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ABSTRACT

Heavy metal lead (Pb) is a type of metal that can negatively impact both the environment and human health.
With a melting point of 327.5°C, lead is a naturally occurring element in the Earth's crust. Lead can enter the
human body through various means, including water, soil, and air. Inhalation is one of the primary routes of lead
exposure. Lead levels in the body can be assessed through blood, bones, hair, and nails. Additionally, smoking
habits can influence blood lead levels, as cigarette smoke contains small amounts of lead. This study aims to
examine the relationship between blood lead levels and smoking habits among retail gasoline sellers. A
descriptive-analytical research approach was employed, using a cross-sectional design and purposive sampling
technique. The study subjects comprised retail gasoline sellers in Batu Ampar sub-district, Balikpapan City, who
met the inclusion criteria. Blood samples were analyzed using the ICP-OES method at the Labkesda DKI
Jakarta. Data analysis was conducted using the non-parametric Spearman test. The results from 20 respondents
indicated no statistically significant relationship between blood lead levels and smoking habits among retail
gasoline sellers in Batu Ampar sub-district, Balikpapan City (correlation value = 0.115, p-value = 0.628). The
highest recorded blood lead level among daily smokers was 8.634 pg/dL, while the lowest was <0.228 ug/dL.
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INTRODUCTION

The issues of safety, health, and human well-being are becoming increasingly critical and
require urgent resolution (Rusmin & Pattimura, 2024). Rapid physical development and
industrial expansion have led to deteriorating air quality (Yanti et al., 2020). Previously fresh
air is now perceived as dry and polluted (Salasa et al., 2021). Motor vehicle emissions
account for 60-70% of urban air pollution, with an additional 10-15% contributed by
industrial activities and the remainder originating from household activities, forest fires, and
waste burning (Ismiyati et al., 2014). A particularly concerning issue is the pollution of heavy
metal lead (Dharmadewi & Wiadnyana, 2019). Currently, the maximum permissible lead
content in gasoline, as regulated by the Directorate General of Oil and Gas, is 0.013 grams per
liter (Pertamina, 2023).Lead is a toxic heavy metal that can significantly impact
environmental and human health (Kelana Risfiardy, 2023). It is commonly introduced into the
human body through exposure to contaminated water, soil, and air (Rosmiati, 2019).
Inhalation is a major route of exposure, leading to lead accumulation in the bloodstream
(Rosita et al., 2018). Lead levels in the body can be assessed using various biological
samples, including blood, bones, hair, and nails (Sukar & Sukarjo, 2016).

Retail gasoline sellers are at high risk of lead exposure due to frequent contact with fuel
products containing lead residues and motor vehicle exhaust emissions. Many of these sellers
operate in high-traffic areas where they are continuously exposed to emissions from large
vehicles such as buses, trucks, and trailers, as well as smaller passenger vehicles, public
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transport, and motorcycles (Yenni et al., 2021). Research by Ruslinda et al. (2016) found that
the number of gasoline-fueled vehicles was strongly correlated (r = 0.891-0.987) with lead
concentrations in ambient air. Another study highlighted that smoking habits can also
influence blood lead levels, as cigarette smoke contains small amounts of lead (Prabandari et
al., 2024). Previous studies have shown that heavy metal levels, including lead, tend to be
higher in smokers (Hasan et al., 2013). The interaction between lead exposure from the work
environment and smoking habits may exacerbate lead accumulation in the body, thereby
increasing the risk of lead-related health conditions (Ardillah, 2016). A study by Altuno et al.
(2023) identified that age, smoking habits, and inadequate personal protective equipment
(PPE) use were associated with elevated blood lead levels in workers.Lead is easily soluble in
fat and easily diffuses into soft tissues such as the liver and kidneys as well as into hard
tissues such as bones (Nur lailatul Q. W. R. Wulandari, 2020). Chronic exposure to lead can
have negative impacts on health, such as decreased cognitive, cardiovascular, digestive
function, anemia, nervous disorders, and damage to body organs, such as the kidneys and
liver as well as the reproductive system (Putra et al., 2023).

Based on the results of a previous study, which used lead (Pb) levels in the hair and blood of
motorbike repair shop workers as a bioindicator in Jombang district, it showed a directly
proportional relationship, with a correlation coefficient of 0.965. The results showed that of
the 25 samples, 17 blood and hair samples had lead levels above the threshold (Khanifah,
2022). Apart from that, in research by Kustiningsih et al., (2017) it was stated that of the 15
respondents who were selling telephones on the side of the road that were examined, there
were 13 respondents (86.7%) whose lead metal content exceeded the blood lead threshold of
20 ug/dL or 0.20 ppm, with the highest lead level being 0.73 ppm.Lee et al., (2020) research
on blood lead levels in relation to smoking and chronic obstructive pulmonary disease
(COPD): a study from the Korea National Health and Nutrition Examination Survey
(KNHANES) concluded that smoking status, occupation, and education level along with
advanced age and male gender were independently associated with higher blood lead levels.
This research was conducted with the aim of analyzing the relationship between blood lead
levels and smoking habits among retail petrol sellers as a group that is vulnerable to lead
exposure.

