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Abstract
Introduction: Farmers apply pesticides to control pests on vegetable farming in 
Semarang regency. One of the active ingredients of pesticides is cadmium (Cd), 
and exposure to cadmium in humans can interfere with kidney function. High 
exposure to Cd may cause the effects of chronic kidney failure. If there are a lot of 
free Cd ions in the body, the ability of the kidneys to produce metallothionein will 
be reduced. Thus, it may damage the kidney tubules as it results in high levels of 
urinary Cd which can be toxic. This study aimed to analyze an association between 
the levels of urinary Cd and impaired kidney function in farmers. Methods: This 
study was analytic observational and used designa cross-sectional study design. 
The population in this study was all farmers as many as 406 people in Gintungan 
village, Bandungan district, Semarang regency. There were 60 people selected as 
samples through purposive sampling. Results and Discussion: The level of urinary 
Cd in farmers on average was 0.958 µg/L with a standard deviation of 0.570 µg/L. 
The highest level of Cd was 5.390 µg/L and the lowest was < 0.100 µg/L. The 
results of the statistical chi-square test showed there was an association between 
levels of urinary Cd and impaired kidney function (p = 0.041). Conclusion:  
Impaired kidney function in farmers in Gintungan might be caused by the level 
of urinary Cd. Further research should measure creatinine in the blood to 
ensure a decrease in the glomerular filtration rate in the kidneys of the farmers.
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INTRODUCTION

Central Java province has a great potential 
of agriculture in the food sector. Bandungan district in 
Semarang regency is one of the largest producing areas 
of various plantations such as chili, mustard greens, 
leeks, cabbage, carrots, and tomatoes. Gintungan 
village is one of the largest crops producers. A common 
problem in the agricultural sector is damage on crops by 
nuisance organisms and pests. Farmers in Bandungan 
district often use insecticides and fungicides which are 
organophosphate to avoid the damage.

Excessive and uncontrolled use of pesticides 
may harm plants, environment, and human health. The 
World Health Organization (WHO) estimated around 1-5 
million pesticide poisoning cases in farmers. The number 
of deaths is 220,000 every year, and 80% of poisonings 
occur in developing countries.

The use of pesticides and inorganic phosphate 
fertilizers can be an indicator of risk to farmers as they 
contain heavy metal cadmium (Cd) (1). The Cd content 
in this pesticide functions as the main component 
or complementary material used for adhesives (2). 
The pesticides and inorganic fertilizers, especially 
NPK fertilizers which contain nitrogen (N), phosphate 

(P), and potassium (K), consist of 85% to 90% Cd 
in the manufacturing process. If the fertilizer is used 
excessively and sustainably over a long time, it can pose 
Cd contamination to humans and agricultural land (3). 

In agricultural activities, the process of spraying 
pesticides likely spread Cd which then enters the body 
through the respiratory tract from air pollutants. It also 
can enter the body through the oral tract by consuming 
food contaminated with Cd. It can only be absorbed into 
the human body about 5-10% and then excreted through 
the urine. Farmers are workers at risk of exposure to Cd 
since they use pesticides in daily work. Previous research 
conducted in Baturaden on ornamental plant farmers has 
shown that the urinary Cd content exceeded the normal 
threshold value (>2 µg/L), followed by a decrease in the 
glomerulus filtration rate (LPG). It indicates that exposure 
to Cd likely causes kidney problems.

Cd heavy metal has a high level of toxicity 
because of its widespread distribution and a biological 
half-life for 10-30 years in the body of living organisms. 
Cd also has non-degradable properties, and acute or 
chronic exposure to Cd will be vulnerable to human 
health, especially the kidneys prone to Cd effects (4). Cd 
absorbed into the body will combine with metallothionein 
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protein and become a Cd+MT bond which will form 
MT-1 protein settled in the kidneys. Cd bonds with 
metallothionein have stable properties which can trigger 
an increase or induce the formation of free radicals. The 
free radicals can cause lipid peroxidation that injures 
the kidneys as urinary creatinine and proteinuria or β2 
microglobulins increase (5). 

