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CORRELATION BETWEEN
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METAL CHROMIUM (Cr) LEVELS IN
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ABSTRACT--Metal coating process involves several chemicals, one of them is chromium. Chromium
plating workers have a high risk of chromium exposure. The effects of chromium on health include
carcinogenicity, immune system disorders, nervous system disorders, kidney disorders and damage, effects on
breathing.sthe research analyzed the correlationbetween characteristics (age, working period, use of PPE masks,
and use of PPE gloves) with heavy metal chromium (Cr) levels in urine on metal coating workers in Candi
DistrictSidoarjothis was an observational descriptive research with cross sectional design. The sample number of
metal coating workers was 15 people. Chromium levels in the urine of workers were analyzed by the laboratory
with Atomic Absorption Spectrophotometry (AAS). Analysis of descriptive data analysis used coefficient
contingency to determine the strength of the correlation between variables. showed that as many as 53% of
workers had chromium levels in urine that exceeded the normal range. The results of the cross tabulation of the
characteristics of respondents with chromium levels in urine of workers showed that there was a correlation
between age and chromium levels in urine with a coefficient contingency value of 0.447. The correlationbetween
working period above 10 years with chromium levels in urine with coefficient contingency value of 0.478. The use
of Personal Protective Equipment (PPE) masks had a coefficient contingency value of 0.259 and the use of gloves
with chromium levels in urine had a coefficient contingency value of 0.225. of this research was production
workers had higher chromium levels in urine than non-production workers. The strength of the
correlationbetween characteristics with chromium levels in the urine of workers was the working period with a
moderate level of strength of the correlation. It is advisable to exercise control over waste management and
compliance with the use of appropriate PPE, especially masks and gloves for workers.
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I.  INTRODUCTION

In the current era of globalization, the government is aggressively looking at industry to increase
competitiveness. The Ministry of Industry has established five priority industrial sectors including the food and
beverage industry, the automotive industry, the electronics industry, the chemical industry and the textile
industry (1).

The five production sectors, especially in the terms of automotive and electronics, cannot be sepavalued from
the need for components to support the products produced. Metal coating can be done by methods such as
electroplating, fish rolling, cladding, and porcelain melting on a steel surface (2). The method most often used in
an industry is the electroplating method. Electroplating is a process of metal coating by electrolysis that occurs
because electrical charged ions move from an electrode. The metals used in coatings are chromium, nickel,
silver, cadmium and the its similar metals.

Metal coating is an activity to provide treatment on a material surface, so that the material will experience an
increase in quality in terms of structure, material resistance and physical properties (3). Producing to coating
certain materials is done to maintain the quality of components. Metal coating is done with the aim to prevent the
occurrence of corrosion, and refine the object surface. Objects that require the process of metal coating among
metal household appliances such as stove furnaces, door handles, jewelry and parts of motorcycles as well as the
seat ornaments coating (4,5). So in this case, the metal coating industry services are needed.

One of the materials used in the metal coating process is chromium. Chromium is a hard white metal and
unstable. Chromium (Cr) is classified as a heavy metal element that is poisonous to humans (6).American
Conference of Governmental Industrial Hygienist (ACGIH) recommends measurement of total Cr in urine as the
biological exposure index for Cr (VI). This index is based on reduction of Cr (VI) to Cr (Ill) after its
transportation from the cell membrane(7).

Chromium entry in humans can be through inhalation, ingestion and skin contact.Inhalation of chromium-
containing aerosols is therefore a major concern with respect to exposure to chromium compounds. The
concentration of chromium in water varies according to the type of the surrounding industrial sources and the
nature of the underlying soils (8). Occupational exposure to chromium occurs mainly through inhalation and
dermal absorption in the working environment, including chromium compound manufacturing, electroplating,
leather tanning, and welding (9).

Chromium which is a toxic element in humans when it enters the body will have an impact on individual
health. Those health effects such as, the appearance of carcinogenicity, immune system disorders, nervous
system disorders, kidney disorders and damage, the effect on breathing. Chromium cumulation in the kidneys
causes kidney tubular abnormalities. The total chromium that enters the body through the mouth is only 2-3%
that can be absorbed by the intestine. The rest accumulates in the kidneys which are then excreted by the body
through urine. Chronic exposure to chromium compounds can cause sores or ulcers in the skin (6).