METHOD

This study employed a descriptive-analytical approach with a cross-sectional research design.
Blood lead levels were measured in the Batu Ampar sub-district, Balikpapan City. The study
population included retail gasoline sellers who had been actively working for at least six
months, were aged between 22 and 60 years, and were smokers. A purposive sampling
technique was utilized.The equipment used for sample collection included ballpoint pens,
permanent markers, labels, tourniquets, alcohol swabs, 3 cc needles, EDTA vacuum tubes,
bandages, cool boxes, and the ICP-OES examination method. The research process involved
obtaining ethical clearance, conducting interviews, obtaining informed consent, administering
questionnaires on work habits. The questionnaire was distributed using form and tested for
validity Correlation Product Moment, items with a total score of 0.612-0.899 so it can be said
that all items are valid with a significance of 0.01. The reliability test used Cronbach's Alpha
with a result of 0.899 so that the questionnaire was declared reliable. Next procedure labeling
EDTA vacuum tubes, collecting venous blood samples, and storing them in ice boxes before
sending them to Labkesda DKI Jakarta for analysis.
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RESULT

This study included 20 respondents, with the majority aged 41-50 years (45%). Most
respondents had been working for less than three years (60%) and worked eight-hour shifts
(55%). The majority had been smoking for over five years (70%), consumed fewer than one
pack of cigarettes daily (80%), and smoked almost daily (75%). Additionally, 85% of
respondents did not use PPE. Blood lead levels were detectable in 50% of respondents.The
statistical analysis indicated that blood lead levels were undetectable in 15% of respondents
who smoked infrequently and 35% who smoked daily. Conversely, 10% of respondents with
detectable lead levels were infrequent smokers, while 40% were daily smokers. Table 1
presents the Spearman correlation value (0.115), suggesting a very weak relationship between
smoking habits and blood lead levels. The p-value (0.628) exceeded the 0.05 threshold,
indicating no statistically significant relationship between blood lead levels and smoking
habits among retail gasoline sellers.

Table 1.
Distribution of correlation between blood lead levels and smoking habits
Description Undetected Detected Correlation value P value
f % f %
Seldom 3 15 2 10 0.115 0.628
Smoking habit Everyday 7 35 8 40
Total 10 50 10 50

The statistical distribution of lead levels in the blood of petrol sellers with a smoking habit, it
was found that blood lead levels in the respondents were undetectable, namely 3 respondents
(15%) with an infrequent smoking pattern and 7 respondents (35%) with an active daily
smoking pattern. On the other hand, there were 2 respondents (10%) with detectable blood
lead levels who had an infrequent smoking pattern and 8 respondents (40%) with an active
daily smoking pattern.

Table 2.
Lead Level Concentration
Lead level
No Sample Code (ug/dL)
1 Al <0,228
2 A2 5,442
3 A3 <0,228
4 Ad 6,610
5 A5 <0,228
6 A6 <0,228
7 A7 6,240
8 A8 <0,228
9 A9 <0,228
10 A10 7,584
11 All 7,064
12 Al2 <0,228
13 Al3 6,998
14 Al4 8,634
15 Al5 6,574
16 Al6 7,982
17 Al7 <0,228
18 Al8 <0,228
19 A19 <0,228
20 A20 6,000

Based on table 1, it shows that the correlation value of blood lead levels with smoking habits
is 0.115, so the strength of the relationship between the 2 variables is very weak. The
correlation was low (0.115), indicating smoking patterns did not significantly influence lead
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levels. The p-value obtained is 0.628, because 0.628 > 0.05 means the hypothesis is rejected,
so there is no statistically significant relationship between blood lead levels and smoking
habits among retail petrol sellers in the Batu Ampar sub-district area, Balikpapan City.

Based on table 2, the lead (Pb) levels obtained from this study showed that 10 respondents
had undetectable lead levels and 10 other respondents were detected with the highest results
obtained at 8.634 pg/dL in sample Al4 while the lowest lead levels were <0.228 ug/dL in
samples Al, A3, A5, A6, A8, A9, Al12, Al17, Al18, and Al9.

DISCUSSION

To mitigate exposure, increased awareness of lead toxicity is essential. Education on lead-
related health risks, proper PPE usage, and hygiene practices can help reduce lead absorption.
The government should enforce stricter regulations on fuel quality and workplace safety to
limit occupational exposure.The blood lead levels in the blood of retail petrol sellers studied
by researchers were still below the threshold. Research by Dewi et al. (2015) found that the
maximum limit for lead content in gasoline is 0.013 g/L. Utami's research (2021) found that
the lead metal content in gasoline circulating in Bandung reached approximately 0.117 g/L. In
the retail gasoline business, frequent blending practices (for example, with old leaded fuel,
kerosene, or industrial solvents) can increase the lead content. Contamination from storage in
containers that previously contained leaded fuel can also be a source of higher lead
levels.Lead in gasoline, especially leaded gasoline, can pollute the environment through
motor vehicle exhaust emissions. When leaded fuel is burned, lead is released into the air in
the form of fine particles or aerosols (Olowoyo et al., 2024). About 75-90% of the lead in
leaded gasoline will be released into the atmosphere through vehicle exhaust. These lead
particles can remain in the air for a long time, especially in areas with heavy traffic, before
finally settling into soil or water. This causes significant air pollution and increases the risk of
exposure for humans, especially those who work or live near highways such as retail gasoline
sellers.

