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Background & Aims of the Study: Nowadays, heat stress is one of the most harmful
physical agents in workplaces. According to the consequences of heat stress and have no
information about it in Qom dry cleaner units, Iran, this study have been designed to
evaluate the heat stress among workers of dry cleaner units in Qom province of Iran, in JulAug 2011.
Materials & Methods: This cross-sectional study was conducted in 113 units of active dry
cleaner units. WBGT (Wet Bulb Globe Temperature) index was selected for heat stress
evaluation. In order to measure the requisite parameters, WBGT meter made of Casella
Company had been used according to ISO 7243. Data had been analyzed according to
Occupational Exposure Limits (OELs) with SPSS V.16, using analysis of variance,
independent T and LSD tests.
Results: The average of WBGT index in Qom dry cleaner units of Iran were 28.98±1.64
°C. The average of WBGT index in 66.4% of units was up to 28°C. The average of relative
humidity was 42.86%, the average of wet bulb temperature and globe temperature were
25.56°C and 36.72°C, respectively. The findings showed a significant correlation between
the average of WBGT index and the standard recommendation level (p<0.0001). In dry
cleaner units with less than 10 m2 area, heat stress was higher than other units significantly
(p<0.05).
Conclusions: Heat stress in many dry cleaner units in Qom, Iran, was more than
recommended OELs. Because of wet bulb and globe temperature in units were high value,
the most important measures to heat controls, are technical engineering controls such as
radiation shield, insulation on boilers and modify the cooling systems.

Please cite this article as: Malakouti J, Koohpaei A, Arsang Jang S, Dardmand F, Shaterian R, Mashkoori
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Background
Working in warm environments causes the heat
stress in workers and besides reducing the
ability can lead to various diseases (1). The
ability of working and activity in a high
temperature directly depends on the amount of
the heat stress (2). The most important
implications derived from working in warm

environments are heat exhaustion, heat cramp,
dehydration of body, heat rash, reduction of
sweating and heatstroke (3). Heat also is
considered as a risk factor in cardiovascular
diseases; also it can be an effective factor in
work related accidents (1). However, there is
heat stress in some workplaces; industries like
textile, casting, iron melting and jobs such as
bakery and dry cleaner units related to these
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places. So far, various studies have been done
which were related to the evaluation of the heat
stress in different industries and jobs around the
world and Iran; industries like construction,
steel, glasswork, Aluminum, painting and
kitchens are the examples of them (1,4-10).
Based on the review of literature, it was clear
that a few studies have been done about the
heat stress evaluation in dry cleaner units, and
the only relative research was studied about the
heat stress evaluation in dry cleaner, in which
three dry cleaner units were evaluated by
WBGT index in Malaysia. According to the
results, it revealed that, the heat stress in 33%
of units was higher than recommended standard
limits (10).
The WBGT index has been used in this study to
evaluate the heat conditions. The WBGT index
was introduced by Yaglou and Minard at
first(1957), for the study of the environmental
heat conditions and the probability of its
dangers during the navy drillings on American
Army’s desert operations (3,11). So far, various
studies recommended, using WBGT (8,9,1214). This index was also selected by the
American Conference of Governmental
Industrial Hygienists (ACGIH), as an index in
studying the rate of workers who faced with the
heat at workplaces (10). The National Institute
for Occupational Safety and Health (NIOSH),
also
the
International
Standardization
Organization (ISO) have recommended this
index to evaluate the heat conditions
(10,15,16).
Qom province, Iran, was selected for this
research. The climate of it, in the classification
of country’s climate is considered as a semidesert one. Since it is located in the center of
Iran, between 34 degree orbit and 15 minutes,
to 35 degree and 15 minutes of southern width
than equator, and 50 degree and 30 minutes to
51 degrees and 30 minutes of northern length
than Greenwich (Fig.1), it seems that many
workers in dry cleaner units are exposed to
various heat sources; also in hot summers, they
are exposed to the high heat stress.
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Figure 1) Geographical location of Qom province,
Iran

Aims of the study:
Hence, considering the lack of information
about heat stress evaluation in dry cleaner units
of Qom province of Iran, this study was
designed to evaluate the heat stress among
workers of dry cleaner units in Qom province,
Iran.