There are some reports on the occupational chromium intoxication in workers at risk. the effects of chromium
on the lymphocyte subsets and immunoglobulins from the normal population and exposed workers. Exposure to

chromium also has a significant effect on the immune system and strongly related to cancer(10,11).
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The level of chrome poisoning in humans is measured by the level of chromium in the urine. The effect can
cause increased chromium levels in the blood and urine. Examination of chromium levels in urine can reflect
chromium contamination for 1-2 days. Increased chromium in urine can be used to confirm exposure to kidney
function. This is evident in the research also shows that the chromium level in urine is higher than the chromium
level in the blood (5,12).

The industrial sector in Sidoarjo Regency is developing quite rapidly. One of them is the metal coating
industry located in the Durungbanjar Village, Candi District, Sidoarjo Regency. This home industry uses
chromium chemicals in its metal coating process. This metal coating industry coats all types of metals as order,
such as iron chairs and motorcycle spare parts.

Data from Shaw Environmental estimates that around 1,045,500 workers are exposed to chromium. The
highest number of workers exposed to chromium are welding (269,379 workers), painting (82,253 workers), and
electroplating (66,859 workers) (13).

Exposure to water-soluble Cr(VI) may affect renal function. In long-term exposure, a correlation between the
Cr content of the renal cortex and the Cr clearance has been reported. The acute effect of Cr(VI) on the kidney
seems to be reversible even after high exposure(14).

The results of a research conducted by EkaSudarsana (2013) showed that there are 15 people (50%) with
kidney damage, and there is a correlationbetween chromium exposure in urine and kidney damage in workers.
The kidneys are often the target of various hazardous substances. Despite having a small size, the kidneys
receive 25% of cardiac output and potentially exposed to large amounts of toxic substances, because its function
as osmotic absorption place, especially the medulla, so various toxic agents are found more in the kidneys than

other organs (15).

1. METHODS

This research used descriptive observational method because the researcher only observed directly and did
not give specific treatment to the object researched and the researcher only described the condition of the
research object. The research design used in this research was cross sectional. Sample obtained method used the
total population. The population used was all workers in the metal coating home industry in the Candi District
Sidoarjo as many as 15 people.

The variables in this research consisted of the dependent variable which was the level of chromium in the
urine of metal coating workers in the Candi District Sidoarjo. The independent variables were the characteristics
of the workers (age, working period, use of PPE masks, and use of PPE gloves).

Measurement of chromium levels in urine of workers was done by respondent treatment which taking 50-100
mL of urine. Furthermore, urine samples were analyzed by the laboratory with Atomic Absorption
Spectrophotometry (AAS) to determine its chromium levels. Information on the characteristics of workers was
done by filling out questionnaires to workers using observation sheets to see the habit of using PPE (masks and

gloves).
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Data obtained from measurement results and laboratory tests were analyzed descriptively which aimed to
describe the distribution of each variables. Measurement data of chromium levels in urine were compared with
threshold limit values based on the Agency for Toxic Subtances and Disease Registry. The data was then

interpreted using coefficient contingency to determine the correlation strength between variables.

I1l. RESEARCH RESULTS AND DISCUSSION

METAL COATING PROCESS

Electroplating process involves several chemicals, one of them is chromium. The result of this coating makes
the object shiny and sparkling with a layer thickness ranging from 0.25 to 0.5 microns. Metal coating with this
method is widely used in the coating of motor vehicle spare parts, household appliances, and medical tools.
Decorative metal coating can make coated work tools resistant to water (16).
Chrome electroplating workers are highly exposed to Cr (VI). Exposure occurred because of airborne chrome
electroplating vapors in breathing zone. Work steps and tasks include degreaser workers, placement into the

chrome plating vat (Near bath workers) and washing workers(17).
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Figure 1:Metal Coating Process

The metal coating process in the home industry began with removing of residual paint that was still attached
to the metal material submitted by the customer using acidic liquid. Then soakingwas carried out on the HCI
solution to remove rust. After drying for a while, metal objects were brought to the polishing room to be polished

so that the surface of the object was flat. After the surface of the object was smooth, soakingwas done again
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using HCI to remove the residual from the polishing process. Objects that had been soaked in HCI solution were
rinsed with water and then followed by soaking using soda to remove oil and other dirt. Rinsing with soapy water
was done to ensure the object was clean from rust, oil and dirt.

Entering the main process that was the object that had been dried, soaked into nickel liquid by using a hook
for 1 hour. The object was rinsed with water first before dipping it into the chromium tub. Metal object was
dipped in chromium liquid for about 5-7 seconds using a long hook that functioned to dip objects into the
chromium tub. When lifted, the metal turned golden yellow. Metal object was rinsed and then dried in the sun.

