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Abstract. The article presents the world experience of standardization. Here is an overview of the ISO international
standards for protection against physical factors, in particular the exposure group called «microclimate». The main
purposes and features of the application of these standards are considered. Describes the main factors and exceeding
the recommended limits in the workplace. A description of updated criteria for best practices in heat and hot
environments is provided. Also international generally accepted practices of providing personal protective equipment
using examples of the USA, Canada, Japan and African countries. from the United States, Canada, Japan, and African
countries are analyzed. The consequences of the use of PPE, at elevated and low temperatures of the microclimate
of the working environment, are considered. Methods are described and recommendations are given to reduce

heat stress for PPE users. The results of scientific researches received during the scientific and technical program
on a theme: «Risk-oriented organizational-economic mechanisms of ensuring of safe labor in conditions of modern
Kazakhstan» (IRN OR11865833-0T-21) within the limits of program target financing of researches of the Republican
research institute for occupational safety and health under MLSPP of the Republic of Kazakhstan have been presented
in the given article.
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Introduction requirements established in Kazakhstan and have

The microclimate of the production spaces has a
significant impact on the worker employed in pro-
duction and personal protective equipment (further
PPE) is used to prevent or reduce the impact of
harmful and hazardous production factors. Its quality
is usually set by government standards and industry
regulations, and requirements vary from country to
country.

PPE is the most important means of ensuring
labor safety at work and depends on its quality
of manufacture, timely replacement, as well as
proper use. Personal protective equipment issued to
employees must correspond to their gender, height
and size, the nature and conditions of the work
performed, and also ensure labor safety. Personal
protective equipment for workers, including foreign-
made ones, must comply with the labor protection

certificates of conformity.

The most common type of PPE is overalls. Overalls
affect the body's heat exchange with the environment,
ensure its thermal balance, help maintain good health
and high performance.

Research methods and materials

To implement the tasks set, the work uses
modern methods of scientific research, including
chronological, expert, analytical and comparative
methods.

Practice part

International Organization for Standardization

In 1989, ISO revised ISO 7243: Hot Environments-
Estimation of Heat Stress on Working Man, Based on

the WBGT-Index (Wet Bulb Globe Temperature) [1].
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ISO 7243 can be used to evaluate a hot environment
using a simple method based on the WBGT. It can
be easily used in the workplace to evaluate pressure
on human health [2]. The standard ISO index
values are based on the assumption, (as most other
recommended heat stress limits) that the worker is
a normal, healthy individual, physically fit for the
level of activity performed, and wearing standard
summer work clothing with a thermal insulation of
about 0.6 clo (excluding insulation fixed air layer).
The environmental measurements specified in the
ISO standard for WBGT calculation are:

(1) air temperature,

(2) natural wet bulb temperature,

(3) a complex index that takes into account both
radiative and convective heat transfer, but also air
humidity.

From these, WBGT values can be calculated or
direct integral readings can be obtained with some
types of environmental instruments. Measurements,
of course, must be carried out at the place and time of
exposure to the worker.

The ISO 7933 standard, titled «Ergonomics of
the Thermal Environment: Analytical definition and
interpretation of heat stress by calculating predicted
thermal load», describes a method for predicting
the rate of sweating and core body temperature
that a person will develop in response to working
conditions [3]. The main objectives of ISO 7933:2004
include:

(1) assessing heat stress under conditions that
would result in excessive core temperature rise or
water loss for a standard subject

(2) determining the exposure time at which
physiological stress is acceptable (physical damage
should not be expected) [4].

ISO 8996, titled Ergonomics of Thermal
Environments: Determination of Metabolic Heat, last
revised in 2004, specifies methods for determining
the metabolic rate in a work environment, evaluating
work practices, and determining the energy cost of a
job or activity [5].

ISO 9886, entitled «Ergonomics: Evaluation
of thermal load by physiological measurements»
describes methods for measuring the physiological
load on a person, taking into account four parame-
ters [6]. ISO 9886 provides principles and practices
for measuring core temperature, skin temperature,
heart rate and weight loss.