Hepatotoxic effects, chronic renal failure, 
complications of diabetes, changes in bone structure, 
and blood pressure occur due to high levels of exposure. 
If the body contains a lot of free Cd ions, the kidney’s 
ability to produce metallothionein will decrease. As a 
result, it likely damages the kidney tubules and results 
in high levels of urinary Cd which are toxic (6). The 
high toxic effect on the kidney causes degeneration of 
the renal tubular cells. Damage on the kidneys can be 
detected from the increased amount of urinary protein 
content. Proteins i.e., albumins and globulins are usually 
found in the urine (7). 

Several previous studies have shown an 
association between impaired kidney function and 
agricultural activities, especially most of land activities 
which use chemicals intensively. Agrochemicals of 
which there are currently more than thousands active 
compounds such as agricultural chemicals, pesticides, 
and fertilizers are known to harm human health. Previous 
research conducted in Sri Lanka in 2017 has found an 
association between exposure to pesticide and chronic 
kidney disease unknown (CKDu) (8). 

Impaired kidney function is a progressive 
condition characterized by the gradual loss of kidney 
function. The results of the Basic Health Research 
(Riskesdas) in 2018 showed that the percentage of 
people in Indonesia who had chronic kidney disease was 
3.8% (9). In 2017, there were 30,831 new hemodialysis 
patients in Indonesia, of which 48.3% were associated 
with hypertension or diabetes and 4% associated with 
unknown chronic kidney disease (CKDu). Data on the 
number of hemodialysis patients in 2019 at the Ungaran 
Hospital, Semarang Regency showed each patient of 45 
patients had a different frequency of therapy (10). Based 
on the interview results in Gintungan village, Bandungan 
district, Semarang regency, a female horticultural farmer 
suffered from kidney failure. 

The preliminary interview results showed of 
three urine samples from a farmer group in Gintungan 
village, Bandungan district, one sample had urinary 
protein (> 30 mg/dL) exceeding the normal limit at 0-20 
mg/dL. Impaired kidney function could be due to high 
urinary protein content. The interviews with the farmers 
showed that the a chemical pesticides was mixed with 

several heavy metals such as Cu, Cd, and Mg to make 
the leaves of the plants stronger.

The data accord with the results of preliminary 
research in agricultural environmental research center, 
which showed the area around agricultural land contained 
heavy metal in pesticide residues. Cd level in the land 
was 0.0457 mg/L. In the soil, the Cd level was 1.87 mg/
kg, and the water contained Cd of <0.0027 mg/L. 

Few studies are conducted to identify the health 
effects of Cd pollution, the exposure to Cd may generate 
nephrotoxic substances that damage the kidneys. The 
purpose of this study was to analyze whether or not 
there is an association between levels of urinary Cd and 
impaired kidney function in farmers.

METHODS

This study was analytic observational and 
used a cross-sectional approach. It was conducted 
by measuring factors and effects at the same time. 
Observations, interviews, and sample measurements 
on respondents were taken to collect primary data. 
This study also involved statistical analysis to prove the 
relationship between an independent variable and a 
dependent variable.

This study was conducted in July-August 
2021 in Gintungan village, Bandungan district, 
Semarang regency. The research population was all 
farmers amounting to 406 people in Gintungan village, 
Bandungan district. The sample size calculated using 
the Slovin formula obtained 40 samples. They were 
selected through purposive sampling according to the 
exclusion and inclusion criteria. The inclusion criteria 
for the respondents were farmers living in Gintungan 
village, Bandungan district for more than five years and 
those using chemical pesticides. Farmers in Gintungan 
village, Bandungan district who used organic pesticides 
were excluded from the selection.

The independent variable in this study was the 
level of urinary Cd as measured by the Atomic Absorption 
Spectroscopy (AAS) in environmental health and disease 
control laboratory, Yogyakarta, while the dependent 
variable was impaired kidney function measured from 
urinary protein levels using urinalysis reagent strips. 
Urine sampling was collected from early morning urine 
with a minimum volume of 20 ml, and the samples were 
then put into a urine container.

Bivariate analysis in this study was conducted to 
examine whether or not there is a relationship between 
levels of urinary Cd and impaired kidney function. The 
chi-square test was performed because the types of 
data for both variables were categorical data. This study 
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has passed the ethical clearance from the Research 
Ethics Committee of the Faculty of Public Health, 
Diponegoro University, Semarang with No. 259/EA/
KEPK-FKM/2021.

