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Extended Abstract

Working in a high-temperature environment with continuous heat exposure affects the health of

workers, such as uncomfortable feelings, exhaustion, fatigue, cramping, and heatstroke.
Heatstroke is a hazardous condition that may result in mortality. Occupational heat-related
iliness statistics from 2017 show there were 103 patients which put the morbidity rate at 0.17 per
100,000 people. A preliminary survey found that a power plant in Nonthaburi Province is a
combined-cycle power plant that uses natural gas as an energy source for electricity generation.
The high-temperature exhaust gas (approximately 500°C) passes and transfers heat to the boiler
to produce steam which delivers to the steam turbine for generating electricity. Daily electricity
generation can cause boiler carryover or high levels of chemicals in steam pipes which result in
erosion, leakage, breakage of steam pipes, inadvertently ineffective electricity generation, and
worker harm such as boiler explosion. To prevent damage to life and property, routine
maintenance and examination are required by stopping operations and opening the cooling
system for one week before operating boilers. However, the temperature in the boiler is still more
than 40°C, which results in workers in the boilers leaving before scheduled working time to rest
because of lightheadedness, dizziness, and fainting. On average, six workers per week
developed these symptoms. This cross-sectional study aimed to evaluate the health impact and
factors related to abnormal symptoms from heat exposure among boiler workers in the power
plant. All 33 workers in the maintenance and examination process of boilers in a power plant in
Nonthaburi Province were enrolled. The instruments used in this study were the wet bulb globe

temperature (WBGT), relative humidity meter, sphygmomanometer, infrared thermometer,
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fingertip pulse oximeter, and health impact and abnormal symptoms from heat exposure
assessment form. Data were analyzed by using descriptive statistics, and the factors related to
abnormal symptoms from heat exposure were analyzed with the Chi-square test. This study was
approved by the Human Ethics Committee Research and Development Institute of Suan Dusit
University (SDU-RDI 2021-031) on July 7, 2021. The results of the study showed that the wet
bulb globe temperature in boilers during the working time was 32.75 — 35.24°C. Relative
humidity was 38.6-68.4% and basal metabolic rate (BMR) was 285.70 — 340.05 kcal per hour
which is classified as a moderate workload. Over half of them (51.5%) had a body mass index
(BMI) in the obesity range (25.0 — 29.9 kg/mz). 63.6% of workers had 20 years work experience.
Heart rate after work increased by 43.0% and oxygen saturation from the fingertip decreased by
3.0%. The most common abnormal symptoms from heat exposure were excessive sweating,
thirst, itchy skin, red rash, cramping, and blurred vision accounting for 96.9%, 93.9%, 69.7%,
63.6%, 48.5%, and 45.5%, respectively. The risk factors associated with abnormal symptoms
from occupational risk exposure of boiler workers in power plants were weight, height, workload,
duration of work, alcohol drinking, and electrolyte beverage drinking (p < 0.05). The results from
this study showed that the administrator and employees who work in the power plants must
control and maintain the heat in line with standards, and according to the law to ensure safety for
operational workers. For example, improvement of the working environment to increase heat
release, appropriate personal protective equipment (PPE) for workers, proper working hours
within boilers, preparing emergency aid tools for an emergency situation, working environmental
monitoring and measurement of WBGT, air velocity and relative humidity before and during
working in boilers. Screening for the proper candidates to work in boilers without medical
histories such as cardiovascular diseases, hypertension, metabolic disorders, and obesity. In
particular, drinking alcohol before work must be prohibited to enter the boilers. The
establishment should conduct a hazard assessment including surveillance of illnesses from
workers exposed to heat which could prevent and reduce the risks or hazards that may occur to

workers to be more effective in the future.

