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Abstract. Someone will have a greater risk of experiencing heat strains if working at a workplace
exposed to heat. In addition to the heat from the body's metabolic results and the result of heat exposure
from the work environment, heat strain on workers also influenced by individual factors. The extent to
which an individual's body can tolerate heat exposure is determined by the condition of his body.
Physiological changes will occur in the body of workers who exposed to heat. The objective of this study
was to analyse factors related to heat strain such as acclimatization, water intake adequacy rate, and
individual characteristics. The research was an observational analytic study and study design that used was
cross-sectional. The population chosen as the research subject was workers who were exposed to heat.
Purposively 57 construction workers were selected as subjects. To prove the relationship between
acclimatization, water intake adequacy rate, and individual characteristics with heat strain, it used chi
square statistical test. Physiological Strain Index (PSI) used to assess heat strain event on workers. The
results of outdoor WBGT measurements at the study site showed that the average of WBGT outdoor was
31.11°C. Heat strain with high index experienced by the majority of workers as much as 82.5%. Result of
statistical analysis showed the significance of each variable was acclimatization (p<0.05), water intake
adequacy rate (p<0.05), alcohol and drug consumption (p>0.05), health status (p>0.05), body mass index
(p<0.05), age (p>0.05), and work period (p>0.05). This study showed that there was a significant
relationship between heat strain with acclimatization, water intake adequacy rate and body mass index.
The relationship is evidenced by the results of bivariate analysis. However, there was no association
between consumption of alcohol or drugs, health status, work period, and age with heat strain.
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1 Introduction Both occupational and personal may play different roles
in various age groups.”® They are known as
Generally the discomfort that occurs in warm contributors to social inequalities in accidents, health and
weather depends on the significant degree of temperature mortality.[7>11 .
and humidity present in the air. The linkage between One.example of yvorker who works with heat
mortality and temperature have been examined by some exposure is a construction worker. Exposure to solar
researchers.'3) In addition to this, the emergence of radiation is quite a lot on this type of work because they
occupational health risks and the decline in productive alwa.yg work qutdoor. Indonesm is one of the countries
workability are caused by climate change due to receiving maximum sunlight and evenly throughout the
increased heat exposure.! year due to its location on the equator line. Each year the
. . .. 1 1 a1 12
However, besides work environment conditions, arr temper.aullre m Indonesia is 27°C. _ '
and physical workload, the body condition of each Solar radiation is effected by localized events, which
worker also plays a role against the occurrence of heat include cloudiness and visibility. If wind and radiation
strain because health problems on workers will not occur are to be considered as heat index variables, they are
if there is a favourable balance of physical workload, the most suitable for a location as they can vary significantly
additional burden of the work environment, and work in values over a short distance.l'’] Observational data of
capacity. The work capacity is influenced by the Meteorology, Climatology and Geophysics Agency
condition of each individual.’) A worker tolerance to (BMKG) since 1981-2016 showed that temperature trend
heat pressure is determined by his body condition.[® in Indonesia has increased 0.03°C every year."*

3k
Corresponding author: mailto:kemalaimasts @ gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 73, 06010 (2018)
ICENIS 2018

https://doi.org/10.1051/e3sconf/20187306010

The results of ISBB measurements at the study sites
showed that from 8 points of measurement, all exceed
the threshold value based on Regulation of Indonesian
Minister of Labour number 5, 2018. The objective of this
study is to analyse the relationship between individual
factors, water intake adequacy rate, and acclimatization
with the occurrence of heat strain.

2 Method

The research was an observational analytic study
and study design that used was cross-sectional. 100
construction workers in iron fabrication, formwork, daily
worker of Health Safety Environment (HSE), and
housekeeping were the population of this research. The
respondents taken are as many as 57 workers as research
sample with proportionate random sampling technique.
The research location 1is Package IV  Airport
Development Project. The research variables include
independent variable and dependent variable. The
independent variables were acclimatization, water intake
adequacy rate, age, work period, body mass index, health
status, alcohol and drug consumption. The dependent
variable was heat strain. Data analysis used chi square
statistic test.

