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____________________________________________________________________________________________________________ 

ABSTRACT---- The modifying factor for exposure time for paint workers who work more than 8 hours / day have 

abnormal blood lead levels> 10 μg / dl. Lead exposure to paint workers occurs when mixing paints, mostly through air, 

skin, through food and drinks. The longer the work, the more the amount of lead exposure received, although the 

amount of lead absorbed by the body is only small, this metal turns out to be very dangerous and can cause health 

problems due to the buildup of lead in the body. The presence of lead (Pb) in the blood can cause severe and dangerous 

effects including interfering with the hematopoietic system, a long exposure can disrupt the gastrointestinal system, 

central nervous system, immune system, kidneys. The purpose of this research was to determine the relationship and 

closeness of the relationship between the modification factors of exposure time with blood lead levels of adulterated 

paint workers in the area of East Jakarta. The research method uses primary data through an analytic observational 

cross-sectional design approach. Sampling is done by non-probability sampling with consecutive sampling techniques. 

The correlation test used was the Spearman test with a confidence level of 95%. The results of the research found that 

the average exposure time of adulterated paint workers was 48.9 hours/week exceeding the permissible work time, and 

the exposure time >40 hours/week was 77.5% of the number of respondents. The average blood lead level was 0.15 

mg/L, with the highest blood lead level 0.45 mg/L and workers with exposure times> 40 hours/week obtained blood lead 

levels exceeding the safe reference limit (40 mg/L) of 19.4%. The conclusion is that there is a significant relationship 

between duration of exposure and lead level of adulterated paint workers (p-value = 0.029) and shows the moderate 

closeness of the relationship with the direction of a positive relationship. The value of r = 0.346, means that the longer 

the person is exposed to lead, the higher the level of lead in the blood of adulterated paint  workers. The discussion of 

modification factors of exposure time in adulterated paint workers can influence lead exposure continuously, in the 

long term, absorption of lead in the body 99% which is bound to erythrocytes will accumulate in the blood, then it is 

distributed into the blood which is 90% binding to cells red blood cells (erythrocytes), and the rest are bound to blood 

plasma. Once absorbed, the lead will be stored in the blood for 35 days. For 8 hours, a worker can absorb up to 400 μg 

and add 20 - 30 μg / day from food, drinks, and air. The presence of lead in blood represents a reflection of the dynamic 

continuity between exposure, absorption, distribution, and excretion, so that it is one indicator to know and follow 

ongoing exposure. 
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1. INTRODUCTION 

Lead levels in the environment continue to increase along with human activities in the industrialization process 

(Pahlawan, S., Keman, 2014). Lead is widely used by humans in industrial activities. One of them is used as a coloring 

agent. The paint contains lead when paint manufacturers deliberately add one or more lead compounds to the paint, during 

the manufacturing process (Ismawati et al., 2015). Based on research conducted by the International Organization 

Promoting Safe Chemical Policies and Practices that Protect Human Health and the Environment, states that about 77% of 

paint samples sold in Indonesia after being tested contain lead with an average level of 17,300 ppm or nearly 200 times 

more than the recommended level of 90 ppm (Muliyadi, 2015). 

Paint is one source of lead exposure that uses lead metal as a pigment material (Mulfiyanti, 2017). Aside from being 

a pigment material, lead can also be used as a dryer and anti-corrosion or inhibit rusting. Over time, the growth of the 

Indonesian paint market is among the fastest in the world, among others by 10% from 2011 to 2012 after an increase of 
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8% per year between 2006 and 2011. The potential for improvement in the coming years is still high, given the large 

population and high economic growth rates (Ismawati et al, 2013). One type of paint shop that is commonly found in 

Indonesia is adulterated paint shops. Based on preliminary surveys conducted by researchers, the large number of 

adulterated paint shops is proportional to a large number of requests from the public. This is because adulterated paint can 

be used for various objects, such as wood, vehicles, walls, etc., and we can order colors according to the desired taste 

because of the large selection of paint colors, making it more efficient and efficient because one type of paint color can be 

used as a color variation through the mixing process. Besides, the mixing process can use the rest of the paint that has not 

been used to produce new colors. 