Keywords: Health impacts, Heat exposure, Power plant, Boiler worker, Wet bulb globe
temperature (WBGT)
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Table 1 Personal information and working condition of the operator inside the boiler (n = 33)

Working condition n %
Age (years)
<30 2 6.1
31-40 3 9.1
41 -50 9 27.2
51 -60 18 54.5
>60 1 3.1
Weight (kg)
Mean + SD = 75.64 + 15.34
Height (cm)

Mean + SD = 168.15 + 5.73
Body mass index (kg/mz)

<18.5 (Underweight) 1 3.0
18.5 - 22.9 (Normal weight) 5 15.1
23.0 - 24.9 (Overweight) 4 12.1
25.0 - 29.9 (Obesity class I) 17 51.5
>30.0 (Obesity class Il) 6 18.3
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Working condition n %
Congenital disease
No congenital disease 20 60.6
Diabetes 9.1
Hypertension 21.2
Other 3 9.1
Alcohol drinking
Not drink 7 21.2
Drink 26 78.8
Electrolyte drinking
Not drink 19 57.6
Drink 14 42.4

SD, standard deviation

Table 2 Comparison of health information of 33 workers before and after working inside the

boiler
Health information Before After After-Before p
Mean SD Mean SD Mean SD

Heart rate (bpm) 85.42 10.19 122.21 8.82 36.79 -1.37 <0.001
Body temperature (°C) 36.66 0.19 3787 0.22 1.21 0.03 <0.001
Blood pressure

(Systolic: mmHg) 136.58 15.08 146.24 13.03 9.66 -2.05 0.005
Blood pressure

(Diastolic: mmHg) 856.67 7.34 89.15 6.39 3.67 -0.95 <0.001
Fingertip blood oxygen (%) 97.61 146 9473 1.18 -2.88 -0.28 <0.001

p by paired t-test; SD, standard deviation
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manininudova: 38.6 lusuiBouna s:aundWSoUVaIRrUKNUIDAUAUINau (WBGT) aidminnnu

35.24 aupnisaided na-rorurniiondaulnau (WBGT) sdniniiu 32.75 asrisaigod lusudnnis
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WANS:NUN WAV IWIA=9INISEHAUNATIAAI NS SUAAI WS

meluntounlsdlwwa Bawans=nunavnwidAnglénn indeoaninsusuniesosa: 96.9
ns=reduInSoua: 93.9 iiuAunuEontvsoua: 69.7 MRWALUtiousINAISoUSoya: 63.6 10U
M=ASOUSIONUIVUNIA:VISoua: 48.5 azdonasmwsaiosoua: 45.5 douanisinunAninuaviednulsa
auIRAYINNISAUEaRUSOU (Heat stroke) ISavarsiuanuaniUritoslsinn oannsledu Fwasisiu
189, GonsUanAsy:un TAouddnduau Guw, 10uaununan nazdonisionflubinde arunni
SWNYEIUINNIN 40 avAsalBeawusosa: 24.2, 21.2, 12.1 1a: 9.1 mUaIAU (Table 5)

Table 3 Wind speed, relative humidity (RH) and thermal level of the wet bulb globe temperature

(WBGT) based on operating characteristics inside the boiler

Tasks Wind speed RH (%) WBGT (°C)
inside the boiler (m/s) (Min) (Max) (Min) (Max)
Space management 0.20-1.00 47.0 67.0 32.75 35.24
Inspection and analysis 0.20-1.00 58.5 68.4 33.10 34.90
Boiler cleaning 0.20-1.00 39.8 53.8 33.50 34.50
Pipe cutting 0.20-1.00 52.7 60.4 33.50 34.40
Pipe welding 0.20-1.00 38.6 41.6 33.68 34.60

Table 4 Determination of the average heat level of the wet bulb globe temperature (WBGT),

metabolism rate, and workload by type of work

Tasks WBGT average (°C)  Metabolism rate (Kcal/hr) Workload

Space management 34.31 316.55 Moderate
Inspection and analysis 34.13 285.70 Moderate
Boiler cleaning 34.28 324.25 Moderate
Pipe cutting 34.20 340.05 Moderate
Pipe welding 34.05 311.50 Moderate

ToPeATAI WAIWUSTIUOINISETAUNAD INNISIEUIAAI WSOUVO LU U LN e
UalswwiIwi

JadunRdnouauwusnulsAuAGiunoUSoUINNISHIU (Heat rash) o8 wided1Arynuanis
Ao Uedudnunisiulioanadod (p = 0.040) Uaduhdnoiuduwusnunisiduauitiovainaoiusou
(Heat syncope) og1TUsdAYNWATA Ao s:u:19a1lunisringaunaznIsiuindovAuIngons
(p = 0.026 112:0.034 paAU) na:0dendnouauwusaunisidulsnaunnn (Heat stroke) 9619l
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UadnArynwana Ao Jededudniin douguna:n1s:=1u (p = 0.039, 0.001 1a:0.001 MUAIAU)
(Table 6)