ISO 9920, entitled Ergonomics of Thermal
Environments: Assessment of Thermal Insulation and
Water Vapor Resistance by outfit, defines methods
for evaluating the thermal performance (resistance to
dry heat loss and evaporative heat loss) for an outfit
based on values for known outfit and textiles [7].

US experience. In 2016, NIOSH published
updated Criteria for Recommended Standard:
Professional Exposure of Heat and Hot Environments
[8]. This document provides technical guidance on
managing heat stress in the workplace and is intended

EZI for occupational health and safety professionals.

In addition, NIOSH has created products in many
different formats for various occupational safety and
health (OSH) purposes (e.g. for workers, employers,
occupational health and safety professionals) to
ensure that information is translated and distributed
as widely as possible so that information is translated
and distributed as widely as possible. The U.S.
Occupational Safety and Health Agency lists and
recommends its heat load limits when wearing
personal protective equipment (PPE).

PPE (e.g. waterproof aprons, surgical gowns,
surgical caps, respirators, face shields, boots and
gloves):

- Reduces the body's normal way of getting rid of
heat through sweating and other means.

- Keeps extra heat and moisture inside, which
makes the worker's body even hotter.

- Increases physical effort to carry out duties
when carrying extra weight of PPE and may cause
the worker to heat up faster (e.g., a working muscle
increases body heat production).

A concept of effects of clothing on heat transfer
and exposure to heat and hot environments in the
workplace was developed in the recommended
standard of NIOSH Criteria.

Wearing certain types of PPE can increase core
body temperature (i.e. core temperature) faster than
wearing other types of PPE in the same environment.

If you are concerned about personal protective
equipment, work/rest cycles should be considered at
the stage of design:

- PPE type.

- The length of time a person can wear PPE.

- The individual worker's actual work speed,
level of fitness, hydration level, and acclimatization.

- Environmental conditions such as heat and
humidity levels, outdoor solar radiant heat and
outdoor wind speed, or indoor fan use.

Wearable PPE that protects against heat exposure
is called assistive cooling systems or personal cooling
systems (e.g., water-cooled clothing, air-cooled
clothing, cooling vests, and wet outerwear) and can
vary in simplicity, cost, and maintenance.

In situations where heat stress levels exceed
the NIOSH recommended exposure limit (RAL or
REL), some form of thermal protective clothing or
equipment should be provided.

Wearable personal cooling systems can also be
used during the rest period when the worker is not
engaged in active work. Core body temperature
drops relatively slowly, and simply stopping hard
work will not bring it down immediately. Therefore,
increasing the rate of heat removal from the body
will reduce the risk of heat-related diseases. The use
of wearable personal cooling systems can reduce the
time it takes to lower core body temperature.

Experience of the countries of continental Africa
The generally accepted thesis is that PPE is
a physical barrier that prevents viral infection,
however, it also reduces evaporative and radiative
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heat loss, leading to potential uncompensated heat
stress, thermal stress, and discomfort. Recognizing
this, the Centers for Disease Control and Prevention
(CDC), the American Conference of Governmental
Industrial Hygienists (ACGIH), and the International
Organization for Standardization (ISO) have
developed guidelines for keeping workers safe
in extreme temperatures. However, even if these
recommendations are known and followed, recent
studies have questioned whether these measures are
sufficient in tropical climates [8].