The object which was originally golden yellow became shiny silver white.

CHROMIUM LEVELS IN URINE OF WORKERS

Measurement of chromium levels in urine was done by taking urine samples of workers who were

accommodated in sterile urine cups which were then analyzed by the laboratory.

Tablel:Result of Chromium Levels Test onMetal Coating Workers in Sidoarjo

Chromium Levels Number (n) Percentage (%)
Normal 7 47
Exceed Normal Limit 8 53
Total 15 100

The Agency for Toxic Subtances and Disease Registry (ATSDR) sets the normal chromium in urine to be
0.24-1.8 pug / L (18). Table 1 showed that 53% or 8 workers had chromium levels exceeding the normal limit
determined of ATSDR. These eight workers consisted of 2 workers in the non-production section namely the
polishing process. Whereas the other 6 workers were workers in the production section which include coating
and rinsing processes.

Chromium levels in human body fluids such as urine, serum, and even erythrocytes are a marker of the level
of chromium exposure. Chromium that enters the body will accumulate in the kidneys and then excreted by the
body through urine (18). The excretion of absorbed chromium and nickel compounds occurs mostly via urine.
Urinary levels of chromium and nickel usually reflect recent occupational exposure, and the relatively short
initial half-lives allow the effect of improved exposure controls to be quantified in a relatively short time period
(19).

Table2:Result of Chromium Levels Test on Metal CoatingWorkersinSidoarjo

No. | Workers Sections Chromium | Quality Category of Chromium
Levels Standard Levels
inUrine Normal Exceed
(ng/L) Normal
Limit
1. Workerl Nonproduction 6,5 Agency for %
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2. Worker 2 Nonproduction 6,7 Toxic Subtances %
3. Worker 3 Nonproduction 0,7 and Disease v
4, Worker 4 Nonproduction 0,4 Registry on 2012 v
5. Worker 5 Nonproduction 0,4 sets normal limit v
6. Worker 6 Nonproduction 05 ofchromium v
7. | Worker7 Nonproduction 0,5 levels in urine is v
8. Worker 8 Production 6,6 0,24-1,8 pg/L v
9. Worker 9 Production 6,5 %
10. Worker10 Production 4 %
11. Worker11 Production 7,1 %
12. | Worker12 Production 7,3 %
13. | Worker13 Production 8,6 %
14. | Worker14 Production 0,6 %
15. | Worker15 Production 0,5 %

Measurement of chromium in the urine of workers was at rest. Workers were divided into two sections,
namely the non-production section where the polishing and drying process did not directly contact with
chromium and the production section which occurs in the metal coating process (nickel and chromium) and the
rinsing process. Table 2 showed the non-production section of workers having chromium levels that exceeded the
normal limit of 6.5 ug/L and 6.7 pg / L.

Based on the results of the questionnaire with the workers related, these two workers had age of more than 40
years and a work period of more than 10 years. They were residents around the industry who had been working
since the metal coating industry was established. Workers with more than 40 years of age accumulated more
chromium in their urine. In addition, based on observation, the two workers did not use a complete Personal
Protective Equipment (PPE) while working. So it could increase the risk of exposure and high levels of
chromium in urine.

In the research by Bhakti (2016) also found 2 workers who has chromium levels exceeding the normal limit.
The first worker is a worker who has worked more than 2 years in the industry related, work in a section that is
not directly contact with chromium. Whereas the second worker is a worker who has worked for more than 5
years and has worked in sections that is directly contact and in section that is not directly contact with the metal
(20).

This indicates that heavy metal chromium exposure through air containing chromium can be inhaled by
workers which directly contact with chromium and can also be inhaled by workers who are not directly contact
with chromium. The longer a person works on a job, the greater the potential exposure to the dangers of
pollutants in this industry, namely chromium (21). The respondent's department showed direct contact workers
with the exposed to air chromium and most direct contact with the electroplating process. So, workers have a
high risk of direct exposed to chromium and high risk of experiencing health disorders.Worker's working time

indicates the length of the worker is exposed to chromium and complies with predefined standards (22).
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Figure 2: Chromium in Urine Based on Work Sections

All workers in the metal coating industry were male. All workers in this industry had the same working time
of 8 hours a day in Monday-Saturday. Figure 2 showed that workers whose chromium levels exceed normal limit
were mostly workers in the production section consisting of coating and rinsing activities. The highest level of
chromium was found in workers 13 who were production section workers who were doing metal coating and
rinsing activities at 8.6 pg / L. Subsequently, high chromium levels of 7.3 and 7.1 ug / L were at workers doing
chromium and nickel coating processes. The high level of chromium in urine was affected by the position of
work that was close to the source of chromium, besides that the use of PPE of the workers was not quite good.
The process of coating and rinsing which were production section of workers would more often directly contact
with chromium liquid thereby increasing the risk of chromium being more easily absorbed into the body and
causing high levels of chromium in urine.