Blood lead levels in this study could come from various sources of exposure, both those
directly related to the work activities of petrol sellers and other sources from the surrounding
environment. The primary source of exposure for gasoline sellers is gasoline vapors and lead
particles that may be inhaled during the refueling process, especially if they are exposed to
leaded gasoline or contaminated gasoline. In addition, vehicle exhaust containing lead residue
from exhaust emissions can also be a contributor, especially in areas with high traffic levels.
Apart from that, smoking and exposure to cigarettes also have the potential for lead exposure.
The results suggest that occupational exposure, rather than smoking habits, may be the
primary factor influencing blood lead levels among retail gasoline sellers. Other potential
exposure sources include direct inhalation of gasoline vapors, prolonged contact with lead-
contaminated surfaces, and environmental pollution from high-traffic areas. Lead exposure is
cumulative, meaning that even if initial blood lead levels are low, continued exposure can
result in significant health risks over time (Nur Laili, 2019).Blood levels will decrease
gradually with a half-life of 3040 days when lead exposure stops (Nur Laili, 2019). It is
important to minimize exposure from the start because the cumulative nature of lead can
cause toxic effects even if initial levels are low. Reducing blood lead levels in this study can
begin by increasing awareness of the risks of lead exposure. Education about the health risks
of lead, such as nerve damage, anemia and kidney problems, should be given to petrol sellers.
They also need to be given training on the proper use of personal protective equipment (PPE),
such as masks and gloves, to minimize contact with gasoline vapors and lead particles
(Lathifah et al., 2022). In addition, education about personal hygiene, such as washing hands
after work and before eating, can help prevent lead from entering the body through food or
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drink. This can be seen from the minimal use of level 1 PPE (low risk), namely the use of
masks and gloves among respondents in this study, at least respondents were required to wear
masks (Hasrianto et al., 2024).

Petrol sellers are also advised to keep their distance from sources of vehicle smoke and refuel
in open areas. Regular checks of lead levels in retail gasoline must be carried out to ensure
that the fuel sold meets standards and is free from lead. In addition, the government needs to
tighten regulations against illegal fuel mixing and ensure that only unleaded gasoline is on the
market.This research was carried out using the Spearman rank test, the results of which show
that the p-value or significance value for the variables of smoking habits and blood lead levels
is with a correlation value of 0.115 and a p-value of 0.628. A correlation value of 0.115
indicates that there is a very weak relationship between smoking habits and blood lead levels.
This means that changes in smoking habits were not significantly associated with changes in
blood lead levels of retail gasoline sellers. The p-value is 0.628, which means the p-value is
more than 0.05, which shows that there is no significant relationship between blood lead
levels and smoking habits among retail petrol sellers. The results of this study contradict
previous research, namely research conducted by Shinta (2020) showing that there is a
relationship between smoking habits and blood lead levels.

This can be caused by various factors that influence blood lead levels, where the main lead
exposure may come from the work environment or other sources that are more dominant than
the contribution from smoking habits. In this condition, exposure to gasoline vapors and air
pollution from motorized vehicles is likely to be the main cause of lead accumulation in the
respondent's blood. Although cigarettes contain small amounts of lead, their contribution to
blood lead levels may be insignificant when compared with intense exposure in workplaces
on the streets where there is a lot of vehicle fumes. In addition, smoking habits can have
varying effects on blood lead levels depending on the number of cigarettes consumed and the
duration of the habit. In this study, variations in respondents’ smoking patterns may have
prevented a consistent relationship between smoking habits and lead levels. Other factors such
as work duration, use of personal protective equipment (PPE), and distance of the workplace
from sources of vehicle pollution also need to be taken into account as factors that more
dominantly influence blood lead levels. Despite the insignificant results, smoking habits still
need to be reduced or avoided because they can increase exposure to other toxicants that are
dangerous for retail gasoline sellers.