In tropical regions, there are several factors that
increase the risk of thermal deformation. Ambient
environmental conditions are likely to be high. For
example, in the Gambia, West Africa, average daily
temperatures range from 29 to 34°C with average
annual relative humidity levels of 68%, which is
significantly higher than the recommended tempe-
rature and humidity for indoor surgical operating
rooms (25°C and 60%) [9]. In addition, most healthcare
facilities in resource-limited tropical environments
often rely only on natural ventilation systems with
limited air conditioning availability. Wall mounted
air conditioners, if available, recirculate air without a
HEPA filter and are discouraged by the WHO. Ceiling
or floor fans are not recommended in any rooms
other than single rooms. Therefore, there is a high
thermal load on the environment, which is difficult to
mitigate. Concerns about shortages of PPE mean that
healthcare workers often wear PPE for long periods
of time. Length of time in PPE increases the risk of
dehydration, thermal stress, physical exhaustion, and
can jeopardize decision making. During the current
pandemic, many healthcare workers wear PPE for 4
hours or more.

The most appropriate individual cooling
mechanism for healthcare workers in PPE is likely to
differ based on workload, environmental stressors,
and resources [8]. Comparative data from industry
and athletes have shown that indoor, outdoor, and
combined cooling reduces heat load [10].

Pre-cooling (lowering body temperature to
heat exposure) with ice suspension ingestion (ISE)
lowers core temperature and increases heat storage
capacity, delaying the onset of sweating and the
risk of dehydration, reducing thermal discomfort,
and improving endurance. ISE is more efficient at
absorbing heat than water intake and therefore may
have a greater effect on lowering body temperature
[11]. It also improves perception of effort, cognition,
and fatigue. However, the effects of ISE are limited
in time. Ice vests have been shown to improve
endurance and thermal comfort by altering skin tem-
perature, although they do not reduce core tempera-
ture as ISE does. Mixed cooling methods, including
pre- and pre-(during) cooling, have proven to be the
most effective [12]. Research on ice vests with PPE to
date places ice vests under PPE, however after a few
hours the ice packs will melt and then add to physical
discomfort and energy costs. A simple effective
mechanism for cooling PPE has not been established.

Despite conflicting evidence on the impact of
heat stress on simple mental task performance, there
is a growing consensus that body temperatures above
38.2°C adversely affect dual task performance and
complex task co-performance [13].

This is especially true for healthcare professionals
who frequently care for multiple patients, need to
be able to effectively prioritize tasks and perform
accurate calculations, all under stress. There is little
literature on the effect of heat stress on the ability of
healthcare workers to perform routine tasks in tropical
environments. Studies in temperature-controlled
settings provide conflicting data on the effect of
PPE on emergency task performance by healthcare
professionals, where clinical tasks performed by
professionals appear to be protected from exposure
to the physical effects of PPE (i.e. anesthesiologists
versus clinicians at intubation) [14]. One study of
surgeons' ability to perform laparoscopic operative
tasks at 26°C compared to 19°C showed a significant
increase in exercise and distractibility at higher
temperatures [14]. Another study that evaluated
different PPE suits at 22 and 28°C showed no effect
on simulated tasks for healthcare workers [15].

We presume that PPE-induced heat stress
impairs the performance of complex tasks by
healthcare workers, and this effect can be mitigated
by personalized cooling methods. This study was
intended to be directly transferable to clinical
practice, so it was simple and pragmatic, assessed
the risk of PPE compromise, and assessed the ability
to perform life-saving procedures. We evaluated the
use of a combination of pre-cooling with ingestion of
ISE and hypothermia with ice vests outside of PPE
in relation to thermal stress, thermal comfort, and
cognition during simulated emergency care for an
acutely ill patient.

The Canadian Experience. The Canadian Centre
for Occupational Health and Safety uses two types
of exposure limits: occupational exposure limits to
protect industrial workers and thermal comfort limits
to protect office workers. Some Canadian jurisdictions
have adopted ACGIH TLVs® as occupational
exposure limits, while others use them as guidelines
for managing heat stress in the workplace. Thermal
comfort limits are set by the CSA CAN/CSA Z412-00
(R2005) «Office Ergonomics» Standard, which defines
acceptable temperature and relative humidity ranges
for office workers. temperature and relative humidity
ranges for offices.

In addition to the standards, Health Canada,
concerned about climate change and longer, more
intense heat events and is developing materials
related to extreme heat events to educate and raise
awareness among workers and the general public.

