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Preparing a Manuscript in English:

1. The manuscript could be written in English or
Thai. The maximum length of the article is 14 pages
including tables, figures, references and abstracts/
keywords. Thai and Ensglish versions of abstracts must
be submitted and limited to 250 words. Type the
abstract in 1 paragraph.

2. The manuscript should be typed with 1-inch
margins at all sides, on one side of A-4 paper.

3. Fonts: Thai or English
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- 1.5 line spacing
4. Tables and Figures: Table and figure should be
typed on separate pages after references
5. References: Number references in superscript
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verified by the author(s) against the original documents.

For articles printed in a language other than English,
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title. Reference must be in Vancouver style. For more
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of journal should be abbreviated according to the List
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Abstract

Awkward posture and overload lifting among workers requiring manual materials handling are risk factors
of low back pain (LBP) development. This study aimed to assess health risk on LBP in workers requiring heavy
physical exertion. This descriptive study was conducted among workers had manual material handling activities
(n=70). Data were collected by a structured questionnaire and ergonomic factors assessment by using Rapid Entire
Body Assessment (REBA) and NIOSH lifting index. The health risk matrix was applied by considering the ergonomics
risk component and the severity of low back discomfort among workers. Results showed that workers had LBP risk
justified by the REBA component at moderate risk (42.9%) equal to high risk (42.9%) and 10.0% had unacceptable
health risk. LBP risk assessed by the matrix of NIOSH lifting index com-ponent indicated that 57.1% of workers had
moderate risk to unaccepatable risk on LBP. In conclusions, most manual handling workers had potential risk on
LBP development. The factors contributed to LBP were not only heavy lifting, but also awkward back posture,
prolonged hours and repetitive work. The suggestions are that the manufacturing should improve thsese working
conditions, support instruments for safer materials handling and provide ergonomics training for workers in order
to prevent the occupational LBP. The applied risk matrix is very useful for LBP surveillance program in this kind

of occupational activities in the manufacturing.

Keywords : Ergonomics / Health risk matrix / NIOSH lifting / REBA
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wagnulsanntudeyiau Tuudasdigldusanulveyssay Usznnslaniaeuszauiveinisuinndsdiuansesneios
Jymiieuszuulasswarnduidosudeadduns witandsluts®in (6)
Ui idudiuiunn nadfveinesuilunaunu anvsvenstianasduasluisiauinaindede
WA, 2554 wudramgsuiuniliweinisuszaudunsie dauyama Wy e 01y Auwdassezanuinguues
wozidutheidesanmsi fesar 74.8 WJungulsa  uds anufinundussiin MIGUUVE wazngAnsIudIm
meszuulaseseuaznduile Inefaumndulvganns  yaea Wudy wdhddamganlngandnvarnisinu
vIAdunimenIsiheu warmsenvisenisindoudine ﬁi%’ﬁqmqLLaga%mmhjgﬂéfaq 1 muﬁéf@qmuﬁaﬁm
YoantnAIgiaIAU (1) go3da nuiitdetiuuug nuiidesenvemtdn wie
omstandnnshoudulygminildvesiian  audredwes nuflegluvindy we vienufannifuly
vadlspszuulasssuagndunile Womnuduluetony ﬁqlﬁﬂa”ml,ﬁaLLagImqim?mmmama dawaliiinaau
firesiuihuinuasindeulnnniigauanduaimgues  Bulhauenidesdld (1) lngasuavnueinIsuIan
nMsvgAnUTesiBussTnUIN Teaunsfnlusig druanafisiniinainnsrinau fe nsznuminnanense
UsgwAnudn Usemeuau1nmuatinisalvein1suinmas 29NN (Heavy physical work) 9MUBnUDILAZDDNLTS
Sovay 19.0ImﬁLﬁ&m%’a&Jawﬁqwhﬁ?uﬁﬁmmiﬂmqutm mewwdeulm (Lifting and forceful movements g
(2) drwmsAnululssnAdIngunuaANLYNVD8INIT mMsvheuiidunezdend (Bending and twisting) A
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NANUIU (Static work postures)

auvmisduiing i Wudunilwesaivaiudnuue
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Unfinesszuulassinuazndmile fansuinndsdi
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Fonlfintesdiefnazduiudnumznuiivssdu wu ns
Uszifiumnuidedlng s REBA axinedmiunuiiiidnae
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duvu Selunsnuniaglizuuuumsussifiuenuides
Tag33 REBA (9) gUuvuwilsvesnsiihsgisaenisling
Uszifiuaundssdeguamiiunszuiunsuszidiulenia
fasgnenuazdsransznuseguanlneddedisnnuguusy
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Mgintuivgunmuesuyed :nnstasunseduialade

D

'
a

e FamsdudatiidovFeamgmmihay enadsaszey
#10gUNMEWNTY WU NansEVUsBlIANeTEUUlATITI
uazndanile
wRnssudesnnsvhauanmsivimaiidaiendn
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Tnd naemauviiyamsvhawiilsivanzay (10) fewly
nauwinnuiifesoonussmesnindoudedseamtinuie
nseenussing WunguiifuwalduiiliAnensuiands
druansld Fadullyvsdogunmiiddy
Juduvssiulvgidoauladnulundnaunguiides
sonussmesndouiedsweanindaduninnulugud
nszedufuazntinaulssussafeildinsfnuinou
wihidmiihaudulnyfnaandsmimssmansoglu
sefudasgauaidesgann (1) Sslinquszasdiiievims
Usziiumnudesinunisuanmdsdouan idesandslaifing
AnwsumzUssiiutindou Seannsathdoyaildilung
sUuuumsihsefuasuimsinmsanadessionisifnlss
Uramdsdiuansnnmevinaustald

2. ABN15ANTUUNISIY
2.1 gduuumsfneuazngaiaagig

WumsAnwiBewssaun (Descriptive study) Tu
Uim’msﬁﬂuwﬁmmﬁﬁmiaﬂmé“auﬁmﬁgﬁa@/qﬂmfﬁ
Tul59UQAAMNTIN 2 WIS

NAUAIRE19INNNSAWINULARIRENS Tnan
msmwaafetuiloUssanaadndiuesszanns
Tunsdiiusznsilvunidnuasnsiusiuiulssans
(12) 91nUseensasedl 160 ﬂuﬂuaawﬁm’mﬁaﬂmmuﬂ
Rendestunseniadeuinedmedulsiny wasldrmdndau
(P=0.76) MnAndadauveantinanidssfuanuidesga
anmsUszdiunudsaimensyineuve g
FosenpasuineveminvasIuTes Rsnes Sumsmm
(13)

ywnsegne Wnmsewmmunasethafioussana
AndnanuvasUszannslunsainiussannsiivunadnuasnsiu
$nuUszng sl

