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Waste pickers represent a highly vulnerable group of informal workers who are frequently 

exposed to hazardous substances in landfill environments, including cadmium (Cd), a 

persistent toxic metal with a long biological half-life and strong renal accumulation. This 

cross-sectional study assessed urinary cadmium levels and speciation among waste 

pickers working at the Sukawinatan landfill in Palembang, Indonesia, and examined 

sociodemographic, occupational, and behavioral factors associated with exposure.  A total 

of 46 waste pickers participated in the study. Information on personal characteristics, work 

history, hygiene practices, and use of personal protective equipment was collected through 

structured questionnaires and physical examination. Spot urine samples were analyzed for 

total cadmium using atomic absorption spectrophotometry (AAS), while inorganic and 

organic cadmium fractions were determined spectrophotometrically. The results indicated 

that 47.8% of participants had urinary cadmium concentrations exceeding the 

recommended reference value of ≤ 0.05 mg L⁻¹ established by the Agency for Toxic 

Substances and Disease Registry (ATSDR). Speciation analysis showed that inorganic 

cadmium (Cd²⁺) accounted for a mean proportion of 39.8% of total urinary cadmium, with 

substantial inter-individual variability (range: 9.53–86.58%). Notably, 28.3% of waste 

pickers exhibited an inorganic cadmium fraction equal to or greater than 50% of total 

urinary cadmium, suggesting considerable differences in internal exposure profiles that 

are not reflected by total cadmium levels alone. Although no statistically significant 

associations were identified, longer work duration (≥ 10 years) was associated with a 

lower likelihood of elevated urinary Cd levels (OR = 0.33; 95% CI: 0.08–1.35), whereas 

poor hygiene practices (OR = 3.23; 95% CI: 0.48–21.74) and inconsistent use of personal 

protective equipment (OR = 1.75; 95% CI: 0.31–9.88) were associated with increased 

exposure risk. These findings highlight the need for improved occupational safety 

measures, routine biomonitoring programs, and targeted health surveillance to reduce 

long-term toxic metal exposure among informal waste workers. 
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1. INTRODUCTION

Occupational exposure to heavy metals remains a critical 

concern in environmental and occupational health, particularly 

in informal work settings where regulatory oversight and 

protective measures are limited. Cadmium (Cd) is recognized 

as a priority occupational pollutant due to its environmental 

persistence, strong bioaccumulative properties, and high 

toxicity at relatively low exposure levels [1]. Chronic Cd 

exposure has been consistently associated with adverse health 

outcomes, including renal dysfunction, bone demineralization, 

hypertension, and increased cancer risk [2-4]. Accordingly, 

the World Health Organization (WHO) has classified Cd as a 

human carcinogen, emphasizing the importance of monitoring 

occupational exposure and implementing effective risk control 

measures [5, 6]. 

Occupational activities constitute one of the primary 

pathways of Cd exposure in humans [7]. Existing 

biomonitoring studies using urinary Cd have predominantly 

focused on formal workers in well-recognized high-risk 

industries such as battery manufacturing, metal processing, 

mining, and welding [8, 9]. However, informal workers, 

particularly waste pickers operating at municipal landfill sites, 

may experience comparable or even greater exposure risks due 

to continuous contact with mixed solid waste, contaminated 

soil, leachate, and airborne particulates. These conditions 

facilitate multiple routes of Cd entry, including ingestion, 

inhalation, and dermal absorption [3, 4, 10, 11]. Despite this 

vulnerability, waste pickers are often excluded from 

occupational health surveillance programs, resulting in limited 

evidence regarding their exposure burden and occupational 

health risks. 
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In the Indonesian context, urban waste management is still 

predominantly based on landfill systems, including open 

dumping practices, which may increase environmental 

exposure to hazardous substances [12]. Waste pickers play a 

significant role in material recovery and waste reduction; 

however, most of them work within the informal sector 

without adequate occupational health protection. This 

condition, combined with limited regulatory oversight and 

environmental monitoring, increases the risk of exposure to 

heavy metals such as cadmium [13]. To date, biomonitoring 

data regarding metal exposure among this population remain 

very limited. Therefore, investigating internal cadmium 

exposure and its associated risk factors is essential to 

strengthen the scientific basis for occupational health policy 

development and to enhance preventive strategies in landfill 

environments. 