Table 5 Health impacts from heat exposure of 33 boiler workers

Health impacts Have symptoms
n (%)
Heat rash
Skin rash 21 63.6
Itching 23 69.7
Heat cramp
Cramps in the arms and legs 16 48.5
Stomach cramps 4 12.1
Muscle spasms and pain 12 36.4
Heat syncope
Fainting 8 242
Moist and cool skin 12 36.4
Palpitations and weak pulse 10 30.3
Heat exhaustion
Excessive sweating 32 96.9
Dizziness, nausea, and vomiting 8 24.2
Fatigue and weakness 10 30.3
Thirsty 31 93.9
Fast breathing 12 36.4
Blurred vision 15 45.5
Heat stroke
Confused and irritable 7 21.2
Abnormal behavior or delirious 3 9.1
Dry and red skin all over the body 3 9.1
Palpitations or rapid pulse 8 24.2
Severe headache or dizziness 7 21.2
Anhidrosis and body temperature above 40°C 3 9.1
Unconscious or refer to hospital 4 12.1
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Table 6 Factors related to abnormal symptoms from heat exposure among boiler workers

Abnormal symptoms

Health information Total Heat rash Heat cramp Heat syncope Heat exhaustion Heat stroke
sample n (%) p n (%) p n (%) P n (%) p n (%) p
Alcohol drinking 0.040 0.134 0.104 0.438 0.225
Yes 26 17 (65.3) 4 (15.4) 5(19.2) 12 (46.1) (7.7)
No 7 2 (28.5) 0(0.0) 0(0.0) 3(42.8) (0.0)
Duration of working 0.379 0.197 0.026 0.067 0.176
<20 years 12 7 (43.7) 1(8.3) 3(25.0) 8 (66.6) (0.0)
>20 years 21 12 (70.5) 3(14.2) 2(9.5) 7 (33.3) 9.5
Electrolyte drinking 0.253 0.054 0.034 0.371 0.135
Yes 21 13 (61.9) 4(19.0) 5 (23.8) 10 (47.6) 2(9.5
No 12 6 (50.0) 0(0.0) 0(0.0) 5(41.6) 0(0.0
Weight 0.129 0.161 0.224 0.416 0.039
<50.0 kg 2 0(0.0) 1 (50.0) 1 (50.0) 1 (50.0) 1 (50.0)
50.0 - 80.0 kg 19 11 (57.8) 2(10.5) 2(10.5) 9 (47.3) 1(5.2)
>80.0 kg 12 8 (66.6) 1(8.3) 2 (16.6) 5 (41.6) 0(0.0)
Height 0.333 0.127 0.117 0.123 0.001
<150.0 cm 1 0(0.0) 1 (100.0) 1 (100.0) 1(100.0) 1(100.0)
150.0 - 170.0 cm 21 12 (57.1) 2 (9.5) 1(4.7) 7 (33.3) 0(0.0)
>170.0 cm 11 7 (63.6) 1(9.0) 3(27.2) 7 (63.6) 1(9.0)
Workload 0.259 0.126 0.053 0.342 0.001
Light 1 0(0.0) 1 (100.0) 1 (100.0) 1 (100.0) 1 (100.0)
Moderate 17 9 (52.9) 2(11.7) 2(11.7) 8 (47.0) 1(5.8)
Heavy 15 10 (66.6) 1(6.6) 2(13.3) 6 (40.0) 0(0.0)