Blood lead levels in this study also have a relationship with other factors such as length of
work, frequency of work, length of smoking, cigarette consumption, and the use of personal
protective equipment (PPE) at retail petrol sellers is a complex issue, because these various
factors can interact with each other and influence lead levels in the body. One factor that has a
significant influence is length of work. Retail gasoline sellers who have been on the job for a
long period of time tend to have higher lead exposure than those who are new to the job. The
longer a person is exposed to gasoline vapors and vehicle pollution, the greater the chance of
lead accumulating in the body. This continuous exposure worsens the level of lead
contamination in the blood, considering that lead does not break down easily and can
accumulate in the body.Apart from the length of work, the frequency of work can also affect
blood lead levels. Gasoline sellers who work more frequently, especially those who work long
hours or heavier shifts, are more frequently exposed to air pollution and fuel containing lead.
The more frequently they are exposed to retail fuels and vehicle fumes, the higher the
potential for lead to enter the body. A higher work frequency is associated with a greater level
of exposure, which can ultimately lead to increased blood lead levels, especially if control of
the work environment and use of PPE are not optimal.
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Duration of smoking and cigarette consumption are also factors that can influence blood lead
levels, although the influence may not be as big as occupational factors. Cigarettes contain
small amounts of lead which can be inhaled and enter the body. The longer a person smokes
and the greater the number of cigarettes consumed, the greater the likelihood of exposure to
lead from these cigarettes. However, although smoking can increase blood lead levels, the
effect is often smaller than exposure from the workplace. Retail gasoline salespeople who
smoke may have slightly higher lead levels than those who don't, but occupational
environmental factors remain a major contributor to lead exposure. However, in Restuaji's
(2023) research, it was found that there was no influence between the duration of cigarette
consumption and lead levels in active smokers.Other factors that need to be considered in this
research are the conditions of the work environment and the work practices applied. Gasoline
sellers who work in places that are directly exposed to vehicle fumes are more likely to be
exposed to large amounts of lead. Additionally, inadequate work practices, such as mixing
leaded fuel with other fuels, can also increase the risk of lead exposure. Therefore, the use of
PPE, at least masks, needs to be applied.

The interaction between these factors may lead to more significant accumulation of lead in the
blood. Workers with smoking habits who work in poor environmental conditions and without
adequate PPE are at high risk of experiencing greater lead exposure. However, smoking habits
can increase lead exposure, the effect tends to be smaller when compared to exposure that
occurs in uncontrolled work environments. Therefore, a comprehensive approach to reducing
lead exposure must involve improving working conditions, appropriate use of PPE, as well as
stricter health monitoring for workers.Overall, to reduce blood lead levels in retail gasoline
sellers, interventions focused on managing the work environment and increasing the use of
PPE should be a top priority. The government and related parties must tighten regulations
regarding the use of leaded fuel and ensure that workplaces meet adequate health and safety
standards. Apart from that, education about health risks and prevention is also important to
increase awareness of workers and the public regarding the importance of maintaining health
through controlling existing risk factors.

CONCLUSION

Most retail gasoline sellers in this study were smokers. Blood lead levels among respondents
were evenly distributed between detectable and undetectable levels, with the lowest recorded
lead level at <0.228 pg/dL and the highest at 8.634 pg/dL. However, no statistically
significant correlation was found between blood lead levels and smoking habits.

REFERENCES

Afifah, Z., Kurniyawan, K., & Huda, T. (2019). Verifikasi Metode Penentuan Kadar Timbal
(Pb) pada Sampel Udara Ambien Menggunakan Inductifely Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES). IJCA (Indonesian Journal of Chemical Analysis),
2(2), 74-79. https://doi.org/10.20885/ijca.vol2.iss2.art5

Amelia, S. P., Sopiah, P., & Ridwan, H. (2023). Hubungan Patologi Dan Patofisiologi Pada
Individu Akibat Normalisasi Perilaku Merokok Di Indonesia. Jurnal Keperawatan
Abdurrab, 7(1), 23-28. https://doi.org/10.36341/jka.v7i1.3360

Ardillah, Y. (2016). Risk Factors of Blood Lead Level. Jurnal llmu Kesehatan Masyarakat,
7(3), 150-155. https://doi.org/10.26553/jikm.2016.7.3.150-155

Ayu Rofia Nurfadillah, & Irwan. (2019). Aanalisis Pajanan Timbal Udara Dan Timbal Dalam
Darah Dengan Tekanan Darah Dan Hemoglobin (Hb) Pada Operator. Fakultas Olahraga

16



Indonesian Journal of Global Health Research, Vol 7 No 5, October 2025

Dan Kesehatan, Universitas Negeri Gorontalo, 3(2), 1-59.
https://doi.org/10.35971/gojhes.v1i2.2698

Buana, I., & Harahap, D. A. (2022). Asbestos, Radon Dan Polusi Udara Sebagai Faktor
Resiko Kanker Paru Pada Perempuan Bukan Perokok. AVERROUS: Jurnal Kedokteran
Dan Kesehatan Malikussaleh, 8(1), 1. https://doi.org/10.29103/averrous.v8il1.7088

Chang, Q., Guo, S., & Zhang, X. (2023). Radiation shielding polymer composites: Ray-
interaction mechanism, structural design, manufacture and biomedical applications.
Materials and Design, 233(July), 112253. https://doi.org/10.1016/j.matdes.2023.112253

Collin, M. S., Venkatraman, S. K., Vijayakumar, N., Kanimozhi, V., Arbaaz, S. M., Stacey,
R. G. S., Anusha, J., Choudhary, R., Lvov, V., Tovar, G. I., Senatov, F., Koppala, S., &
Swamiappan, S. (2022). Bioaccumulation of lead (Pb) and its effects on human: A
review. Journal of Hazardous Materials Advances, 7(May), 100094.
https://doi.org/10.1016/j.hazadv.2022.100094

Dewi, P. P., Sabilu, Y., & Pratiwi, A. D. (2015). Faktor-Faktor Yang Berhubungan Dengan
Kadar Plumbum (Pb) Dalam Darah Pada Polisi Lalu Lintas Di Kota Kendari Tahun
2015. Fakultas Kesehatan  Masyarakat  Universitas Halu  Oleo, 1-8.
https://www.neliti.com/

Dharmadewi, I. M., & Wiadnyana, I. G. A. G. (2019). Analisis Kandungan Logam Berat
Timbal (Pb) dan Kadmium (Cd) pada Kerang Hijau (Perna viridis L.) yang beredar di
Pasar Badung. Jurnal Emasains: Jurnal Edukasi Matematika Dan Sains, 8(2), 161-169.