Research conducted by Ismawati (2015) by buying 121 paint samples from various shops and outlets around Denpasar, 

Bogor, Depok, Tangerang, and Jakarta. From the sample studied, it was found that 83% of the paint contained lead above 

90 ppm, the maximum number of lead content allowed in many industrialized countries. The high rate of lead content in 

paint allows people who work in the painting field to be exposed to lead, so it is very possible to find lead levels in the 

blood.  

Lead levels in the blood can be influenced by several internal modifiers (non-modifiable) and external (modifiable) 

workers which include workers age, sex, dose of exposure, consumption patterns, nutritional status, length of exposure, 

length of service, use of personal protective equipment ( PPE), smoking habits, availability of sanitation facilities, as well 

as hygiene and sanitation behavior of workers (Humairo and Keman, 2017). Based on research conducted by Pusparini et 

al, in 2016 of 32 respondents painting workers, as many as 94.4% of workers who have the habit of smoking have abnormal 

blood lead levels. Based on the use of PPE as many as 88.5% of workers who use PPE do not meet the requirements of 

having blood lead levels exceeding the threshold. Based on the exposure time as much as 90.3% of workers who work 

more than 8 hours have abnormal blood lead levels (> 10 µg / dL). 

The results of preliminary observations conducted by researchers on adulterated paint workers in the Jakarta area, on 

average, adulterated paint workers mix dyes conventionally and don't use personal protective equipment (PPE) such as 

masks and gloves when mixing colors because they are uncomfortable and can hamper performance, which can cause 

workers to easily be exposed to lead contained in paint through inhalation and skin. Workers who don't use masks can 

inhale the lead contained in the paint used so that lead can be absorbed by the body through breathing (Sari, Setiani, and 

Joko, 2016). Another thing that can lead to the entry of lead into the body is that when workers do the process of mixing 

the colors don't wear gloves so susceptible to exposure through the skin and ingestion if the hands still contain paint when 

eating with bare hands (N, Rizkiani, 2004). In a study conducted by Kasanah in 2016 on body painting workers in Semarang 

as much as 85.3% showed the results of blood lead levels above the maximum limit that is above 10 μg / dl. Lead exposure 

in the painting process mostly occurs through the air, and can also be through the skin although it's very small (Rizkiani, 

2004). 

In 2017 Lutfi, Yustina, and Ahmad conducted a study of 12 respondents of car painting workers, respondents who had 

12-30 months of work had average lead levels of 22.93 µg / dL, then workers who had longer hours of work were > 60 

months had a higher lead level which was 32.67 µg / dL. Based on the habit of using PPE from 12 respondents only 2 

people who use PPE in the form of masks so that lead levels in the body are still within normal limits, and 10 respondents 

do not use PPE it is seen that 70% of respondents have high lead levels and 30% have normal lead levels. 

Lead exposure to humans can cause various negative effects on health, including on the hematological system. This is 

consistent with research conducted by Sari and Lubis in 2014, that exposure to lead and iron deficiency anemia often occur 

simultaneously and indicate severe anemia. On exposure to lead with low levels that last continuously for a long time will 

cause health effects including anemia (Mawardi and Setiani, 2013). Disorders of haemapoitic activity, nervous system, 

urinary system, gastrointestinal system, cardiovascular system, reproductive system, endocrine system, and disrupting the 

musculoskeletal system such as bones and teeth (Moelyaningrum, 2016).  99% of the lead absorbed by the body is bound 

to erythrocytes, and 1% is spread freely into the soft tissues and bones so that blood lead levels represent lead levels in the 

body (Lubis et al, 2013). Also, modifying factors that cause blood lead levels to reflect the reflection of dynamic continuity 

between exposure, absorption, distribution, and excretion to be one indicator to know and follow ongoing exposure 

(Ardillah, 2016).  