However, there were 2 workers in the production section who had normal chromium levels in urine. The two
workers were the production section who were doing the rinsing process. Based on the questionnaire, the first
worker was less than 20 years old and just had a work period of 1.5 years working in the industry. The second
worker was 21 years old and had a work period of about 2 years in the industry. The age range that was still
young and the work period that was not too long could be a cause of low levels of chromium in urine even
though they work in sections that were directly contact with chromium.

In the research by Wulaningtyas (2018), chromium level is found in workers and do not exceed the normal
limit of 0,000-0,025 pg / L (11). Chromium can enter through food and is ingested through the mouth into the
body which can cause stomachaches and vomit with chromium level of 5-25 pg / kg (23). Consider the presence
of other factors that affect the absorbtion of chromium during metabolism, such as the good excretion system in

workers body, good immunity, and always eat nutritious foods such as vegetables and fruit.
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Table 3:Cross Tabulation ofWork Sections withChromium in Urine

Work Sections Chromium in Urine Total
Normal Exceed Normal
limit
n (%) n (%) n (%)
Nonproduction Section 5 71,4 2 28,6 7 100%
Production Section 2 25 6 75 8 100%
Total 7 47% 8 53% 15 100%

Based on the table above it could be seen that workers who had chromium levels in urine exceeded the
normal limit (> 1.8 pg / L), were namely workers who work in the production section as many as 75%. So there
was correlation between variables work sections with chromium levels in urine with coefficient contingency
value of 0.408 which meant the level of strength of the correlation between these variables included in the

moderate category.
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Figure 3:Distribution of Chromium Levels in Urine Based on Work Sections

Workers who had chromium levels exceeded the normal limit were 6 workers in production section as
shown in figure 3. In line with research (24) which shows that chromium-exposed workers have higher
chromium levels than workers who are not directly exposed.

Chromium is absorbed through inhalation through the lungs into the blood system which then collects in the
kidneys. Same thing happens through ingestion and absorption through skin contact. Absorption through
ingestion can have an impact when acute exposure occurs (25). Various variables may influence the level of
chromium in the urinary including diet, the individual physical state to reduce the chromium and the type of
occupational exposure. Individual differences in reducing chromium have also been confirmed, so that the

concentration of urinary chromium varies between individuals with different physical states(26).
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Correlation between characteristics with chromium levels in urine
Strong correlations derived from the value of coefficient contingencyof cross tabulation of worker
characteristics (age, working period, the use of masks and gloves PPE) with the levels of chromium in urine then

interpretation is classified according to de Vaus as follows (27):

Table 4:Interpretation of Correlation Coefficients According to de Vaus

Coefficient Correlation Strength
0.00 No correlation
0.01-0.09 Less meaningful
0.10-0.29 Weakcorrelation
0.30-0.49 Moderate
0.50 - 0.69 Strongcorrelation
0.70-0.89 Very strongcorrelation
>0.90 Perfectcorrelation

Source: De Vaus, 2002

Age with Chromium Levels in Worker's Urine
The age of respondents was measured based on the year of birth until the time of the research. The results of

age cross tabulation calculations in the metal coating home industry are as follows:

Table 5:Cross Tabulation Between Age and Chromium Levels in Urine

Chromium Levels in Urine

Variable Normal Exceeds normal limit
N % N %
Age
<20 years old 1 100.0 0 0.0
21-30 years 1 33.3 2 66.7
31-40 years old 4 66.7 2 33.3
>40 years old 1 20.0 4 80.0

The results of the cross tabulation showed that all worker’s urine contain chromium. The highest number of
workers whose chromium content exceeds thenormal limit in the age group of >40 years is 4 workers while the
normal one in the age group of less than 20 years. There are 4 workers in the age group of >40 years, namely
coating and polishing workers who exceed the normal limit of chromium in urine with a range of 6-7 ug/L.

