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Abstract

This cross-sectional analytic study aimed to assesstoluene exposure among gasoline station workers. The study
was conducted among 192 gasoline station workers in Khon Kaen province. Data was collected by the questionnaire for
the general data, working information and adverse health effects from toluene exposure. The ambient air samples were
monitoring by area sampling and analyzedfor the concentration of toluene by GC-FID and the urine samples were col-
lected from workers after shift work to determine the hippuric acid level and analyzed with HPLC-UV. The results showed
that there were 158 fueling workers and 34 cashiers. The most common of adverse health effects of toluene exposure
for fueling workers was headaches (48.42%), for the cashier workers was skin irritation (63.16%). The average toluene con-
centration in the ambient air was 40.30 + 66.66 ppb and the average of the hippuric acid was 422.71 + 977.97 mg/g Cr.
Hippuric acid was higher than biological exposure index (>1600 mg/g Cr) in 6 workers (3.13%).Considering toluene concen-
tration in comparison of workers exposed to less than 50 ppb to 50 ppb or higher, it was found that the cashiershadsta-

tistically significant difference of hippuric acid levels. In conclusions, the adverse health effect of cashiers at gasoline
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Toluene exposureassessment among gasoline station workers

station was specific symptoms from toluene exposure. Consistent with the hippuric acid level in urine that was increasing

when they were working in higher concentration of toluene. There should be a health surveillance in the cashier workers

who have to persist sitting and work regularly in the booth at gasoline stations.

Keywords : Fueling/ Cashier workers/ Exposure/ Adverse health effect
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WAZTULTIN MNAY

2.2 mydaszAuanududuvesansingduluusseinie
msvhanuvenauganduinsisudemas Tnofushedis
omALUULlunshauremtheuaaivsnsisudemas
vaufinmsufiieu susnalndiitne werusnauminnuiu
Rulngliwasmiufiogns Charcoal glass tube Ju SKC 226-09
(Coconut charcoal; 8 x 110 mm; 220 mg / 400 mg) fidouse
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ﬁu%mq}mmmﬂ douiudnsnislvadl 0.2 Ansreundl waziln
sdaraiiinmannszavnansyhauluna ¢ $alus faliiseu
nsvnglarentingu (1.5 lWng) mMumrann1sved NIOSH no. 1501
fetemagniiuinulivigaungll 4 ssmwaidea lunwuy
Unuazvhnsdsiiseiiviesu fiRnssewaios GC-FID (Limit
of detection <0.0001ppb)

2.3 mylngviszaunsagunsalulaanndadnau lag
Tunsifiushednetlaanerdudnnuueminnuaatuinnsigu
Womadldinsmseumnmdsuvomiinaulnenisiuesianis
iushegstlaanziigndes uazngumiineududiiliguyvduas
Liifuueanesed setlaanisfivlunvuslod 4 sswades
wazddlulnsesiiiviesl foRnnssewe3es HPLC-UV (Limit of

detection <0.01¢/g Creatinine)

2.4 adnnlddmSueduednvausUssansiardnua
nsviruresntheruiiaueslsaeds (rarundowuu
1AsgI) AR Ageae-snan uazdesas Tunsdfuusde
Lﬁ'aﬂﬁﬁmﬂwﬂLLN"L;JUﬂaﬁwLauasﬁaadaﬁwmﬁé'mwdw
Awsina (Interquartilerange: 1QR) SAUAIUFURUSVDS
91N15UANIINNTAUNAA1TINgBulazduntsaulag
ai@ Fisher’s exact wagiUIeugUATsEgIUVRITEAUNTA

1 o

7
FunIaluudaziuusaig WilcoxonMannWhitney seautle

aa

1AEYNIEdAN <0.05

No

MmAeillaTusyiianamenssunstesTsunTIdely
UYwd UNINIREVOULNAY LA HE592330

3. Nan1sANE

3.1 dfayahlureaminmuaniuinsisiudomas

winnuaanduimshiudemasiuam 192 Ay unina
Wity 158 Ay (82.29%) wagniinaufniiu 3¢ au (17.71%) du
Tnailunandadiuau 118 au (61.46%) wiinudulngleny
1NN 30 T S 105 Ay (54.69%) Tlengiadeiindu 33.30 +
10.68 U lnewtnauduau 104 au (54.17%) danuzlan aunis
AnwsziudseunazaininseauTsendiuig 116 Ay (60.42%)
dmduanuisesaanivinsisudemadintnaurienudi
Tngvhauluiiufivenidlossuou 160 Ay (83.33%) waswiney
WU 121 AU (63.02%) veulunznansiu dussaunsalluns
vhannnnt 19 o 113 eu (58.85%) aniinaunguild
Uszaunisalvinnuagsening 3 ieu fa 30 U vieu 6 Tusieduani
§1uau 156 A (81.25%) Mawanslumsedi 1

P v & @ N A =1 a
M1919N 1 ‘UE]i_lJJaVI’JVLTJ‘UENWHﬂQ']‘UﬁO']U‘Uiﬂ']3‘1«!’13JUL6UE)LW@\'1
(n=192)

PNUNULANUIAY  WENTUAALIY

(n=158) (n=34)

LN
¥18(74) 69 (93.24)
NEYa(118) 89 (75.42) 29 (24.58)
219@)
desndviewindu 30 UeT) 72 (82.76) 15 (17.24)
........ 1N 30 T(105) _86(81.90) 19 (18.10)
Sfseguhan-gage) 31.27 32.53

(18.00 - 65.88)  (20.30-54.54)

01Uz

........ Taw/aguuuifien(ss) 75(85.23) 13 (14.77)

at1dur(104) 83 (79.81) 21 (20.19)

SEAUNTTANG

........ ﬁjﬂjm?awhﬁuﬁﬁwﬂm(l16‘)‘” 102 (87.93) 14 (12.07)

ganindsendane(76) 56 (73.68) 20 (26.32)

Huiinsvesaanfiuinsiiudomas

ludlesz2) 26 (81.25) 6 (18.75)
uandoawuiiosazsuun)(160) 132 (82.50) 28 (17.50)
Uszaunisalmsineu@)
fdouniwzemiiiu 1 U 64 (81.01) 15 (18.99)
i 1Y 94 (83.19) 19 (16.81)
feguEgn-guan) 158 (0.2530) 2.5 (0.25-22)
ATV
NENaneiu(121) 98 (80.99) 23(19.01)
NEAANNAU(TL) 60 (84.51) 11 (15.49)
Sruautuiivhauseduai
Hounivsainnu 6 11(66) 130 (83.33) 26 (16.67)
111071 6 T14(126) 28 (77.78) 8(22.22)
Fruaudaluanisvirausedu
Hesnimiewiiu 8 $3lua(66) 49 (74.24) 17 (25.76)
1nning $Ta(126) 109 (86.51) 17 (13.49)
Uszaunisalousudnuaulasnne
wAL(146) 120 (82.19) 26 (17.81)
lalimena6) 38(82.61) 8(17.39)

3.2 szAuanudiuduvesansingduluusseinianisyiay
(ppb)

MNNsAnfegansaninansingduluiiufiufoanuves
wihonuaadusnaitudemdmuiherudiduedeiiswhiy
40.30+66.67 ppb (8.08-405.92 ppb) A1 IQR WU 28.50 ppb
TngAadefininanuduitududadainiu 37.66459.56 ppb
(8.08-405.92) A1 IQR Wiy 30.06 ppb A ududuadeiingnay
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AnRuduNalAvIAY 52.58+93.04 ppb (8.08-405.92) A1 IQR
\Winu28.75 ppb izﬁummLﬁi’fwﬁul,a?iﬂ‘uaamﬂwgﬁﬂuﬁuﬁ
waLlawdlAyinay 98.684119.21 ppb (15.48-405.92) A1 IQR
WiINAU 23.50 ppb Wazwausniilawdiaintu 28.63+41.77 ppb
(8.08 —287.47) A1 IQR Winfu 14.06 ppb wazdlefiauiua
UINTFINVBI ACGIH(5) TLV-TWA wirfiu 20 ppm wu i
anafelafifidniuninnasgiuivun

3.3 9IMTUAAIINNTHURATINgBUIINN1IINaTY
39 3 ioufiiuun

mnmsﬁumwaﬁmmmﬁmﬁLﬁﬂmﬂmié’mﬁamﬂmgﬁu
Tuusserniansrhadlugie 3 Weufiniuunuimdneuid
2INTUAAIITIUIU 114 AU (59.38%) drulugningudens
ogluszdunn (78.07%) Tnemuenmsuans 5 sefugean Ao 1)
UInAsEe (49.12%) 2)52A1ELADIRINNS (41.23%) 3) NuufTyy
(39.47%) 4) szA18LADsTzUUMILAUMEla (29.82%) way 5)
WBume (28.07%) o1n1suansvasntnaulussduUIunana
(21.05%) WUeIN"S 3 ©1MT Ao endeu duau uaznduile
DOULTY Wummmamﬂuizﬁuimmﬁqm Ao nunaR (0.88%)
Tungumiinaufsiiiu fauandumsed 2

M197197 2 BIMTHARIINMTENREANSINgBuINN1TYIUlusey
3 euitiua (Ndensiuiu 114 aw)

NUNUANLILN WUNUARRY

AINILAA 39U
(n=114) (n = 95) (GERL))

sEAUM 89 (78.07) 75(78.95)  14(73.68)

Undsue 56 (49.12)1 46 (48.42)1 10 (52.63)2
NyufsEe 45 (39.47)3 35 (36.84)2 10(5263)2 """
lo 16 (14.04) 150579 1(526) .....
SEAELABIAN 24 (21.05) 21211 3(1579) .....
seanefieangluaun 34 (29.82) 280047 . 6(3158) .....
SEAELABIRITI 47 (41.23)2 35 (36803 - 1 2(6316)1 '''''
June 32 (28.07) 5Goey 1(526) .....

szauUIuNang 24 (21.05) 19 (20.00) 5(26.32)3

Fue 8(7.02) 8(8.42) 0 (0.00)
néuniledeuuss 8 (7.02) 6630 2 (1053) .....
SRR 11 (9.64) 9047 2 (1053) .....

