plaju 2899 4804 8431 6542 5668  

Source: The Environmental Agency of Palembang City 

 

  

 
 

 

 

The mapping of CO concentration from 2019 to 2022 can be seen in Figure 1. The 

categorization of CO concentration levels in each district is mapped with the help of outlines, 

where the blue line indicates low CO concentration, and the red line indicates high CO 

concentration. In 2019, the highest CO concentration was 7801 µg/Nm3/hour in Ilir Timur I 

District and the lowest was 2899 µg/Nm3/hour in Plaju District. In 2020, the highest CO 

concentration was 10112 µg/Nm3/hour in Jakabaring District and the lowest was 1984 

µg/Nm3/hour in Bukit Kecil District. The categorization of high-low CO concentration is 

based on the Regulation of the Governor of South Sumatera Province of the Republic of 

Indonesia No. 17 year 2005, which is 30000 µg/Nm3/hour. The map shows that CO 

concentration in 2019-2020 is still classified as low.   

 

In 2021, the highest CO concentration was 12994 µg/Nm3/hour in Alang-Alang Lebar 

District, and the lowest was 5563 µg/Nm3/hour in Ilir Timur III District. In 2022, the highest 

CO concentration was 13568 µg/Nm3/hour in Ilir Timur III District, and the lowest was 6542 

µg/Nm3/hour in Plaju District. The CO concentration quality standard is set in the 

Government Regulation of the Republic of Indonesia No. 22 Year 2021, which is 10000 

µg/Nm3/hour. Based on the mapping results, the CO concentration in Alang-Alang Lebar 

District in 2021 and Ilir Timur III District in 2022 has exceeded the quality standard. 

 

Figure 2 above provides a visual representation of the average CO concentration from 2019 to 

2022 in the city of Palembang. Areas with light green color indicate that the districts of Bukit 

Figure 1. The pattern of CO 

concentration 2019 – 2022 
 

Figure 2. Average CO concentration 

pattern 2019 – 2022 
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Kecil, Plaju, and Ilir Timur III have CO concentrations in the range of 5396 – 6757 

µg/Nm3/hour, medium green color includes the districts of Kertapati and Jakabaring with CO 

concentrations in the range of 6757 – 7339 µg/Nm3/hour, and dark green color includes the 

districts of Alang-Alang Lebar and Ilir Timur I with CO concentrations in the range of 7339 – 

9289 µg/Nm3/hour. The variation in color within the districts does not reflect standard 

concentration categories but serves as a tool to compare the relative concentration levels 

between districts. Based on the Government Regulation of the Republic of Indonesia No. 22 

Year 2021, the average CO concentration from 2019 to 2022 in the city of Palembang is still 

classified as low. 

 

The Prevalence of LBW in the City of Palembang in the Period of 2020-2023  

Table 2.  

LBW in the periode of 2020 – 2023 

District 
Prevalence of LBW 

2020 2021 2022 2023 Average 

Bukit kecil 4 4 1 2 3 

Ilir Timur I 4 4 27 58 23 

Ilir Timur III 5 5 24 30 16 

Jakabaring 3 3 8 4 5 

Kertapati 0 0 0 0 0 

Alang-alang Lebar 0 0 2 24 7 

Plaju 23 23 24 33 26 

Source: The Health Office of Palembang City 

 

 

   
 

 

 

Figure 3 presents the distribution pattern of LBW prevalence from 2020 to 2023. The district 

areas shaded in gray are determined as the main research areas and also serve as the locations 

for CO concentration data collection. In 2020 and 2021, the highest number of LBW cases 

was 23 babies in the Plaju District, while the lowest was zero case in Kertapati and Alang-

Alang Lebar Districts. In 2022, the highest number of LBW cases was 27 babies in the Ilir 

Timur I District, while the lowest was zero case in Kertapati District. In 2023, the highest 

number of LBW cases was 58 babies in the Ilir Timur I District, while the lowest was zero 

case in Kertapati District.The mapping of the average prevalence of LBW from 2020 to 2023 

in the city of Palembang can be seen in Figure 4. Plaju District has the highest average 

number of LBW with 26 cases, while Kertapati District has the lowest average number of 

LBW cases with zero case. The visualization of LBW prevalence uses a geospatial method 

with manual placement of coordinate points. Each red dot represents one case of LBW,  

Figure 3. The pattern of 

LBW 2020 – 2023 
Figure 4. Average LBW pattern  

2020 – 2023 
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without any categorization of high-low cases. 