Urinary cadmium concentration is widely accepted as a 

reliable biomarker for assessing cumulative occupational Cd 

exposure and long-term body burden, reflecting renal 

accumulation over time [14-16]. Previous studies have 

demonstrated that prolonged occupational exposure to Cd 

contributes to the progressive decline of kidney function, even 

at relatively low environmental concentrations [17]. 

Nevertheless, most occupational biomonitoring studies rely 

solely on total urinary Cd measurements, which do not 

distinguish between different chemical forms of Cd that vary 

in toxicity and exposure origin. 

Analysis of urinary Cd that differentiates between its 

inorganic and organic fractions provides a more 

comprehensive approach to evaluating exposure. The 

inorganic fraction is generally associated with occupational 

exposure and exhibits higher toxicological potency, whereas 

the organic fraction is predominantly linked to dietary intake 

[3]. Despite its relevance for occupational risk assessment, 

urinary Cd speciation has rarely been applied in studies 

involving informal workers, including waste pickers, whose 

exposure pathways differ substantially from those of industrial 

workers. To date, biomonitoring data on metal exposure 

among this population remain scarce. 

Therefore, this study aimed to evaluate occupational Cd 

exposure among waste pickers at a municipal landfill in 

Palembang, Indonesia, using urinary biomonitoring. 

Specifically, the objectives were to (i) quantify total urinary 

Cd concentrations, (ii) characterize the distribution of 

inorganic and organic Cd fractions in urine, and (iii) examine 

the association between urinary Cd levels and selected 

sociodemographic, clinical, behavioral, and occupational 

factors. By integrating urinary biomonitoring with 

occupational health indicators, this study provides novel 

insights into Cd exposure patterns and their potential health 

implications among waste pickers, contributing to evidence-

based occupational health risk assessment and prevention 

strategies in informal work environments. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Study design and setting 

 

This study employed a quantitative descriptive approach 

with a cross-sectional design. The research was conducted at 

the Sukawinatan Landfill in Palembang, Indonesia, which 

operates under an open dumping system without waste 

segregation. Data collection took place from August to 

December 2024. 

 

2.2 Population and sample 

 

The study population comprised all waste pickers working 

at the Sukawinatan Landfill, Palembang, Indonesia. Eligible 

participants were waste pickers who were actively working at 

the landfill during the study period and who agreed to 

participate by providing written informed consent, completing 

interviews and questionnaires, and submitting a urine sample. 

Waste pickers with a history of kidney disease and pregnant 

female waste pickers were excluded from the study to 

minimize potential confounding related to renal function and 

physiological conditions. 

 

2.3 Sample size considerations 

 

Sample size determination was based on a prevalence-based 

calculation using an estimated prevalence of impaired kidney 

function of 12.5% and a 95% confidence level. To account for 

potential nonresponse, an additional 10% was added to the 

calculated sample size. Based on this estimation, a minimum 

of 46 respondents was required. Purposive sampling was 

employed to recruit participants who met the inclusion criteria 

and were available during the data collection period. This non-

probabilistic approach was chosen to ensure inclusion of 

individuals actively engaged in waste picking activities at the 

Sukawinatan landfill, who were most likely to be exposed to 

cadmium. Although this method may limit the generalizability 

of the findings to the broader population of waste pickers, it 

enabled a focused assessment of occupational exposure in 

high-risk subgroups while maintaining study feasibility and 

relevance. 