NZZa/z [P(l_P)]
[e*(N-1)1+[Z%,, P(1-P)]

fo  n = wumsedng

N = drnuninendunguiidesesnisinie 160
A

Zo/2 = dnnesguditaadesiu 95% (a = 0.05)
wihilu 1.96

P = 076 fio MdnduvessziumLIALIEIER
nnsUszfiunudssimenisyhauveandne 73
FoseniadeudevemtnUaEyuTeTisNeS SunTImn
16

e = mAnuuduglunsuszanaen Tunisdne

adsiiiuely M e wihiu 0.08
wnuAnlugns
. 1.60x196"x0.76(1-0.76)
(0.08)%(1.60-1)+1.96%x0.76(1-0.76)
n = 65.25
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v
v
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dwil 1 mslesizviee (AsuuLegsEing 1-4)
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vieuhmiiniie (Azuuuegseing 0-3) dauil 3 melieaes
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ogjseving 1-2) uazdedle (AsuuLDEsEING 1-0) daudl 4
nsUsziliudnuauznsdudning (Aviuuegszning 0-3)
dufl 5 Ussfiuspduresnsiiussonndielumaviney
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A Usgnaumie e @i Uazu Ngu B Usenaume uuu
wazdeile uagthAzluLNGY A uag B iniuiunzhuunise
suasndsiionnussilld Snwazmsiuing uazerud
yeansiadeulmussisnienudfunazagldansziu
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21nnsld REBA Tunsfinwifiagldnadiuvesussidu
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A191991 1 InusidnsEauANUERIMINsEAmEnsaInnTUsEiulag REBA

AMUENS  AzuUY AUNUNY
e 1 1 aazwansula
JE6U 2 2-3 NuLLATIASUNIATIIERULALAN YT IAZIBEALLLAL
JEHU 3 4-7 utusudulymasnsaaeunaziuaniiunsusulbinuy
JEeU 4 811 ulululgmenssuinsuiudgvsounlulaeriud

3) A5UTEEUAMIULEEINIINITIAIEAT IUSUEN
TgldAn NIOSH lifting index 1uwallaildiasigsim
Umtinnseniikuzil (RWL; Recommended weight limit)

dmsunisynauiineltesiunIsAfaudedaved @1u
NATBITTAUANNLEDININSEFansaeld NIOSH lifting
index (16) AauandlumIs19N 2

A1519% 2 INeTInsEAUANNERINIINTEAEnsAUsEIdulag NIOSH lifting index

ANULEBS

Lifting index ANURUNY
Seu 1 a8n31 50 % RWL AMzngausule
AU 2 YU 50-75 % RWL  ULUAISHNNSASIE0ULALARANL

YU 3 S¥1IN9 75-100 % RWL
11nA731 100 % RWL

a./)

STAU 4

NuTuSuidymmsesvaeuieUTuls
unuilgymersuileliulsslaeviud
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£
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welduusensa 3 eonainiu 3-4 Asy/dUan
wetduusean a omainvu 5 Asa/dUa

M13°99 4 LNUIINNTINTLAUANUTULTININNTTUTRINSRAUNRUT DML

AUTULI AZUUU AUNNTY
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nsdhdudoyasaifiosazdoyainisuanuasiuuunf
Anszilagldaedewazdiuds wuuninggiu nsand

nswanuasliunfinseilegldagsegiunazaiids nadl
Toyaudsunssauieauduazfosay

=
3. Wan1IAneI
3.1 anwardluvaainguaiagns
nguiegradundnauainissnugaainngsy

2 wis fo senuguinszaeduduvmils wagniinay
Tssnuussafneuvianis Tudminveuunu 13 70 518 wut
dulngidumane fovaz 60.0 fengade 283 (dw
Deaumnsgiu 6.8) fdaduvesanunmlasindidssiu
anunmasad Sogag 48.6 way 45.7 mudiu dalng
dusansfnwszauisenfnuneulate Seeazy 47.1 Tl
sonfndanedosay 70.0 luguyns Sovar 62.9 uazliil
Tsauszdns Jovar 94.3 uansoastBenlumsnsd 6

A9 6 TIUIULALTDYATVRINTNIUTABIRENLIINETMUNALSN ¥ dILYAAALAZEN YL (n = 70)

fiauds 31U (AL) fovaz
LA
B 42 60.0
AN 28 40.0
21y (¥)
< 20 2 29
20 - 29 41 58.6
30 - 39 22 31.4
> 40 5 7.1
Anady (@nudouuuannsgm) 28.3 (6.8)
ff5e5n1 (Afgn, Agean) 28.0 (19, 52)
SZAUNISANEN
Uszau@ne 2 2.9
AseuAnuInOUAY 21 30.0
seuAnuInOUAY 33 47.1
auUTyeymTaLg U 14 20.0
Usztnnlsssnu
U339M% (n=10) 10 14.2
WHUNUTTY 5 7.1
WHUNTGOUE 5 7.1
AUENIEALAUAT (N=60) 60 85.8
LUNService 2 2.9
WHUNLDUAUAT 6 8.6
WHUNSUEUAT 3 4.3
UHUNTAEUAN 49 70.0
wwnpimtniedeiidesendeiu (landu)
<10 3 4.3
> 10 67 95.7

Anady (@mudouvuannsgm) 15.2 (4.8)
ffsegnu (Adgn, Agean) 15.0 (5.0, 30.0)
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3.2 ANBARNITINNU LAZANINLINGDNNTHNNY

nausegslianvazninulaensenvemiin
daust 4.5 Alansuiuly Arwdvesnisesnusdliitenndy
12 ado/dluuag 5 wniseulutaanaildsng 2 alug
Y9950UM YN Usgnaumeninanuan 2 15eu fe
Tssemuussefing Gaduunld 2 wnun Ao wwunussy Sovay
7.1 wazunungandising fegay 7.1 uaglssnugudnszne
AuAn FuUnld 4 ukun ABlKLN Service WHUNTUFUA
LHUNUBUAUAT LATWHUNINAUAT NUSaBay 2.9, 4.3, 8.6
way 70.0 muddu Torgnsviendudunistiagiusae
6 iWouuazgean 20 U lngAadvesorgnisvinnu 2.3 9
dnilvgiinisenindeudretagunnndt 10 Alandu fevas
95.7 (thwiiniade 15.2 Alansu) Sunufinudas Sudavlug)

#nuINNI1 500 Aswmaiu Afevay 77.1 lnengudieg
ManuaUfURNY 6 TusiedUnv warlin1sngaiingening
NUIIY 1 AssRedu ASa 60 wifl wieldurasinnans

Tu diudlngiufiRnuunnnit 8 Hilusseiu nuseeuas 85.8
UuRanuaraiuas 2 alue wudesas 63.3

3.3 msfuiemsiinunAuTiaamasdiueng
HaN133uTINTRAUNRUTIMTEEIUE 910
3UsEIuAMALALAINLTULSWBINN53USEINS WU
fsgdunanuTULIINNITTUieINshe Seray 7.2 By
Tusediuge (Uamnnvidetanvesade) uazdosar 11.4 ny
Tusdutunans (Wanssdutunaaduunandy) wansse
azidealumsnadl 7