“p by Chi-square test
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ofnuUs1ewan1sdve

wans:nuNWavNIwIazaINIsaUNAINNISHIUaLTandISauvaIgURUAIIUNTeTuniio
tnIsauuIwWanrag dandseanidu 5 nduanas Tain nduanNIsuAiuIANIA=AULOKUN (Heat rash)
N3uUoIN1SA=ASI9INNISHUAUEAADUSOU (Heat cramp) nduanisiduauitied9naoudou
(Heat syncope) nauainisaouiwaganndusSau (Heat Exhaustion) la:nduainisduwusnulsnau
IAAYINNISNWIUAUWENUADIUSOU (Heat stroke) IﬂUmmsGmUnﬁﬁ'wumnﬁam 5 duAUISNIINNIS
Jomeunieluriiounveulsssuwaniwwalsin DikiooonInsunievou:UgUuaiu ns:niguauin Au
USIOrUEONUN Dwatiunay 10um:=ASoUSIonuIVUVAIIazdo N 1snaws 0 Anidusoua: 96.9, 93.9, 69.7,
63.6, 48.5 l1a: 45.5 muaiau [nedoulnnye:=donnasiantiosfivdiunaty wan1sAnuiwudn ARSI
NsIAUADT AoWAUTaAR 9rurNIISINTY 1a:ArPaNBIRUluIdonnounla:navURUuANIULAIIANATY
AuagwlidodArynana AtitiosennisufUmnuluAwuRRGAoWSeugudus:a:10a1UU9:ddwa
ns:nusosuMelngiawA:s:uunisielenazs:uulnadeularn ' rlEFolRgUKGNUINTU TR0
giodnsidoondiouiiuiu duwaniiiAtUsunrueendiouluidondAitiosad SuanwanisAnuIwudnsa
nsisiuvesralanouna:nasnisufusunislurbouwuvutiu§osa: 43.0 a:AUSuntuoandiaulu
iFenUansliolndsveyunuminunouninufUanumelundetiniiniudosa: 97.6 AUSUNueonBIau
Tuidendanulondsnainisuguaviuininusosa: 94.7 GdnsaUsunruoondiauluidonanavsosa:
3.0 MlAGUAUANUTANMUIKTesdn souway rinlin leduna:iduaulditedidonndoiunisAnun
vovaam ualniazacu:' ' AwugdedeninouduwussonisiUasunlain1uiuassangnainnissu
dulanousouvasALUILfUILUAIIALTUIInSABAUS Aes-Aundusauluanwiondounistinu
UA2WAUWUSNUSNSINSIAUVOIADIY AoUAUlaRngIdaviuzAalatuAaNa:nduAUTaRngIgAVIu:
HolonanemoogbtudArynana uon9INTgIwudn QUﬁJﬁmudeuijUmwa?iwrhﬁu 49.67 U
ongauanIniu 61 U tndnegs:nona 51 - 80 Ailandu (Sewa: 57.6) Unnliniaduininu 75.64 Alansu
InoguRUAMUGintnguan 110 flansu GAndstiuoanie (BMI) Anoglugod 25.0 - 29.9 kg/m” B4
agluinrurigous:au 1 1I0udoulnry (Sova: 51.5) fﬁsdvﬁﬂﬂvﬁ'ﬂIHé’]ﬁO:dJUﬁTﬁQUﬁUﬁJWUUHO’]UIﬁ:U\]GiO
MSIARSUASIBINNISHNURGIDIGUEEAISOURIWLYVURITKUS:AnSn1wiunasrinuuanasdnsios
Fudonndoniun1sAnuIvoy Sett M. and Sahu S. ' AnisAnwAUNUILBIUSonTuds:INABUIRY
wu31 Tunsininufinisduiianoiusoudie:aiuanodnsinisiAuvadiole AoTUIASANA:
Us:ansmwlunsritviuanad Inswunouduwusvedarunniigavunn « 1 avAsaiGear:rinlAlea
Usurrununanadosa: 2