3 Results and Discussions

The results showed that most respondents were
young with the age of <40 years old (73.7 %). There
were no significant differences between the distribution
of respondents with long and short work period, worker
with long work period were 47, 4% and short work
period were 52.6%. Body mass index was dominated by
normal category as much as 70.2%. The majority of
respondents were in good health as much as 87.7%.
Water intake adequacy rate varied considerably but in
most of the worker (35.1%) were in excessive categories.
71.9 % of respondents have been acclimatized.

Table 1. Frequency Distribution of Independent and
Dependent Variables of Heat Exposed Workers

Variables n %0
Age
Old 15 26.3
Young 42 73.7
Work Period
Long 27 47.4
Short 30 52.6
Body mass index
Obesity 5 8.8
Overweight 7 12.3
Normal 40 70.2
Thin 5 8.8
Health Status
Not healthy 7 12.3
Healthy 50 87.7
Alcohol or Drug
Consumption
Yes 14 24.6

Variables n %o
No 43 75.4
Water Intake Adequacy Rate
Severe Deficit 13 22.8
Medium Deficit 5 8.8
Low Deficit 7 12.3
Normal 12 21.1
Excessive 20 35.1
Acclimatization
No Acclimatization 16 28.1
Acclimatization 41 71.9
Heat Strain
Very High 5 8.8
High 47 82.5
Moderate 5 8.8
Low 0 0.0
No 0 0.0

Based on the measurement of pulse rate and core
body temperature, all respondents had heat strain but
with a different index, the majority have a high index of
82.5%. The normality test data showed that the data is
abnormally distributed (p < 0.05) so that the correlation
test used was chi square test. The chi square test results
are shown in Table 2.

Table 1. Frequency Distribution of Independent and
Dependent Variables of Heat Exposed Workers

Independent Variables p-value
Age 0.094
Work Period 0.876
Body mass index 0.041
Health Status 0.428
Alcohol / Drugs Consumption 0.381
Water Intake Adequacy Rate 0.003
Acclimatization 0.025

3.1 Correlation between Age and Heat Strain

Based on the bivariate analysis, the proportion of
young age that experienced heat strain with high index
was 35 respondents (83.3%) more than the older workers
that were 12 respondents (80.0%). The result of
statistical analysis resulted p-value 0,094 showed that
there is no significant correlation between age and heat
strain.

Another study by Indra in 2014 on workers in the
Hospital Kitchen showed that there was no correlation
between age and subjective complaints due to heat
stress.l!3] Based on the theory, the older a person the
sweat gland response is slower and the process of
sweating decreases its effectiveness making it difficult to
release heat to the environment. In addition, getting older
also causes increased blood flow to the skin when
exposed to heat due to thermoregulation disorders
associated with decreased efficiency of the sympathetic
nervous system.[®) Cardiac function becomes less
efficient when a person has the age of 40-65 years leads
to slower sweat exposure so it takes longer to restore the
body to normal temperature.l's! Chronic hypo hydration
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increases with age. Hypo hydration is a factor in high
incidence of fatal and non fatal heat stroke in the old age
group. In general, as the age increase, the higher
likelihood of heart failure will be. In Europe and North
America, only a few patients with heart failure are 50
years of age or younger,['”'"! while those who are 65
years or older are the majority of heart failure patients,
which is 80%.2% Countries with the majority of the
elderly population will be predicted to have an increased
number of patients with heart failure.[!]

Hypo hydration in old age causes a decrease in
thirst response resulting in a reduction in plasma volume
that can interfere with thermoregulation.[®! In this study
age was unrelated due to many factors other than age
that affect the effectiveness of sweat and heart function
such as health status, acclimation status, body mass
index, and consumption of alcohol or drugs.