M131991 7 Han13USELEIIUTEAUAMUTULSHEEUNINAINNTTUFRINSUIAnASE U4

YDINUNIU (N=70)

FTAUAUTULSIRDHUAN

o v
ITUIU (598a2)

szauidndos-Suiianulinszduidniey
sEAuUIUNae-SUFRRuTInsEAUUIUNA

FEAUEL-TUTReAUUINTEAUIN

seaugausuliila-sustsnnutinseauiniiiiunulm

57 (81.4)
8 (11.4)
5(7.2)
0(0.0)

3.4 STAUANUEEINIINISEAENT

SYAUANULALIINYIINI9YRInaUsEulae Y

REBA wudbifianundssviennudesiivensuld ouas
47.1 fsgauanudeseglussivUiunans udedlasunis

M998V Se8ay 42.9 anudssyaugausulila fessu
wily Sowax 7.1 warszaugs wufoeay 2.9 Aauandlumsng
78

A15197 8 NaVBIlENALAYINIaNISYANENSANNYINNVBIVAIvINLnUlneldwaLla

REBA (n=70)

STAUANNULEBNINYINNI9VDIMALA8 REBA

[J v
MUY (508a%)

seau 1 - Liflenudesvseanudssisausule
SEAU 2 - TAudsslIunane fedlasun1snsiaaau
o P a
SEAU 3 - LAMULEILIN AITNTIVABU WAL
o P a a ~ o a
5EAU 4 - danudssniign assuwluriug

33(47.1)
30 (42.9)
2(2.9)
5(7.1)

seauudsdlagltuinsgiu NIOSH lifting index
wudngninaudaudessziu 2 Aeanuldssnses

1A5UN1M5I19d0U S8ay 72.9 LAaYAIULEBITEAU 4 LFe9
ganniisiesiuunly wueear 8.6 (13199 9)

Taaseulaeaiouasdeninday EJounal TR 1 atiufl 1 Weuunsau-Sguisy 2559



N UrsdiunormSeosionrUoarao s oua19

A1519% 9 wavedleniadesnisniseranslagld NIOSH Lifting Index (n=70)

S2AUAULEBERIN Lifting Index

o v
I1UIU (508a%)

sEeU 1 AnUdssngausula

FAU 2 ANUEETIABINTIRABULAEAAR Y
JAU 3 ANUEENEITIATRTIAARULarUTUUTS

AU 4 Audesgeanideanily

12 (17.1)
51(72.9)
1(1.4)
6 (8.6)

3.5 namsusziuamnudsameniseaansnnsineu
fian15UINRAIEIUAS
naUszumEs RN Tt sdIuEInnTS
1% REBA Tudunilsvesuninnsuszdiu Tnefansanan
ymevemds :nnsUsziiunudy fanuidedusyiugs
wagszAulIuNaIuvInaL AespYar 42.9 Je9adnAaIEAU
foeusulails fovaz 10,0 iWesmiuudmuindnnudeg
nszRuTisensuldsosay 95.8 TazideaLazAINMING

AuA197 10
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ansEERs T ITdnSUTuendlden Lifting index
989 NIOSH 11dnaussiudsamnensaeaninuinag
deslusziuuiunansiesay 45.7 waysyiugafesedu
gausuldlasiu Sesay 11.4 neavidunlazAumriIenIy
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FTAUAMELIADGUNN
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seeudniae-nizeausule
szauUunans-Ansueuny Josiu

sRuae-Reslunsnisiunisatuny Jesiu
seaveusulaili-audesgann sessualuauwily
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30 (42.9)
30 (42.9)
7 (10.0)

A157°9% 11 AnudesrensuinvasduasUseiliun1seaans 91n Lifting Index
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Abstract

The aim of this survey study was to investigate the formaldehyde exposure in the working environments
of medical laboratory workers. Data were collected by a questionnaire and air monitoring for formaldehyde
concentration from four medical laboratories (5 areas) by Gasmet DX -4030 with infrared spectroscopy analysis
technique. The results showed that, among 33 workers, there were autopsy personnel, investigated autopsy person-
nel, scientist, resident, teacher/ professor. 54.55% of those workers worked with formalin 5 days/week. An exposure
period of formaldehyde was between 15 minutes and 10 hours per day. Most respiratory protection used was
surgical mask (96.67%), followed by carbon mask (80.95%) and respiratory cartridge (37.14%). The concentrations at
average 8 hours of the pathology laboratory, the anatomy laboratory, the forensic laboratory, and the
parasite laboratory were 0.485, 0.017, 0.028 and 0.054 ppm, respectively. These concentrations were
higher than the occupational exposure limit recommended by NIOSH (TLV-TWA =0.016 ppm). High
exposure was identified in workers of the pathology laboratory. The results suggest that workers should
be aware of formaldehyde exposure by using an appropriate respirator for inhalation protection. The
ventilation system in the laboratory should be improved and health risk assessment is also necessary for

estimation of long term adverse effect from formaldehyde exposure among these workers.

Keywords : Formaldehyde / Air concentration / Respiratory cartridge / Pathology
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Abstract

Latex Gloves are infectious waste that must be disposed by incineration. The researcher believes that
if the incineration of latex gloves can be changed to pyrolysis must be more benefit, because the product of
pyrolysis can be utilized into oil or chemicals that can be used as precursor in the production process. This work
is the study of pyrolysis temperature of latex gloves at 380, 420, 460 and 500 °c, with a heating rate of 10 °c/min.
The most appropriate temperature for the pyrolysis of latex gloves was 500 °c. At 380 °c, liquid yield was 7.42%.
When increased the temperature up to 500 °c, liquid yields were increased up to 31.57%. When the temperature
increases, liquid yields are increased but gas and solids are reduced. The liquid products were analyzed by Gas
Chromatograph with Mass Spectrometry found that the majority of the hydrocarbons was aromatic hydrocarbons
such as benzene compounds and naphthalene compounds. The main compounds are p-xylene, toluene and
1,2,3-trimethylbenzene which is increased with increasing temperature. However, the liquid yield from pyrolysis
is not appropriate to apply as fuel to the engine because the complex mixture of hydrocarbons and cyclic
compounds. Furthermore, the liquid yield contained highly reactive chemicals such as acids. Therefore, the refine-

ment of liquids or addition of the additives or catalyst in the process are needed to get the higher fuel quality.