Modifying factors that make the absorption of lead increase in blood levels, resulting in a decrease in hemoglobin 

content, an increase in the number of reticulocytes (young erythrocytes), and an increase in the number of basophilic 

speckled erythrocytes. Following the results of blood tests to detect these various effects can be used as a gauge of lead 

exposure (Pahlawan, S., Keman, 2014). On prolonged exposure with high lead levels, the life span of erythrocytes shortens 

and is associated with inhibition of pyrimidine 5-nucleotidase which subsequently causes hemolytic anemia characterized 

by reticulocytosis (Wagiu and Wulur, 2006).  
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In a study conducted by Kalahasthi and Barman in 2016, it showed that the index level of reticulocyte counts increased 

significantly with an increase in blood lead levels in battery factory workers. This shows that lead exposure can cause 

reticulocytosis by increasing the index of reticulocyte count. Hematoxics can be used to increase alertness to the effects of 

lead in the blood in people exposed to lead. So by knowing the modifying factors, physical properties, chemical properties, 

metabolism and toxic effects of lead, the diagnosis of lead poisoning in the blood can be known early and can be used to 

prevent lead poisoning in the community especially paint workers (Ardyanto, 2005). An even more important focus is that 

every job carries risks, it is feared that contaminated paint workers do not know the risks and the occurrence of lead 

exposure which has a serious impact on health. For this reason, this research is conducted as a first step to find out lead 

poisoning so that further prevention can be done. 

2. METHODS 

The study design uses quantitative research analytically observational cross-sectional methods. The population used 

is adulterated paint workers in paint shops located in the East Jakarta District Health Office. To obtain the minimum sample 

size needed in this study using the Lemeshow formula, where the total population of respondents is unknown. Non-

probability sampling or non-random sampling using a consecutive sampling technique, where respondents who meet the 

research criteria are included in the study until a certain time so the required number of respondents is met (Sastroasmoro 

and Ismael, 2010). The selected sample has inclusion and exclusion criteria, namely working as adulterated paint workers 

both management, storage and mix both manually (conventional) and who use automatic equipment, willing to be a 

respondent and willing to take blood and have worked for more than 1 year. Approval of research ethics obtained from the 

Health Polytechnic Commission of the Ministry of Health Jakarta III No. KEPK-PKKJ3 / 214 / IV / 2019, May 6, 2019 

3. RESULTS  

The number of samples from the paint shop at the research location in the East Jakarta District Health Office area was 

detected by researchers as many as 23 paint shops in 9 District Health Centers in the East Jakarta Region as 40 respondents. 

The technique of paint mixing is automatically as many as 4 workers and most of them do manually (conventional) as 

many as 36 workers. 

Distribution of Exposure Time on Adulterated Paint Workers  

The duration of exposure in this study refers to SNI 19-0232-2005 which contains the Time Weighted Average 

of the chemicals in the workplace air. Workers can be exposed to chemicals daily not more than 8 hours per day or 40 

hours per week. The distribution time of exposure to paint workers can be seen in table 1. 

Tabel 1. Distribution of Exposure Time on Adulterated Paint Workers 

Exposure Time 

(hours/week) 

Frequency  Percentage 

       (n)                (%) 

Mean       Std 

              Deviation 
Min-Max 

≤ 𝟒𝟎 𝐡𝐨𝐮𝐫𝐬         9                 22.5% 48.88      12,67     30-77 

> 40 hours       31                 77.5%   

Total       40                 100%   

 

The results in table 1 were obtained by adulterated paint workers who had exposure times ≤40 hours/week, namely 30 

- 36 hours/week, while workers who worked> 40 hours/week with a range of 42 - 77 hours/week. 

Distribution of Blood Lead Levels on Adulterated Paint Workers 

The blood lead level reference value is categorized based on the provision of the Directorate of Medical Support 

Services Development (BPPM) of the Director-General of Medical Services of the Ministry of Health of the Republic of 

Indonesia in 2008 concerning the reference value of heavy metal content in human specimens in mg/L units. Table 2 

presents the results of the blood lead levels of adulterated paint workers. 