Materials & Methods
In this cross sectional study which have been
done in Jul-Aug 2011, according to the
information of Qom dry cleaners’ tradeunion of
Iran, 113 units were active during the study and
it was done in all units. Considering the
clarification of the pilot study, it revealed that,
the place involved highly in heat exposure
during a day in dry cleaner units, near the iron
systems. As a result, it was selected as a place
of measurements. According to the ISO 7243,
this study was done during the warmest days of
the year, between 11 to 13.30 o'clock (16). The
calibrated WBGT meter which is made by
Casella Company was used to evaluate the heat
stress in this study, according to NIOSH
standard and equipped with the exact
determination tools of natural wet bulb, dry and
globe temperatures (17). This device has been
used with different studies so far (8,17). The
WBGT index (in an indoor working place) is
calculated in accordance with the following
equation:
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special activities (3). The ISO 8996 tables were
used to estimate the metabolism rate of
workers’ activities in dry cleaner units (19).
The energy consumption tables were presented
based on the body posture, type of work and the
speed of performance. In this study, considering
the work analysis of individuals with standing
posture and the total gesture of body, referring
to the energy consumption tables in different
activities, the amount of metabolism was
determined. Final amount of metabolism was
specified after the collection of worker’s
metabolism values.
In accordance with the recommendations of
ISO 7243 (Table 1) (16), the standard value for
the WBGT index was recommended to 28°C in
adapted individuals (individuals who work
more than one week in a certain place) and in
average class, considering the energy
consumption during the work (15). Considering
all individuals, according to the energy
consumption, were part of the adapted group
and in average level, the obtained amounts were
compared with 28°C standard rate.
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(1)
Where tnw is the natural wet bulb temperature
and tg is the globe temperature (°C). The
WBGT meter was adjusted on three locations
with three different heights; near to the head
(1.7m height), the abdomen was 1.1m and
ankles of worker was0.1m. After measuring the
considered parameters for 3 times in each
height, the average WBGT rate was calculated
in accordance to the following equation:

(2)
To obtain the heat balance of the globe
thermometer with its surrounding environment,
20 minutes is considered to these
measurements. Since the room dimension is the
most important factor of heat stress in dry
cleaner units (18), the length and the width of
units were measured by tape meters.
One ways to estimate the metabolism rate is
measuring an individual’s total metabolism in

Table 1) ISO 7243: WBGT reference values
WBGT reference value
Not acclimatized (°C)
Acclimatized (°C)
32
29
26
No sensible air
movement
23
20

Metabolic rate (w)
Base of Average area of
Calories
skin
consumption
M<117
Rest (0)
117<M<234
1
234<M<360
2

33
30
28
No sensible air
movement
22
18

No sensible air
movement
26
25

The obtained values were recorded in designed
sheet based on the individual’s adaptation and
type of the work, and entered into SPSS 16, to
carry out data analysis. The T-test was used to
analyze and compare the results with standard,
the independent T-tests and one-sided variance
analysis used for comparison between groups,
the chi-square tests used for comparing the heat
stress ratio among individuals, and the
procedure of the variance of analysis and LSD

No sensible air
movement
25
23

360<M<468
M>468

3
4

test were used to compare the total average
WBGT among dry cleaner units.

Results
The average areas of dry cleaner units
calculated 17.23±2.1 m2. All dry cleaner units
staffs worked continuously more than a month.
As before mentioned, according to the job
analysis of individuals with a standing posture
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and physically full-active, in accordance with
ISO 8996, the workers have been categorized in
group 2 (234<M<360 w/1.8m2) by calorie
consumption classification.
The average of WBGT index in dry cleaner
units was determined 28.98±1.64°C. The
obtained results of this study indicate that the
WBGT index in 66.4% of units are higher than

• Evaluation of heat stress in dry cleaner...

28°C; therefore, 33.6% are smaller or equals to
the standard. Data related to measuring
parameters such as relative humidity, dry
temperature, natural wet bulb temperature,
globe temperature and also working times were
given in details in Table 2.

Table 2( Results of measured parameters
Variables
Hours in a day
Ironing average hours in one day
Relative humidity (percent)
Dry temperature (°C)
Wet bulb temperature (°C)
Globe temperature (°C)
WBGT Index

Average
10
6.98
42.86
35.73
25.56
36.72
28.98

Based on the results of T-test, we observed a
significant difference between the heat stress
average of Qom dry cleaner units and standard
rate (28°C) statistically (P<0.0001). The results
of the analysis showed that there was a
significant difference between the average of
WBGT index in units above 10 m2 area than
those which were in lower areas statistically
(P<0.05).