FTAUTULS 1(0.88) 1(1.05) 0(0.00)

AUAER 1(0.88) 1(1.05) 0(0.00)

1, 2, way 3 Ae nulueInisandui 1, 2, 3

*UANGNAUTEWINNTNNULAN LT ULAE NN UAAREY
oslitadANIeEia (p-value < 0.05)

N vaa

ﬁmimwmmﬁLmu'Nmwudwwﬁfﬂmmamﬁwﬁumwm
21NSUANIINNTANHAA1TINgBY U 95 AU (49.50%)
dilvginuluszdusdnu 75 au (78.95%) wuensgega 3
9113 Ao UInATuy (48.42%) 5998911 AD NEUATYZILATTEANY
el (36.84%) uaze1nsiiune (32.63%) lungunidneu
ARRUNUDINNTENER 3 9INNT FiB SeANELARIHIVIY (63.16%)
5098931 Ap UInATyslazDeuATYy (52.63%) LageIN1338A18
dewnauiumela (31.88%) mudidudawandlunnsnsd 2

3.4 sgaunsadunsaludaanisndadnnu (me/g Creati-
nine)

fegvdaanigndsdnaiuvesntdniiuaniiuinig
drudendssiuay 192 fegae nudn SAnedeminfu
422.71+977.974mg/g Cr(10 —10889.47 mg/g Cr) A1 IQR winfiu
311.63 mg/g Cr IngnuinAadevesseiunsnduyialuniinny
Wausidiniu 436.9041055.96 mg/g Cr (10 -10889.47
mg/g Cr) A1 IQR iU 316.41 mg/g Cr WagNUNUANRUL
isﬁﬁﬂiﬂ%ﬂm%mﬁmmﬁu 356.73 +474.72mg/g Cr(19.38-
2099.22) 1 IQR Wiy 236.17 meg/g Cr laesedunsadunsa
wdslungundnauivineulufiuiioniesiia iafy
640.48+1937.30mg/g Cr (10 ~10889.47 mg/g Cr) A1 IQR wifiu
218.2 mg/g Cr LazlunuanilioadiAvinnu 379.16+£636.97mg/g
Cr(10-6860 mg/g Cr) A1 IQR WU 314.95 mg/g Cr AUaI9U
waziiolsunuaduinisdanim (BE;, ACGIH, 2019) szsunse
sunsaludaanendudnanudedlsiifiv 1600 me/g Cr wuind
wiinasIuIL 6 AU (3.13%) AfAnAunimasguivuauasd
wifnawd g 116 au (60.42%) Aszfunsnduyiaganin
10%BEI (111N71 160 mg/g Cr) LuNMUAILKLNIUNYTT &
wifhaAndusuu 22 au (64.71%) Sninauduisus oy
94 Ay (59.49%) AUARU

35 LU'%EJULﬁEmiséfuﬂiﬂ%ﬂﬁﬂiumié’mﬁaﬁmmL%’wﬁu
vosasingduluusseniatesndt 50 ppb uay Faus 50 ppb
uly

ﬂmmnszﬁmiﬂ%ﬂwﬁﬂhﬂamwLﬁ'awﬂfmmé’mﬁami
quﬁuﬁmmﬁuﬁuﬁaaﬂdw 50 ppb 91U 152 AU (79.17%)
WAZNINAINYMIBLINAY 50 ppb Wud’ﬂumjuwﬁfﬂamﬁé’uﬁam’m
L%’m%ufuaamiiwgﬁuiumimmﬂmiﬁﬂmuﬁﬁaaﬂjw 50 ppb
ﬁisﬁwaaﬂim%ﬂﬁﬂLa?iawhﬁ’u 363.74+628.95 mg/g Cr (10-
6860 mg/g Cr) A1 IQR Wiy 311.3 me/g Cr mifnanuintisy
fiszaunsnduySaaaeviniy 373.744671.03 mg/g Cr (10-6860
mg/g Cr) @1 IQR Winfu 326.94 me/g Cr uaznuaadely
WUNUAANLLYINAY 315.314367.32 mg/g Cr (19.38-1810.53)
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A1 IQR Wiy 201.82 mg/g Cr ﬂmiwmmﬁumﬁuﬁﬂﬁﬁﬁmu
1ulfumLﬁaaﬁszé’msm%ﬂwﬁﬂLa?iawhﬁu 210.63+151.44 mg/g
Cr (20-513.89 mg/g Cr)A1 IQR WAy 166.24 mg/g Cr wazlu
fluftuenideswurminaudiszdunsaduniaaiswindy
373.38+646.36 mg/g Cr (10-6860 mg/g Cr) A1 IQR AU
320.82 mg/g Cr muddu Hauandlunnsnsdl 3
Wﬁmmﬁﬁuﬁamﬂwg%uﬁmmLﬁff:u 50 ppb Fuly
Tuszminamsiany wuimidnauiissduveansnduyiande
Winiu 646.77+1757.11 mg/g Cr (10- 10889.47 mg/g Cr) A"
IQR 11U 283.15mg/g Cr wﬁmmlﬁmﬁwﬂuﬁisﬁuﬂiﬂ%ﬂiﬁﬂ

\ABwAU 685.62+41936.86 me/g Cr (10-10889.47mg/g Cr)
A7 1QR Wi 276.365me/g Cr warnuanadsluninaudndu
Winu 491.36+743.96 mg/g Cr (47.19-2099.22mg/g Cr)@n
IQR winfiu 574.5mg/g Cr ﬁma@mmumeﬁuﬁﬂﬁﬁaawulume
Lﬁaaﬁizﬁmim%ﬂwﬁﬂLa?iawhﬁ’u 808.69+2274.86 mg/g Cr
(10-10889.47mg/g CrA1 IQR WU 316.07mg/g Cr wazlu
flufiuenideswuiminaudiszfunsaduniaaiswmindy
427.70+566.86 mg/g Cr (10-2099.22mg/g Cr) AT IQR AU
247.35mg/g Cr muad1su fauandlunnsnad 3

M13199 3 szAunsesunsaAlulaanendudnnuvesminnuaniuinsuidiudends (mg/g Creatinine) (n=192)

g

AUs :
(Mgn - gan)

1NAIAIBWINAU
50 ppb
(n= 40)

Honi1 50 ppb
(n =152)

LINA
We(74) 179.46 (10-2810)
neya(118) 207.98 (10 - 10889.47)

Y ¥
o

NUNAIVIFANTUSNITUIAULYBLNES

Tuiies32) 169.19 (10 - 10889.47)
yanilea(160) 204.79 (10 - 6860)
AU

Wi uRLeu158) 197.74 (10 - 10889.47)

NNIUAARL(34) 190.55 (19.38 - 2099.22)

Sruauiuiivihauseduansd
18NS 6 JU(66) 173.53 (10 - 1142.24)

111N 6 FU(126) 219.05 (10- 10889.47)

Uszaunisalausuaruanulasnng

LAe(146) 197.41(10 - 10889.47)
laiine(a6) 192.57 (10 - 6860)
STAUNISANWI

fnivdewihfusseudane(116) 190.89 (10 - 6860)

gennlsendane(76) 219.05 (10 - 10889.47)

274.29 293.08 221.63 0.066
347.92 322.25 401.38 0.076
218.20 166.24 316.07 0.606
314.95 320.82 247.35 0.255
316.41 326.94 276.37 0.698
236.17 201.82 574.50 0.015%
237.27 24451 183.27 0.366
354.19 347.04 77571 0.529
316.07 307.93 398.95 0.466
298.07 326.94 203.34 0.379
317.65 319.14 273.42 0.345
409.38 234.94 311.34 0.329

*S¥6iU hippuric acid AiuanAaiusEnIngunEnuARRUN&Y

50 ppb 9gNLTUEIAYNNEDAN p-value <0.05

Haanslngduanuiiuiuinnndviewiiu 50 ppb wazteundn
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4. aAUs1Na
mmsu,ami?iLﬁmmﬂmié’mﬁamﬂw@ﬁumaawﬁmmamﬁ
U'%mifwﬂw,%aLwﬁaﬁwwmﬁqm e omsUIndswe Wuens
Weafufuiieglginsaneluninnuaaiuinsisiudemas
yesssmAlneuds (9) wazdmuiuenmiioanondniug
91¥ndy 9 Adesdudaansingduainismsvinny wu wiineay
Fusn nIneuuuaadsalwih Gremdmesiaes Anvenisuin
AsvaLduemsseiuduiinutosiian (10, 11, 12) dwiueinis
FNUIERdIUT0IN15RADINSTILANAISTUTENI N LAY g
wiineudndtuasninnuAnty de onmsiiune Anddnay

v
a o w

WALTusER

1 val

GRILLET 'ﬁmmiﬁqﬂﬂdﬂuwﬁmmﬁmL'Euaemﬁ
foddymadagedanuaenadesiunisdnulunguedndl
msvhaludnuaglndifesiu de nsAinwainishungundnau
fﬂLLaamﬁial‘NﬂwLLaswﬁmwumEJG%ﬂﬁ]ﬁMﬁ@ﬂﬂﬁﬁma WU
TundnonuguaannisalwihTensduaeia 25% usninauwy
Filonsiiins 20% vesniinauiavan (1)

seduaudtuveslngdunuasguivuailiifu
20 ppm nnsAnwassinuifidanududuedewiaty
40.30466.67 ppb (8.08-405.92 ppb) A1 IQR Wity 28.50 ppb
nafingudeldinduaranududuiitosninunsgu
Avuadausazfiansaniaianududugeaninudsiidnios
2.02% vosrunsg it SelddinsAnwiRenfuarudduy
yosanstngdulunduniihauiufiReuieiuihdudemaasu
fu Tnenuhiimanududuadewiiu 477.64 ppb (13) Falen
Tn&iAesifurgeanvesnisinmadsd uimsfinumududues
asngduluussenmartilundunuhiidlndidestunsdneil
flo 135:+202 ppb (14) wardmuindnsinululnedinuiia
Anudutuvesansingduluussemanmsihnulameglutialng
WAestunsinuniiguiu fe 0.02 - 93.98 ppb (11) Fldut
arslngduamnsniinduldanndanindouuoniniloninnis
yhandlé wu annfiuinisthiudemdsifigdensa viefiiud/
Suomnsidesinislidenas sudsledesosudiiudeseenin
vuvsauLRaTIINNSANTIN TR duTisngT 50 ppb
vt ndunuidiszaunsaduysaludaanizgeninly
wiinauiidudaiaududusous 50 ppb uldluuiensel wu
Tungumiinauimeamne wiinnuivfoamluwausnisies ngu
i winnuivfoinulesndmiewinfu 8 dalug

sy vaudnsensaglasuniseususiuauasasieunnou
W nauwmanliisyiunsadunsageningndudanududuves
ngdufigendn Fagliiuldinnsdudaansingduiuldldiiou

INNITYIULNLIDENLA ALY LAEIINNIITUIINGILAL
NuuninnudndiulasninnuatuilszAunsagunsanll

mafunazauduiuildsuisialndiAssiu Sanuadioadei
s frunfwinalunguivhouluiiuiidnuas auwoy
L?JmLLaxﬂdmﬁﬁﬁﬂwmzﬁuﬁﬁwmmuﬂmsﬁmiﬁmﬁamﬂmg
BullndiAesity winnnsAnuiulddlfiuimarududues
a1slngdunazseaunsaguysalulaaizvesminanuliiany

v w6

AUNUD

a

3]

AUNTA

'
P

VUL

! (11) PMNNSANIASITUEAINANITIATIETE

Re

UN3AVBINTNIUAARUIINNTHUNAANUD UTU

Y

N130019NAN IQR nRunUImnaunguiliiseRunsngy

Nnas
Y
a A

RGN
Windwiou 3 wi Fauanafenisdudaansingduiiunainnns
ﬁwawumaqwﬁmmﬁﬂL?Wi’%awﬁﬂmuﬁéfaqﬂﬁﬂamﬂuﬁuﬁ%
nnnwinudiniisy L‘ﬁaaﬁ]Wﬂwﬁmmmjmﬁ%ﬁmﬁqﬁwm
UsziieiestunaeeiisiuentaziinisindoutheanuiiufoR
suthsnsdlfifimssin nmsufavehiumugdu Wudy