3.2 Correlation between work period and heat
Strain

Based on the bivariate analysis, the proportion of
short working period experienced heat strain with high
index is 24 respondents (80.0 %) more than those who
have long working period that is 23 respondents
(85.2%). The result of statistical analysis using chi
square test results p-value 0,876 indicates that there is no
significant correlation between age and heat strain.

There were researches on the domestic household
industry fumigation, one in Kelurahan Ketapang, Kendal
District and another one on the labor of PT Aneka Boga
Makmur with the result of the studies that there is no
correlation between work period with subjective
complaint and heat strain event.[?>23]

The period of work is closely related to the
accumulation of hazard exposure. The longer the work
the greater is the exposure to the work environment,
whether physical, chemical, biological, and others. In
addition, people who have worked for a long period of
time tend to regard crumbs as likely to be exposed to the
negative effects of exposure in the work environment
because they consider them to be commonplace, it
potentially increasing the likelihood of occupational
accidents or disease.['! Based on the theory, the longer a
person works in the hot environment the more
crystallization of urine is formed because the exposure to
heat is getting more and more and prolonged.?* The
occurrence of urine crystallization leads to poor health
status so that it has a greater risk when they get exposed
to the heat.

3.3 Correlation between body mass index and
heat Strain

Based on bivariate analysis, the proportion of
normal BMI who experienced heat strain with a high
index of 35 respondents (8.5%) and 2 obesity
respondents experienced heat strain with very high
index. The result of statistical analysis using chi square
test result of p-value 0,041 indicates that there is
significant correlation between BMI with heat strain.

The results of this study are in line with subjective
complaint research due to the heat stress on workers at
PT IGLAS (Persero) in 2013, body size has a significant
relationship with the emergence of subjective complaints
due to heat stress with strong moderate positive
relationship which the greater the body size the more
complaints will be felt by the respondents.’! According
to theory, a person who is obese is at risk about 3,5 times
more likely to suffer from heat related disorder. Broad
body surface ratio causes the speed of heat loss to
decrease. Obesity is also correlated with decreased
physical fitness, maximum work capacity, and
cardiovascular capacity. Comparison of body surface
area with weight in obese people causes a decrease in
heat loss process. The thicker the subcutaneous fat layer,
the greater the barrier is between the skin to the
underlying tissue, thereby reducing heat transfer directly
from muscle to skin.[?]

3.4 Correlation between health status and heat
Strain

Based on the bivariate analysis, the proportion of
respondents with healthy status experienced heat strain
with high index as many as 40 respondents (80.0%). The
statistical analysis using chi square test p-value produce
0,428 indicates that there is no significant relationship
between age and heat strain.

The results of this study are in line with the two
previous studies, the first research is on the production of
lubricants of PT Pertamina in 2012 with the result that
there is no relationship between health status and the
subjective complaint rate of heat pressure.[>’! Based on
the theory, someone who suffered degenerative diseases
such as cardiovascular system, diabetes, lungs, liver, or
kidney have greater risk when exposed to the heat.!®
When a person experiences degenerative cardiovascular
disease then the risk of heat related illness will increases
with impaired thermoregulation response.
Hypothyroidism  affects metabolism and body
temperature directly. Patients with anaemia have a
smaller number of red blood cells that affects the
metabolism, cardiovascular system, and
thermoregulation.®) A person in good health can also
maintain core body temperature in the range of 36-
37°C.? In this study, health status is not correlated to the
heat strain occurrence statistically because the data
obtained is less varied, i.e. 87.7% in good health, this
happened because there has been an appeal from HSE
for workers to not work when feeling unwell.