The Japanese Experience. In Japan, the
Occupational Health Society defines threshold limits
for heat and cold stress, and the thermal standard
for offices is determined by the Ministry of Health,
Labor and Welfare. These standards are based on

acclimatized healthy male workers wearing normal
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summer work clothes and drinking adequate salt
water (about 0.1% salt concentration). The working
period was either uninterrupted for 1 hour or
intermittent for 2 hours.

Conclusion

The use of PPE as a tool and means of ensuring
safe work, as well as its effect on the human body
during prolonged use in an adverse microclimate,
remains poorly understood, therefore, the scope of
PPE standardization requires legal regulation by
authorized organizations. Along with the positive
effect of the use of protective equipment, there are a
number of industries and work specialties where the
improper use of PPE can have negative consequences

on the mental and physical condition of a person. The
hidden threat lies in the violation of heat transfer and
dehydration of the worker body. Therefore, timely
self-diagnosis, the use of preventive measures during
the use of PPE, will help to avoid exceeding the
permissible threshold of heat load and dehydration
of the body. Taking into account the world experience
in the field of production and usage of protective
equipment, scientific knowledge and research in the
field of working with materials for the manufacturing
of protective equipment acquire an important role.
The development of external and internal methods of
cooling of the human body while wearing protective
equipment reduces the risks of occupational diseases
and injuries during production work.
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uzepy yHusepcumemi, KviproizcmaH, biwkek, Yyl daHreinsl, 215,

*aemop-KoppecrnoHoeHm.

AHOamna. Qu3uKansiK hakmopdaH, aman alimKaHOa « MUKPOKAUMAam» 0ern amanameiH acep emy mobbiHaH KOpFay
canaceiHOarbl 1SO xanelKapanblK cmaHoapmmapsl mypasnsl Masimemmep KeamipinzeH. AmanfaH cmaHoapmmap-
0bl K0/10aHYObIH Hezi32i MaKkcammapbl MeH epekulenikmepi KapacmeoipblasaH. Hezizei (pakmopaap mwaHe #ymsic op-
HbIHOG YCbIHbINFAH WeKkmeynepoeH ackin Kemy xardalinapsl cunammansaH. Melay MeH bICMblK 0pmara acep emy-
0iH 03blK maxcipubeci, ¥aHapmeolaraH Kpumepulinepi mypansl cunammama bepinzeH. CoHoali-ak, AKLLU, KaHada,
HanoHusa #aHe Apura endepiHiy MbiCanbIHOA HeKe KOPFAHbIC KypaadapbiH KAMMamacsi3 emyoiH 1annsl Kabbla-
OaHFAaH XanbIKAPAabIK maxcipubenepi mandaHraH. HKymbiC 0pmMAcbiHbIH MUKPOKAUMAMbIHbIH, HOFAPbl HHEe memMeH
memnepamypanapsiHoa KKK KondaHyoeiH candapsl kapacmeolpsiaraH. KKK nalidanaHywoelnapbiHa #biay cmpecciH
asalimy ywiH adicmep cunammasnsaH ¥aHe ycobiHbicmap bepineeH. KP EXOKM EHb6ekmi Kopray #eHiHOez2i pecnybauka-
/IbIK FbIALIMU-3epMMey UHCMUMymeolHblH 3epmmeynepiH 6aro0apaamansiK-mMakcammeol KapicblaaHObIpY weHbepiHoe
«3amaHayu KazakcmaH xcardalibiHOa Kayinciz eHbekmi Kammamacsi3 emyoiH mayeken-6ardapaaHFaH ylisimoacmei-
DPYWbIAbIK-3KOHOMUKA/bIK MexaHu3moepi» (MTH OR11865833-0T-21) makxbipbibbiHA FblabiMU-mexHUKanbIK bardapna-
MQHbI iCKe acblpy 6apbiCbiHOA A/bIHFAH FblAbIMU 3epmmeynepodid, Homuxcenepi YCbiHbIAFAH.