Keywords : Pyrolysis / Latex Glove / Aromatic hydrocarbon
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M15199 1 F5ATIEIHANN UNVBINAIRILLATEI GC/MS

Analysis GC/MS
Carrier gas He
Carrier gas flow 1.0 mL/min
Initial temperature/ Initial time 40 °C/10 min
Heating rate 8 °C/min
Final temperature/ Final time 280 °C/10 min
Injection temperature 280 °C
Injection volume 1.0 pL (split 20:1)
MS detector temperature (Quard/Source) | 150 °C/ 230 °C
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A13191 2 Soravvosmdndaeiluzuvesdaazreanarnnnisinlsladagalesnigamgiinneg

a

Temperature Condensable
Experiment type . Solid (%) Gas (%)
(o liquids (%)
380 27.17+0.46 7.42+0.37 65.44+0.58
420 17.45+0.24 14.09+0.81 68.46+0.63
Latex Powder Free Glove
460 16.31+0.31 26.29+0.55 57.40+0.34
500 15.61+0.36 31.57+0.53 52.06+0.69
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q

Peak Retention NIST
Number | time (min) Area % Name Library Quality
1 3.73 0.77 1,3,5-Hexatriene, 3-methyl-, (2)- 2571 91
2 4.163 18.00 Toluene 2396 91
3 5.993 2.14 Ethylbenzene 4955 91
a 6.174 22.34 p-Xylene 4947 97
5 6.607 1.20 Styrene 4749 95
6 6.652 4.05 Benzene, 1,3-dimethyl- 4970 97
7 8.025 1.07 D-Limonene 15164 87
8 8.116 7.22 Benzene, 1-ethyl-3-methyl- 9133 95
9 8.256 1.40 Benzene, 1,3,5-trimethyl- 9116 95
10 8.495 0.87 Benzene, 1-ethyl-2-methyl- 9129 95
11 8.540 1.11 .alpha.-Methylstyrene 8689 87
12 8.788 7.78 Benzene, 1,2,3-trimethyl- 9125 94
13 8.870 1.75 Benzene, 1-ethenyl-3-methyl- 8697 96
14 9.381 3.73 Benzene, 1,2,4-trimethyl- 9127 93
15 9.431 1.97 Benzene, 1-methyl-4-(1-methylethyl)- 14425 95
16 9.521 3.12 Limonene 15153 94
17 9.839 1.00 Indene 8167 94
18 9.971 0.63 Benzene, 1-methyl-3-propyl- 14371 94
19 10.115 1.16 Benzene, 4-ethyl-1,2-dimethyl- 14388 97
20 10.527 0.75 Benzene, 1-methyl-2-(1-methylethyl)- 14430 97
21 10.597 0.65 Benzene, 1-methyl-4-(1-methylethenyl)- 13651 95
22 10.737 1.52 Benzene, 1-methyl-4-(1-methylethenyl)- 13649 96
23 11.347 1.21 Benzene, 1,2,3,4-tetramethyl- 14382 97
24 11.912 1.81 2-Methylindene 12678 94
25 12.023 1.35 1H-Indene, 1-methyl- 12686 93
26 12.584 0.75 Naphthalene 11576 90
27 13.862 0.95 1H-Indene, 1,3-dimethyl 19675 96
28 14.055 0.79 Naphthalene, 1,2-dihydro-3-methyl- 19688 91
29 14.583 1.60 Naphthalene, 2-methyl- 18568 96
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M13°99 3 psAUsENaVvRIYBIVaINinaINNsInlslaBaigamgil 500 ssrwalByd FIATIZYIRIE GC/MS

Peak Retention NIST
Area % Name Quiality
Number | time (min) Library
30 14.884 0.90 Naphthalene, 1-methyl- 18566 94
31 15.935 0.62 1,2,3-Trimethylindene 28444 94
32 16.446 1.06 Naphthalene, 1,5-dimethyl- 27292 97
33 16.685 0.74 Naphthalene, 1,4-dimethyl- 27290 97
34 16.743 0.69 Naphthalene, 2,3-dimethyl- 27300 97
35 18.425 0.54 Naphthalene, 1,4,6-trimethyl- 36482 97
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Abstract

Due to increasing accident at the school especially in playgrounds, the government tends to encourage
the schools to reduce the relevant risk factors and the number of accidents. Therefore, the purpose of this
descriptive study is to evaluate the factors covering pupils’ behaviors and environmental hazards, in the context
of their playgrounds of the Childcare centers within 15 kilometers around Ubon Ratchathani University. Forty-nine
participants (teachers, nursemaids, and assistant teachers working at childcare centers) were asked to fill the
questionnaire and the researcher also surveyed 13 playgrounds and children’s behaviors in those playgrounds.
The results showed that there were child accidents at playgrounds at a rate of 46.90% and the annual frequency
of accidents and sex correlated significantly with children’s behaviors at 95% confidential interval (p-value 0.0001
and 0.0437, respectively). The most common risk behaviors included swinging the swing with high speed, mean
risk = 2.47.While common unsafe conditions of playgrounds was thin sand surface i.e., the thickness was less
than 20 cm, playground surfaces was not designed according to safety standards, Fall and traffic of children in
playgrounds, with the score of non-complying = 0.15. Safety measures were in excellent level with score of 3.23.
The sliders in playground had safety standard score of 0.62. Recommendation based on the results, were the
concerned authorities should inspect the playgrounds and the teachers should educate and advices on how to

safely play. The local government should pay more attention on the school safety.

Keywords : Risk factors / Playground / Accident in playground / Environment and safety
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Abstract

Plastic bag is widely use for packaging, but it could not be degradable in the natural, leading to high

proportion of plastic wastes. A Pyrolysis process of high density polyethylene (HDPE) plastic bags was carried out

at a temperature of 450° C and 500° C to produce liquid product namely as gasoline and kerosene group. The

five dominant hydrocarbon compounds, consist of toluene, 1-decene, 1-nonene, 1-undecene and 1-dodecene,
that showed as 7.37%, 6.36%, 5.46%, 5.68% and 5.03% respectively. However, 2.06% of 1-heptadecene of diesel

fuel group was also found in the experiment. These liquid products must be fractionally distilled to separate

these chemicals, and the addition of other chemicals to improve the quality of chemicals which will be suitable

for further use.