Fowles, J., Barreau, T., & Wu, N. (2020). Cancer and non-cancer risk concerns from metals in
electronic cigarette liquids and aerosols. International Journal of Environmental
Research and Public Health, 17(6). https://doi.org/10.3390/ijerph17062146

Guharoy Sarkar, C. (2020). Tetraethyllead (TEL) in Gasoline as a Case of Contentious
Science and Delayed Regulation: A Short Review. Oriental Journal of Chemistry, 36(1),
86-92. https://doi.org/10.13005/0jc/360111

Haruna, Lahming, Faizal amir, A. rifqi asrib. (2019).
Pencemaran_Udara_Akibat Gas Buang_Kendaraan_Bermot. UNM Environmental
Journals, 2(April), 57-61.

Hasan, W., Matondang, A. R., Syahrin, A., & Wahyuni, C. U. (2013). Pengaruh Jenis
Kelamin dan Kebiasaan Merokok terhadap Kadar Timbal Darah (The Efect of Sex and
Smoking on Elevated Blood Level). Jurnal Kesehatan Masyarakat Nasional, 8(21), 166—
167.

Ismiyati, 1., Marlita, D., & Saidah, D. (2014). Pencemaran Udara Akibat Emisi Gas Buang
Kendaraan Bermotor. Jurnal Manajemen Transportasi & Logistik (JMTRANSLOG),
1(3), 241. https://doi.org/10.54324/j.mtl.v1i3.23

Jayakrishnan, A. R., Isfahani, V. B., Nair, S. K. P., Sekhar, K. C., Marques, L. S., Pereira, M.,
MacManus-Driscoll, J. L., & Silva, J. P. B. (2024). The benefits of incorporating lead-
free ferroelectric materials in high energy density Li- and Li-free batteries. Journal of
Energy Storage, 97(June). https://doi.org/10.1016/j.est.2024.112846

Jomova, K., Alomar, S. Y., Alwasel, S. H., Nepovimova, E., Kuca, K., & Valko, M. (2024).
Several lines of antioxidant defense against oxidative stress: antioxidant enzymes,
nanomaterials with multiple enzyme-mimicking activities, and low-molecular-weight

17



Indonesian Journal of Global Health Research, Vol 7 No 5, October 2025

antioxidants. In Archives of Toxicology (Vol. 98, Issue 5). Springer Berlin Heidelberg.
https://doi.org/10.1007/s00204-024-03696-4

Kahar Bella, A. N. F. K. B., & Rappe, E. (2020). Analisis Kandungan Logam Berat Timbal
(Pb) Pada Jajanan Gorengan Di Kota Makasar. Sulolipu: Media Komunikasi Sivitas
Akademika Dan Masyarakat, 20(1), 135. https://doi.org/10.32382/sulolipu.v20i1.1441

KELANA RISFIARDY, A. (2023). Analisis kadar timbal pada pambut pekerja smelter pt x di
pulau belitung. Tesis. http://repository.unsri.ac.id/id/eprint/107137

Khanifah, F. (2022). Hubungan Kadar Timbal (Pb) Pada Rambut Dan Darah Pekerja Bengkel
Motor Sebagai Bioindikator Di Kabupaten Jombang. Jurnal Wiyata: Penelitian Sains
Dan Kesehatan, 9(2), 142. https://doi.org/10.56710/wiyata.v9i2.626

Kumar, A., Kumar, A., Cabral-Pinto, M., Chaturvedi, A. K., Shabnam, A. A,
Subrahmanyam, G., Mondal, R., Gupta, D. K., Malyan, S. K., Kumar, S. S., Khan, S.
A., & Yadav, K. K. (2020). Lead toxicity: Health hazards, influence on food Chain, and
sustainable remediation approaches. International Journal of Environmental Research
and Public Health, 17(7). https://doi.org/10.3390/ijerph17072179

Kustiningsih, Y., Fitriyanti, N., & Nurlailah, N. (2017). Kadar Logam Timbal (Pb) dalam
Darah Penjual Klepon. Medical Laboratory Technology Journal, 3(2), 47.
https://doi.org/10.31964/mltj.v3i2.168

Lathifah, Q. A., Hermawati, A. H., & Islamy, A. (2022). Penyuluhan dan Pemeriksaan
Plumbism pada Petugas Stasiun Pengisian Bahan Bakar Umum (SPBU) X, Desa G,
Kabupaten  Tulungagung. Program  Kemitraan Masyarakat, 1(1), 47-54.
http://jurnalstikestulungagung.ac.id/index.php/pkm