Kinm ce30ep: MUKPOKAUMAM, KOPFAHLIC KYPan0apbiHbIH cmaHoapmmapsl, HOpMamuemik-KyKbIKMbIK pemmey, xa-
/IbIKAPASIBIK CMAHOAPMmMap, HeKe KOPFAHbIC Kypaadapsl, HYMbIC OpmMAcskl, Kacibu mayekes, eHOIpicmiK acep, Hblay-
/IbIK HCYKMeMe, KOPFAHbIC KUiMi, (pU3UKAsbIK haKmMop.
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‘Kbipebi3ckuli 2ocydapcmeeHHblIl yHuUsepcumem 2eos02uu, 20pH020 0es1a U 0C80EHUS NMPUPOOHbIX PECYPCO8
umeHu akademuka Y. AcaHanuesa, KoipabiscmaH, buwkek, np. Yyd, 215,

*aemop-KoppecrnoHOeHm.

AHHOMayus. MpusedeHsbl OaHHbIE 0 MeXOYHAPOOHbIX cmaHoapmax ISO e obsacmu 3awumsl om pU3UYEeCcKo20 hak-
mopa, 8 YacmHocmu, 2pynsl 8030elicmeus, Ha36l8aAemMoli « MUKPOKAUMAm». PaccmompeHsl 0OCHOBHbIE uenu U 0cobeH-
Hocmu npumeHeHusa OaHHbIX cmaHOapmos. OnucaHbl OCHOBHbIE YOKMOPbI U rpesbiuieHUe peKoMeHOyeMbIx npedesnos
Ha paboyem mecme. [pedcmassneHo onucaHue 06 06HOBAEHHbIX Kpumepusx, rnepedossle NMPAKMUKU rnpu eo3odeli-
cmeuu menaa u xapkol cpedol. Takxe npoaHanu3uposaHsl MexO0yHapoOHsle obuwenpuHamele Nnpakmuxku obecne-
YyeHus cpedcme uHousudyanbHol 3awumsi Ha npumepe CLUA, KaHadbl, AnoHuu u cmpaH AgpuKku. PaccmompeHsi ro-
cniedcmeus ucrnonb3osaHus CU3 npu noselueHHbIX U MOHUMEHHbIX memiepamypax MUKpokaumama paboyeli cpeodsl.
OnucaHsl cnocobbl u OaHbl peKomeHAayuu 018 CHUXEeHUA mernsa08020 cmpecca nosns3osamenam CU3. MpedcmasneHol
pe3ynbmamel Hay4Helx Uccnedo8aHul, MoayvyeHHole 8 X00e peanu3ayuu Hay4Ho-mexHu4ecKol npozspammel HaG memy:
«PucK-opueHmMuposaHHble 0p2aHU3AYUOHHO-IKOHOMUYECKUE MeXaHU3Mbl obecriedeHuUs 6e3onacHo2o0 mpyoda 8 ycioeu-
Aax cospemeHHo20 KazaxcmaHa» (MPH OR11865833-0T-21) 8 pamKax npo2pamMmHO-Uesn1ee020 (hUHAHCUPOBAHUSA Uccre-
dosaHuli PecriybauKaHCKO20 HAYYHO-UCC1e008aMeAbCKO20 UHCMumyma ro oxpaHe mpyda MTC3H PK.

Kntouesble c108a: MUKPOKAUMAM, cmaHOapm cpedcme 3awumel, HOPMAMUBHO-MPABOBOE pe2ysnuposaHue, mMmexoy-
HapoOHble cmaHOapmel, cpedcmea UuHOUBUOYanb6HOU 3auumsi, pabo4as cpeda, NPogeccUoHanbHeIl PUCK, MPou3800-
cmeeHHoe 8030elicmaue, menao08asa Ha2py3Ka, 30WUMHas o0exoa, gpusudeckuli pakmop.
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