Table 2. Distribution of Blood Lead Levels on Adulterated Paint Workers 

Blood Lead 

Levels 

Frequency   Percentage  Mean 

   (n)                 (%)                                        

Std. 

Deviation 
Min-Max 

≤ 𝟎. 𝟒𝟎𝐦𝐠/𝐋    34                 85%   

>0.40 mg/L     6                  15%          0.15  0,14 0,02-0,45 

Total    40               100%   
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From the results of an examination of blood lead levels of adulterated paint workers, it was found that who have 

lead levels within the reference value ≤ 0.40 mg/L with levels of 0.02-0.34 mg/L while those who have blood lead levels 

exceed the reference value limits with levels of 0, 41-0.45 mg/L. 

Relationship Between Exposure Time and Blood Lead Levels 

Data normality test results, for the duration of exposure with blood lead levels in table 3 are as follows: 

Table 3. Data Normality Test 

Variable p- value (Shapiro-wilk) 

Exposure Time 0.032 

Blood Lead Levels 0.000 

 

The p-value used in this test uses Shapiro-Wilk because the sample used is ≤50 samples. The results of p-value 

(0.032) & (0.000) <∝0.05 then the data distribution is not normal. The test was continued with a cross tabulation test to 

see the percentage and distribution of frequency distribution of the relationship between exposure time and blood lead 

levels of adulterated paint workers, then continued with the correlation test with the Spearman correlation test, it can be 

seen in table 4 and table 5. 

Table 4. Cross Tabulation Test Results of Exposure Time with Blood Lead Levels 

Exposure Time 

(hours/week) 

Blood Lead Levels 
Total 

≤ 0,40 mg/L > 0,40 mg/L 

N % N % N % 

≤ 40 hours/week 9 100% 0 0% 9 100% 

> 40 hours/week 25 80,6% 6 19,4% 31 100% 

Total 34 85% 6 15% 40 100% 

 

The results of the cross-tabulation test to see the relationship between exposure time and blood lead levels on 40 

paint workers was not found by respondents who had lead levels exceeding the reference value limit (> 0.40 mg/L) with 

exposure time ≤ 40 hours/week. Workers with exposure times> 40 hours/week found with lead levels exceeding the 

reference value of 19.4%. 

Relationship test with the Spearman correlation test to see the relationship between exposure time and blood lead 

levels of adulterated paint workers can be seen in the following table: 

Table 5. Correlation of Exposure Time and Blood Lead Levels on Adulterated Paint Workers 

Variable 
Frequency 

(n) 
p –value r 

Exposure Time 40 
0.029 0.346 

Blood Lead Levels 40 

 

In table 5, the Spearman correlation test results show that a p-value of 0.029 is obtained with a confidence level of 95%. 

p-value ≤ α 0.05 r-value of 0.346 indicates that there is a significant relationship between exposure time with blood lead 

levels and the closeness of the moderate relationship between the length of exposure with blood levels of adulterated paint 

workers. 

4. DISCUSSION 
The results in table 4 are the maximum blood lead levels based on the Reference Guidelines for Heavy Metal 

Content in the Human Specimens of the Directorate of BPPM, Director General of Medical Services, Ministry of Health 

of Republic of Indonesia in 2008, in mg / L units, which is ≤ 0.40 mg / l in the reference limit and> 0.40 mg / L above the 

reference limit. From the results of the study note the average blood lead level in 40 respondents adulterated paint workers 

by 0.15 mg / L, with the lowest level of 0.02 mg / L and the highest of 0.45 mg / L. Based on the results of blood lead 

levels, 6 out of 40 (15%) respondents had lead levels exceeding the reference value limit> 0.40 mg / L, respondents who 

had blood lead levels exceeded the reference value limit were lower than the results of previous studies conducted ( Suci 

Setyoningsih et al., 2016) in car body painting industry workers, as many as 28 of 32 respondents had blood lead levels 
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exceeding the recommended toxic threshold value of 10 µg / dL or 0.1 mg / L with the lowest lead value of 5.1 According 

to Ardillah (2017) large doses (concentrations) and prolonged exposure can have severe effects and can be dangerous and 

can affect Pb exposure in the blood. In addition, based on surveys and interviews with respondents, many workers already 

have a level of awareness to conduct good PHBS behavior, one of them doing the habit of washing hands before and after 

work, of 40 respondents only 1 respondent who did not practice hand washing both before and after work. 