RESULTS

The majority of the respondents in this study 
were males (92.5%) at the average age range between 
31-40 years. Of 40 respondents, there were 29 people 
(72.5%) who had a smoking habit and 11 people (27.5%) 
who did not have a smoking habit as evidenced by 
no consumed sticks. According to WHO, most of the 
respondents were 17 people (42.5%) who were light 
smokers. Ten people (25.0%) were moderate smokers, 
and two people were heavy smokers (5.0%). Fourteen 
people (35.0%) insufficiently drank water (< 2 liters per 
day), and one person (2.5%) had a history of diabetes. 
Most of the respondents (87.5%) had a working mass of 
> 5 years (Table 1 and Table 2).

Table 1. Selected Demographics, and Exposure Measures 
in Farmers (n= 40)

Characteristics N (%)
Male 37 (92.5)
Age, years

21-30 18 (45.0)
31-40 20 (50.0)
41-50 2 (5.0)

Education
Elementary school graduate 25 (62.5)
Middle school graduate 12 (30.0)
High school graduate 2 (5.0)

Diabetes mellitus 1 (2.5)
Consumption medicine 5 (12.5)
Smoking

Never 11 (27.5)
Light 17 (42.5)
Moderate 10 (25.0)
Heavy 2 (5.0)

Water consumption
Good 26 (65.0)
Insufficient 14 (35.0)

Working period
< 5 years 5 (12.5)
> 5 years 35 (87.5)

Table 2. Health Outcome Measures in Farmers (n= 40)
Min Max Mean (SD) Std. Deviation

Level of urinary 
cadmium, µg/L < 0.100 5.390 0.958 ± 0.570

urinary protein, 
mg/dL 0 30 19.13 ± 12.704

The examination of levels of urinary Cd in farmers 
was done using Graphite-AAS and compared with the 
Biological Exposure Index (BEI). Results showed that 
the average level of urinary Cd was 0.958 µg/L with a 
standard deviation of ±0.570 µg/L. The highest level of 
Cd was 5.390 µg/L, and the lowest was <0.100 µg/L. 

Meanwhile, urinary protein measurement showed that 
the highest urine protein was 30 mg/dL, and the lowest 
was 0 mg/dL (Figure 1).

Figure 1. Plot of Added Variable in the Association Between 
Level of Urinary Cadmium (Cd) and Impaired Kidney 
Function

The results of the univariate analysis according 
to the Biological Exposure Index (BEI) in 2016 
demonstrated the maximum limit of urinary Cd was 0.8 
µg/L (11). In other words, 25 people respondents (62.5%) 
still meet the quality standard of the levels of urinary Cd 
(< 0.8 µg/L). Meanwhile, 15 people (37.5%) did not meet 
the quality standard of the levels of urinary Cd (> 0.8 µg/ 
L). The data on impaired kidney function were collected 
from the results of urinary protein levels in the farmers 
measured using urinalysis reagent strips. The testing 
results showed of 40 respondents, 21 people (52.5%) 
had impaired kidney function, and 19 people (47.5%) did 
not impair kidney function (Table 3).

Table 3. Frequency Distribution of Impaired Kidney 
Function and Levels of Urinary Cadmium (Cd) in 
Farmers

Frequency Percentage 
(%)

Impaired kidney function
Yes (urinary protein of > 20 mg/dL) 21 52.5
No (urinary protein of 0-20 mg/dL) 19 47.5

Level of urinary cadmium 
Overqualified (< 0.8 µg/L) 25 62.5
Not overqualified (> 0.8 µg/L) 15 37.5

Ten poeple (40.0%) who had levels of urinary Cd 
still met the quality standards and had impaired kidney 
function. Meanwhile, 11 respondents (73.3%) who had 
levels of urinary Cd did not meet the quality standards 
and had impaired kidney function. The results of the chi-
square test showed an association between levels of 
urinary Cd and impaired kidney function (p = 0.041) (see 
Table 4).
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Table 4. Analysis Results of the Association Between Levels 
of Urinary Cadmium (Cd) and Impaired Kidney Function 
in Farmers

Level of 
Urinary 

Cadmium (Cd) 

Impaired Kidney 
Function Total P-Value

Yes No
N % N % N % 0.041

Overqualified 10 40.0 15 60.0 25 100.0
Not overqualified 11 73.3 4 26.7 15 100.0

DISCUSSION

The urinary samples of farmers showed positive 
results of Cd content. Compared to the Biological 
Exposure Index (BEI) regarding the maximum limit 
of urinary Cd content, 15 urine samples exceeded 
the standard quality. Indicated from the laboratory 
examinations, the average level of urinary Cd was 0.958 
µg/L with a standard deviation of 0.570 µg/L. The highest 
level of Cd was 5.390 µg/L, and the lowest was <0.100 
µg/L.