The correlation between the age variable and the chromium in urine among workers variable in the home
industry metal coating with a coefficient contingencyvalue of 0,447, which means the strength level of the
correlation between the variables included is in moderate category. In line with the research of Wisnstein and

Anderson (2010), workers with more than 40 years of age accumulate more chromium in their urine. Increasing
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age causes a decrease in the workings of body organs such as kidneys and enzyme mechanisms that can cause a

person more easily exposed to harmful chemicals (21).

Working Period with Chromium Level in Worker's Urine
The work period is calculated based on the length of work time in the metal coating to the time of research is
done in a matter of years. The results of cross tabulation calculations during the working period of metal coating

workers are as follows:

Table 6:Cross Tabulation Between Working Period and Chromium Levels in Urine

Chromium Levels in Urine

Variable Normal Exceeds normal
limit
N % N %
Working Period
0-5 3 100.0 0 0.0
6-10 2 40.0 3 60.0
>10 2 28.6 5 71.4

The result of cross tabulation showed chromium that exceed the normal number found in workers with the
longest number of working period of more than 10 years as much as 71.4% which exceeds the normal limit of
chromium in the urine. Workers with tenure of more than 10 years as much as 71.4% which exceeds the normal
limit of chromium in urine that was working on the process of coating and finishing with chromium levels in the
range of 6-7 mg/L followed by workers with a work period of 6-10 years as many as 3 workers. While the
normal limit of urine are found in workers with a work period of 0-5 years.

The correlation between the working period variableand the chromium levels in urine on workers variable in
the home industry metal coating with a coefficient contingency value of 0,478 which means the strength level of
the correlation between these variables included in the moderate category. In line with Wulaningtyas research
(2018), it was found that workers with more than 12 years of working periodhad highest urine in chromium than
workers with less than 12 years of workng periof (11). In this study workers who work for more than 10 years
are spread out in the production department so as to increase the risk of exposure to chromium. The longer a
person works on a job, the greater the potential for exposure to hazardous substances. The longer exposure to the

material, affects the toxic effects and the severity of the impact (28).

Use of PPE Masks with Chromium Levels in Worker's Urine
Measuring the use of PPE for workers used questionnaires and observation sheets. The results of cross

tabulation calculations on the use of metal coating home industry worker PPE masks are as follows:
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Table 7:Cross Tabulation Between Use of PPE Mask and Chromium Levels in Urine

Chromium Levels in Urine

Variable Normal Exceeds normal
limit
N % N %
Use of PPE Mask
Always 2 50.0 2 50.0
On Off Use 4 57.1 3 429
No 1 25.0 3 75.0

Cross Tabulation indicated that workers who levels of chromium in urine exceeds thenormal limit are mostly
in workers who do not use the mask as much as three workers and on off use mask as much as 3 workers while
the normal chromium levels can be found in workers which wear the mask on off. The correlation between
variable PPE Mask usage with chromium levels in workers urine variable in the home industry metal coating
with a coefficient contingencyvalue of 0,259 which means the strength level of the correlation between these
variables was included in the weak category.

The reason workers don't use PPE mask was because they don't feel comfortable and have difficulty
breathing. Workers who wear masks mostly use cloth masks. Industry owners say that they have provided fiber
masks for their workers. The use of masks is an obligation for all workers who must be obeyed while in the home
industryarea, especially when the production process is in progress. The metal coating industry has the potential
for exposure to chromium in the form of fume.Therefore masks are personal protectors that must available in

industrial areas that produce dust, fume gas, and chemicals (29).

Use of PPE Gloves with Chromium Levels in Worker's Urine

Measuring the use of PPE gloves for workers usedquestionnaires and observation sheets. The results of cross

tabulation calculations on the use of metal coating home industry workersPPE gloves are as follows:

Table 8 :Cross Tabulation Between Wearing of PPE Gloves and Chromium Levels in Urine

Chromium Levels in Urine

Variable Normal Exceeds normal
number
N % N %
Use of PPE Gloves
Always 2 33.3 4 66.7
On Off Use 2 50.0 2 50.0
No 3 60.0 2 40.0
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The results of the cross tabulation showed that workers whose chromium levels in urine exceed normal limit
were found in workers who always use gloves as much as 4 workers, use of gloves on off as much as 2 workers
and workers who do not use gloves as much as 2 workers. The correlation between the use of PPE gloves
variable with chromium in urine among workers variable with a coefficient contingencyvalue of 0,225 which
means the strength level of the correlation between these variables was included in the weak category.