5. d3U
szﬁummL%w’ﬁu‘uaamﬂ‘mqSuﬁwﬁmmamﬁﬁmiﬁﬂﬁu
Woldsuduiannmsiaunaensseznainisinause uile
La?ialmﬁummgwwm ACGIH faviua (llifiu 20 ppm) 39910
foyavessziunsnBuyieluliaansvesminauamiiuimaiiiy
FomAsiunuidwinauusduifsnfuasgiu BE (ahiu
1600 mg/g Cr)(3.13%) usininnudulngjdaiiszdunsaguyia
fiAumsIuR 10% ogfis 60.42% YoemiinueTIn uag
ﬁﬁmmmm@ﬁmemu‘wmséfumm%Um%’luwﬁmmlﬁuﬁwﬂu
genImtinauAnly wiiilefansandl 10% BEI nudmeneudn
ﬁuﬁﬁﬂmuwﬁmwuﬁﬁisﬁu%mﬁﬂLﬁu 10% BEI 9112UN1AN71
wilnamudaniiiy 5.22% lasornsuansannisduiiaaslngdu
geanthauaniuimsidudemas dulnanuluszsudniios
70.07% laenueIn1sUInAsEe STA1ULABIRINS LagloudTyy
Dhuanususuusn Faflanuaenndastuanmsiiiafuninaud
dsfusazninaudaiuiiionmsaudusuusninileutuuaz
wﬁmmﬁmL'Euﬁmmii:ch‘wmﬁmﬁaﬁqaﬂdwwﬁmm@mﬁwﬁuLﬁu
2 w1 Taenuitensidumeiianuduius fusunisuds
Wﬁﬂmulﬁuﬁwﬁuﬁﬁmmu‘um;:Jﬁﬁmmiﬁmagqﬂjwwﬁmmﬁm
Ruog9idsdAyn1ana waswilnauanuinisdudaans
Imqﬁuﬁqmdwwﬁmm@uﬁwﬂu wazdlofinnsanmueuidudu
Findnauduianinnisvhenaiu 50 ppb Wisuisuiuszning
naududaansingduluvsssmaaududuiosnia 50 ppb
wuilauLanasiuegsitedAgnsadfvesszau hippuric
acid TumiinaAndy dfunisdudaasingdulunguminnuy
Aniuiiennusmnznimilnauduinguy annsduiaans
ImqﬁuﬁizﬁummL%u%uqa%uuazm hippuric acid lungu
wﬁfﬂmuﬁﬂL’EuﬁqqﬁumﬂﬂﬁaEJaéﬂﬂﬁﬁﬂﬁﬂﬁﬁgﬁu?}lmmwmaﬁ
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Abstract
This study was a systematic review and the purpose of this study was to conclude knowledge about education
pertain the study of ergonomics management protect of musculoskeletal disorders from working. The samples were 10
studies of published research from electronic media, libraries literature during 2010 to 2017, Data and characteristics of
the studies were collected by an instrument developed based on a literature review. Results of the study of the study of
ergonomics management protect of musculoskeletal from working. Found workstation design reduces muscle fatigue and
increases productivity and the satisfaction of the officers is also in the high level. Including safety standards It contributes

to the ergonomic operation more effectively. But. Participatory ergonomics. Still need to be developed in this study.

Keywords : prevention workplace hazards. / Implementation. / musculoskeletal disorders.

1. Introduction

Occupational loss events continue to cripple the  people die each day from occupational-related loss incidents
productivity and livelihood of employers on a global scale.  or diseases — nearly 2.3 million deaths each year, or one
According to 2015 data from the United States Bureau of international occupational fatality everysecond®® Moreover,
Labor Statistics 2016," 4,836 American workers were killed  this figure does not include the approximately 300 million
while performing their work duties, equating to thirteen non-fatal workplace loss incidents recorded worldwide each
worker deaths every day, and another estimated 50,000 died  year.(3) In the United States alone, over four million workers
during the same timeframe from occupational diseases. The  suffer a serious illness or injury every year, resulting in over 26
annual financial cost of occupational injuries and illnesses  million lost working days.” Ergonomic losses achieve recog-

is valued at a staggering $250 billion.”’ Globally, over 6,300  nition as the leading non-fatal occupational injury category,
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accumulating a projected loss total of $15-45 billion annually.
©|n 2013, the United State Bureau of Labor Statistics (BLS)
reported musculoskeletal disorders (MSD) cases accounted
for 33 percent of all worker injury and illness cases in the
United State.”

Musculoskeletal system disorders. The outline is an
illness which is found in almost every occupational group.
And it is the leading cause of injury, including lead. To the
absence of sickness As a result of the yield. Decreased
functionality.® From the problem. It has both economic
and social impacts. By Health Safety Executive of the
United Kingdom. It is estimated that there will be people
in England each year. 1.01 million people suffer from
abnormal muscular disorders. And skeletal And each
sick person must stop. Average guest stay 20.5 days
Patients and establishments.”
Ergonomics - “Ergonomics is the scientific study
of people at work. The goal of ergonomics is to reduce
stress and eliminate injuries and disorders associated with
the overuse of muscles, bad posture, and repeated tasks.
This is accomplished by designing tasks, work spaces,
controls, displays, tools, lighting, and equipment to fit the
employee’s physical capabilities and limitations.”""”

From the above Researchers are interested in
bringing about the research study the study of ergonomics
management protect of musculoskeletal disorders from
working. To get a reasonable empirical evidence helpful in

finding ways to prevent.

2. Objectives of the study
To conclude knowledge about education pertain
the study of ereonomics management protect of musculo-

skeletal disorders from working.

3. Methodology

The study population : Research studies abroad the
study of ergonomics management

protect of musculoskeletal disorders from working.
In literature during 2010 to 2017. By search the research

report follows.

1. Keywords : Ergonomics management, prevention
workplace hazards, implementation, musculoskeletal
disorders

2. Determine the source of information : CINAHL, Pub
Med, ProQuest Dissertation, Science Direct

3. Synthetic Overview The research report. And results
were analyzed by descriptive content.

4. The proposed review of the literature. The dis-
cussion. Comments and suggestions. Approach to further

research.

The instrument used for data collection : Author
form study design, thinking framework, Sample, Factors
such studies, The results, level information, The agency m

ade the study, published year

Selection Research

Related research search by keyword

number 22 studies.

not during the years 2010-2017.

Past research assessment

number 10 studies.

4. Results
Review of the research report shown the study of
ergonomics management protect of musculoskeletal

disorders from working. details shown in Table 1.

Table 1. Research involving Review of the research
reported the study of ergonomics management protect of

musculoskeletal disorders from working in Thailand.
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details Table 1.

Author/year
1. Kanokwan

Punkub (2010) *¥

Title
Work Station
Improvement for
Muscular Fatigue
Reduction among
Female Operators in
Handicraft Mulberry

Paper.

Methodology
A quasi-experimental research. Assess
muscle fatisue with a questionnaire.
And measure muscle fatigue with
Electromyography (EMG.) And
improved the workstation by providing
the new design which is suitable to

the physical bodies of the worker.

Results
It was found that the fatigue feeling of
general body, deltoideus muscle and
erector spinae muscle during workingat
improved workstation were lower than
the existing one, by questionnaire
evaluation, while the muscular fatigue
of deltoideus muscle and erector
spinae muscles during working at
improved workstation were less than the
existing one, by Electromyography (EMG)

measuring.

2. Sawitree
Chudkratok , Sudaw
Lertwisuttipaiboon,
Sarisak Soontornchai

(201 1) (12)

The Workstation
Design of the
Returning Product
Inspection Officers

By Using Ergonomic

This experimental research. Inspection
section by comparing data before and

after redesigning the workstations.

The average abnormality index statistic
has significantly decreased after the
redesign.(p < 0.001) The Rapid Upper Limb
Assessment statistic has significantly

decreased after the redesign.(p < 0.001)

Principle. Lastly, the sitars electromyographysta-
tistic has also significantly decreased
after the redesign (p< 0.001).
3. Angoon Workstation A quasi - experimental research. The | The result of this research revealed that
Sungkhapon, Improvement for steps for this research were divided | average Rapid Upper Limp Assessment

Klangduen Pochana,
Worapon
Auesujaridwong

(2013) (13)

Risk Reduction of
Muscular Fatigue
Among Production
Workers in Tuna
Manufacturing
Process: A Case
Study of a Seafood

Processing Factory

into 3 steps. Evaluation of working
postures and muscular fatigueprob-
lems by using Rapid Upper Limp
Assessment (RULA), biomechanics
and EMG in existent and improved

conditions.

(RULA) scores at improved workstation
and average compressive and shear force
on intervertebral disc L5/51 at improved
workstation were decreased. In addition,
the mean frequencies of erector spinae
muscle, trapezius muscle and anterior
deltoid muscle of workers were less than
those on existent condition. Finally, it
was found that the proposed workstation
could increase the productivity by 1.17
kilogram per man-hour with the payback
period of investment was about six

months.
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Author/year
4. Chantana
Chantawong,
Nisakorn
Krungkraipetch,
Yupa Dawreuang

(2016) (14)

Title
Participatory
ergonomics
intervention to
reduce risk factors
of work related
musculoskeletal
disorders in smoked
rubber plant, Rayong

Province

Methodology
Participatory Action Research.
The samples were 1 administrator,

7 supervisors, 80 workers.

Results
The ergonomic team, the staff, and the
research team well participated
throughout the entire processes. The
results showed that mean scores of
knowledge and awareness have
significantly increased after the
intervention, (t=4.543, p-value <.001)and
(t=13.877, p-value <.001). There were
some posture risk reductions of 11
activities out of 18 activities (61.0 percent)
and significantly reduce musculoskeletal
pain severity during the last 7 days
(t=8.891, p-value <.001). Particularly, risk
levels of separate rubber sheet above
chest level, at waist level and clipping
out foreign matter activities were reduce

from high to moderate levels.

5. Suwat Chamnan,
Natchaporn
Pichainarong,
Ronnaruth
Butsaenkom,

(2016) (15)

The results of
ergonomics health
promotion program
for behavioral
modification of
work-related
muscuroskeletal
disorders risk
reduction

among Srisomdet
hospital personnel,
Srisomdet district,

Roi Et province.

A quasi - experimental research was to
examine the results of ergonomic
health promotion program to impove
health behavior for preventing the risk
of Musculoskeletal disorders.

The Paticipants were divided into 2
groups as 40 people for experimental

group and 40 people

The results revealed that the
experimental group showed the gains in
the mean scores of the risk, violence of
perception, advantage and disadvantage
of the prevention of musculoskeletal
disorder, action from before the
experiment. Also the leval of fatigue,
muscle skeletal pain of the experimental
group was both lower than the
experiment and lower than the compar-

ison group (p<0.001).

6. Ratchanee
Joomijee, Onanong
Bureelerd, Nopparat
Songserm,
Chalermsiri

Theppitak (2017) "¢

The Study of
Ergonomic Manage-
ment for Reduce
Musculoskeletal
Symptoms among
the Para-Rubber

Farmer.

Research Methodology is a descriptive

and quasi-experimental research.