Keywords : Pyrolysis/ High density polyethylene (HDPE) plastic bag / Gasoline group / Kerosene group /

Diesel group

1. umi

nsldmanadin Suwslduintuedesings wazl
o1andnidsandns i iviunannanainle ndoya
aoumsainislinanainiilan wandliduinislinanadin
disnBumn® Taglud a.a1990 Snslinanaiin 86 S1usu
warsoulul A.f.2006 fnsdnaranniiududu 208
S wnliusasnsliwanainedehlandistuuniy
Yaway 5.5 sl uenand nseatuTend .. 2006
el 0.A.2015 axfimswanadniindudu 328 &
(1) Tud 2556 nsumuauuaiiyldaniunsdrsadeya
UsinaezyarleeyUsyna wuhdiuiinasesyalesy
AeTuUsTIna) 26.774 SuiunseUsyana 73,355 Giuse
T (2) suam,ﬂawaaéﬁnénﬁﬁﬂ%mmmﬂ%ﬁmﬁmiﬁﬁmﬁﬁ

Wnsmdnveslaenisyavauuazilinay (Landfill) wyd
%Lﬂﬁ%ﬁﬁﬂ%ﬁiwgﬂLLm'WU{‘Jggmﬁl,ﬁmmmf’mzaﬂaﬂaa?ja
orazillanemiin vudeuwvduhiafuuasildm vili
lianansothiwnldguinauilaa dnfihluwaniding
Uudouagldsuarsiy mnuywdiunuilnretaneliiia
dunsnele wazdmsun1swa (Incineration) wintiluin
vhangligniSazneliiAnuativsiodandonluguvesing
vatlaeenled (CO,) wazfwaiveunevenled (CO) 7l
AUNAVUIAENUIN MeriAnannswnvtansduradi
auysaualiauysaldudunsesouyud (3)

nszuunsnlsla@a (Pyrolysis) Aonseuiunisaanesi
vesansdunidfiguvniiguarluannzhifioendiay o
fnasAndunigldauduiazgangiifigand 430 sam-

walua ien1stdnvesnaiain TefveinszuIung
Tnlslada axldiuussanadonaydo-60 uazldfne
Uszanasoray 10-30 vosmiindadiunan Ansimadselov
wazaufimdessfuvewds nszuaunisilineltinans
lnoonu (Dioxin) uaxilusu (Furans) eengaundesmie
vssene Wedleutunisenlvlaensdumwnaesialy
(4) Mohana Jeya Vall, VP., 2012 (5) lavinnsAnenfianis
Fonthsiudamasiiunanvesnanainlag3inslnlsladad
gungdl 450-550 asrnaida wuithuldduansnso
Tunduuenadnlimdudsiuuudu thiufauazisiuiiva
Ihadannsatisaniymnisiinaivludunndeudae
wag Patni, N., 2013 (6) lavinnsAnwmadendnsunns
Wasuwaweznanainlinanefuisudemaaiesan
Wa’laaﬂ%ﬁmwaﬁwﬁﬁmmwmLLﬂquLﬂui’a@ﬁﬁ’lmgﬂ
finsl¥aunainvanedaiunyinisinlsladaiioumnd
370-420 ssrmwadeualanandusivesnar \Wu Aliphatic,
Cyclic aliphatic Wa¥ Aromatic hydrocarbons Lag#u13a
thlunduusndruiioltanuselufidedafnunszuauns
Inlslada vosgenarainvylianediofiduninunuiuuugs
(High density polyethylene (HDPE))

ad o a a o
2. 9ALUUN1ITAY
qumaaﬂmﬁmwaaLaﬁé‘wf’n’lwu’n,l,ﬂuqn Pradaduy

Fuan nglilvwnyszana 1 cm® dadlmiinganatadin
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wuAnsaldaamdielulasauiideudu 1 vid Tifhe
Iyarudunan 5 wit Wegluanmzusanneendiauite
Josfunsiinufsereendinduluszrinameaes vinis
Inlslagaganaradnudanediefidunnumuiuugs 7
gaungdl 350, 400, 450 WAy 500 psrnEalded Tansasna

Puasic Bag

mssinaufoudu 20 esmwaleaiound wwldonmgl
A o P val Ao ' I a
mufmvuaksIrdlingaumglidanariutunan 30 wid (7)
TtalulasausnudnlUlussvuislvniswazveanaIn
AveglussuvesnuiaunasluyIngUussy

Thermocouple

n,

Reactor

L

g O
Temperature
control unit

=
Nitrogengas ' Condenser
cylinder
Edenm-e_;'l-er flask

Data logger
temperature

JUN 1 insesunsainszuiunsinlslagadmiunisnaaes

Prudnsuavaavaltazuaawdantsainnisinlslada
Ui minvemdnsaenlalaiinunmuanudovazves

SouavURINANS ANl =

Jrminvesnandunnlaainnistnlsda y

WA LARNLgRS

100

Yntinvaanataannausinnisinlsda

MsfnwesrUsEneunwaivednsuivesmaii
Aatusemadautalasuinnsil wiasunlaswys (GC-
MS) Ledesiilifiasnesisu Agilent GC sytem 6890N Wy
Agilent Mass selective detector 5975 poduilH duiia
HP5MS capillary column (5 % diphenyl, 95%dimethyl

siloxane Ylpeiinsisanzueanios GC-MS dilunsei
1 (5) veswandildannisveaeszsiositluiu (Centrifuge)
ADUIATIZY 1nansavane n-Hexane Usunay 1 Hadans
TUvhavaneiureavarfilausina 10 lulpsdns wdah
asazane 1 lulasdnslu@niasngsine GC-MS
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Puisiic Big

Gl’]i’]\‘l‘ﬁ 1 ﬁﬂ?’J%‘U@ﬂLﬂ%‘laﬂ GC-MS (7)

GC/MS

Carrier gas

Carrier gas flow

Initial temperature/Initial time
Heating rate

Final temperature/Final time
Injection temperature

Injection volume

He

1.0 mL/min
40°C/10 min

8°C min-1
280°C/10min
280°C

1.0 pL (split 100:1)

MS detector temperature (Quad/Source) 150°C/230°C

3. NANT53Y

P13797 2 wansdnauFesaganfaidldannslnls-
laBamanamnuiiawediefidumumnuiugeivsazgumai
Tlgaumadl 350 uaza00 ssriwaidea lallsnanfasivesivan
ueinigamafl 450 ssrniwaiTua lénanfasinduie ova
78.92 vpunandmdesu Sosaz 20.42 vosudderar 0.64

Julviihmawlaiildngumgivies uasiigamgdl 500

a Y A o A& o v =
asrwadealananduennlufineievay 81.98 voumnadd
wideswhmadosar 17.85 vewdeiorar 0.16 1ursau
a o ] A a S A a o
dein wunvevadTigmgil 500 esmialiuaiiusinaley
niweavaNgumgil 450 esrmwadyaLarilanuansaiy
Aauandluzun 2 uaggun 3

M157197 2 dncufevazndnduailiannisinlsladananafinuianedieidurnuruiwiugeiusas

grunnl

gaungiilnlslagagananaiin sllanediofiau

AMUTLUUEN (R3rLalTya)

20T (%) Yl (%) A% (%)

450 °C
500 °C

0.64+0.24 2042+ 0.43 7892 +0.18
0.16 + 0.08 17.85+0.19 8198 +0.11

Uil 2 uansuandauridu

VDU INAL AN U
yoaudsiigamgil 450
9IATATEINNTT
Inlslagagananadin
yllanadiefiauniny

MIUUUES
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JUN 4 uanafis GO/MS lasunlauwnsuvainandoe

vaumanliannsinlsladagamanafinylinnedioiau

Abundance

15000004

1000000

s

Time--> 500 800

10.00

Pusstic Brg

U 3 uanawdndasiiidu
VDUV INALHEN U
voudsiigamgil 500
DIANYATEAIINAT
InlslaGaganaiadin
yllanedloNauAIY
WUUUUES