3.5 Correlation between alcohol or drug
consumption and heat Strain

Based on bivariate analysis the proportion of
respondents who consumed alcohol or drug with high
heat strain index as many as 34 respondents (79.1%)
more than those who consume alcohol or drug that are
13 respondents (92.9 %). The result of statistical analysis
using chi square test result p-value 0.381 showed that
there is no significant correlation between alcohol or
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drug consumption and heat strain. The results of this
study are in line with research on cracker factory
workers in East Ciputat Sub district in 2014 which
concluded that there is no relationship between the
consumption of drugs with heat strain.[2%!

According to theory, the consumption of alcohol or
drugs can reduce the body's ability to work in a hot
environment.””]  Drugs that interfere with the
thermoregulation process include antidepressants that
can affect heart rate and reduce the level of sweat
expenditure. Anti-hypertensive drugs can also reduce
blood flow to the skin and reduce the cooling process in
the body. In addition, diuretic drugs will also affect the
balance of fluids in the body. Workers who get treatment
should work in the supervision of the company's health
department. Alcohol consumption can reduce heat
tolerance and increase the risk of heat related illness.®!

In this study the consumption of alcohol or drugs is not
correlated to the occurrence of heat strain statistically
because the employee's tolerance of alcohol has been
highly seen that the history of workers has long been a
habit of alcohol consumption so there are no
significantly physiological changes in the body of
workers after consuming alcohol. In addition, the
collection of information about the consumption of drugs
in this study is only done through interviews so that
could become potentially bias information.

3.6 Correlation between water intake adequacy
rate and heat Strain

Based on the bivariate analysis, the proportion of
respondents who have moderate deficit of their water
intake adequacy rate is 3 respondents (60.0 %), while
those with excessive water intake had moderate heat
strain index of 3 respondents (15.0%). The result of
statistical analysis using chi square test result p-value
0.003 indicates that there is significant correlation
between ages with heat strain.

The results of this study are in line with subjective

complaint research due to heat stress in blacksmith
workers in Desa Bantaran Probolinggo in 2016 which
concludes that there is a significant relationship between
the quantity of drinking water and the frequency of
drinking water with subjective complaints due to heat
stress. The relationship value between the two variables
is negative so that the less drinking water is consumed,
and the less frequency of drinking is done then the
higher risk for subjective complaints occurs due to
higher heat pressure.[?”]
The theory says that the dehydration experienced by a
person will increase the core body temperature faster.
Body needs fluid replacement to overcome dehydration
due to excessive sweating. Losing NaCl out with sweat
can cause muscle pain (heat cramps) due to the body's
inability to replace the loss of NaCl.?7]

3.6 Correlation between acclimatization and
heat Strain

Based on Dbivariate analysis, the proportion of
acclimatized respondents suffering from heat strain with
a very high index of as many as 4 respondents (25.0%) is
more than those who have not acclimatized as one
respondent (2.4%). The result of statistical analysis using
chi square test resulted p-value of 0.025 indicates that
there is significant correlation between age with heat
strain.

The results of this study are in line with the
research on workers in the household fish industry in
Ketapang District Kendal with the result that there is a
relationship between acclimatization with subjective
complaints of heat stress.?”) The theory says that in the
body of a person who has been acclimatized will modify
the mechanism of his sweat release so that the release of
heat is more effectively. The acclimatized conditions of
body heat exposure can reach 100% while the heart rate
of body temperature can be lower.!?”]

4 Conclusion

All respondents experiencing heat strain were
dominated by heat strain with high index. Respondents
were predominantly young, with short work period,
normal BMI, healthy status, no alcohol or drug
consumption, excessive water intake adequacy rate, and
had been acclimatized. Factors correlated to heat strain
occurrences in this study were BMI, water intake
adequacy rate and acclimatization.

Thea decrease of hazard exposure in work
environment will have positive impact on the quality of
work environment. One of hazard in work environment
is the work climate that influenced by several things
such as carbon emissions in the air. High carbon
emissions cause extreme climate changes that can trigger
heat strains for heat exposed workers. Good quality of
work environment will increase worker productivity and
company profit.
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