Lee, E., Park, B., Chung, W. Y., Park, J. E., Hwang, S. C., Park, K. J., Sheen, S. S., Ahn, S.
V., Park, J. B., Ahn, C. M., Lee, S. H., Kim, J. Y., Chun, E. M., Park, Y. S., Yoo, K. H.,
Yoon, H. K., & Park, J. H. (2020). Blood lead levels in relation to smoking and chronic
obstructive pulmonary disease (COPD): a study from Korean National Health and
Nutrition Examination Survey (KNHANES). Journal of Thoracic Disease, 12(6), 3135—
3147. https://doi.org/10.21037/jtd-20-739

Levin, R., Zilli Vieira, C. L., Rosenbaum, M. H., Bischoff, K., Mordarski, D. C., & Brown,
M. J. (2021). The urban lead (Pb) burden in humans, animals and the natural
environment. Environmental Research, 193.
https://doi.org/10.1016/j.envres.2020.110377

Lu, Y., Chandan, A. K., Mehta, S., Kushwaha, M., Kumar, A., Ali, M., Srivastava, A., Ghosh,
A. K., Bose-O’Reilly, S., Nambiar, L., & Kass, D. (2024). Assessment of prevalence of
elevated blood lead levels and risk factors among children and pregnant women in
Bihar, India. Environmental Research, 259(June), 1-8.
https://doi.org/10.1016/j.envres.2024.119528

Mahyar Suara, Asep Rusman, & Kusnanto. (2020). Penyuluhan Bahaya Rokok Untuk
Meningkatkan Kesadaran Remaja Mengenai Dampak Buruk Rokok Bagi Kesehatan Di
Kelurahan Jatibening. Jurnal Antara Abdimas Keperawatan, 3(1), 26-30.
https://doi.org/10.37063/abdimaskep.v3il.571

18



Indonesian Journal of Global Health Research, Vol 7 No 5, October 2025

Mandal, G. C., Mandal, A., & Chakraborty, A. (2023). The toxic effect of lead on human
health. Human Biology and Public Health, 3, 1-11.
https://doi.org/10.52905/hbph2022.3.45

Mariadi, P. D., Kurniawan, I., Anita, T., & Ngole, B. B. R. (2022). Penggunaan Darah sebagai
Biomarker Paparan Logam Cadmium Masyarakat Pesisir Sungai Musi (Efek terhadap
Eritrosit dan Leukosit). Sainmatika: Jurnal Ilmiah Matematika Dan IiImu Pengetahuan
Alam, 18(2), 208. https://doi.org/10.31851/sainmatika.v18i2.6967

Marieta, A., & Lestari, K. (2021). Narrative Review: Rokok Dan Berbagai Masalah
Kesehatan Yang Ditimbulkannya. Farmaka, 18, 53-59.

MICHA, R. (2017). ¥LE-L:L$ZHL HHS Public Access. Physiology & Behavior, 176(1),
100-106. https://doi.org/10.1177/0022146515594631.Marriage

Nguyen, K. C., Karthikeyan, S., Lye, E. J. D., Masoud, H., Clarke, J., Yome, J. L.,
Vladisavljevic, D., Chan, L. H. M., & St-Amand, A. (2024). Blood lead levels in the
general population and vulnerable sub-populations and related risk factors for lead
exposure in Canada. Hygiene and Environmental Health Advances, 9(May 2023),
100088. https://doi.org/10.1016/j.heha.2024.100088

Nugraha Putra, M. D., Widada, S., & Atmodjo, W. (2022). Studi Kandungan Logam Berat
Timbal (Pb) pada Sedimen Dasar di Perairan Banjir Kanal Timur Semarang. Indonesian
Journal of Oceanography, 4(3), 13-21. https://doi.org/10.14710/ijoce.v4i3.13398

Numan, A. T., Jawad, N. K., & Fawzi, H. A. (2024). Biochemical study of the effect of lead
exposure in nonobese gasoline station workers and risk of hyperglycemia: A
retrospective case-control study. Medicine (United States), 103(32), e39152.
https://doi.org/10.1097/MD.0000000000039152

Nur Laili, D. (2019). Studi Gambaran Faktor Yang Berpotensi Memberi Kontribusi Kadar
Timbal (Pb) dalam Rambut Petugas Teknis Uji Kir Dishub Kota Semarang Tahun 2018.
76. https://lib.unnes.ac.id/39508/1/6411412149 Optimized.pdf

Olowoyo, J. O., Tshoni, U. A., Kobyana, A. S., Lion, G. N., Mugivhisa, L. L., Koski, L.,
Warmlander, S. K. T. S., & Roos, P. M. (2024). Blood lead concentrations in exposed
forecourt attendants and taxi drivers in parts of South Africa. Journal of Trace Elements
in Medicine and Biology, 81(October 2023).
https://doi.org/10.1016/j.jtemb.2023.127348

Olufemi, A. C., Mji, A., & Mukhola, M. S. (2022). Potential Health Risks of Lead Exposure
from Early Life through Later Life: Implications for Public Health Education.
International Journal of Environmental Research and Public Health, 19(23).
https://doi.org/10.3390/ijerph192316006

Pertamina. (2023). Oktan, Bilangan Ron, Riset Oksidasi, Stabilitas. 0177, 6-7.