The results of the study showed that
most of the farmers got pain around their
lower back, knees, hip, thigh, hand/wrist,
shoulder, calf, lower arm, upper arm,

back, neck, elbow, respectively. The
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Table 2. Research involving Review of the research report find the study of ergonomics management protect of

musculoskeletal disorders from working abroad.

details Table 2.

Author/year Title Methodology Results
7. Derek Matthew Ross Redesigning a Tire A three phase, mixedmethods The results appear to demonstrate
(2010) 7 Palletizing Operation: | approach was used to conduct this | a musculoskeletal risk associated
Implementation of study. with this palletizing task, which is
an Ergonomic Design supported by the Rapid Entire Body
Methodology. Assessment (REBA) biomechanical

risk assessment. In addition, there
appears to be moderate levels of
fatigue associated with this task,
primarily in the shoulders, back and
arms, which was determined by the
Rodgers Muscular Fatigue assessment
tool. Supporting this observation,
the Michelin injury data for this task
indicates that the majority of injuries
also occur to the shoulders and
back. Paul Doucette reports that
approximately 50 percent of all
injuries on this work post are back
injuries, 30 percent are shoulder
injuries and the remaining 20 per-
cent are attributed to the remaining
body segsments, slips, trips and falls.
Michelin management personnel
also report high levels of absentee-

ism and worker turnover.
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Author/year
8. Robert G. Batson
(2012) (18)

Title
Masonry Construc-
tion
Recognizing & Con-
trolling Ergonomic

Hazards.

A article

Methodology

Results
Ergonomic hazards encountered
daily by masons and mason ten-
ders. It surveyed recent research
and development activities in the
United States and other countries
to demonstrate that a wide variety
of engineering, work practice and
administrative controls are available
as countermeasures to masonry er-
gonomic hazards.As noted, barriers
to dissemination of research findings
and implementation of appropriate
controls, include:
1) lack of awareness of the severity
of the problem and availability of
multiple control options;
2) lack of training materials from any
source government agencies, industry
groups, larger contractors, universities
or colleges;
3) the decentralized nature of the
industry and prevalence of numer-
ous, small business contractors in
each state;
4) small businessperson skepticism
that the ergonomics problem affects
his/her workers, hence the very
existence of his/her firm, and that
inexpensive training and control

practices are available.

9. Walter G. Rostykus,
Winnie Ip and Jennifer
Ann Dustin.

(2016) (19)

Managing
Ergonomics Applying
ISO 45001

as a Model.

A article

Effective Implementation.

1) Assess the current ergonomics
program/ process based on a
management system model; the
current company safety, engineering,
quality, training and/or recordkeeping
standards; the business and safety
goals and standards; and industry

best practices.
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Author/year

e

Methodology

Results

2) Define the common goal,
measures, requirements, roles and
responsibilities, and commontools
in a foundation document on which
all department and site ergonomic
improvement processes are based.
3) Get buy-in, sponsorship and
engagement from top leaders. Their
visible interest and involvement
will drive the ergonomic improve-
ment processdownward through
the organization.

4) Implement the ergonomic im-
provement process at each location
or department through the sponsor,
subject matter experts and engineers.
Ensure that they use common assess-
ment tools for consistent reporting
and tracking, and share effective
improvements and best practices.
Track progress and metrics regularly.
5) Audit each site/department
ergonomics management system to
ensure conformance to the company
requirements, identify good practices
and opportunities to improve, and
engage leadership to refine their
plans and focus to sustain the

process.

10. Frederick D. Straub
(2017) (20)

The perceived im-
portance and degree
of implementation
of ergonomics-re-
lated leading safety
performance
indicators in the

American

This study examined ten leading
ergonomic safety performance
indicators (SPIs) using survey
responses from occupational safety
and health (OSH)

The following major findings were
identified:

1. The use of leading ergonomic safe-
ty performance indicators (SPIs) in the
workplace is not a widely accepted
practice. Approximately two-thirds of
the companies participating in this
study do not use leading ergonomic

safety performance indicators (SPIs).
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Author/year Title

Methodology

Results
2. For those occupational safety
and health (OSH) coordinators who
do use leading ergonomic safety
performance indicators (SPIs), they
generally perceived them as being
valuable.
3. This study did not find significant
differences in perceived levels of im-
portance based on job classification
or education. This was mostly due
to the characteristics of the study
sample.
4. Lack of management commitment
and an absence of knowledge are
commonly
perceived barriers to implementing
leading ergonomic safety perfor-
mance indicators (SPIs). The cost
of implementation was the least
frequently perceived barrier.
5. Leading ergonomic safety perfor-
mance indicators (SPIs) most favored
by the occupational safety and
health (OSH) Coordinators who use
them included the measurement
of workers’ early reporting of ergo-
nomic strains and sprains, tracking
the number of job hazard analyses
conducted to avoid ergonomic
hazards, and tracking the use of
pre-hazard controls to avoid ergo-

nomic hazards.

5. Discussion and Conclusions

Review of the literature the results of ergonomics
management protect of musculoskeletal disorders from
working. 10 studies the results are as follows.

1. It was indicated by the experimentation that the
anthropometrics data of Thai males would be very useful for
the efficient workstation design in order to reduce muscular

fatigue and get more productivity.

2. That the redesigned workstation can decrease
one step of the working process. It can decrease of working
distance and of working time. The satisfaction of the officers
is also in the high level after the redesign.

3. Improving the practice of sitting with the chair and
tray rack can be reduced. Muscle fatisue of workers and

increase productivity.
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4. A participatory ergonomic model should be used
to monitor, prevent, and reduce risk factors and skeletal
system disorders.

5. The results of ergonomic health promotion
program activities is original working unit with concen-
trated on healthy workplace and far away from working
disease. This clear processing process are systematically
steps.

6. That tapping rubber chair can reduce the ergo-
nomic risks and help reduce Musculoskeletal symptoms
of para-rubber farmers.

7. Implementation of the potential solution at the
plant was not achieved, and thus the longterm impact of
the participatory ergonomics methodology remains to be
studied further.

8. The training must involvevboth the owner and
supervisors to convince masonry workers that certain
ingrained habits and practices are no longer acceptable,
and to adopt the safer practice identified in the training.

9. The structure of the proposed International
Standard Organization (ISO 45001) refines the structure of
existing safety management systems. All of these systems
provide a familiar common framework and terminology
for managing workplace hazards. This same framework can
be applied to systematically identify, control and verify
reduction of the risk factors that cause musculoskeletal
disorders (MSDs) in the workplace. Aligning how the or-
ganization addresses ergonomics using a management
system enables OSH professionals to communicate and
engage business leaders in a manner with which they are
already familiar. In turn, this approach has been proven
to improve the effectiveness and efficiency of managing
and controlling musculoskeletal disorders (MSDs) risk
factors in today’s workplace.

10. The researcher posited that measuring the
degree of Ergonomic Management Control Program (EMCP)
implementation, via tracking leading ergonomic safety
performance indicators (SPIs), would enable occupational
safety and health (OSH) professionals to evaluate the
effectiveness of their ergonomic efforts in an ongoing
manner, forecast pending shortcomings, and afford
Occupational Safety and Health (OSH) intervention to

reduce risk and prevent future occupational loss events.
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Abstract

The objective of this descriptive studywere:1) to study levels of health beliefs and accident prevention behaviors
ofDisaster Prevention and Mitigation Officer in Warinchamrab Local Government, 2) to study the relationship between
personal factors, health beliefs with accident prevention behaviors of Disaster Prevention and Mitigation Officer in Warin-
chamrab Local Government. There were 32 malesDisaster Prevention and Mitigation Officer. The instrument was used
questionnaire for collecting data. Descriptive statistics and Inferential statistics were used for determining the data as
frequency, percentage, mean, standard deviation and Pearson’s Correlation Coefficient with statistical significance at the95%
confidence level.The results of this research were the Disaster Prevention and Mitigation Officer with age 40 or over were
56.25%,had diploma education were 59.38%, married were 71.88% and working over 5 years were 78.13%. The levels of
health beliefs of Disaster Prevention and Mitigation Officer was high level. (X = 2.63, S.D = 0.51) The levels of accident
prevention behaviors of Disaster Prevention and Mitigation Officer was high level. (X = 2.42, S.D = 0.62)and found that

the levels of education were significantly correlated with accident prevention behaviors. (r = 0.521, p-value = 0.002)

Keywords : Health beliefs / Accident prevention behaviors / Public disaster
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W33 Wemiuiivasaduneluaniiuing neldiinsiieumna TNT dWewdussszdnfivssansamnissadawiiiu 0.00005
0.01 0.05 uay 0.10 9nTld Probit analysis ernalenmaiasin 1) Taswadsldsunnudems 2) Bedinanmsaniden
Tuven uay 3) Boudayinia FesvesUaendefesveziiilomanisldfudunmeans 3 nsddandu 0 wan1sduImmu
syezUaniudmiulszdnsnimnisssidn 0.00005 0.01 0.05 uaz 0.10 A 3.63 LWAT 21.22 LIS 36.28 LWAT LAy 45.71 LUAT
NNYANATELTR MLEIRU
Abstract

This research studied a consequence of explosion of CNG cylinders for cars during gas filling to find safe area in
gas station.The TNT equivalency method was used to determine peak overpressures resulting from the explosion at
various explosion efficiencies (0.00005, 0.01, 0.05 and 0.10). Furthermore, the Probit analysis was conducted to estimate
the probabilities of structural damage, death from lung hemorrhage, and eardrum rupture. In this study, the safe distance
was defined as the distance from the explosion point, beyond which those three probabilities were zero. The calculation
revealed that the safe distance at the explosion efficiency of 0.00005, 0.01, 0.05 and 0.10 was 3.63, 21.22, 36.28, and 45.71

m, respectively

Keywords : CNG cylinder / Explosion / TNT equivalency / Probit analysis / Safe distance
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A COMPARISON OF PERFORMANCE OF VIBRATION ABSORBED MATERIALS IN CAR REPAIR SHOPS
MUEANG PHAYAO DISTRICT, PHAYAO PROVINCE

dgnad e, dgned aatiy’, algniud \iame’, w@ndnval wInadny, ey NANe WIIIR AN, AU
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Nutthaphong Mated, Nattapong Odnan, Nattagan Gerdpron, Sauwaluk Jamsawang, Saifon Pudponsg,
Pannawadee Singkaew Supakan Kantaw, Prakasit Tonchoy, Namngern Chantaramanee, and Sasivimol Bootsikeaw
avAmeTieuisuasmuUaendt ansumemans iinedensien sneudles Smiameien 56000
Occupational Health and Safety Department, School of Medicine,University of Phayao,
Mueang District,Phayao Province 56000
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UNAnEo

nsAnwIUUAmAResl (Quasi-Experimental Research) finguizasdifleusuifiussiuanuduasfiowaniionazuoly
nauniinauggensaeudldiedosudonay s1um 30 mlusineilesimiameien waziiouiisussiummuduayifiouiininny
ssuduialuvasy finulnelitanaadu uazlilifaggaduanuduasiiiou Gola) namsinw wuin szdvauduaziiiowdle
lailé¥angadu @ewa) fianuadewiniu 3 m/s? fAnAumasgiu 1505349 Exposure Action Value (2.5 m/s?) wamsiu3outiien
syiumuduaziouiieliTangadunuduasiiiou a4 vin funsliliiangadu @ewa) Tae paired t-test nudfiauunnsng
fupgafifodAnymeadi (p-value <0.05) lngseduamnuduaziiioudiefinmslifaggaduanuduasiiiou ¢ vl Ao qaflesnstaiia
gailolnuens Yasnvueadafia wavdasnvullues fiAade 2.13, 2.05, 2.39 uay 2.30 m/s? eﬁqqaﬁa‘lmma A11150AATEAUAINY
Suaziiouldinniian (2.05 m/s2) uenanidmuimiinauienufmelalunisléuaentiuenstinfiauniian sosawn Ao vasniy