Workers say the reason for not wearing gloves was becauseuncomfortableness and so far have not caused
problems. In addition to the use of masks, Personal Protective Equipment (PPE) that must be used when working
is gloves. Apart from inhalation, chromium exposure can also be absorbed through oral or skin with an
intermediary hand. All metal coating processes in this home industry have the potential for chromium exposure.
Rochmatika research (2011) showed that there is a correlation between the use of Personal Protective Equipment
(PPE) with chromium levels in the urine of workers. So if workers do not use PPE properly and completely,
there will be a risk of health effect due to chromium exposure (30).

Using PPE regularly can reduce direct contact with toxic chemicals and protection from dust containing
respirable metal particles during electroplating. Using PPE in the form of safety gloves, masks, and aprons (work
suits) during daily working hours. In the current study, use of PPE significantly decreased the levels of
chromium and nickel (22).

Periodic assessment is necessary to early detection of the presence of health problems in workers. Periodic
medical checkups (MCU) are conducted on workers with certain periods. The examination of this period is
intended to maintain the degree of workers' health after being in its work according to the type of work, and

assess the likelihood of influence from early work that may need to be controlled by preventive efforts(22,31) .

Table 10 :CorrelationStrength of Characteristics with Chromium Levels in Urine

Variable Chromium in Urine
Coefficient Strength
Contingency ofCorrelation
Age 0.447 Moderate
Working Period 0.478 Moderate
Use of PPE Mask 0.259 Weak
Use of PPE Gloves 0.225 Weak

The level of chromium toxicity was influenced by the characteristics of workers who are potentially exposed
to chromium. The results of research on chromium levels in the air in the industry showed the value in
production room was 0.01 mg/m?and in polishing room (non-production ) was 0.005 mg/m?®. The results did not
exceed the maximum limit imposed by the Ministry of Health Regulation Number70 of 2016 with a limit of 0.05
mg/m® (32). While the level of liquid waste in the industry is 16,394 mg/L. The total chromium levels exceed the
limits according to Minister of Environment Regulation Number 5 of 2014 on Wastewater Quality Standard

which states that the highest level of chromium metal coating is 0.5 mg/L (33).
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Figure 4:Correlation Strength of Characteristics with Chromium Levels in Urine

The characteristic that has the strongest level of correlationwith chromium levels in workers' urine was the
workingperiod as shown in the figure. The higher and longer the level of heavy metal exposure, the higher the
concentration of heavy metals in the body of organisms including humans and the greater the toxic effects (34).
In general, the higher the chromium especially in industrial environments and the duration of exposure influences
toxic effects (23). High levels of chromium in the environment and worker characteristics affect chromium in the
urine of workers.

In line with Ambreen's research (2012) which showed a significant correlation of working period with
chromium accumulation in the body. The longer a person works in a chromium-exposed environment, the greater
the risk of the worker getting greater accumulation of exposure. In simple and multiple correlation analysis,
chromium level shows a significant correlation with the duration of exposure in the exposed group(35).

Efforts are needed to control chromium levels in the environment from both liquid and air wastes. Efforts to
suppress heavy metal chromium can be done with waste management methods that are easy and environmentally
friendly in various ways, one of which is natural adsorbents such as chitosan. Use of this compound in industry is
recommended because it is environmentally friendly (36). In addition, it can also be done with an ultrafiltration
membrane which has good prospects for use as an electroplatingwastewater treatment unit (37).

There is reliance on good working practices, engineering controls and Personal Protective Equipment (PPE)
to control worker exposures. Improved risk awareness among workers will be an important component in
achieving control of exposure (38). So there is a need for supervision of compliance with the use of PPE on

metal coating workers.

V. CONCLUSION AND SUGGESTIONS

As many as 53% of workers had chromium levels in urine exceeding the normal limit of above 1.8 ug/L.

Workers in production section had chromium levels higher than workers in section of non-production. The older
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the age and the longer the working period had a correlation to the high levels of chromium in the urine of
workers. The strength of the characteristics sub variablecorrelationwith chromium levels in workers’ urine which
holds the highest strength level of the correlation included in moderate category was working period.

The industrial owner, assisted by the district government, can monitor the management of the resulting waste.

Doing control of exposure as their compliance with the use of appropriate PPE, especially a mask and gloves.
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