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Abstract

Keywords

Background and aims: Heat stress is a significant occupational hazard in
outdoor environments, especially for rice farmers during summer. This study Heat Stress
aimed to investigate the impact of heat stress on physiological factors and

e j Physiological Factors
productivity in rice farmers of Astara city.

. . . . Productivity
Methods: This cross-sectional study was conducted in the summer on 107 rice
farmers from seven selected villages in Astara city. Demographic information Rice Farmers
was collected using an 18-item checklist. Heat stress was measured according

to ISO 7243 standards using the WBGT index between 9:00 AM and 4:00 PM

during July and August. Physiological parameters were measured before and

after the work shift in three time periods. The "work capacity" chart was used to

predict heat-induced productivity decline in rice farmers. Data were analyzed

using SPSS version 26 at a significance level of 0.05.

Results: The mean (+ standard deviation) age, work experience, and body mass
index were 40.51 + 9.3 years, 9.81 + 8.8 years, and 27.38 + 2.4 kg/m?, respectively.

The mean WBGT index was 25.85 + 4..46. The average Productivity during the Received: 2025/05/22
day was reported to be 68.57%. The highest productivity (76%) was observed
at the end of the work shift, and the lowest (62.64%) was observed between Accepted : 2025/11/8

10:00 and 12:00, which was associated with the highest relative humidity and
radiant temperature. Results showed that productivity had a significant inverse
correlation with the WBGT index (P = 0.004), while no significant correlation
was found with physiological parameters (P > 0.05). Furthermore, the WBGT
index at noon showed a significant correlation with physiological parameters
(P < 0.05).

Conclusion: The results showed that an increase in the WBGT index,
especially during the hot hours of the day, has a significant effect on the
decline in rice farmers' productivity. Although physiological parameters were
generally unaffected, they reached their highest values during the noon shift.
The reduction in productivity from 76% to 62% due to increased temperature
and humidity necessitates the implementation of preventive measures such as
reducing activity time during peak heat, ensuring adequate rest, and providing
drinking water.
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EXTENDED ABSTRACT

INTRODUCTION

Agriculture is one of the oldest occupations for
human livelihood and is also considered one of the
most hazardous occupations in the world. Heat stress
is one of the most common occupational hazards in the
workplace. Heat strain in humans in hot environments
and physical stress in work environments can cause
physiological changes in the human body.

Studies have shown that exposure to heat stress can
lead to decreased concentration, reduced performance,
and increased work errors. Various indices have been
proposed to measure heat stress, one of the most
common of which is the Wet Bulb Globe Temperature
(WBGT) index. This index evaluates environmental
conditions by considering dry bulb temperature, wet
bulb temperature, and radiant temperature, and is
very useful for work environments.

In Iran, the level of exposure to heat stress among
farmers often exceeds permissible limits. Despite these
alarming statistics, agricultural hygiene has not been
fully addressed in many countries, including Iran.

A large portion of the countrys workforce is
employed in outdoor environments, and many of these
jobs are contracted and not covered by occupational
health assessments. Therefore, it is essential to pay
attention to the health and well-being of rice farmers
and to examine the impact of heat stress on their
physiological factors and productivity. Due to the
lack of comprehensive studies in this field, the present
study aimed to investigate the effect of heat stress on
physiological factors and reduced productivity among
rice farmers in Astara city.

METHODOLOGY

This cross-sectional study was conducted in the
summer of 2024 among rice farmers in Astara City.
Participation was based on informed consent. Farmers
with a history of cardiovascular diseases, advanced
age, diabetes, thyroid disorders, infectious or febrile
illnesses, or those taking medications affecting heart
rate, antidiuretics, antihypertensives, or antidiabetic
drugs were excluded. Participants were instructed to
refrain from caffeine consumption for 24 hours prior
to data collection.

Cluster sampling was employed. Villages around
Astara City were considered clusters, from which seven
were randomly selected. Sampling in each cluster was
convenience-based and proportional to the village
population. The selected villages and sample sizes
were as follows: Sibli (population 1,649 - 19 samples),
Siraliva (517 — 6 samples), Khosrow Mahalleh (764 - 9
samples), Kanroud (2,640 - 31 samples), Khalilehsara
(351 - 4 samples), Abbasabad (1,657 — 20 samples),
and Qarasou (1,537 — 18 samples).

Demographic information was collected using an
18-item checklist. For female participants, additional

data related to physiological factors—including
menstrual status, pregnancy, number of children,
marital status, and menopause—were recorded.

Following completion of the demographic
checklist, environmental parameters were measured
according to ISO 7243, and physiological parameters
were recorded based on ISO 9886 standards, from 8:00
AM to 4:00 PM. Environmental parameters included
dry-bulb temperature, natural wet-bulb temperature,
globe temperature, air velocity, and relative humidity.
A WBGT meter was used to measure dry, wet, and
globe temperatures. Air velocity was measured using
a Kimo VT-100 digital thermal anemometer (USA),
positioned with airflow passing from back to front and
held at a 20° angle.