Inluens wazgellesnsladia
Ardnfty : Anuduasiiouanzilowasuuy / wiesudenay / Jagaaduanuduasiiou

Abstract

This quasi-experimental research aimed to measure the levels of hand and arm vibration in thirty workers by using

anti-vibration materials consist of anti-vibration gloves and insulator compared with non-antivibration material(bared
hand) during working with air block machine in car repair shops where were in Mueang Phayao district, Phayao Province.
The results showed that the average levels of hand and arm vibration whiledid not use anti-vibration materials was 3 m/
s? (exceed limit value 1ISO5349, Exposure Action Value 2.5 m/s2). The comparison of vibration levelby paied t-test between
using anti-vibration 4 types materials was differrent significantly with non using anti-vibration/barehand(p-value <0.05).
Furthermore,the average vibrations levels ofair block machine which was usedanti-vibration materials such as butyl rubber
gloves, polyethylene vinyl acetaterubber gloves,butyl rubber insulator, polyethylene vinyl acetaterubber insulator were
2.13, 2.05, 2.39 and 2.30 m/s? respectively. Finally, we found that polyethylene vinyl acetaterubber gloves had highest
absorbed vibration during work with air block machine (2.05 m/s2) and almost of workers satisfied butyl rubber insulator,

polyethylene viny lacetaterubber insulator andbutyl rubber gloves, respectively.

Keyword : Hand and arm vibration, / Air block machine, / Anti-vibration materials
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Factors related to safety behaviors at work a mong construction workers :

case study in a construction company in Bangkok

A3smnl waudes', uag 4If Nowll”
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UNANED
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nysmmaues nudeyalagliuuuasuanuluaununeade $1uim 180 au stwiadeudumeufiadoungednisy we. 2561
wuvaeunugnuueanidu 5 dw liun deyadiuyaaa deyadunisvihuneasne anuiiuanulaendelunisyhnuneasne
viruadiunudasadslunsinuneains uasnginssuaadasadslunimihnutoains nsizidoyalaonismaimd
Sovay Fngean Adgn ALady duBIUUINASEIL WarNIMAGEY Chi-square Test

wansAnwnudn e fevay 65.60 fleng 40-50 U Fovay 38.90 01giade 45.910+ 9.07 T anunwansa Jovas
73.30 szun1sAnwiegluseiuuszaudn Seeaz 63.90 Yeinde 8.49 + 5517 faus viruai wagngAnssuiuanulasnsy
Tunsvihnuneadisegluseaud wardadeiidmnudiiudosnsditoddymeadfseiuanuideiufoar 95 fungiinssuanuuaende
Tun1svieu As mslasudeyainanssiuninudasnaislunisinu (X = 4.116, p-value = 0.042 ) warAuIN1PILANLUaRASY
Tunsvieuneasns ( X*= 6.005, p-value = 0.014 )

nsdaadulifuszneuodwneaiildfudoyarnmsuasaudiuaudasadelunsihau e lugnisiasuuuag
wgAnssulumsvhauiivnzay uazdesiumsuszausunseanmehauuasmsgadeliiiosas

@

Aanfy : Uade / wginssuanudasadelunisinau / wilnsuneasng

Abstract

This study aimed to investigate factors related to safety behavior of construction workers: case study in a con-
struction company in Bangkok. Questionnaires were used to collect data from 180 persons during August to October, 2018.
The questionnaires were divided 5 parts included personal data, working experience with construction works, knowledge
and attitude about safety in construction works, and safety behavior in construction works. The data was analyzed by in
the from frequency, percentage, maximum value, minimum value, mean, standard deviation and Chi-square test were
used to determined related between factor with safety behaviors.

The study results found that 65.60 % were males aged 40-50 years. 38.90 % averageof age 45.910 + 9.07 years, marital
status, 73.30 % education in primary level, 63.90% working expenence + 5.51 years. They had knowledge, attitude and safety
behavior in construction works at a good level. The factors was significantly related to safety working behavior included receiving
the informations ( X*= 4.116, p-value = 0.042 ) and knowledge about safety in construction works ( X* = 6.005, p-value = 0.014 ).

Enhancing construction workers to receive news, information, and knowledge about safety at work are has essary

may be lead to changes working behavior appropriately effect to accident reduction and prevention and loss occurring.

Keywords : Factors / construction workers / safety behaviors at work
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Abstract

This study was a cross-sectional descriptive researchwhich aimed to investigate the perception of workers and
their musculoskeletal disorders (MSDs) and Ergonomic Risk, in Pulp and Paper Production Industry.Data were collected by
using structural questionnaires of perceptionof MSDs byself-report and ergonomics risk assessments: Rapid upper limb
Assessment (RULA), Rapid Entire Body Assessment (REBA), and Rapid Office Strain Assessment (ROSA) byworkappropriate
157 workers participated. The perception levels of musculoskeletal disorders most workers had mild level (47.29%), and
followed by middlelevel (6.9%). And first four part of body were neck 66.24%, lower back 64.33 and shoulder 62.42%.
The ergonomics risk assessment by three methodsshowed that by using RULA method, theergonomics riskswere at
moderate and high level (30.4%) followed by very high level (21.7%). REBA indicatedthat the ergonomics risks were at very
high level (56.4%) and high level (41.8%). ROSA method was used for assessment in process office and office workers, the
results showed that most risks were at the medium level (77.3%), and the high level (22.7%). In conclusion,workers’

perception level of MSDs by self-report shown that most of the workers had low perception level, while ergonomic risk
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assessment by observation indicate in the same workers found that most of the workers had a high to very high risk

level. Therefore, this paper not considerate results of risk evaluation for MSD self-assessment and observation together

yet. This should be study together or do an in-depth in form of health risk assessment to prevent and surveillance

for musculoskeletal disorders.

Keywords : Discomfort / Ergonomics / Risk Assessment / Self-assessment
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Abstract

This study aims to assess the health risk from dust exposure in Sorting process of the sanitary ware industry. The
study comprised 1) interviewing of the operators and 2) air sampling for determining the respirable dust concentrations at
the study areas 3) analyze all information to assess the health risk of the operators before and after improvement from
the ventilation system to the water curtain booth and the water grinding machine. The result of average concentration of
the respirable dust before the improvement was 1.025 mg/m’ and after the improvement, the concentration of respirable
dust was 0.698 mg/m’. The results showed that before and after improvement of the ventilation system and wearing a
respirator mask could reduce hazard index (HI) less than 1 for all operators. In addition, health risk assessment also includes
the age of the operators reach to 60 years-old between both before and after safety condition improvement. It was found
that all operators have the hazardous index > 1 due to the exposure to respirable dust when none of the safety improve-
ment was provided. In the case of the operator wearing a dust mask during working with none of the ventilation improve-
ment, 22.06% and 16.63% of the operators in the Sorting unit and QA unit, respectively had the health risk with the HI >
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1. Finally, it indicates that in the case of the working area was improved and the operators wear the respirator masks

throughout the duration of working until the age of 60 years old, all operators will not have the health risk of receiving

the health hazards from exposure to respirable dust (HI < 1).

Keyword s : Respirable dust /Air sampling /Health risk assessment/Hazard index
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Risk assessment onexposure to BTEX among food restaurant workers at

dam tourist attractions, North Eastern Thailand
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UNANED

HapmuaivermaluormsiuinduiigmiddylutatuneliAnuansuseguamlumanss fu 1wy Hanszvusossuy
madumela sruuvaenidenuasiila Wusu uenanisdmansenuseguninluszerendniefnssunssenovomadudn
wisfanssuiineliifndgmuaivernelueians ImEJLa‘wwa&J'N?J'ﬂﬁﬁmiiumiﬂszﬂaummiﬁﬁwLﬁumﬂugﬂLLUU%M@WWSLG’TJ@
wdled Snquazasdlunsfinuluadsd fefnwssduamududuresufinavesanuuiu ngdu lelauduuadleduluussenna
mevianumeluriesnia uaziileyssiiunnudssdeguamanmsiududiaans BTEX veminnuiiufoRemiluieses s1um 7
uwisnan1sideluads wuhiufiRmuinsnenuemsanmsiududaans BTEX lunguensmsssuumaiumela e1msiisienu
auan Ao Anayn $opay 60.66 10503 Aip BIMsuAUAD YN Soaz 41.02 uarermsiitnyn fevay 34.44 nan1snsaaTaseduAA
uduadvans BTEX IfuitRNulwiesesaldsuduianasnsozinavham Ussnause asiuudu Ingdu efauuduuaslvdud
AMIAU 0.0081, 0.0068, 0.0068 Waz0.0146 mg/m3wamﬂmiﬂizLﬁummL?ﬂﬂwaﬂiwwiaqsumwiuszasma (Hazard Index>1)
WU sunausla$a 11521319 0.043 s 0.138 faeuaind dA15ewdne 0.043 83 0.077 wilnaudsw fensening 0.021 §i 0.069
uay wiinnuwandes fAsening 0013 fa 0.035 Fauduiiseuiuld (<1) nanmsusziiuaudswionininuzifainnisiu
Fudaensiuudu wuin densewing 9.33 x 10 fs 4.38 x 10°Feeglusnasifeeniuld (oonin 2.2 x 109 naanmsUszidiuam
dosensiinuzifannmssuduiaasieBauudu wuin fansewing 2.21 x 107 fs 233 x 10° Geeglusnasineeniuld (Weonin
2.5 x 10°) wililesanTormamadunelavesmiinnunsiinanumsideiiunuanddidiui vafivermaiinanmsussuszney
ownstuiniFevulufemsuativiu q filumsdunneroguninuazenaneliAnuesdunyed Wy nduanstnaleadn axlsundin
lelnsaduou (PAHS) Wudu dduiaauouurliiinisiinousudunulasafouintinnu WemunsswindedunseouazJosiiu
AULBIINNSFUNAA U YN 1eINAlAkarAITIRlEEnT s sE TaaunnwaraTIRUseliumun sdudaeans PAHs Tuwiinau

AEnARY : s, LNy, N1sUsEiuANUEDaauN N, Naiiy, Hoens

Abstract

Indoor air pollution is important health problem that causeshealthimpact to several part. The cooking process could
emit air pollutant to the indoor air especially, commercial cooking. This study aimed to study the concentration level of
benzene, toluene, ethylbenzene, and xylene (BTEX) in the kitchen atmosphere and to assess the health risk due to expose
BTEX among food restaurant workers at the sevendam restaurants of tourist attractions. The result showed that symptoms
related to respiratory system werestuffy nose(60.66%), nasal irritation (41.02%), and nasal mucous34.44%. The average
concentration level of BTEX that food restaurant workers exposed through working time were0.0081, 0.0068, 0.0068
and0.0146 mg/m’ respectively. The results from human health risk assessment in long-term (Hazard Index; HI > 1) showed
that chefs had health risk (HI) between 0.043t00.138. Assistant chefs had health riskbetween0.043 t00.077. Waitresshad H
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0.013-0.035andcashiers had Hi0.013-0.035. So, all work positionshad acceptable risk (HI<1). The calculated health risk as-

sessment on cancerfrom benzene exposurewasbetween 9.33 x 10"'t04.38 x 107 (acceptable value,lUR:2.2 x 10°) and from

ethylbenzene exposure was between2.21 x 10°t02.33 x 10° (IUR: 2.5 x 10°). Although all position had acceptable risk from

BTEX exposure, some workers had respiratory symptoms related to polluted chemicals emitted from the cooking process

in kitchen that several researches confirmed of those substances could be carcinogens such as polycyclic aromatic

hydrocarbon (PAHs).So that, the related department of dam shall provide safety training for the food restaurant workers

in order to motivate them to aware of health hazards and protection in parallel with providing annual health surveillance

and workplace monitoring.