Petit, J. C. J., Mattielli, N., De Jong, J., Bouhoulle, E., Debouge, W., Maggi, P., Hublet, G.,
Fagel, N., Pirard, C., Charlier, C., & Suzanne, R. (2024). High precision blood lead
radiogenic isotope signatures in a community exposed to Pb contaminated soils and
implications for the current Pb exposure of the European population. Science of the
Total Environment, 950(June). https://doi.org/10.1016/j.scitotenv.2024.174763

19



Indonesian Journal of Global Health Research, Vol 7 No 5, October 2025

Prabandari, A. S., Sari, A. N., Pramonodjati, F., & Wulandari, T. (2024). Kadar Timbal (Pb)
dalam Darah Sukarelawan Pengatur Lalu Lintas (Supeltas) di Kota Surakarta Ditinjau
dari Usia, Lama Kerja dan Kebiasaan Merokok. Indonesian Journal on Medical Science,
11(2). https://doi.org/10.70050/ijms.v11i2.488

Putra, A., Fitri, W. E., & Febria, fuji astuti. (2023). Toksisitas Logam Timbal Terhadap
Kesehatan Dan Lingkungan. Jurnal Kesehatan Medika Saintika, 14(1), 158-174.

Raj, K., & Das, A. P. (2023). Lead pollution: Impact on environment and human health and
approach for a sustainable solution. Environmental Chemistry and Ecotoxicology,
5(December 2022), 79-85. https://doi.org/10.1016/j.enceco.2023.02.001

Rerasaka, & Wimpy. (2023). Hubungan Kadar Arsenik terhadap Mikroalbumin dalam Urine
Sewaktu Perokok Aktif. Jurnal llmiah Permas: Jurnal limiah STIKES Kendal, 13(4),
1427-1436. https://journal2.stikeskendal.ac.id/index.php/PSKM/article/view/1351

Restuaji, I. M., & Kusuma, K. I. M. (2023). Hubungan Lama Merokok Terhadap Kadar
Timbal Perokok Aktif di Desa Kwagean, Nganjuk. Jurnal Sintesis: Penelitian Sains,
Terapan Dan Analisisnya, 3(2), 85-89. https://doi.org/10.56399/jst.v3i2.55

Rosanti, E., Rudyarti, E., & Diwa, M. A. P. S. (2018). the Correlation of Chemical Exposure
and Personal Hygiene With Irritant Contact Dermatitis Among Workers in the
Production ~ Worker. Journal Of Vocational Health Studies, 2(1), 8.
https://doi.org/10.20473/jvhs.v2.i1.2018.8-13

Rosita, B., Program, L., Analis, S., Stikes, K., & Padang, P. (2018). Hubungan Toksisitas
Plumbun (Pb)Dengan Hemoglobin Pekerja Pengecatan Motor Pekanbaru. Prosiding
Seminar Kesehatan Perintis E, 1(1), 2622—-2256.

Rosmiati, K. (2019). Kadar Timbal Pada Rambut dan Kuku Petugas SPBU dan Penjual
Eceran Bahan Bakar Minyak. Jurnal Akademi Farmasi Prayoga, 4(1), 1-13.

Rosmiati, K., Lasmini, T., Kurnia Hikmatul Adha, S., Purba, Y., Rahmawati, R., Kesehatan,
A., & Kesehatan John Paul, A. (2022). PERBANDINGAN KADAR LOGAM
KADMIUM (Cd) PADA URIN PEROKOK AKTIF DAN PEROKOK PASIF DI
DESA AIR EMAS. Prosiding Asosiasi Institusi Pendidikan Tinggi Teknologi
Laboratorium  Medik Indonesia, 1(Cd), 171-180. https://prosiding.aiptimi-
iasmlt.id/index.php/prosiding/article/view/58

Ruslinda, Y., Gunawan, H., Goembira, F., & Wulandari, S. (2016). Pengaruh Jumlah
Kendaraan Berbahan Bakar Bensin terhadap Konsentrasi Timbal ( Pb ) di Udara
Ambien Jalan Raya Kota Padang. Seminar Nasional Sains Dan Teknologi Lingkungan
I, 33(4), 205-212.

Rusmin, L. O., & Pattimura, U. (2024). Analisis pencemaran lingkungan terhadap masyarakat
dusun kranjang desa wayame kecamatan teluk ambon. 2, 217-222.

Salasa, M. G., Rosadi, A., & Fahriani, N. (2021). Perancangan Alat Monitoring Polusi Udara
Berbasis Mikrokontroler Menggunakan Sensor Gas TGS-2442. Computing Insight :
Journal of Computer Science, 3(1), 1-8. https://doi.org/10.30651/ci:jcs.v3i1.9146

Salshabila, A. N. U. R. A. (2023). Perbedaan Kadar Level Timbal Dalam Darah Ibu Hamil
Yang Bermukim Di Daerah Pesisir dan Bukan Pesisir : Systematic Review.