Measurements were taken at rest (8:00 AM and 4:00
PM) and during three working intervals (8-10 AM, 10
AM-12 PM, and 12-4 PM), with three repetitions in
each stage. For calculating the WBGT index, an Iutron
WBGT-2010sd device (Taiwan) was used, following
ISO 7243 guidelines. Considering the outdoor working
conditions of rice farming, measurements were taken
at waist level (1.1 meters above the ground). To ensure
accuracy, a stabilization period of 10 to 30 minutes
was allowed for the thermometers before recording
the average of three readings.

Measured values were compared against the
recommended ACGIH Threshold Limit Values
(TLVs), recognized by the Iranian Occupational
Health Association. The WBGT index for outdoor
environments was calculated using the following
formula:

Equation (1):
WBGT = 0.7 Tnw + 0.2 Tg + 0.1 Ta

WBGT: Wet Bulb Globe Temperature Index (°C)
Tnw: Natural wet-bulb temperature (°C)
Tg: Globe temperature (°C)

Ta: Dry-bulb temperature (°C)

To calculate the daily average WBGT, the values
from each time interval were entered into Equation
(1), and the mean value for all intervals was obtained.

Physiological = parameters—including  systolic
and diastolic blood pressure, heart rate, and skin
temperature—were measured according to ISO
9886. Blood pressure and heart rate were recorded
using a wrist sphygmomanometer (Model 6241KP
COMFORT, C.R.P, China), and skin temperature was
measured using a digital thermometer.

Work productivity was evaluated using the “work
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Work capacity (%) as a function of WBGT (degrees C) at 4
work intensities (Watts); acclimatized workers
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Fig. 1. Association between work capacity and WBGT for work intensities

capacity” chart based on NIOSH and ISO standards,
which illustrates the relationship between work
capacity and WBGT for four levels of physical activity.
Given the metabolic rate of approximately 415 watts,
rice farmers were categorized as performing heavy
work (Fig. 1).

For statistical analysis, qualitative data were
summarized using frequency tables, percentages, and
relevant charts. The normality of the data distribution
was assessed using the Kolmogorov-Smirnov test.
Associations between variables were analyzed using
Spearmans correlation and the Mann-Whitney U test.
A significance level of 0.05 was adopted, and statistical
analyses were performed using SPSS software, version
26.

RESULTS

The demographic and personal characteristics of
the participants were examined. The mean age was
40.51 £ 9.3 years. Mean height and weight were 170.23
+ 7.6 cm and 79.36 + 8.6 kg, respectively. The average
body mass index (BMI) was 27.38 + 2.4 kg/m*. The
mean work experience was 9.1 + 8.8 years.

Gender distribution showed 72% male and 28%
female participants. Regarding marital status, 86%
were married and 14% were single. Educational levels
were as follows: 19.6% illiterate, 26% high school
diploma, 16.8% associate degree, 32.7% bachelor’s
degree, and 2.8% master’s degree.

Among participants, 11.2% reported a history of
illness, while 88.8% reported none. In addition, 60.7%
identified farming as their primary occupation, while
39.3% had other jobs. Smoking prevalence was 22.4%,

y

with 77.6% non-smokers.

Table 1 shows the mean and standard deviation
values of physiological parameters measured during
four time intervals throughout the day. The mean
systolic blood pressure was 126.7 + 6.3 mmHg, and
the mean diastolic blood pressure was 80.4 + 4.6
mmHg. The average heart rate was 89.2 + 14.4 beats
per minute, and the mean skin temperature was 37.3
+ 3.0 °C. The greatest physiological variations were
observed during the noon shift (Table 2).

Table 2 presents the mean and standard deviation
of environmental parameters measured during
different shifts. The average dry bulb temperature
was 29.02 + 1.61 °C, radiant temperature 34.48 + 2.96
°C, and natural wet bulb temperature 22.93 + 1.9 °C.
Relative humidity averaged 82.30 = 4.67%, and air
velocity was 2.26 + 0.7 m/s. The mean WBGT index
was 25.85 + 1.9 °C. Dry, wet, and radiant temperatures
were lower at the beginning and end of the work shift
compared to other periods.

Work productivity varied across shifts alongside
changing environmental conditions. The highest
productivity (76%) was recorded in the fourth shift,
which coincided with the lowest WBGT (23.58 +
1.2 °C), dry-bulb temperature (27.26 + 2.08 °C), and
moderate wind speed (1.64 + 0.95 m/s). Reduced
temperature and heat stress likely created more
favorable physiological conditions, leading to maximal
and stable performance (SD = 0). This suggests that in
the absence of heat stress, worker performance is both
stable and optimized.