luAud99eRTAI WAUWUSTIUDINISTAUNAIINNISTWIUEUEAAI WU VOIUNUAIIL
nnelurtiounlswuauTwa wusn Jedendnouduwusaulsauaiiunomu$ouainnashiuau (Heat
rash) g whlgd1ArYNatia Ao N1sALIDaNagod (p = 0.040) NTIToINONEVOUIDaN0Tad:1n
Hidudonuoslfitontivvensmouniu rlswnearyidedazindonsainsnaunlulfifuioanosod
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noliinndun:ASolsdne *° dnsinnsaryidunousouvedsumMeRIiLTU TnisiuindosanuuINng
Unfila:e:1iuAtiuAuRUSIonuEont ' giRAuieanssede:Tuns:iunisrinauvedialeligudnidon
18onazisavu rilkaowaularnau FolerivundniieaudniZenlUiduadousing 4 vousune nas
ibo9:AoslfumuluRRTNsdudanuauSoufe:wulonaiduarintigonia:deganlaunaou -
TudouvesdadeninouduwusiunisiduauitiosnnAoiusou (Heat syncope) agbdudiAryniy
ana Ao Jedesnus:uzioanlunisriniuna:nisauindosauinaons (o= 0.026 1a:0.034 AUEIGU) Ba
domndauiunisAnuiwans:nusieavnwaInnsitvulunguauriqutinds ' wusa nasrinanulu
anwinndeundnouseudlus::19a1uu 2:flAINANNSA:aUAISUVEISINY SHNBTNSTU
AoWSeuLeNNWEoHINrIKaryIFsina:TsiisuoenuAuIKiounVu IdelulAiNMssABEfoutSe
InoNse=auwaliinano:viath 10un:ASaazauwans:nusiesWNEURUAMUIE 1a=91nwanisAnun
twusnJedennouduwusnunisidulsnauiinm (Heat stroke) ogwiidudArynvana Ao Jedesau
tnuin douganazns=1u (o = 0.039, 0.001 12:0.001 MWEIAU) BudonndouunIsAnyILans:NU
voulhnlindosiofstinouIASnNanIweInIASau * wusn uananGuartingouINGAd LIRSS
N1SINASUNSIB9INAIUSaUZINIAUATUKINAIUNG TuTedusinudougudinouduwusiunisiin
n19:auInn GidonndounuwanisinunnouIduIsuanIweINIA InduALIa=gUANSAIIFUJo891N
pouSeuluanuAnioasy * wugn douguniludeduRinoudauwusBauonsornfAstiuoante WURED
Tunnss:uneA2WSaUNA:NISTUIKIOVOISNNMBUULE 13:9I1NKWANISANUITIWUSISNSINSIWWATTY
WaUVaIALNUSEUBaY 285.70 — 340.05 Alannassrosaluy Badnidunis=aus=Audrunans Tunn
anuruzonu Tain vudaniswunnielurdoln viunsavdeudinsaziMeluklodn yurinnouE:on
JuARRanazuidounio IdounuWeNsSUNMUUS:NIANANS:NSAIMKUALIASZIUTUNISUSKISIANTS
na:AIdun1senunouUasnisedosundunazaniwiondoulunisrininufe oAunUSoU IEdasNd
Iasi3ey W.A. 2559 ° fnundn s:ﬁums:\numhunawaiuﬁémswm&mumrgmmsiushumaasﬂuzs’ou
200-350 kcal/hrs. Uu v:m"ouﬁdws:ﬁunmu%u|ae‘iuvauthgﬂlomﬁamnau (WBGT) Tuifu 32 a3mn
ma|%£Ja||r;iFhs:ﬁun:nu§awa§iuvo\1QtuhQUlomUaUInau (WBGT) vou@dﬁﬁﬁmumaiunﬁoﬁﬂ U
AMUSoUInAaLIULY 34.05 - 34.31 auAIsaluaBuliAAUSoUINULINSTIUANNKUIEAIKUA
AudnieluntdoinduusionufiAudniss:urgainaria:ntginavusoulfiog1sdnn auduaniu
Us:znounislslwwhe:sieviinmsAnGiunisaouAuiia:snuns:Aunsudaulikogiuinnuriiinnruieniinun
3isliiAnAouUasnnusoguURIU Ténn n1susuUsaniwiondeulunisingiulkiiniss:ung
AWSOUIWLVU N1sAnAaWRauIdn (Force Draft Fan) Wnauga (Induce Draft Fan) IWuunvuludou
RaunluflkunAsedlualoesugosiuniss:ursnauSausounuldyndouunoiudou (PPE) A
Inun=auTkAugUAUAIU Tnisrnruns:zpaRiknurzaulunisufuavunielukdotn nisdnimsou
aUnsnilinssosindeilousiu nstliifninnnisnianiaufonaidudunsiesonuIu GN1SRsI9dA
anwiondsulunisniu Ars:auAdIUSaUgrUKNdIonUadlnau (WBGT) AowISoauIa:ANAdIUEU
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duinsnieunazs=niwhtnisuguavumetunboti TnnsArnsedguURvURIKUA:aunuIu Tilsa
Us=91610 isulsaralonaznasniden IsnnotudulaingundolsaninowinunAIngonuIunUeATL
NMSANUDUABTLOANTY (Body mass index: BMI) fiawudnbs:audnkaniiu (AMBMI uinnsnse
MU 23.00 kg/m’ WUTY) na:dnnsiuasiunneulinosounyAlRiAIUUGURIUNeTuktoun Tunst
ADEUAUATUNUITnUKSaURUAIMUINHg ARnuuTUS:g:rTive=FiosdinisusuddlAnunuAduSou
(Heat acclimatization) agtios 7 — 14 durioumuAUzUVod NIOSH ' Aui9INwan1sAnu
aunsnuinUiBiduveyalumsdarinnuontinouinsnisnounulonu anAouIdeia-dunsienen?
inAVUFeURUAMUTUTSIIWWATKTUS:anSnwunddwusiol