 

2.4 Data collection 

 

Data were collected in September 2024 to support 

occupational risk assessment of cadmium exposure at the 

landfill. Structured questionnaires were used to obtain 

information on sociodemographic characteristics, 

occupational conditions (work duration and use of personal 

protective equipment (PPE), and safety-related behaviors, 

including smoking and personal hygiene, to identify 

determinants of exposure risk. 

 

2.5 Urine sample collection and preparation 

 

First morning urine samples (50–100 mL) were collected 

using sterile, clean, and tightly sealed polypropylene 

containers to minimize external contamination. Each container 

was labeled with a unique identification code containing the 

participant’s age, sex, and sample type to ensure traceability 

and prevent misidentification. First morning urine was 

selected because it is more stable and concentrated, thereby 

reducing diurnal variation [18]. 

Immediately after collection, the samples were preserved by 

adding 10 drops of concentrated nitric acid (HNO₃) to each 

50–100 mL sample, followed by gentle homogenization. 

Acidification was performed to prevent metal adsorption onto 

the container walls and to inhibit microbial activity that could 

affect metal stability. The samples were then transported to the 

laboratory under controlled conditions and stored at 4℃ until 

analysis, following standard procedures [19].
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2.6 Measurement of inorganic and organic cadmium in 

urine 

 

Total cadmium determination in urine was conducted using 

a Shimadzu AA7000 atomic absorption spectrophotometry 

(AAS) at a resonance line of 228.8 nm. This method has been 

validated with a recovery rate of 103.44%, a limit of detection 

(LOD) of 0.0029 mg L⁻¹, a linear range (LR) of 0.50–2.00 mg 

L⁻¹, and a relative standard deviation (RSD) of 0.84% 

(Horwitz CV). Urinary cadmium levels were interpreted in 

reference to the toxicological guidance provided by the 

Agency for Toxic Substances and Disease Registry (ATSDR, 

2012), which reports urinary concentrations of approximately 

≤ 0.05 mg L⁻¹ as indicative of low-level exposure. 

Inorganic cadmium in urine was determined using the 

Concentration Cell Potentiometry method. Two half-cell units 

containing CdSO₄·8H₂O standard solution and the sample 

were connected by a salt bridge filled with saturated KCl 

solution. Pure cadmium metal (99.95% purity, JT brand, ½” 

Round 9” Long Ingot, 9 oz) was used as both the indicator and 

reference electrodes. The electrodes were connected to a 

Hantek 365F multimeter for potential measurement. The 

Concentration Cell Potentiometry method has been validated 

with a recovery rate of 91.21%, a LOD of 0.0052 mg L⁻¹, a LR 

of 0.15 – 7.50 mg L⁻¹, and an RSD of 2.15% (Horwitz CV). 

Organic cadmium in urine samples was determined by 

calculating the difference between the total cadmium result 

from AAS and the inorganic cadmium result from the 

Concentration Cell Potentiometry method. 

 

2.7 Data analysis 

 

Data were processed and analyzed using Statistical Package 

for the Social Sciences (SPSS) version 22. Descriptive 

statistics were applied to summarize respondents’ 

characteristics and occupational exposure profiles, with 

categorical variables expressed as frequencies and percentages 

and numerical variables summarized using appropriate 

descriptive measures. Bivariate analysis using the Chi-square 

test was performed to examine the associations between 

urinary cadmium levels and occupational, behavioral, and 

work environment–related risk factors. A p-value of < 0.05 

was considered statistically significant. This analytical 

approach aimed to identify key determinants of cadmium 

exposure and to support risk-based evaluation for the 

development of occupational safety and health control 

strategies in the landfill setting. 

 

 

3. RESULTS  

 

3.1 Sociodemographic and occupational characteristics 

 

A total of 46 waste pickers were included in the analysis. 

Most waste pickers were of productive age (25–64 years, 87%) 

and predominantly female (58.7%). Educational attainment 

was generally low, with more than half of respondents having 

completed only primary school, while nearly one-fifth had no 

formal education. 