Keyword : BTEX, Benzene, Health risk assessment, Air pollution, kitchen
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mglavihliiinnisseamedosmadumelanazUen n1stasu
Fuiaansiundudunaiunu o1msfinu W ennswiosmds
AnuinUnAegsaulumMufiue T uardanTusmieloudses
fwselydundwiselunsegn Sniauvesnaiumela Weadou

v oo
o

4IRS WAy

o

UN

WanAdlulan UanaNLaNNNISAN®INUIN ATEASU

Ly

FansiuuBulinnuduiusiumsiiauzsadaidanunn’®
anstesauudy 1duanssedulunmsnanansalnsaunas
nMsdaneilndiued fnuaudiasodalile 1idd fndu
venzlsindn @nsagnaaduriulenuazimilale nelin
Hansenuseaunmluvaty o iy seaneifesEInts nsduialy
sygrgmyniAalsaRiale neliAnnsseAenasyuUNLAY
melawazndeyfiamadumela delmAanisseaeidesm ms
Duansneusiss uaslnansenusieszuvduiugld
astngdu usvhazaeduvddelandalfiduingdiu

v
v @ o

Wunaransinaraidlugamnssuiaiigursduazduasgiiadl

Qe

?

k=3

un WedudamefmineyliRovdurseaeadeasiulse
Ravilsdnuay edudanagyilmboymdniay dhalayili
seAnBLARIsrUUNLAUmelakagn1sganuleseinevetans
Ingduvinliiinasieszuudszamdiunans iosanlunaszuy
Uszamdunarwilmeladuinuageudnden”
arsledududninararslungueslsundneianis
dnwapfuvoanmlafionmgiivies * Lifid fnduneusslsinin
adenauuuty semeldluguagivies 1Hlugnamnssuvans
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mMsUsziluanudessianisiududaans BTEX Tunguninauiuens
anuivieafieileulunanz Jueenideanile Yssnelne

Uszinw leseveneliineinsseaeifeds Beymadumela
waznaszuuUszamla nsduialuguvesvanilviseaeifios
Rauils msfunluilmiansszaesmaiue s

HANTENUADAYAINAINATTUAURE a15 BTEX nolilin
Hoysioguamlunansq du Usneusne WuansiineliAa
wzi5a ansnegiiuil deliiinnsszameidowmuazlen neliin
nansynudeszUUaAumglafizuuse® dedu §ifedeliana
aulafinuinmsussifiunrandssannmssudusiaans BTEX Tungy
wiinufiufoiluiesnss Welimuimdnnumadudan
FeennisufReuielyl

[

ngUseeA
1. ilefnwisgduanududuresinavesansioudy
Ingdu wesaivudunaylvduluusssmanmsihnunigluiesns

2. iloUszidiuUBnamssuduiaasiuudu Tngdu osa
wudunarledu nmameglavesinauidiluiiRnunie
Turiesnsa

3. Ussiluanuidssdeguaimannisududaansiuudy
ngdu oSaluuduuarleduvesniinauidnluufoRnunie
Turiesnsa
BnsAne

WoadsiifunsAnwuuuniadnuas (Cross —sectional
study) LileUszifiusziuanudutulazUszifiuanudsase
FUNMNAINNSTUAUREaNS BTEX Tuussennienisinnuniely
voentr veaniinauiiviiauluiuevsnieluuvdioniien
Jouluwnmang Tusenideanile $1um 7 wis Taefinausinns
Fadn deilduninoufiufoinuluien 4 dundsnu
Usenaudie wia¥h f9ieuaindy winawdsuasninagu
wemiBes fileny 18 T Auly Torgamilutiesaiannnt 6 Weu
wazileuatiasladhsunsideluaded msfnuideluadsdinu
115315019385 550 338 ULLES 1INANNITINNITITLEITUNT
Aeluangud amninerdovounnu il HE612022

= A Al =

WA3093a9 LY luN15ANEN

1. wuvasuny Wensuteyanily Yeyansufurnu
WU 918 A anunuuRau dudeiuf e engaunae
srezalun1sufuRnu 9INTINYIUNANTENUADFUNIN
[ 13
Wusu

2. NNIATIVIATLAUANUINTUVDIENS BTEX TUussen e
nsiaumeluiesnsivesduamseuniduanuivieaiien
WU 7 WA 9 ag 1 feg Assiumadunela Aszauaiu
gty 1.5 winslaesisgunsaliiudiegnsenieiaainiiamm

wharldlunisusznovemst wes fedhsnisinaresernie
0.2 Ansstewdt Wunan 4 Fluvesnsusznevens (11.00
fls 14.00 u) nwgunsaiillilunafiudegns Uszneudeyn
Active sampler 1umaenviin Sorbent coconut charcoal tube
sim%auﬁuﬁu@mmmﬂ HAYINNITNTIIATIZREE T UAALATIN
Insns wazld Detector vl Flame ionization (Gas Chroma-
tography: GC-FID) Tun153LAs1 R UI UL TLTUYD 81
BTEX Avudevluvssenmeansvieniluiosnsh newnsgiu
mim%ﬁ'mﬁuwmummgm NIOSH Manual of Analytical
Method 1501 (NIOSH 1501)*°

3. Audean1ssuduiaans BTEX

3.1. MyfunUiinaudgnawdildiuannsmelale
syite 19795015099 U.S. Environmental Protection Agency
(U.S.EPA,2009) Tnglgaunis’’

_ (CA xET x EF x ED)
(AT)

EC

EC = USunauansiilgsumesyuumaiumela@aandy/
anuIANLLNAT)

CA = anududuresansiuemea @adnsw/gnuian
L)

ET = szevnanlumsduda @lue/u)

EF = anudvesnisduda (Ju/Ad) (52 &Uawi x 63w/
fa1i=312 JuA)

ED = sseznaibunsduda V) (nansenusdeauninssyy
g1 19 25 )

AT* = szgznaniiansiadmadiogunimdut (naditlaly
ansneuzisald 257, nsdimduasneusiSald7ot x 365 JwAl x
24 §3lus/5)

32, msianeimanudssannmslasuduiaansiiviali
inuzSa

Risk = IlURx EC

IUR = Inhalation Unit Risk (Benzene =2.2 x 10°, Eth-
ylbenzene = 2.5x 10°)*®

EC = USuaansiiléunsssuumadumelaime/m?)

3.3, nsUsuiluaianuidesainnisduianianismela
1938 sUsgiliumunann1sves w8 U.S. Environmental Pro-

tection Agency (U.S.EPA,2009)

Hazard Quotient (HQ) = £ 3
)

RfCx(mg/m

EC = Usmaansiilasumsssuumaiumelaime/m?)

RfC= Reference Concentration (mg/m’)(Benzene &A1
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Waney eavingaed, alen veindes

)20

WU 0.03)” (Toluenedimvingdu 5)% (Ethylbenzene Ay

1)* (Xylene fAAy 0.1)%
3.4. MyUssliupnudsransenussgunlusseze 1
(Hazard Index) snunanni1saes ¥89 U.S. Environmental

Protection Agency (U.S.EPA,2009)

Hazard Index(HI) = »';HQ;
HI = na33uv89 HQ vasansvne
HQ

3.5. Mylduaselinsendeyanieada lagldlusunsy

ANANULALIIINNTFUNEN19N5ETR

STATA 1e35%u10 wansloyame I1uiuiesas Anady Ades
LAY ANTSEFIU ARaR-asgauazALUasigulndn 95

Han13AnEI
Foyanludnuazvesuszainsuaznguiaegng

NMIdEI nuih dnwsiluvesiuiidnuiue s
Buermstudeanenssnainernisdu siesnrfidnvasidy
fiuiitn wasfiszuugnenmea (Canopy hood) WeolnAsiilayld
Duufiallnsideuman vise weaiiddeyadujiRnuluiowsilay
THuvuasunuuuuilassains iesusndoyasuynanauas
Joyan1suuiauly 4 dumisny wud guidinudulng
Humavds fovay 85.25 flongiuindessning >1- 5 U uay
581319>5 -10 U Soway 36.07 509030 Ao s¥nine >10 -15 U
Yovaz 14.75 U uazdniigadie >20 U Yevas 1.64 doyanan
mavinudlusiedu wud fuitRnudnlng fszeznadly
mavinudlusdetugsgaszning >5 §alua-10 dalue Jevay
88.52 s0dau fe >1 2lus-5 Halue Jova 6.56 uazsign
fio >10 Flus Jowar 4.29 Toyaszeznatluinnuiusedan
wud gufURnudlvg fesar 60. 66 Nszeziianluviia

7 JumedUnnit 599891 Seuay 39.34 Hsravialuvinaiu 6 Tu
ARAUAY S18aLLDUANILEATIUAISIIN 1
M15719% 1 Teyainly uagdeyan1suuRanu (n=61)

U
(%08az)

Auls U Aus

(5o8az)

LW swpzianlunsufdfo
%8 9 (14.75) | Terio Ry
NP 52 (85.25) >1 Halue-5 T 4(6.56)
918971 >5 dalue-10 4alus | 54(88.52)
1-5 9 22(3607)|  >10 Fala 3(4.29)
>5-100 |22 (36.07)| sswzraanlun1sufjinanu
Jusaduasi
>10-15T | 9 (14.75)
>1520U | 7(11.48) 6 U 24(39.34)
>20 ¥ 1(1.64) 7 3u 37(60.66)

2IN1TINLNUNANIENUADHYANNNTZUUNMALAUMETR

HaN3Anw wuii guiRauiionnsenunansenusie
guamlu3 NqueINNT UsENaualengueINITnIesEuUNIALAY
mgla wud1 91MsfisIBaugean fe dnaun Sevar 60.66
5090 fio uaune ayn feway 41.02 ftun Yevay 34.44
muddungueInssTAeIFeI AN 91nsTITEILEER
Ao waunvisedunT Jouay 13.11 589830 e AUAINTINNTY
Sovay 8.30 Unnn Fewar 6.56 UAZNgUEIN1TNNTEUUUTEAM
uazdu 9 e1MsfiTIBugeEn Ao Uandsuy Seway 27.87
59989 Ao weanwlidn Sosay 9.84 Fedeu fiuas Sevar 8.20
mudu TeaziBeadauandlunisedi 2