Discussion
Based on the results of this study, the average
of WBGT index in dry cleaner units was
determined 28.98±1.64°C. According to the the
WBGT index limits of ISO 7243, there was a
significant difference between the average heat
stress of Qom dry cleaner units and standard
rate statistically (P<0.0001). Also, this study
showed that 66.4% of dry cleaner units in this
study had improper heat stress situations. The
reason for higher WBGT index in these places
can be investigated in working environments of
dry cleaner units like boiler systems (insulation
and distance to operator), the confined space,
and the kind of cooling system and also the
weather conditions of Qom province, Iran. In a
similarresearch, Jalil et al, carried out on three

Max
15
14
62.1
40.2
29.7
41.7
32.2

Min
4
2
26.7
30.5
22.1
32
25.2

SD
2.27
2.31
6.39
2.21
1.61
2.46
1.64

units of dry cleaners in Malaysia, found that in
one of the three unitsof research, the heat stress
(about 33%) was higher than recommended
standard limits (10).
Because the main heat distribution source of
these shops was related to the boiler systems,
thus the first and main step in heat engineering
control in workplaces was to eliminate or
control of the heat production source. The
isolation approach, reduction of emission,
insulation, radiation shield, local exhaust
ventilation or combinational can be used (3,4).
Based on this fact that the average radiant
temperature measured in those units was
36.72°C, it seems that using suitable heat
insulations and radiation shield made of bright
aluminum material or polished tin with high
radiation reaction can have an effective role to
control the heat radiation in dry cleaner units
(20).
Also, the results of the analysis showed that
there was a significant difference between the
average of WBGT index in units above 10m2
than those with lower areas statistically
(P<0.05) which is a reason for higher heat
stress in dry cleaner units with small physical
areas. These results are in accordance with the
results of other studies based on the
introduction of room dimensions as the most
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important factor in heat stress in dry cleaner
units, especially in ironing task (18).
Application of improper cooling systems is an
example of other reasons for heat stress in dry
cleaner units. The water coolers are used in
some units due to the economic purposes. The
appearance of water vapor resulted in ironing
and air moist by water coolers in some units,
leads to feel more heat in workers. The
technical and engineering controls can be done
in different ways such as heat source control,
separating the ironing task from other activities,
local cooling in work station, general
ventilation, fans and humidity control (3). It is
recommended that gas coolers be used in those
areas; otherwise, using proper ventilations is
the second choice (10). Also, similar to other
jobs such as bakery (21) and steel industries,
(22) selection of administrative controls like
doing ironing tasks before noon, also resting in
cool areas and drinking with suitable
temperature can be effective to reduce the
severe results of these stress (3,10).
Among the limitations of this research, the
shortage of similar studies can be pointed to
compare the results. At the end, it is
recommended that the evaluation of heat effects
on workers in dry cleaner units to be considered
in next researches.

Conclusion
Among all results of this study, it can be
understood that the heat condition in some dry
cleaner units of Qom province, Iran, is higher
than recommended standard limits. Considering
the high wet bulb and globe temperatures in dry
cleaner units, the most important action to heat
control, besides recommendation for using of
areas with large dimensions, selection of
technical and engineering controls such cooling
systems improvement in units, use of shields
and insulations in boiler systems can be
mentioned.

Footnotes

Malakouti J, et. al / Arch Hyg Sci 2016;5(2):111-116

Acknowledgements
The researchers acknowledge all the workers
and employees of trade union of dry cleaner
units of Qom province thanks to cooperation
and assistance in conducting this research.
Conflict of Interest: The authors declared no
conflict of interest.