These findings suggest the use of pesticides 
has contaminated the farmers, and their residues 
accumulated in the body. Pesticides used contain heavy 
metal Cd at 0.0457 mg/L. The amount of accumulated 
pesticide that enters the body might be closely related to 
work period. The direct interviews with the respondents 
indicated that they had worked as farmers since < 15 
years old, and some even had worked as farmers for 
35 years. Most of the farmers had a work period of > 
5 years. Longer work period might be the potential for 
bioaccumulation of pesticides in the body. They might 
use pesticides such as spraying pesticides in a longer 
period and thus get more risk of pesticide poisoning. This 
idea could be proven from increasing pesticide poison 
that is absorbed into the body and that impacts farmers 
health (12).

The high levels of urinary Cd occur because 
Cd is mostly excreted through urine, and only about 
5-10% is absorbed into the body. Urinary Cd excreted 
exceeded the normal threshold and caused irritation 
of the respiratory tract, diarrhea, vomiting, and muscle 
contractions in the stomach (13). Most of the farmers 
got exposure to Cd in the workplace because of the use 
of pesticides and fertilizers, consumption of water and 
food, the use of tobacco, and air pollution. Cd enters the 
body through inhalation during the spraying process of 
pesticides which produces steam containing Cd2+ and 
Cd oxide (CdO). Exposure to Cd in smoke, vapors, and 
dust is about 10-50%. If a person is exposed to steam 
containing Cd within 10 minutes at 190 mg/m3 or about 
8 mg/m3 within 240 minutes (4 hours), it can cause a risk 
of death. 

Twenty-one urine samples had abnormal protein 
content (> 20 mg/dL). It indicated that 21 farmershad 
impaired kidney function. Knowing the urinary Cd 
level can detect impairment that occurs in the kidney 
organ system. The most effective biomarker to date for 
diagnosing chronic kidney disease and impaired kidney 
function is by checking urinary protein. Urinary protein is 
a condition of too much protein in the urine due to kidney 
damage (14). 

The abnormal amount of urinary protein is an 
early sign of kidney disease. The mechanism of protein 
urination in the body occurs through macromolecules 
such as globulins and albumin that pass blood vessels 
and body tissues that act as a barrier. The inflammatory 
process in the glomerulus will have an impact on changes 
in the size of the barrier and disturbances in anionics, 
investing urinary protein. In the proximal convoluted 
tubule, microglobulins are filtered, absorbed, and 
catabolized in the glomerulus. Damage on the proximal 
tubular epithelium fails to absorb low protein molecular 
weight which is then excreted through the urine (15). 

The damage on the kidneys’ functional system 
can be caused by urinary Cd content (16). Abnormal 
levels of uric acid and phosphorus, as well as the levels 
of amniotic acid and glucosuria are indicators for kidney 
impairment because of exposure to metal Cd (17). When 
Cd enters the body, it will mostly settle in the kidneys, 
and it will be excreted through the gastrointestinal tract. 
In general, cadmium intoxication in humans, either 
acute or chronic, damages the respiratory system and 
kidney function. Urine is the fluid filtration residue in the 
glomerulus that is no longer needed in the body. Urine is 
processed in the kidneys and excreted from the body to 
canal. It contains 98% water and 2% nitrogen metabolism 
(urea, acid, uric, and creatinine). Some protein i.e., 
albumins and globulins is still frequently found in the 
urine (18). 