'
=]

ﬂ’J’]QJMH’WLLﬁUQWI m‘mgﬁ 450 p9A1alTed

a

TIC: TESTOEZ.Dhdata.ms

!
18.00

1)

il J
16.00
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JUN 4 GO/MS Tasulawnsuvendndarivesaiilannnsinlsladaganadnsiianediofifuniy

MLUUgaigungil 450 eerivaited

A3l 3 uansdndiuiesarndndneifildainnis
Inlslaganwanadnudomodiofidumumuuyugeiionmad
450 wag500 ssrnwadea lindnsumifiduvesvan Yevay
20.42 uay Joway 17.85 MuAWU aNYrBIRUTENOUNI
inflvesrdnfarivonvariildannisinlsladagwanadin
yilanedtefidumnumnuvugeigaumgil 450 ssrnwaidea
Faduannzfvnauuazldindnfsivoanannniigniai
vounafigumnil 450 arniwalyANNIATILNBIATS

GC-MS @mnsauansrinuesansiaiianie lalaensifieu
Avaansu Tu Library 989 NIST GT@LLamSLugiJﬁ 4 waglu
M7 3 wuigananaRnvianedlefidunumLIULug
flansUsyneuaiiiinuinn 5 Sufuusn 1éun Toluene Soway
7.37, 1-Decene Seeay 6.36, 1-Nonene Soeay 5.46,
1-Undecene $98ag 5.68 way 1-Dodecene Sowaz 5.03
usnantudamy 1-Heptadecene Sndne
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M19199 3 uana GO/MS ansuseneulasunlaunsuvemdndumindudamasilaanmsinlsladagmanafnvinnedioniau
ANUVUILLUEIgUMAN 450 BariwaTyE

NIST
Peak  Retention  Area Compound Molecular Probability
Compound Name Library
No. Time (M) % Formula Weight %
Number
Cyclohexane,
1 3.441 0.69 CiHiq 98.1861 90 3271
methyl-
Cyclohexene, 1-
2 3.697 0.96 CHyp 96.1702 93 2812
methyl-
3 4.154 7.37  Toluene CiHg 92.13842 90 2396
Cyclohexene, 1-
4 4.212 1.20 CHyyp 96.1702 97 2812
methyl-
5 4.579 394  1-Octene CgHie 112.21264 91 6440
6 4.74 2.13  Octane CgHig 114.22852 86 7421
7 5.993 1.39  Ethylbenzene CgHio 106.165 90 4954
Benzene, 1,3-
8 6.158 2.21 CgHio 106.165 95 4970
dimethyl-
9 6.607 546  1-Nonene CoHig 126.23922 94 11144
10 6.652 1.01  p-Xylene CgHyo 106.165 97 4946
11 6.788 2.03  Nonane CoHyg 128.2551 91 12267
12 8.717 6.36  1-Decene CioHao 140.2658 96 17321
13 8.895 234 Decane CigHa 142.28168 91 18487
14 11.908 0.76  1,11-Dodecadiene CioHyy 166.3031 87 33505
15 10.745 5.68 1-Undecene CiiHy, 154.29238 90 25904
16 10.91 254  Undecane CiiHza 156.30826 94 27236
Benzene, (1-methyl-
17 11.908 1.12 CioHio 130.1864 94 12712
2-cyclopropen-1-yl)-
18 12.501 0.97 1,11-Dodecadiene CioHy 166.3031 96 33507
19 12.584 0.85 Naphthalene CioHs 128.17052 90 11578
20 12.654 5.03  1-Dodecene CioHyg 168.31896 96 34946
21 12.806 2.64  Dodecane CioHye 170.33484 97 36431
22 14.443 420  1-Tridecene CisHag 182.34554 99 44614
23 14.583 2.63  Tridecane CizHyg 184.36142 95 46086
24 16.129 381 1-Tetradecene CiaHog 196.37212 98 54508
25 16.252 217  Tetradecane CiqH3o 198.388 98 55975
26 17.716 297  1-Pentadecene CisHso 210.3987 99 64457
27 17.827 1.84  Pentadecane CisHs, 212.41458 98 66066
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¥
o A a

M19199 3 wans GO/MS ansuseneulasunlaunsuvaandndarmhduwemadilannnisinlslafagananainyinnedienau
ANUVUILUUETIgUNAN 450 asrwaltya (fa)

Peak  Retention Area Compound  Molecular Probability NIST
Compound Name Library
No. Time (M) % Formula Weight %
Number
28 19.212 251  1-Hexadecene CigHs, 224.42528 96 74522
29 19.319 1.87 Hexadecane CigHag 226.44116 98 76091
30 20.638 2.06  1-Heptadecene Ci7H3q 238.45186 99 84041
31 20.733 1.53  Heptadecane CiHsz6 240.46774 98 85525
wuiilewivgamniidu 500 ssmwadoa linu 1- (Alkene) wazuoalAu (Alkane) Aifid1urumsususEing
Decene, 1-Nonene, 1-Undecene wu 1-Dodecene Usuey C7-C9 ﬁ?ﬂuwu%u (Gasoline) Sogay 28.39 F1UIUATUDY
anas, Toluene st uazdawy 1-Heptadecene WwWuifien 5¥M319 C10-C15 Ysfufinn (Kerosene) ¥owas 45.91 uay
fuflgaungdl 450 ssrniwalea Snse SruruAsususEIIN C16-C25 thdufiua (Diesel) $ovay
A5197 4 wuigananaAnvdenediofiduanuvun 257
wiugs Tansusznevlalasmsusuysenaumenguueafiu
A13197 4 Relative Abundance (%) vosanslalnsasuevlunanfasivesaainnis
Inlsladail 450 osrwadoa gewanadnviianodlofidumumuuLugs
Hydrocarbon  Relative Abundance (%)  Suggested Petroleum Fraction
GGy 28.39 Gasoline
CioGCs 4591 Kerosene
Ci6-Cos 25.7 Diesel
4. aAUs1EHa gauniiliigendn 515 asenwaldeasyilvilindn e
nslnlsladagmanafnedianedieffueuvuiuiy  veavadflanasusfigamgiivag 490 - 515 axlsnansinsi
aetonmndl 450 svmwaleataduannsfanranuay  Mluweavantinasnn uasdlidiuiwdndasivoamadd
Igudnfasiveunaiinaanniigndofioutufigungl  gamgll 450 ssrnwaifoa uarfigamail 500 esniwadya
500 e wallua GedenadatunIsANYIIEY Lee, aelaUSunaiilndfssiunanssiuiisndndos
Kyong-Hwan, 2007 (8) wuidnsinisaangsiinieanuiou gananadnviianedieiiduanumiuiugmuasusenay
(Thermogravimetric Analysis (TGA)) vaswaiafinuia wilfinuann 5 Susuusn A Toluene Yowaz 7.37, 1-
WoRleNAUAMUVIUILLLES %Sué‘?«wiqquﬁﬂazmm 410 Decene $ogag 6.36 , 1-Nonene Saeag 5.46, 1-Undecene