References
1.
Hanani M, Bahrami A, Motalebi Kashani M.
Evaluation of environmental heat stress in bakery
workers of Kashan. Feyz. 2004;8:1-2. (Persian)
2.
Moran DS, Epstein Y. Evaluation of the
environmental stress index (ESI) for hot/dry and hot/wet
climates. Industrial health. 2006;44(3):399-403.
3.
Golbabaei F, Omidvari M. Man and thermal
environment. Tehran: Tehran university press; 2001.
p:372. (Persian)
4.
Hanley KW. Consolidated aluminum Co.
Hannibal, Ohio: NIOSH, 1996.
5.
Kurokawa JUNI, Inaba R, Inoue M, Iwata H,
Matsuoka T. Working Condition of Construction
Workers in Summer and Appleid Hot Prevention
Measures. Japanese Journal of Occupational Medicine
and Traumatology. 2002;50(3):188-95.
6.
Feng BX, Chen JX, Wen W. Identification of
Occupational Risk Factors and Analysis of Key Control
Points in Stainless Steel Plant. Chinese Journal of Public
Health Engineering. 2010;9(1):9-10.
7.
Samuel TM, Adetifa BO. Investigating heat stress
in gari frying. Agricultural Engineering International:
CIGR Journal. 2012;14(3):183-9.
8.
Golmohammad R, Hassani M, Zamanparvar A,
Oliaei M, Aliabadi M, Mahdavi S. Comparing the Heat
Stress Index of HSI and WBGT in Bakery Workplaces in
Hamadan. Iran Occupational Health. 2006;3(2):46-51.
(Persian)
9.
Srivastava A, Kumar R, Joseph E, Kumar A.
Heat exposure study in the workplace in a glass
manufacturing unit in India. Annals of occupational
hygiene. 2000;44(6):449-53.
10.
Jalil M, Sani MA, Dor Z, Yahya MS, Mohideen
Batcha MF, Hasnan K. Heat stress investigation on
laundry workers. International Conference on
Ergonomics 2007 (ICE07)2007:6.
11.
Moran DS, Pandolf KB, Shapiro Y, Heled Y,
Shani Y, Mathew W, et al. An environmental stress index
(ESI) as a substitute for the wet bulb globe temperature
(WBGT). Journal of thermal biology. 2001;26(4-5):42731.

------------------------------------------------------------------------------------------------------------------------------Archives of Hygiene Sciences
Volume 5, Number 2, Spring 2016
© 2016 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved .

115

Downloaded from jhygiene.muq.ac.ir at 6:47 IRDT on Saturday June 23rd 2018

Malakouti J, et. al / Arch Hyg Sci 2016;5(2): 111-116

• Evaluation of heat stress in dry cleaner...

12.
Budd GM. Wet-bulb globe temperature
(WBGT)—its history and its limitations. Journal of
Science and Medicine in Sport. 2008;11(1):20-32.
13.
Malchaire J. Occupational heat stress assessment
by the predicted heat strain model. Industrial health.
2006;44(3):380-7.
14.
d'Ambrosio F, Palella B, Riccio G, Alfano G.
Criteria for assessing severely hot environments: from
the WBGT index to the PHS (predicted heat strain)
model]. La Medicina del lavoro. 2004;95(4):255.
15.
Parsons KC. International heat stress standards: a
review. Ergonomics. 1995;38(1):6-22.
16.
(ISO) ISO. Hot Environments: Estimation of the
heat stress on working men, based on the WBGT – index.
ISO 7243:1989.
17.
Ghajar kohestani MA. Survey of WBGT index in
Sari Bakeries 1998-1999.
4th Iran conference of
occupational health 2004. (Persian)
18.
Meyer J, Rapp R. Survey of heat stress in
industry. Ergonomics. 1995;38(1):36-46.
19.
ISO B. 8996: 2004 Ergonomics of the thermal
environment—determination of metabolic rate. BSI,
London. 2004.
20.
Cralley LV, Cralley LJ. Patty's industrial hygiene
and toxicology. Vol. III. Theory and rationale of
industrial hygiene practice: John Wiley & Sons, Inc.,
Baffins Lane, Chichester, Sussex; 1979.
21.
Malakouti J, Safavi N, Nazari S, GharibMajidi G,
Matboo SA, Jang SA, et al. Studying the rate of heat
stress in bakers. Archives of Hygiene Sciences.
2015;4(1):7-12.
22.
Mahdavi S, Esmaelzadeh A, Ebrahemzadeh F,
Rashidi R, Naeimi N. Comparing the Core Body
Temperature and the Heat Stress indices of HSI and
WBGT in lorestan Steels Industry Workers. Archives of
Hygiene Sciences. 2014;3(4):160-166.

----------------------------------------------------------------- -----------------------------------------------------------Archives of Hygiene Sciences
Volume 5, Number 2, Spring 2016
© 2016 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved .

116