M13°99 2 9INsENURANIENUsagun I @liunndt 1 91113) (n=61)

21n1smaiumgla 2IN1IITTLAYLABIALAZRINLS ITUIU 21N15N195EUUSTENNNAZE LY
U (Fovaz) (ouaz) 32U (Fovasz)
faayn | 37(60.66) WAUAIMTRAUM 8(13.11) | UIndsue 17(27.87)
uauAD YN AURILTI9NE 5(8.20) Nosnnlddn 6(9.84)
fithan Unen 46.56) | A3y U 5(8.20)
[ 12(19.68) fiudumsenie 2(3.28) W‘mﬁasdwﬁmﬂﬂa 5(8.20)
melagiuin 2328 AR 11e4) | 98U 2(3.28)
NaOAANDNLAU 1(1.64) dhanlvaunnaauni 1(1.64) Al 2(3.28)
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mMsUsziluanudessianisiududaans BTEX Tunguninauiuens
anuivieafieileulunanz Jueenideanile Yssnelne

adutiuans BTEX MfuftRmuldsududa

MnnnsasIetaseiuanududuaiovesans BTEX
winnuduiRnuluieseiilasuduianasnszeziiaiinau
Usznaudae answudunuiidade wittu 0.0081mg/m’ fa
eIy 0.0196 mg/m* anslngdu nuflAedewiniu 0.0068
meg/m’ diAngegainiu 0.0104mg/m’ ansiefaluugu wuilen
\ABwiiu 0.0068mg/m’ ffngegainiu 0.0915 mg/m’ uax
asledy wuildedewindu 0.0146me/m® fiAngegaitfy
0.0236mg/m’ uazanmsiSeuifisuiuAnmsguiiisides

WU szAuAMUTNTUYeEns BTEX llifuAnasgiu Useneu
A28 AUINS§IUVBY Occupational Safety and Health
Administration (OSHA) 1169557u National Institute for
Occupational Safety and Health (NIOSH) American Conference
of Governmental Industrial Hygienists (ACGIH) kagUszn1ensu
afaRnsLaAunsoisanu ies Indrinarunduduvesasiad
gunTe 2560 lagnudn guiiRnuluiesaiilinsiududa ans
\oBaluudugaiian sesaun fe ansludu arsiuudu uazdnfige
fio anslngdu swavideadauandumsnsdi 3

'
v

A15197 3 agunamnududuas BTEX MEUfuRnulasuduiauwasiuSeuiieuivanmnsgiu (n=7)

szauaMududy (mg/m?)

Fruemns = .
GELRTC]
1819115 (A) 0.0066 0.0054 0.0915 0.0070
$11819113 (B) 0.0053 0.0052 0.0778 0.0097
U5 (C) 0.0027 0.0061 0.0910 0.0125
$1u91115 (D) 0.0017 0.0051 0.0667 0.0106
513 (B) 0.0138 0.0104 0.0348 0.0232
F1ue g (F) 0.0196 0.0091 0.0434 0.0236
Fuems (G) 0.0071 0.0058 0.0743 0.0159
ﬂ’lLQEdﬁlfJ 0.0081 0.0068 0.0685 0.0146
A ”ﬁag’lu 0.0066 0.0058 0.0743 0.0125

0.0017-0.0196 0.0051-0.0104 0.0348-0.0915 0.0070-0.0236

Andeauumsgu 0.0064 0.0021 0.0221 0.0066
Anosirulndd 95 0.0196 0.0104 0.0915 0.0236
AR5’ PEL 3.19 750.00 434.23 434.19
ARSI REL 0.32 375.00 434.23 434.19
ARSI’ TLV 1.60 75.00 86.85 434.19
A195574° Thai Law 31.95 375.00 434.23 434.19

'11m5§110ccupational Safety and Health Administration (OSHA) Permissible Exposure Limit (PEL)

?311m557U National Institute for Occupational Safety and Health (NIOSH) Recommended Exposure Limit (REL)
3mm§m American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Value (TLV)
“UszmansuaiafinisuazAuaseusany Fos Iadrnamidy

Hazard Index(Hl) siumuunanuad US.EPA (2009) lagyin
115U HUAULENINANTENUADFUAINTZEZETT hENATY

N15USLUANLHEINTENNEE1S BTEX

NTUTEIUAMUFIINANTENUADE VNN TEEZE)
1932 msUsEfiuanuEsIansEnUs saun NS Earenn  ARANNIU wud wiash Jeanuidseransenusieaun nssey
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= L3 CY L3 13 a ‘3
NWINY FIANAYIA, FUAT Y18LNaLS

g17 Wiy 0.043 fi3 0.138 Fowin feraudsssanszny
AOFUAMITEEEI WU 0.043 53 0.077 WilnudsH dnaanu
\FeawanszvureguAMIzEzen Wiy 0.021 fa 0.069 uag
navdes dA1AudsInansEMURauAINTEETeN Winfy

0.013 fi4 0.035 wagtilothunuTeuliigy wuduiRauiiaig
danansynuieguansrezeMeglunasineensuld (eend
1) eaziduadauanslunised 4

M19199 4 AUFSEIRAVNINAINMTAUREANT BTEX Uenauiuniany (n=61)

nan1sUsEiuANudsInansnusaguamluszezend (Min-Max)

ALY Hazard Quotient (HQ) Hazard Index
ngdu GECRNIT] (HD
wind 5.65x 10° - 293 x10°- 354 x 10° - 1.98 x 107 -
, \ , , 0.043 - 0.138
(n=18) 6.64 x 10 591 x 10 931 x 10 6.73 x 10
dnewini 5.65x 10° - 293 x 10* - 6.82 x 10° - 277 x10%-
2 . s , 0.043 - 0.077
(n=6) 241 x 10° 3.49 x 10° 7.92 x 10° 454 x 10°
NINIETH (N=26) 283 % 107 - 1.47 x 10* - 1.77 x 107 - 991 x 10°-
, \ , , 0.021 - 0.069
332 x 107 2.96 x 10° 4.66 x 10 337 x 10°
A 141 x 10> - 733 x 10° - 8.84 x 10° - 4.96 x 10° -
, . , , 0.013 - 0.035
(n=11) 1.66 x 10 148 x 10 233 x 10 1.68 x 10

nsUsziuanudesanisiiauzise

T msUssdiumudsoinuziSanaumdnues US.EPA
(2009) Taevin1sUsziiumudssannnissududaans BTEX
I 2 @15 UTeNaUmeg @15iUuTuLagasiodaluudu wun
FAURUILUASINANIINAY 3.73 x 10 *° §i3 4.38 x 10 “lay 8.84
x 10 7 914 2.33 x 10 * suvtsgdiousiay dawiniu 3.73 x 10

1088 1.59 x 10 7 way 8.84 x 10 7 3 2.33 x 10 ® fwnia
pUANUETH Jawinnu 1.87 x 10 ° 59 2.19 x 10 ° uay 4.42
x 10 7 119 1.16 x 10 ® suwnus wanides 1wi1iu 9.33 x 10 fia
1.10 x 10 “waz 2.21 x 10 * 89 5.82 x 10 * waziothluiUiou
WiguRuaindesienisifinuzifauiteglusisouiulsd
wazideaduandlunisned 5

A15799 5 NsUsEEIUANUEERaNTARULS NS UALTEENS LT LA AL UUTY (n=61)

ALY

nan1sUsEiuAMALEessanIsRaNSe (Min-Max)

WA (N=18)

373x10™°-438 x 10°

123 aLlUUTY

884 x 10°-233x 10°

Heusind (N=6)

373%x10°-159 x 10°

884 x 10°- 233 x 10°

nnUESH (N=26)

187 x 10"-2.19 x 107

442 x 10°-1.16 x 10°®

uATRes (n=11)

933 x 10" -1.10x 10°

221x10°-582x 10°

afuTBuazaTUNG

nHan13d15390yag U URnuluiesnilaeld
wuuasunuuuuiilassad iesusdeyasuyanauasdoya
nmsufuaeuly 4 dumisnu wud guitRaudulngdu
wemdadudunguiifinagldsunansenuannuaiivmasinie

Tuo1A15” To1891usendne >1- 5 4 uay s8nIg
>5 -10 U Joway 36.07 589891 Ao 58139 >10 -15 U Jeway
14.75 U uazshilgne >20 U Yevaz 1.64 lesandnuauznis
FrenudusuusodyyUnedviliidoduandyyfuicanu
annsafiezdinsidsuanuyinfisnsnisidieeniiganuluse
denafiongnulisnntndmiudeyanainmsinudilusdety
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mMsUsziluanudessianisiududaans BTEX Tunguninauiuens
anuivieafieileulunanz Jueenideanile Yssnelne

wuin fuftRnudlug fszeznalunsihaudilusiety
geanszving >5 lus-10 s Sevay 8852 50909 fe >1
Halus-5 92l Fovaz 6.56 wagsnan Ao >10 92lus Yeuas 4.29
Iﬂaﬁﬂﬁﬂ%au’lmgLf]ugﬂf{?’mé’zyzgﬁ’ma3ﬁ%’ﬂmmiﬁwm

o o

897lu4me 1914879438719 nUsEu e 1-2 Fluanadu

AULLAEN
P & A o A a ) o &
NANUITHIE LLIANYNNUNLUUBULAZINNTIATEUUNTNIULUY

2 919 Fetratuaztrsirouaznguitlilsidugninanudnyan
Frausiaituiluniadaduemnaes Wunguiifisssinainis
vhawiliuduou deyaszeznailuihauiudedUani wuin
AU URudlng Seeaz 60. 66 Uszezaluineu 7 Tuse
dUni S8 Souay 39.34 szevliaTtuvingu 6 Tusedunm
Mndoyasziiiuin iuaswmdsmesduitinuisyezinainis
yhaw 7 Jusiednnni iWesnnifuduesiauimsliiugndn
waztinvioafieniuliffungaviliduiiRnudulngdndy
FosnUfiRmunntu asngaisodiosudushiuiliimsdusa
ansuanwluissnindulszdmniu swilifeenuaedules
azwaglumstesiussuumasiumels

HAN3Anw wudi guiRaudiennssenunansenusie
guamly 3 NgUaINTT UTENBUAIY NFUDINTITNNTEUUNIUGAY
mela wud emsiisenugsan e Aaayn fevas 60.66 nay
o1MssEmelABIuaziovs enMsfisenugean Ao waum
viofun ouag 13.11 uagngueIn1sessuLUssamladu 4
91MsATBIUgIEn Ao Uindsus fovas 27.87 aenndesiuns
fAnwnvessuas dueneens uagang U 2547 AldvinnsAne
HaNsENy BTEX dagunmvasniinauaniuuinisiiiudomas
WU dngueinisdesruumaiumela liun seaneifiesszuy
madunigla Sesar 13.60 nquetnsnanLazimila loun
AAe AU Sosar 11.40 uavngueIn1seessuulsEam
Loun Uanfiswe Geufsve Sevav36.40™