 

The Relationship Between CO Concentration and the Incidence of Low Birth Weight in 

Palembang 2019 – 2023 

 

In general, districts with the highest CO concentration tend to have higher cases of LBW as 

well. For example, Ilir Timur I District, which has the highest average CO concentration, also 

recorded the highest number of LBW cases in 2022 and 2023. Plaju District recorded the 

highest LBW cases in 2020 and 2021, although its CO concentration was not always the 

highest. Kertapati District consistently records the lowest number of LBW cases. Figure 6 

below shows that CO concentration varies significantly between districts in the city of 

Palembang. The district with an average CO concentration in the range of 7339–9289 

µg/Nm3/hour, i.e., Ilir Timur I district, has 23 cases of LBW, followed by Alang-Alang Lebar 

district with seven cases. Jakabaring and Kertapati districts, with five cases and zero case of 

LBW respectively, have an average CO concentration in the range of 6757–7339 

µg/Nm3/hour. On the other hand, Plaju and Ilir Timur III districts, with lower CO 

concentration in the range of 5396–6757 µg/Nm3/hour, have a high number of LBW cases, 

i.e., 26 and 16 cases, respectively.  

 

 
 

 
 

Figure 5. Overlay map of CO concentration and LBW prevalence 
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Figure 6. Overlay map of average CO concentration and average LBW prevalence 

 

DISCUSSION 

CO Concentration in Ambient Air in The City of Palembang  

Spatial mapping shows a complex dynamics of CO concentration, whereby in the same 

period, each district experiences an increase in CO concentration while other districts 

experience a decrease. The study conducted by Apriyani and R Suharyadi (2018) divided CO 

concentration into three categories based on the range of CO concentration values. However, 

the researchers did not establish standard value limits to determine high, medium, or low 

categories. Another study that was conducted by Rahmawati (2008) indicate a fairly strong 

correlation value of 0.663 (r square 0.4402), which suggests that CO gas concentration can be 

influenced by traffic factors by 44.02% and 55.08% by other factors such as wind, congestion, 

road networks, and the presence of buildings. The congestion factor is related to mobility 

activities and vehicle movement. Traffic congestion forces vehicle engines to work harder, 

consuming 80% more fuel at low RPMs Treiber et al. (2008). This condition causes 

combustion efficiency to decrease and produces more CO gas. Therefore, the more traffic 

congestion points there are, the higher the level of air pollution due to CO gas emissions 

(Mansour & Aljamil, 2022). The city of Palembang, which is situated in the altitude of 8 

MASML, can influence air pollutants. According to the Copernicus Atmosphere Monitoring 

Service, European Union's Earth Observation Programme, lower altitude areas tend to have 

higher pollutant concentrations because warm air containing pollutants tends to rise and 

accumulate in the lower layers of the atmosphere (Copernicus, 2022).  

 

Based on the analysis by year, a decrease in CO concentration was recorded in 2020 at most 

sampling points. This indicates a significant influence from the COVID-19 pandemic and the 

Large-Scale Social Restriction policy implemented during that period based on the Regulation 

of the Mayor of Palembang Number 14 Year 2020. Meanwhile, data from 2021-2022 shows 

inconsistent increases and decreases in CO concentration in several districts. This 

phenomenon occurred despite the ongoing Community Activities Restrictions Enforcement 

policy, indicating the community's efforts to adapt to the new situation. The result of analysis 

that was performed based on the sampling location shows that the intersection of the South 
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Sumatera Regional Police Office in the Ilir Timur I district had a relatively higher CO 

concentration level compared to other districts. This is not unrelated to the geographical 

conditions of the area, especially the presence of the main intersection connecting Jalan 

Demang Lebar Daun and Jalan Jenderal Sudirman, as well as the flyover on Jalan Lintas 

Sumatera. Conversely, the average CO concentration measurements in the Bukit Kecil 

District are relatively lower compared to other areas. The presence of vegetation such as trees 

along several sections of Jalan Merdeka and the green area of Kambang Iwak Park (< 2 

kilometers) near the sampling points is suspected to contribute to these conditions. A study by 

Uka et al. (2019) shows that trees along the roadside act as natural filters. Through the 

stomata on their leaves, they absorb and store various types of air pollutants present in the 

surrounding environment. The physical, chemical, and functional changes in these plants are 

responses to the exposure to those pollutants. 

 

The Prevalence of LBW in The City of Palembang  

Based on WHO standards, babies born weighing less than 2500 grams are categorized as 

LBW babies. Analysis of LBW prevalence data in 2020-2021 in the city of Palembang shows 

a relatively stable or homogeneous pattern. However, it should be noted that this period 

coincided with the COVID-19 pandemic. The main focus of the local government, 

particularly the Health Office of Palembang City, was diverted to handling the COVID-19 

pandemic. Analysis of data from 2022-2023 revealed a striking disparity in the number of 

LBW cases across various working areas of community health centers. Some areas recorded a 

very high number of cases, while other areas reported no new cases at all. 