In terms of occupational history, prolonged occupational 

exposure was common, as 76.1% of respondents had worked 

at the landfill for more than ten years. Although the majority 

reported Daily working hours of ≤ 8 hours, a considerable 

proportion (39.1%) worked for more than 8 hours per day. 

Detailed characteristics of the waste pickers are summarized 

in Table 1. 

 

Table 1. Sociodemographic, occupational, clinical, and 

behavioral characteristics of respondents (n = 46) 

 
Variables and 

Categories 
Frequency 

(n) 
Percentage (%) 

Age   
10–19 years 1 2 
15–24 years 3 7 
25–64 years 40 87 
> 65 years 2 4 

Sex   
Male 19 41.3 

Female 27 58.7 
Working duration   

≤ 10 years 11 23.9 
> 10 years 35 76.1 

Daily working duration   
≤ 8 hours 28 60.9 
> 8 hours 18 39.1 

Smoking history   
Yes 17 37 
No 26 56.5 

Former 3 6.5 
Body weight   

≤ 40 kg 3 6.5 
> 40 kg 43 93.5 

Blood pressure   
Normal 32 69.6 

High 11 23.9 
Low 3 6.5 

Blood glucose   
Normal 46 100 

High 0 0 
Educational level   

No formal education 9 19.6 
Primary school 28 60.9 
Junior school 4 8.7 

Senior high school 5 10.9 
Use of personal protective 

equipment (PPE) 
  

Complete 8 17.4 
Incomplete 38 82.6 

Personal hygiene   
Yes 41 89.1 
No 5 10.9 

Medication consumption   
Yes 11 23.9 
No 35 76.1 

Note: Percentages are based on the total sample (n = 46); age categories 

follow the WHO (2020) classification. 

 

3.2 Clinical characteristics 

 

Most waste pickers had a body weight above 40 kg (93.5%). 

Normal blood pressure was observed in the majority of waste 

pickers (69.6%), while elevated and low blood pressure were 

found in 23.9% and 6.5%, respectively. All waste pickers had 

normal blood glucose levels at the time of assessment. Regular 

medication use was reported by approximately one-quarter of 

respondents (23.9%) (Table 1). 

 

3.3 Behavioral and occupational safety practices 

 

From an occupational safety perspective, incomplete use of 

PPE was highly prevalent, affecting more than 80% of waste 
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pickers. Despite this, most waste pickers reported maintaining 

good personal hygiene practices (89.1%). Regarding 

behavioral factors, 37.0% of waste pickers reported a history 

of smoking, while 56.5% were non-smokers and 6.5% were 

former smokers. Regular medication consumption was 

reported by 23.9% of waste pickers (Table 1). 

 

3.4 Urinary cadmium levels 

 

Analysis of urine samples collected from 46 waste pickers 

showed that nearly half of the waste pickers had urinary Cd 

concentrations exceeding the recommended threshold value (≤ 

0.05 mg L⁻¹). Specifically, 47.8% of samples were above the 

guideline level, while the remaining 52.2% were below this 

threshold. The distribution of urinary Cd concentrations 

indicated considerable variability among respondents, with 

several samples exhibiting markedly elevated levels (Figure 

1). 

 

 
 

Figure 1. Total urinary cadmium (Cd) concentrations in 

urine samples collected from waste pickers at the 

Sukawinatan Landfill, Palembang, Indonesia. Concentrations 

are expressed in mg L⁻¹ 

 

3.5 Measurement of inorganic and organic cadmium in 

respondents’ urine 

 