NNEaNINTIVIATEAUANULUTUENS BTEX Tuussennie
Tuitufinisinuluresedafissdumadumelavesminey
wuin seAuANuddueAsasiuLTy Ingdu wiaruuTuuas
le@uwindu 0.0081, 0.0196, 0.0068 wag 0.0104mg/m’ MLEAU
LLazﬁﬁhLﬁmwummgm WinAu 0.0064, 0.0021, 0.0221 uay
0.0066 othluiIsuiisufiuAmasgruanuisnuifnm
wazliiduuziludessefumnuituduasailuanmundon
Tunsvinunazil3suifisuiungrinaussnulssmalnenuin
Asvdumdutuansiall i 4 vin ogluinasifiunmsgunas
ngVsBusIURInLe LHesniesaivesiueimsidesty
7w S52UUsTUIEeInA (Canopy hood) dwsufdnuafivd
UasganfanssunisunlndiuasUsznauemis iliszauay
duduiinsrafalseglunusiunnsguaonadosiunsinuves

l25

Guo et al.” agalsAnumlsinisinsyTaseauautuTuans

BTEX luussermansiinuegnsdieiles wleliiuladdufda
milildFuduialuuinaiifusunmedogunm

mamﬂmimiﬂisLﬁummLﬁmwaﬂiww{aqmmw
Tuszgeny nudwiadd 2A15evdne 0.043 8 0.138 Yeusiniy
1A15¥1319 0.043 9 0.077 WHANULETN TA15¥1rIng 0.021 fa
0.069 uaz uwABTeS fiA158113190.013 3 0.035 Fafumiivensu
Igdmiueuidsssansevusioqunwluszezen Aeen Hazard
Quotient wazfn Hazard Index fientiosnin 1 Fadadefiddaydi
ﬁwlﬁmamiﬂimﬁummL?%ENmaﬂiwwiaqsumwiuiwzmﬁu
adailiandn fe seduaudutuans BTEX finsrafaldlu
UssEMA wazszezanfinlUlutesiinnuunneiuluusas
Fusmisnu genndasiunsinyveanyasung Beulng 3 2557
lsvhmsfnunisusziiunrandssdeguamainnislédudua
a3ngu BTEX 1ni3esdneienans nud1 anuidessionnsline
uzSanuilifenudes Wosenilen Hazard Index iy 0.02
way 0.003 mudsu Fefieteandi 12

na91nnsUsEiunudseon 1 ARSI S
durlaansiuuduilAnsening 9.33x 10" 84 4.38 x 10”7 agluinoudt
fonsuld (Hounin 2.2 x 109) seiliiesannisunlwslidemas
wazfanssunsugiomsluresndalailfifuuvasiidaiidfy
yasasiuudulnenususuuin S dusuwmlsnuiisisang
\Hoageandaunnsinsannnisineivesatian PIBNABILATAET
wlasnszinn? TevinisAneussdiunnudsmonisiouziss
Tundhauaaniunsinsudomas wud & arudssiivensu
Tl enadeidesannluiiuiinisiauvesaniuinmsiiude
LwéﬂﬁLma'ﬂﬂ'aﬂ"'}Lﬁmmiwu%uﬁmauaghﬁwﬁu Flvninaud
Ufthnuluanduinsihiudemas fenuidssnnnd uasua
InnsUsEfiuaudssanisiinuzideainnissududaeans
LOSALUUTY UA1TENIN 2.21 x 10789 2.33 x 10° ag”lummeﬁﬁ
gausulsl (Woenin 2.5 x 10°) TaenuALRLILLASILAS ALY
frrsusinsududumisnuifiaanudssgegn ey
Fuwminuiifszeznanhnungluiemisnuiuniiswms
NUBLY denadesiunsAnEIBIINTL WIALLULaT ALY
Falgvhmsfnwanudssnuguaimainmsududaasdunid
SENI18YBINTNNUSIUAIBLENETT WUTT WENUSIUEY
nasimuAsonIsinuzSennsduiaasiesaiuuiy
Wiy 1.04 x 10° %ﬂag”lmﬂmsﬁﬁaam%ﬂé’

athslsfinu nafneniruanuanshudiuinusserniely
Hosaiinisuudouasuafiviiiusunmeseguamm 1wy ans
nalgmdn azlsun@n lalasasusu (PAHs) nsAnwes Kuo-
Pin et al”” u¥ 2015 dvhnsAnvvsziiuaudesiogunin
nmsSuduialu PAHs luasnsh nut fiepnudsssonisie
ThAsuzEuiunATioeusuld (<10°) fudsnsiinisnsiate
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Hunsfnwuuumadarg segsiuad 220 eu wadungufinw 90 AuwagnguiUieudiou 130 au ndpsilefilife
wuudeUnLLazLiufeE1991MAlY Organic Vapor Monitor (3M 3500) Andyaaaluszdunsmelasuianies NIOX MINO
Tolusdaoonluduesauvnelasenudadna nauAnuiilengiade 36.86 U uaz 32.97 ¥ dmunguiuouiiiou nqudnwiilaniwnis
yhandluwiarulunihifufuuasvouduuay 8 dalusdetu Josay 633 finmsldgunsaidesiuszuumadiumelannadadios
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lunsreanlenvesaumela aaﬂsuaaﬂajmﬁﬂmdmimga;ﬂuisﬁusﬁl’ﬂ (<25 ppb) Jouaz 89.0 fAnads + dnuidsauuinigiu 15.98
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lou seviunguAnwinaznguIouiisusinnaunnsnafuogsditodfyyaaiaiissdu 0.05 (p < 0.001 uag p<0.001 ML)
uazenduinasziulusiaeenludvesaumelasenvesndufinwinasnguiuisuiisunuuansnstusg1edifud Agmaadan
386U 0.05

(p =0.002) wazilomaudusnuinSinassiumudnduvessingdy leduluussermansvhaunuuAndiyana
wazUTunusaulunsneanledvesaumelaseniuaruainsalunisiinu wudn ifianuduiusiu nguAnuilinisdudaans
ngdu leduuarivSunuszaulunineenledvesaumelasenluvugyauwasmsialiinisevsulianui anudilafisdunse
uaziBnsleatuvesansingdu ledu saufensuusiilildgunsaidestussuumaiumelafigniouasnzauseluifiotestu
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Abstract

The objective was to evaluate toluene, xylene and exhaled nitric oxide related to work ability among toll collectors
at toll stations in Bangkok. This research was a cross sectional study. We sampled 220 persons; 90 cases who worked as
toll collectors at toll stations in Bangkok and 130 as a controllers. The assessment

tools were as follows: questionnaires and in collecting the air samples a personal “Organic Vapor Monitor (3M 3500)”
was attached to the lapel of each sample groups. The NIOX MINO for measuring exhaled nitric oxide of sample groups.
Mean age of the study group was 36.86 years old and the control group was 32.97 years old. 63.3 % of the study group
worked 8 hours per day, 5 days per week (83.3 %). 10% always used respiratory protection; however, most of them used

only cotton masks (59.3 %). Most of them about work ability had moderate level (58.9 %). The study group (n=90) showed
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average toluene 28.93 (+ 32.048) ppb and xylene 68.17 (+ 8.591) ppb. Exhaled nitric oxide (n=82) was low level (<25 ppb)
(89.0%) and average 15.98 (+ 8.712) ppb. The average comparison of concentration of toluene and xylene was significant-
ly different between the study and control groups at level 0.05 (p < 0.001, p<0.001, respectively). The exhaled nitric oxide
was significantly different between the study and control groups at level 0.05 (p =0.002). However, the
relationship between toluene, xylene, hippuric acid, methylhippuric acid, exhaled nitric oxide and work ability of study
group were not significant. The subjects of this study were toll collectors at tolling stations in Bangkok; nevertheless we
should be concerned about their exposure to toluene, xylene and exhaled nitric oxide while working. The author
recommends that the study group should get the knowledge and understanding the hazard and the protection and the

use of the correct and suitable respiration protective equipment.

Keywords: Toluene, Xylene, Exhaled nitric oxide, Work ability,Toll collector
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mela T91uau 8 laun anslunaufing Usenaudie Chlorine, Carbon monoxide, Hydrogen sulphide waz Hydrogen chloride
NAUNTA Ao Sulphuric acid NguaNsaratesEmedy Usenaunig Methyl mercaptan, Dimethyl sulphidellas Acetone gk
KanInTIviAvsguenansanaminssdluseu 2 Uikuswuhaswa e nududuluussenasinhandingranesiuannuia
namsUszifiuruidssieguamannsduiaansiadiuissianuifiamudsseguammmiinau (sefuganinssiufivensuls) leun
Chlorine, Methyl mercaptan, @3u Sulphuric acid uaziuazaasuuinLdn (Respirable Dust) ﬁmmLﬁaqag"luizﬁusjau%’ulﬁaEhﬂ,i
fnnufiansiedidunsiegeiionadmadensiionsise ansnenaneus lunszuaunssdeddslifimsdidmsihsg ilasnsusziiu
AaAssiensududa Wy aswuTuuaslesdailed fufuansensssdiuanuidsstindndldifuinastinaiet
msduiialagdaliiinisasaiamaguamanignavnsslunguansiadidunsiegauaznisuseifiuanudssdoguanvosiingu
mungvEneimuatuansialisunsennvinsely

AdAgy : NsUseLiiuaudsaguam, Nshseianisduda, Chlorine, Methyl mercaptan

Abstract
Pulp production uses a variety of hazardous chemicals in process. Exposure to those industrial chemicals in work-
ing environments might be occurred through inhalation or skin and eye contact and subsequently caused adverse health
effects of workers. This study aimed to assess health risk of chemical exposure among Pulp and Paper industrial workers
by using the secondary data of one Pulp and Paper factory. Secondary data ofchemical monitoringin working environments
and frequent exposure to chemicalsfrom the last two yearsrecoding of the production process were used. The results
showed that chemicals used in the production process are 96 andthere wereeightchemicals in working environment. Those

finding chemicals compose of gases: Chlorine, Carbon monoxide, Hydrogen sulphide, and Hydrogen chloride,the acid
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solvent group: sulfuric acid and vaporized solvent group: Methyl mercaptan,Dimethyl sulphide, Acetoneanddust.Theresults

of last 2 yearsmonitoringshowed that all of eight chemicals concentrations were under occupational exposure limited

standard of Thai labor regulation (OEL).The results of health risk assessments from employee’s exposure to certain

chemicals found that there were higher risk than the acceptable risk level; Chlorine, Methyl mercaptan. Considering

secondary data, exposures to Sulfuric acid and Respirabledust were acceptable health risk levelHowever, there are

hazardous chemicals for instance carcinogens,mutagen or teratogen required industrial exposure monitoring and health

risk assessment, for instance, Benzene and Formaldehyde. Therefore, there should be planning for exposure surveillance

and health risk assessments among workersexposed to hazardous chemicals following the legislation.

Keyword : Health risk assessment, exposure surveillance, Chlorine, Methyl mercaptan
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