osriwaliva uazavamoivuafigungivsranalaiiu - ¥evar 5.68 uag 1-Dodecene Javay 5.03 Wotwaluiiey
500 pariwaloa lnlsnansusivesvaifigumad 450  AunisAnwives Sarker, M., uag Rashid, M.M., 2013 (10)
psrnwaifiea annndienmnd 500 sswadeadntes  filsvihnismessuAsurernanainviiewediefiduniny
warNIsANYIYeY Marcilla, A, 2011 (9) Tnansinlslada GTRIEHIGE ﬁqmmﬁ 450 parmwalied nunlrasuseneu
wmaaﬂ%ﬁm‘waﬁLaﬁé‘ummwmLLﬁuquudwmmﬁu wilinmneelain 1-Decene, 1-Nonene, 1-Undecene Way
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1-Dodecene aanunuiiauiu 4 vlaualinu Toluene
gananafnylanedienauanuvuiugs Jansuseneu
lalasAnsuouysenaualunguioadu (Alkene) way
woaway (Alkane) AifisuaumsueusEning C-C, ity
WUFU (Gasoline) So8ay 28.39 9MUIUAISTUDUIZNIN C, -
C,, tifufim (Kerosene) $ovay 45.91 uazsuauasuay
58I C,,-C,, ifuiia (Diesel) fovaz 25.7 asuinmu
asusznavlelasaiveuiifidunuansuausglunduniniy
finm (Kerosene) C,i-C,, 1nitgaiiloaan §3dulsvinng
naaeslnlslatad 450 ssmwadsadunan 30 il vils
I¢anslelnsansuoulunguningiufiig (Kerosene) Aiflgaifion
150-250 D4AARHATIUIULINATY LATIAIULANFIAIN
A15AN®IYe9 Abdulkareem, S. A. way Eleburuike, N. A.
(11) flFanslelasafueuiifidauaivenluriseming

C,-Cps WIUFA (Diesel) 11ANINTBIRIINGITLYIINAT

'
a

Inlsladafigumgil 430-520 esrwaidoa uazaily
2 T 30 Wit lldanslalasasueudiiisiuiunsueu
Tutesening C,-C,. tifufiea (Diesel) ponuINTign
dw3u Toluene \udiazaredursdnguelsunin
Anamoglundnineisngg wu & nn fiuwes uaanes
wifinfiant \udu Snteadududunauegluiiuuudy
(gasoline) §hwarmamenwansiduveunadla Lifla
finduven \uasUlasedidldannisnduiunasuia
5551977 (12) @1 1-Decene, 1-Nonene, 1-Undecene uag
1-Dodecene tHuansusznaulalasasuandilidusaiu
nduueary (Alkene) axnuannluthdufildannendiuniiiy
fiu dndufe (Kerosene) agwiinniuaziigaiangsniy
dhifuuudu (Gasoline) Tne Wisfufiin (Kerosene) 1y
nsnamntufndmsuliuasainwazanudou waztiiy
wissluuiswia venaninuans 1-Heptadecene \Juans
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Abstract

Electronic workers have repetitive and prolonged working posture and use repetitive upper limbs which
may cause the incidence of shoulder pain. This descriptive study aimed to assess discomfort of shoulders and
ergonomic risk assessment on upper limb disorders among electronic workers. Data was collected by using Cornell
musculoskeletal questionnaires (CMDQ) and rapid upper limb assessment (RULA) in 162 electronic workers from the
manufacturing in Khon Kaen Province. Results showed that workers perceived the highest level of pain at severe
level for 12.4%, followed by moderate level for 35.8%. The highest frequency level of pain was several times every
day (9.3%), followed by once a day (9.3%). The outcomefrom CMDQ indicated the highest level atvery shoulder
discomfortfor 8.6%, followed by moderate discomfort for 24.7%. RULA identified an ergonomics risk at level 4
(further investigate and implement change needed) for 20.4%, particularly at the process of input heavy materials
into the machine. The findings indicated that some workers had very discomfort of shoulders andhigh ergonomics
risk. The lack of implementation or control may lead to occupational shoulder pain and upper limb disorders in

this kind of workers. Therefore, an improvement of working conditions should be considered for ergonomics issue.

Keywords : RULA / Shoulder pain / CMDQ / Risk / Ergonomics
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Abstract

Awkward postures affected work-related musculoskeletal disorders denote health problem to immediately
improvement. This survey research aimed to evaluate working postures assessment by Rapid Entire Body Assess-
ment (REBA) technique and to survey work-related musculoskeletal disorders of patient assistant staffs in Fort
Sunpasitthiprasong Hospital, Ubonratchathani province. Samples were 21 patient assistant staffs. Collected data
were divided into 2 parts: 1) working postures by Rapid Entire Body Assessment (REBA) technique 2) The work-
related musculoskeletal disorders that were performed using interview questionnaires. The results showed that all
patient assistant staffs were male. Their average age was 21.76+0.83 years old. Approximately, 57.10% of them were
smoking, and sometime of exercising, respectively. The results of working postures assessment by REBA technique
showed that the hospital trolley assessment had higher risk of work-related musculoskeletal disorders on the
right side of body than the left side. Final score of REBA both the right and left of body equal 7 were 61.90% and
57.10%, respectively. For the hospital wheelchairs assessment, final score of REBA both the right and left of body
equal 7 were 80.90% and 76.20%, respectively. The results of work-related musculoskeletal disorders of most of
patient assistant staffs showed the right side of body had pain/fatigue more than the left side of body. The most
of pain/fatigue‘s position part of body were both of hip/thigh and left’s calf that all the same value (47.60%), the
secondary were right’s calf (42.90%) and left’s knee (38.10%), respectively. This study recommends for improvement
of workstation to avoid awkward postures. The hospital trolley and wheelchair should be adjustable to the height’s
patient assistant staffs. Using the neutral position while carting the patients with back straight, no twisting and
bending and regular exercise are suggested. All patient assistant staffs must quit smoking, health checkup and

surveillance of work-related musculoskeletal disorders.