Analysis of inorganic and organic cadmium measurements 

in urine demonstrated considerable variation in the relative 

proportions of these fractions across samples. The inorganic 

Cd fraction ranged from less than 10% to more than 80% of 

total urinary Cd. The mean proportion of inorganic Cd was 

39.8%, with a median of 34.5% and an interquartile range 

(IQR) of 23.1%–58.6%. The overall distribution ranged from 

9.53% to 86.58%, reflecting substantial inter-individual 

variability. The moderate difference between the mean and 

median suggests a slightly right-skewed distribution, 

indicating the presence of individuals with relatively high 

inorganic Cd proportions. Although the organic fraction 

predominated in most samples, although the organic fraction 

predominated in most samples, 28.3% of waste pickers 

exhibited elevated proportions of inorganic Cd, which is 

commonly associated with occupational exposure. The 

observed heterogeneity in Cd fraction distribution suggests. 

The presence of multiple exposure pathways among waste 

pickers and underscores that the proportion of inorganic Cd 

may have relevance in occupational health risk assessment 

beyond total cadmium concentration alone (Figure 2). Error 

bars in Figure 2 represent the SD and IQR for each fraction, 

providing a visual summary of the distribution of urinary 

cadmium among waste pickers. 

 

 
 

Figure 2. Measurement of inorganic and organic cadmium in 

waste pickers urine (n = 46). Mean ± SD and interquartile 

range (IQR) are shown for each fraction 

 

Table 2. Factors associated with urinary cadmium levels 

 

Variable 
Odds Ratio 

(95% CI) 

P-

Value 

Age (10–19 / 15–24 years) – 0.400 

Sex (Male / Female) 
1.28 (0.37–

4.42) 
0.702 

Years of work (≤ 10 / > 10 years) 
0.33 (0.08–

1.35) 
0.115 

Daily work duration (≤ 8 / > 8 

hours) 

0.59 (0.17–

2.14) 
0.424 

Smoking history (Yes / No) – 0.829 

Body weight (≤ 40 / > 40 kg) 
1.07 (0.09–

12.81) 
0.957 

Blood pressure (Normal / High) – 0.402 

Blood glucose – – 

Education (No formal education / 

Primary School) 
– 0.823 

Use of PPE (Complete / 

Incomplete) 

1.75 (0.31–

9.88) 
0.523 

Personal hygiene (Good / Poor) 
3.23 (0.48–

21.74) 
0.210 

Medication use (Yes / No) 
0.91 (0.22–

3.75) 
0.900 

Note: CI = confidence interval; PPE = personal protective equipment. (odds 
ratio not estimated). 

 

3.6 Factors associated with urinary cadmium levels 

 

Bivariate analysis was conducted to examine the 

associations between waste pickers characteristics and urinary 

cadmium levels. Overall, no statistically significant 

associations were observed between urinary cadmium 

concentration and the examined sociodemographic, 

occupational, clinical, or behavioral variables (p > 0.05).  

Nevertheless, several factors demonstrated notable trends. 

Waste pickers with longer working duration (> 10 years) 

showed a quantified lower likelihood of elevated urinary 
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cadmium levels (OR = 0.33; 95% CI: 0.08–1.35). In contrast, 

poor personal hygiene was associated with quantified higher 

odds of increased urinary cadmium concentration (OR = 3.23; 

95% CI: 0.48–21.74), and incomplete use of PPE was also 

associated with quantified increased risk (OR = 1.75; 95% CI: 

0.31–9.88). 

Other variables, including sex, Daily working duration, 

smoking history, body weight, blood pressure, educational 

level, and medication use, did not show statistically significant 

associations with urinary cadmium levels in the bivariate 

analysis. Although no statistically significant associations 

were observed, the relatively small sample size may have 

limited the statistical power to detect modest but potentially 

meaningful effects. A summary of the associations is 

presented in Table 2. 

 

 

4. DISCUSSION 

 

This study provides a comprehensive assessment of Cd 

exposure among waste pickers at the Sukawinatan landfill 

using urinary biomarkers and evaluates the contribution of 

sociodemographic, occupational, clinical, and behavioral 

factors. The findings confirm that waste pickers constitute a 

vulnerable occupational group, characterized by prolonged 

exposure duration, limited protective measures, and 

measurable internal Cd burdens that are relevant to 

occupational health risk.  