 

Modification of the length of service in this study will affect the duration of lead exposure and is associated with 

blood lead levels. From the results of the study, respondents who had just worked for 3 years had higher lead levels above 

the reference value (0.44 mg / L) and were higher compared to respondents who had worked for 60 years (0.42 mg / L). 

This study is in line with research (Pusparini, Setiani and D, 2016) that the working period of car painting workers who 

are ≤ 5 years and who are> 5 years have the same risk of an increase in blood lead levels so that it is concluded there is no 

relationship between blood lead levels with the respondent's tenure. The results of this study are also in line with research 

by Sari et al (2016) and Hasan, W. (2013) that there is no relationship between tenure and blood lead levels. In theory, 

blood lead levels are also influenced by internal factors such as endurance, nutritional status and healthy lifestyle such as 

smoking.8 µg / dL or 0.0518 mg / L, the highest is 68.43 µg / dL or 0.6843 mg / L and an average of 35.00 µg / dL or 0.35 

mg / L. The results of this study are not much different from the results of the study of Muliyadi et al. (2015) the average 

blood lead level in car painting workers was 0.11 mg / L. This happens because of other exposure modifying factors that 

cause blood lead levels in each worker to be different. 

 

Unlike the case with research conducted (Ayu, Afridah and Nourma, 2016) which states that there is a significant 

relationship between years of service and an increase in blood lead levels. Factors that can cause this research contradict 

with previous studies due to the frequency of mixing and the amount of volume in one mix of oil that is not the same for 

each respondent, and the possibility of exposure outside the work environment such as exposure to lead pollutants in the 

air when driving, consuming food and drinks lead contaminated. Table 5 analysis results show that there is a significant 

relationship between exposure time and blood lead levels in mixed paint workers with moderate and positive relationship. 

This study is in line with research conducted (Tasya, 2018) which states that there is a significant relationship between lead 

exposure and the length of a person's working hours. Likewise with the theory conveyed by (Adiwijayanti, 2015) the longer 

the person works, the more the amount of lead exposure is received. 

 

According to Girsang (2008) in his theory states that for 8 hours, a worker can absorb up to 400 µg, and add 20-

30 µg / day from food, drinks, and air. However (Pusparini, Setiani and D hanani, 2016) in their research stated the opposite 

that there was no significant relationship between the duration of exposure with lead levels in the blood of respondents in 

car painting workers. This can be caused by internal and external factors that can affect blood lead levels such as clean and 

healthy living behavior, and immune factors. 

 

Based on the results of the examination of blood lead levels of mixed paint workers, the average level of 0.15 mg 

/ L was obtained. This result is not much different from the average blood lead level in car painting workers at 0.11 mg / 

L in a study by Muliyadi et al. (2015). But it is lower than the study (Setyoningsih et al., 2016) in the car body painting 

industry worker 0.35 mg / L. This can occur because of the amount of exposure to each different worker, as well as the 

possibility of being exposed outside the work environment such as lead exposure in the air when driving. 

 

The results of lead levels in this study did not show alarming levels, but exposure to low concentrations in a long 

time can cause damage to organs. If lead exposure continues, then the body cannot absorb lead in the blood so blood lead 

will accumulate and become toxic. Prevention of further lead accumulation of workers needs to be done by using PPE such 

as masks and gloves when working. 

 

 

5. CONCLUSION 
 

There is a significant relationship between the duration of exposure with blood lead levels with a p-value of 0.029 

and r value of 0.346 which indicates the closeness of the moderate relationship with the direction of a positive relationship, 

which means the longer a person is exposed to lead, the higher the lead level in his blood . 
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