 

The prevalence of LBW infants is influenced by various determinants, including maternal, 

fetal, and environmental factors. Although antenatal visits are not a direct factor causing LBW 

in fetuses, regular and good quality check-ups can help prevent the occurrence of LBW. The 

success of increasing antenatal visits is greatly influenced by the initiatives and active efforts 

of community health centers in each region. For example, the Kertapati Public Health Center 

in Palembang City has successfully implemented an innovative program called Ki Merogan 

(Monitoring Pregnant Women at Risk of Malnutrition and Anemia) that focuses on preventing 

malnutrition and anemia in pregnant women. This program has had a significant impact, i.e., 

achieving optimal health for mothers and fetuses. The tangible evidence of the success of this 

program is the absence of LBW cases in the period of 2020 to 2023. 

 

The prevalence of LBW infants in several sub-districts of the city of Palembang, which is 

relatively higher, can be caused by a number of conditions in pregnant women. According to 

Kepley et al. (2023), pregnancy brings significant physiological changes to a woman's body, 

including increased respiratory rate, blood volume, and metabolic changes. These changes can 

increase the absorption of chemicals through the lungs and digestive tract, as well as affect the 

way the body processes and excretes these chemicals. As a result, pregnant women become 

more vulnerable to the toxic effects of chemicals. A study by Herwanto et al. (2024) shows 

the risk of giving birth to LBW babies, including extreme maternal age, anemia, high blood 

pressure during pregnancy (preeclampsia), low amniotic fluid volume (oligohydramnios), 

premature rupture of membranes (PPROM), and a history of miscarriage in previous 

pregnancies. In addition, malnutrition in pregnant women can cause various complications in 

newborns, including LBW and stunted growth (Gala et al., 2016). 

 

The Relationship Between CO Concentration and the Incidence of Low Birth Weight  

The environment is one of the risk factors for health problems. The concentration of air 

pollutants serves as a clear indicator that the air quality is beginning to degrade. There are 
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three studies Jia et al. (2020); (Khamirchi et al., 2020; Šrám et al., 2005) that show that 

exposure to outdoor air pollution during pregnancy has been linked to fetal development 

issues, premature birth, and pregnancy complications, including pregnancy-induced 

hypertension disorders. District areas in the city of Palembang with relatively higher CO 

concentration levels show a not-so-strong correlation with the increase of LBW cases in 

infants. An experimental study by Venditti et al. (2011) indicates that there are other factors 

that play a more significant role, such as exposure levels.  

 

CO gas is colorless, odorless, and tasteless. The inability of human senses to detect the 

presence of CO makes it a serious threat to human health. Studies conducted by Balogun et al. 

(2020); (Quinn et al., 2021; Rizaldi et al., 2022) show that environmental risk factors of CO 

exposure are associated with the incidence of LBW infants. Although the incidence of CO 

poisoning during pregnancy is relatively low, its impact on morbidity and mortality is very 

significant. The maternal and fetal mortality rates due to acute CO poisoning during 

pregnancy show significant variability, ranges from 19-24% and 36-67%, respectively. This 

variability is influenced by several factors, including the severity of the poisoning and the 

gestational age (Friedman et al., 2015). The high affinity of CO for hemoglobin causes a 

reduction in the blood's oxygen-carrying capacity. An increase in carboxyhemoglobin 

(COHb) levels in pregnant women will inhibit the release of oxygen from hemoglobin and 

reduce the transport of oxygen across the placenta. The increase in metabolism at the end of 

the first trimester of pregnancy triggers excessive production of reactive oxygen species 

(ROS) in the placenta. The accumulation of ROS induces oxidative stress, which can damage 

the structure and function of the placenta, thereby hindering the transfer of oxygen and 

nutrients to the fetus.  

 

 

 

 

 

 

Figure 7. The process of CO exposure on the incidence of LBW 

Sources: Tuoni et al. (2023), Grzeszczak et al. (2023), Jauniaux et al. (2006) 

In urban areas, exposure to air pollution is unavoidable. Air, as an environmental medium that 

constantly interacts with human, can pose a serious threat to the health of vulnerable groups, 

such as pregnant women. The biological mechanisms underlying CO exposure in pregnant 

women support the interpretation of this study's results, although they are estimative in nature. 

Nevertheless, further research is needed to confirm these findings and to identify the 

underlying biological mechanisms more specifically. Pregnant women residing in areas with 

high CO concentrations face significant risks of various health complications. As a mitigation 

effort, it is recommended to undergo regular prenatal check-ups, consume a balanced diet rich 

in nutrients, limit outdoor activities during peak traffic hours, and use masks as an additional 

protective measure.   

 

CONCLUSION 

Spatial and time-series analysis shows the relationship between CO concentration in 2021-

2022 and the incidence of LBW in 2022-2023 in Ilir Timur I District. However, when viewed 

CO exposure Formation of Carboxyhemoglobin 

(CO + Hb) → COHb 

Syncytiotrophoblast of the 

pregnant women's placenta 

Increased ROS 
Fetal growth and  

development disorders 
LBW 

Oxidative stress 
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over a longer period, no relationship is found between the average CO concentration from 

2019-2022 and the average prevalence of LBW from 2020-2023 in the city of Palembang. 
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