Most waste pickers were of productive age (25–64 years), 

indicating sustained engagement in informal waste-picking 

activities that may lead to cumulative Cd exposure over time 

[11, 20]. The higher participation of female workers aligns 

with evidence from informal waste sectors in developing 

countries, where economic necessity drives women’s 

involvement in waste recovery activities [21]. However, the 

absence of a significant association between sex and urinary 

Cd levels suggests that exposure patterns are primarily 

determined by shared work tasks and environmental contact 

rather than sex-specific biological differences. Interestingly, 

longer working duration showed a tendency toward lower 

odds of elevated urinary Cd levels (OR = 0.33; 95% CI: 0.08–

1.35), although the association was not statistically significant. 

This pattern may reflect a healthy worker effect, whereby 

individuals who remain in physically demanding informal 

occupations are generally healthier or more physiologically 

resilient. Poor personal hygiene was associated with increased 

odds of elevated urinary cadmium concentration (OR = 3.23; 

95% CI: 0.48–21.74), and incomplete use of PPE was 

associated with increased risk (OR = 1.75; 95% CI: 0.31–

9.88), highlighting occupational and behavioral factors that 

may contribute to Cd exposure despite the absence of 

statistically significant associations. Long-term exposure may 

also induce adaptive responses, including increased 

antioxidant enzyme activity and metallothionein synthesis, 

which can bind Cd and reduce its bioavailability [22]. In 

addition, experienced workers may gradually adopt informal 

protective behaviors that reduce direct contact with 

contaminated materials. 

From a clinical perspective, most waste pickers had body 

weight above 40 kg, and nearly one-quarter were hypertensive. 

Chronic Cd exposure has been linked to elevated blood 

pressure through mechanisms involving oxidative stress, 

endothelial dysfunction, and renal impairment [23, 24]. 

Although no statistically significant association was observed 

between blood pressure and urinary Cd levels in this study, 

nutritional status and adipose tissue may influence Cd 

distribution and retention, particularly in populations 

consuming high-fat diets [25, 26]. The absence of 

hyperglycemia among waste pickers suggests that Cd-related 

disturbances in glucose metabolism have not yet manifested, 

despite evidence linking chronic Cd exposure to diabetes risk 

[27-29]. This may also reflect selection bias, as individuals 

with severe chronic illness are less likely to remain active in 

waste-picking activities. 

Low educational attainment was common among waste 

pickers, potentially limiting awareness of Cd-related hazards 

and appropriate preventive measures [30]. Although education 

level was not directly associated with urinary Cd 

concentration, it plays an important role in shaping risk 

perception, hygiene practices, and compliance with protective 

behaviors. Improving environmental health literacy among 

waste pickers may therefore contribute to reducing long-term 

exposure and associated health risks [31]. Biomonitoring 

results showed that nearly half of the respondents exceeded the 

recommended urinary Cd reference value, indicating 

substantial internal exposure and potential long-term health 

implications. Urinary Cd is a well-established biomarker of 

cumulative exposure and renal Cd burden due to its long 

biological half-life of 10–30 years [32, 33]. Given the daily 

contact of waste pickers with contaminated soil, leachate, and 

waste materials, these findings underscore the importance of 

regular health surveillance to detect early signs of Cd-related 

toxicity, particularly kidney dysfunction. 