asu

nwan1sdduasitasulasrgunomunielundonlssvulwia GaouidussonisTasy
Wans:NUIA:dUNSIINWAVNIWIINNISHNIUAUTAAIWSaU BudedeidesAwuldinn gURURIUD
SnsINsILLatrywanuaglukod 285.70 - 340.05 Alainasssosolud Budnidunis=uus:audiu
nany Js=AugrunnluanIwIondouNSHNUZILINNGN 34 aurisaiBed Guls=AunouSauINUNIn
As=AUAUSaUInAsVaIgrUnnTIonUallnau (WBGT) Annrunerirualdnluinu 32 aurmisaiged
Us=neunuanwiondeulunisrinuiinisa:aunoiuseuginmeluniotin mMss:urgeniAnazAau
Souluditiosnnidus:uuln idewastunfusnudeduaouynnawusnguniRnugdoulnniAastiuoa
n"g (BMI) GAnagluzod 25.0 - 29.9 kg/m’ Suagluinruridous:au 1 10udoulrny Gnmsauasiauiissos
a: 78.8 Hu9:1WUAOUIABIRENTSIASUSUNSIB9INNISHUUINBIVUlRgaNsEAUNARINYIToUAU
IsnaunnIINNISaUEanIIUSoU (Heat stroke) ﬁquuQUﬁUﬁmumuTunﬁoJﬁ|§U\1é"1ﬁu0'mmnlu
ntesléinn Goanstedu swesiduiSo, TonsUonfsu=un TAow§dnduau Guds, 1Juaununas
na=onsionty Iudinde na:dorurnniisWN1eguuInna 40 aursaiGoanuaau

Volauanu:Tunstinwanisadeluls asuldaud 1) TumsrinuRdesdudanouSouluWunUn
na:dorunnia 15U nelundoun URUAINU:AeIlnisnsovanwswnieneudfuRvunnasiosng
1InSIASA TANN N1SMSI9EdUS=AUAIIUSENMD dnSINISKHIUTY 9IUNNUSIINTY SNSINISIAUVDIADID
AowaulaRnIa:s=AusenBisuluiFonINUatslo IoUs:ITUAUSSNU: AOUWSOUVOISHNMERoUIT
WuRRGAUIFsauTun1siguna:AosritnisUs:IDUNa:ARAMULANS:NURDIIAAY UNTEHAINTS
AunnASIGouIuIRBonU 2) antuds:naunisAosANIUNTSASIIRANWIDAFEUTUNISHIIU
T8in Ars=AunduSaulndsvadarunniondadlnau (WBGT) AowiSoau AUBUAUWNS N1ss=une
poIuSauNazs:uUs:u1gaINTAlRAdUIKUN:aUIazINAndUUasnngmRaNISAIU 3) URUAvIU
2:=fioviinisiindouna:ugunnuligniesniunannisriniuiuasnie TnsINSEUAIUWSOUSIUAY
nslinisgouindenstifarnaniauiunmeluaniuininu 4) guskisesfiedsntuulouns Fariuu
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