This current study found an association between 
levels of urinary Cd and impaired kidney function in 
farmers. Direct observations of most of the farmers in 
Gintungan village showed they did not use complete 
personal protective equipment (PPE) when performing 
agricultural activities. For example, they did not use 
masks and gloves, and thus they were at more risk 
of exposure to Cd which can enter the body through 
inhalation, oral, or dermal contact (19). Cd is very easy 
to accumulate in the kidneys and liver, especially when 
it binds to metallothionein. Cadmium-metallothionein 
bonds in the kidney will pass the glomerulus and enter the 
proximal tubule (20). Cd in kidney cells will be excreted 
through urine. Cd has 10 to 30 years of the biologic half-
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life in the environment, while 7 to 30 years is its biologic 
half-life in the human body where it can penetrate the 
kidneys (21). 

Since Cd levels are associated with impaired 
kidney function, it is a vital factor that damages the 
working system of the kidneys. In line with this finding, 
previous research of the National Health and Nutrition 
Examination Survey showed that if Cd level was at 0.41 
µg/L, it could be a risk factor for chronic kidney failure. 
Damage on the structure of the nephron, especially in the 
proximal tubular epithelial cells, is caused by exposure 
to Cd (22). Hence, it can impair the renal function system 
followed by a reduction in the glomerular filtration rate. 
Substances e.g., urea in the metabolic wastes excreted 
by the kidneys will increase.  

On the other hand, the disability to maintain 
homeostasis in the cells occurs due to high exposure 
to heavy metal cadmium, which eventually damages 
several types of cellular proteins and increases tissue 
apoptosis (23). One example of damage on the proximal 
renal tubule membrane is a decrease in fluidity caused 
by exposure to Cd because calcium and cadmium 
are antagonistic. These two substances may change 
calcium homeostasis and damage protein membrane 
(24). Impaired kidney function may reduce reabsorption 
of salt and water, and thus urine volume and the amount 
of urine protein (proteinuria) increase. 

β2 mikroglobulin, N-acetyl-β-D glukosaminidase 
(NAG) and retinol binding protein which are proteinuria 
exist when low molecular protein increases. The 
continual exposure to Cd will cause tubular dysfunction 
and more acute glomerular damage. Thus, β2-M levels 
will increase, and the glomerular filtration rate follows to 
decrease. The increase in proteinuria or β2-M levels in 
the farmers occurred due to daily exposure to Cd. β2 
microglobulin as a polypeptide with a molecular weight 
of 11.8 kDa is often found on the surface of nucleated 
cells in the human body. It is a component of the human 
leukocyte antigen (HLA) system which can be used as a 
benchmark for early detection of kidney function system 
diseases. The level of β2-M or proteinuria will be higher if 
there is a reduction in the glomerular filtration rate (25).

When conditions are abnormal, the kidneys 
excrete urine from metabolism through protein (ureum). 
The urine could be too excessive in the body due to the 
high level of Cd. As this substance is settled in the body, 
it migth intoxicate humans both physically and mentally. 

Impaired kidney function could lead to metabolic 
disorders. Protein is one of the consitutens stored in 
the muscles (26). The metabolism of the muscle cells 
will produce creatinine, and the kidneys will excrete 
creatinine from the blood to the urine. When kidney 

function decreases, creatinine levels in the blood will 
increase. 

Farmers need to prevent worse levels of Cd are 
by utilizing organic fertilizers and pesticides. The use 
of such organic products poses several benefits, for 
example, good quality crops and safe soil. It is also safer 
for people to consume vegetables with organic seed 
treatment as they might contain more nutritions.
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CONCLUSION 

The average level of urinary Cd was 0.958 µg/L 
with a standard deviation of 0.570 µg/L. The highest 
level of Cd was 5.390 µg/L, and the lowest was < 0.100 
µg/L. This study showed an association between levels 
of urinary Cd and impaired kidney function in farmers 
in Gintungan village, Bandungan district (p = 0.041). 
This study recommends the farmers need to check and 
monitor their health and safety regularly as a form of 
early detection of kidney function impairment. Besides, 
farmers who spray pesticides must consider safe work 
procedures by optimizing the use of personal protective 
equipment to reduce the risk of exposure to pesticides. 
Those who got pesticide poisoning and high levels of 
urinary Cd and protein need to take a rest and further do 
immediate examination. Lastly, further research needs 
to investigate measure creatinine in the blood to ensure 
a decrase in the glomerular filtration rate the effect of 
exposure to pesticides in the kidneys of the farmers.
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