In contrast, the third shift showed productivity of
69.41%, despite the highest WBGT (27.31 £ 1.7 °C),
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Table 1. Mean values and standard deviations of physiological parameters in the measured sessions

physiological n=107 measured sessions )
daily average
parameters 1 2 3 4
i 12/30+0/6
pressure Systolic 121754077 12/84+1/3 12153016 126/13£7/6
mmHg
Diastolic blood 791062417 81/314/3 82/81+4/5 80/70+8/4 80/97+4/46
pressure mmHg
Heart rate (beats per
. 87169+2/22 90/79+3 91/77+2/7 88/72+2/24 89/74+2/14
minute)
Skin temperature c° 36/86+0/5 37/500/4 37/760/4 37/25+0/46 37/3410/3
Table 2. Mean values and standard deviations of environmental parameters in measured times
environmental measured sessions ~ n=107 .
daily average
parameters 1 2 3 4
Tac’ 28/28+2/86 30/11+1/79 30/42+1/21 27/26£2/08 29/02+1/61
Tg 32/85+4/4 35/97+3/60 37/11£2/43 31/98+2/84 34/48+2/96
Tnw ¢ 22/71+3/06 24/30%2/36 24/07+2/15 20/66+2/21 22/93£1/9
67/4+30/82 RH%
Vm/s 2/26+0/7 2/48+1/07 2/6+0/92 1/64+0/95 2126017
WBGT 25/29+3/1 2712242/3 27/131£7/1 23/58+2/1 25/85£1/9
Productivity 67/35+14/75 62/64+20/72 69/41+17/39 7610/0 68/57+13/4

T.: Dry temperature (c”) , Tg: Goisan temperature (c’) ,Tnw: Normal wet temperature (c”) ,RH: Relative humidity, V: Air flow velocity m/s.

dry-bulb temperature (30.42 + 1.21 °C), and wind
speed (2.6 + 0.92 m/s). The relatively high productivity
under the highest heat stress may reflect workers’
adaptation or the cooling effects of wind. However,
the high standard deviation (17.39) indicates wide
individual variability in heat tolerance, with some
workers maintaining performance while others
declined.

The second shift had the lowest productivity
(62.64 + 20.72%). This shift was characterized by high
WBGT (27.22 £ 3.2 °C), dry-bulb temperature (30.11
+ 1.79 °C), wind speed (2.48 £ 1.07 m/s), high relative
humidity, and elevated radiant temperature (35.97 +
3.6 °C). The combination of high humidity and radiant
heat likely caused thermal discomfort and reduced
concentration, leading to unstable performance, as
reflected by the large SD.

The first shift (start of the workday) showed
productivity of 67.35 + 14.75%, with relatively low
WBGT (25.29 + 1.3 °C), moderate wind speed (2.26
+ 0.7 m/s), but high humidity. Although heat stress
was lower, high humidity may have negatively affected
thermal comfort and limited productivity.

Overall, the data show an inverse relationship
between WBGT and productivity: as WBGT decreased
from 27.31 to 23.58 °C, productivity increased from
69.41% to 76%. WBGT values above 27 °C significantly
reduced productivity. Air velocity partially mitigated
heat effects, as seen in the third shift with higher wind
speed. High relative humidity (>80%) during the first
and second shifts likely impaired thermal comfort and
productivity, even at moderate temperatures. Effective
management of temperature, humidity, and airflow—

especially maintaining WBGT below 27 °C—can
positively impact workforce productivity.

Statistical analysis revealed a significant inverse
correlation between WBGT and productivity
(correlation coefficient = -0.314, P = 0.004), indicating
that productivity decreases as environmental heat
increases. No significant correlation was found
between WBGT and physiological parameters (systolic
blood pressure: P = 0.239, diastolic blood pressure: P
= 0.925, heart rate: P = 0.561, skin temperature: P =
0.922). The highest correlations between WBGT and
physiological parameters were observed during the
noon shift, when skin temperature, blood pressure,
and heart rate reached their peak levels.

DISCUSSION and CONCLUSION

This study examined the impact of heat stress on
physiological factors and productivity among rice
farmers in Astara County. The demographic profile
showed a mean BMI of 27.38 + 4.2 kg/m?, indicating
relative overweight, which may reduce heat tolerance.
Most participants were healthy (88.8% without
disease) and non-smokers (77.6%), which may help
maintain productivity. The majority were male (72%)
and farmers (60.7%), reflecting a workforce exposed
to direct heat stress. While 32.7% held a bachelor’s
degree, 19.6% were illiterate, suggesting a need for
simple educational programs.

A significant inverse relationship was found
between WBGT and productivity (P < 0.05), but no
significant correlation with physiological parameters
(P >0.05). This finding partly aligns with prior studies;
some reported significant correlations between

f
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WBGT and physiological markers, but differences
here may be due to environmental factors or workers’
adaptation to heat. Physiological parameters peaked at
noon, consistent with other research.

Similar to a Thai study predicting climate
change effects, this research confirmed that rising
temperatures reduce productivity. Heat stress
management  strategies—including  engineering
controls, managerial interventions, and cooling
protective equipment—are recommended. The
significant link between farming as the main
occupation and productivity (P < 0.05) highlights the
importance of occupational health.

In conclusion, heat stress significantly lowers
farmers’ productivity without markedly affecting
physiological parameters. These findings emphasize
the need for preventive environmental measures
and worker education to mitigate heat risks and
improve productivity, providing guidance for better
agricultural working conditions and worker safety.
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