20



Indonesian Journal of Global Health Research, Vol 7 No 5, October 2025

Setiawan, A. C., Nadliroh, K., & Rhohman, F. (2021). Analisis Pengaruh Penambahan Katalis
Feldspar 5% dan 10% terhadap Suhu Leleh Limbah Kaca. Jurnal Edudikara, 2(2), 3-5.

Shinta, D. Y., & Mayaserli, D. P. (2020). Hubungan Kadar Timbal dan Kadar Hemoglobin
Dalam Darah Perokok Aktif. Prosiding Seminar Kesehatan Perintis, 3(1), 134-138.

Sisarti, R. D., Rosyidah, A., & Murwani, I. (2020). Potensi Tanaman Kangkung Darat
(Ipomea reptans) dan Bayam Cabut (Amaranthus tricolor L.) Sebagai Hiperakumulator
Logam Berat Timbal (Pb) Terhadap Pertumbuhan dan Akumulasinya. Jurnal
Agronisma, 8(2), 59-71.

Sugiani, N. N. (2023). Analisis Kadar Timbal ( Pb ) Dalam Spesimen Darah Pekerja Bengkel
Motor Di Banjar Blungbang Badung Tahun 2023. Sekolah Tinggi llmu Kesehatan Wira
Medika Bali, 9, 1-78.

Sukaiti, W. S. A., Al Shuhoumi, M. A., Balushi, H. I. A., Faifi, M. Al, & Kazzi, Z. (2023).
Lead poisoning epidemiology, challenges and opportunities: First systematic review and
expert consensuses of the MENA region. Environmental Advances, 12(May), 100387.
https://doi.org/10.1016/j.envadv.2023.100387

Sukar, & Sukarjo. (2016). Bioindikator Cemaran Timbal pada Rambut Masyarakat Sekitar
Kilang Minyak Bioindicator of Lead Contamination in Hair of People around Oil
Refinery. Jurnal Kesehatan Masyarakat Nasional, 9(29), 229-234.

Tamala, D., & Hanum, G. R. (2022). Analysis Of Lead (Pb) Heavy Metal Content In
Smoking Farmers. Medicra (Journal of Medical Laboratory Science/Technology), 5(2),
115-118. https://doi.org/10.21070/medicra.v5i2.1663

Theresia, T. T., Louisa, M., Putranto, R. A., & Arifin, S. P. A. (2024). Faktor Risiko Penyakit
Periodontal Pada Perokok: Scoping Review. Jurnal Kesehatan Tambusai, 5(1), 365—
370.

Vandentorren, S., Brabant, G., Spanjers, L., Coudret, S., Haidar, S., Mondeilh, A., Gault, G.,
Comba, M., & Etchevers, A. (2023). Activities at risk of lead exposure and lead

poisoning in children of travellers’ families in charente, France. Heliyon, 9(1).
https://doi.org/10.1016/j.heliyon.2023.e13056

Vydrin, A. V., Krasikov, A. V., Zhukov, A. S., Zvonarev, D. Y., & Bunyashin, M. V. (2021).
Forecasting procedure for strength and ductile properties of alloy steel pipes in process
of manufacturing and operation. Procedia Structural Integrity, 40(C), 450-454.
https://doi.org/10.1016/j.prostr.2022.04.061

Wulandari, nur lailatul Q. W. R. (2020). Faktor-Faktor Yang Mempengaruhi Kadar Timbal
(Pb) Dalam Darah Secara Fisiologis (Literature Review). National Conference For
Ummah, 1(69), 5-24.

Woulandari, D. D., Rohmah, W., Nidianti, E., Santoso, A. P. R., & Andini, A. (2021). The
Effect Of Using Personal Protection Equipment (PPE), Mileage, And Smoking Habits
On Hair Lead (Pb) Levels. Medicra (Journal of Medical Laboratory
Science/Technology), 4(1), 50-53. https://doi.org/10.21070/medicra.v4il1.1435

Yanti, D., Mislan, M., & Djayus, D. (2020). Analisis Kadar Emisi Transportasi Di Samarinda
Berdasarkan Tipe Mesin Dan Kapasitas Mesin. Geosains Kutai Basin, 3(05), 2018-
2021.

21



Indonesian Journal of Global Health Research, Vol 7 No 5, October 2025

http://jurnal.fmipa.unmul.ac.id/index.php/geofis/article/view/696%0Ahttp://jurnal.fmipa
.unmul.ac.id/index.php/geofis/article/download/696/307

Yathapu, S. R., Kondapalli, N. B., Srivalliputturu, S. B., Hemalatha, R., & Bharatraj, D. K.
(2020). Effect of lead exposure and nutritional iron-deficiency on immune response: A
vaccine challenge study in rats. Journal of Immunotoxicology, 17(1), 144-152.
https://doi.org/10.1080/1547691X.2020.1773973

Yenni, M., Sugiarto, & Husaini, A. (2021). Analisis Kadar Logam Timbal Darah Petugas
Stasiun Pengisian Bensin Umum (Spbu) Kota Jambi. Cetak) Journal of Innovation
Research and Knowledge, 1(5), 773.

22