Further insight was obtained by differentiating inorganic 

and organic Cd fractions in urine, which revealed marked 

variability in the proportions of inorganic and organic Cd 

fractions. Although organic Cd predominated in most samples, 

suggesting dietary intake as an important exposure pathway, 

substantial inorganic Cd fractions were detected in a 

considerable number of waste pickers. Inorganic Cd is 

typically associated with occupational exposure and exhibits 

higher toxicity, as documented in high-risk industries such as 

battery manufacturing, welding, and electronic waste 

recycling [7, 11, 34]. The wide range of inorganic Cd 

proportions (< 10% to > 80%) highlights heterogeneous 

exposure pathways among waste pickers and emphasizes the 

importance of incorporating chemical speciation into 

occupational risk assessment and biomonitoring strategies [3, 

35, 36]. 

Behavioral and occupational safety practices further 

contextualize these findings. Incomplete use of PPE was 

highly prevalent, consistent with reports from informal work 

settings where limited availability, discomfort, and low risk 

awareness reduce compliance [37]. Although most waste 

pickers reported good personal hygiene practices, a subset 

exhibited poor hygiene that may facilitate Cd intake through 

hand-to-mouth contact or contaminated food and water [38]. 

Medication use reported by some respondents suggests the 

presence of comorbidities that may modify individual 

susceptibility to Cd toxicity. 

Daily working duration and smoking history were not 

significantly associated with urinary Cd levels. While 

prolonged working hours and tobacco use are recognized 

contributors to Cd exposure [39, 40], their effects in this 

population appear secondary to dominant exposure pathways 

such as contaminated food, soil, and leachate contact. This 

interpretation is supported by previous studies showing that 

Cd concentrations in landfill soil and leachate exceed 
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regulatory limits [41], whereas other measurements indicate 

that heavy metal concentrations in ambient air around the 

landfill are relatively low. These findings suggest that 

ingestion and dermal contact represent more influential 

exposure routes than inhalation in this setting. 

The absence of statistically significant associations between 

urinary Cd levels and most examined variables should be 

interpreted with caution. The relatively small sample size may 

have reduced the statistical power of the study, limiting the 

ability to detect modest but potentially meaningful 

associations. In studies with limited sample sizes, non-

significant findings do not necessarily indicate the absence of 

a true relationship, but may instead reflect insufficient power 

to reach statistical significance. Therefore, the observed 

trends, particularly those related to personal hygiene and PPE 

use, remain epidemiologically relevant and warrant further 

investigation in larger populations. 

Overall, Cd exposure among waste pickers at the 

Sukawinatan landfill appears to be shaped by a combination of 

occupational practices, environmental contamination, and 

behavioral factors rather than by a single determinant. 

Although the cross-sectional design limits causal inference, 

the convergence of biomonitoring results, speciation data, and 

environmental measurements strengthens the relevance of the 

findings. The results highlight the urgent need for integrated 

occupational health interventions, including targeted 

education on Cd hazards, improved access to and use of PPE, 

and routine health monitoring with a focus on renal function, 

to reduce long-term health risks among waste pickers in 

landfill environments. 

 

 

5. CONCLUSIONS 

 

Urinary biomonitoring indicates that waste pickers at the 

Sukawinatan landfill experience measurable Cd exposure, 

with nearly half of the respondents exceeding the 

recommended urinary threshold. The cadmium fractions in 

urine were predominantly organic, indicating that dietary 

intake is likely the main source of exposure. However, the 

presence of relatively high proportions of inorganic Cd in 

some individuals also suggests a contribution from 

occupational activities. No strong evidence was found for an 

association between urinary Cd levels and most of the 

examined characteristics, possibly due to the limited sample 

size. Nevertheless, exposure patterns appear to be more 

strongly influenced by the level of environmental 

contamination and occupational practices rather than by 

individual factors alone. The high prevalence of incomplete 

use of PPE highlights a critical gap in occupational safety 

practices. These findings support the integration of 

biomonitoring, Cd speciation, and targeted occupational 

health interventions to reduce long-term Cd-related risks in 

landfill environments. In particular, practical measures such as 

ensuring access to and proper use of PPE, improving hygiene 

practices, and including waste pickers in routine occupational 

health surveillance are recommended to mitigate health risks 

effectively. 
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