Keywords : Work-related musculoskeletal disorders/ Patient assistant staffs/ Rapid Entire Body Assessment
(REBA) technique
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UoAan 2 4 8 7
(9.50) (19.10) (38.10) (33.30)
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(0.00) (33.30) (42.90) (23.80)
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W 7 9 3 2
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LN 9 4 7 1
(42.90) (19.00) (33.30) (4.80)
Wi 0 3 10 8
(0.00) (14.30) (47.60) (38.10)
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6 1 1
(4.80) (4.80)
7 12 13
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PARTICIPATORY REDUCTION OF NOISE EXPOSURE AMONG EMPLOYEES
IN DISCOTHEQUES AND SURROUNDINGS AT KHAOSAN ROAD AREA,
PHRANAKORN DISTRICT BANGKOK
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UNANED

msdnwadsilifunsifeidafcinisuuuiidusi (Participatory Action Research) Litednwaniumsniuagnis
Sududadesiaveminailuaauiuiicuanszuns uazdavihtoausuuselouglunisdansiuanulasnsiuvedes
Tuaautiudis Tnedonanududfidluiiufiauuinassuuiomn 3 wis nduiegsiifnudouiomn 47 au Téu
HINNTSVISORALAIIL 6 AU UISNUALDT 21 AU Wawldsn 20 AU SIIIRINISIuNIsARMSEUREEEIR Han13398 wud
syiudesnoufanssuuiuusuily dasedudoaade 8 dalus (LAeq) agszwing 90.7 - 98.7 dB(A) uazAsEAUAILAS
\Fagean (Lmax) oefszning 108.2 - 137.9 dB(A) Uinaudeazauiiminanulsdfuduianasnszornainisviam 8 4l
Fuls ninunesuasdsrisuauiman 18 au wudifidiads (TWA) agsenring 89.4 - 107.2 dB(A) 1y % Dose
Aegsening Jovar 92.9 - 767.2 anutuiidlsidenldsuuuunismvauiuvadsiuinidedas ansyduidssannieieses
o ngansamadlutaaiidslaifignd daszuunmemyuidsulininnuiidisinnsdudadoduiesiou uagniinauldd
9ayauz iRy anumsalszdudsmdmsiafanssudfugudly wuidsedudeaeds 8 alus (LAeq) agszming
87.2 - 94.3 dB(A) uazeszduAMLRaADIgega (Lmax) Bgsening 104.1 - 121.4 dB(A) Uhnandvsazandiminamlésy
duifanaonszoznanisine 8 92lus fiaade (TWA) agszwing 85.0 - 96.8 dB(A) By % Dose ffnegszwineiosas
50.1 - 181.5 wifnnulduduiadoaiuaunsgiu 1w 12 au wazasziuidesgegaitinld (Lpeak) ogjsening 119.0 -
139.8 dB(A) nansAnwildnfsiavinlugnssideiauenusdnlovefoudlatiymsoly
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Abstract

This Participatory Action Research aims to study situation and noise exposure among employees in enter-
tainment venues in Phranakorn District and to propose policy for managing noise safety in entertainment venues.
3 venues on Khaosan Road were chosen as a study group with 47 employees; 6 managers or caretakers, 21
bartenders, and 20 waiters to seek preventive measure of reducing exposure to loud noises. The results revealed
that 8 hours Equivalent Continuous Level (LAeq) prior to solution improvement was between 90.7 -98.7 dB(A).
The Lmax was between 108.2 - 137.9 dB (A). The noise exposure during the entire 8 working hours among 18
bartenders and waiters showed TWA between 89.4 — 107.2 dB(A). The percentage Dose is between 92.9 - 767.2%.
The venues chose source control measure by reducing the volume from speakers, paused the music when there
isn’t customer yet and employee control by rotating staff to pause from noise exposure in a quiet room, and
having staff wearing earplugs while on duty. The noise level (LAeq) after intervention was between 87.2 — 94.3
dB(A) during 8 hours. Lmax was between 104.1 - 121.4 dB(A). The noise exposure during the entire 8 working hours
showed TWA between 85.0 - 96.8 dB(A). The percentage Dose was between 50.1 - 181.5%. Only 12 staff exposed
to noise above the standard level. The Lpeak was between 119.0 — 139.8 dB (A). The result from this study will

be used to propose policy for solving the problems.

Keywords : Noise reduction / Participatory Action Research / Discotheque / Bartender / Waiter
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7 dalasnsvinonu Tuwdnamudiuau 27 ey wud wilnau
IasuUSunandssazauiuAunsgIu %Dose iw 100 %
Fuu 17 au Aadudesas 62.96 N130TI9EUIINNINNTS
Inguvesntnaudima 77 au wudn wilnougydents
IgBudniau 48 au Andudosay 6234 uastadeiidusiug
fumsgapdenslédy wuin mevihaluitifidesiann
fanuduiusiunisgardenisladu (7) dmsusidseine
nsAnwIUTINadsarauveIntinuAalive 16 uie lu
Ussinadange wudn dereglutis 83 - 98 dB(A) (8) Tu
Usgwadenlus nun ndnanulasudinandesagauunnn i
85 dB(A) uszernanuuade 5.1 2l fAnugnves
nsagydenislaguiosas 41.9 (9) M3d1saaseudeaves
dalfinelugosnslnonsainszdudeands 8 dalus Tu
falAme 5 uis wuihdsesuidosads 8 4alus fad 93.5,94.0,
91.5, 92.0 hay 92.5 dB(A) NENWINIU 6 TumedUa1
wirfuay 8.6 dalustetu Fafunsmanisaudsses
wilnoufalAneidudadsfaziaunlugnmsgydons
IgBumnwiinaildfunsduiadesit 95 dB(A) svazinan
40 Hluwiodani uaz 50 danided axillomagade
nslagunasnmsdudadennu 10 U fosag 17 waswea
NMsdulaEdsu 20 U osas 28 (10)

Hanszvuvesnsduladssadunaruuilindnns
gudonislétu wu msgydonsldBunuutingn alg
dlvandAntuly 2 - 3 Flnusnvesnsdudadesiuas
\Ananiitasaufisening 4000 - 6000 Hz (11) uawiile
IFsudeafasetuuiu sxsuiinsladudonasaurili
o1iansgaydenisldtuuuunnsld uenanidsdwmaly
WinAuAgy sanmgavinlilauiele iRaanuAIean
Uszam 1@en1snsein Heudsee anuduladingauaziie
unalunszmigensle (12) fedu wilhouiugoaaly
anudszneufanisdingn fnrudsdunsdudaseiu
BeaiidaRuinasglumsvihanuusesu wesdusseznm
msduifangrsseioniuuszd Geerailidudunnede
guamaasninaula

nnsanwanndgmaanarvilidiuivnnguinms
anutuiie Wiina wasndlenun1asy loka mieau
seUuTiumvesnsunmuueslsifinesnsvionsdanis
muaudoadesinazyilrminaldduinaidearaily
seiugs wazsinnudesionisgaydenisleiou

IQUsTAIAVDINITIVY

1. ilefnwianiunsaiuagmssuduiaidosives

o

nunuluanuTuALUANSEUAS
2. Wiednindetausiurdalaunglunisinnig
suaNUUasnfvadsdluan Ut

2. 3Faiiunsie
2.1 N1399ALUUNTANEN
nsfnwassildunsiseidwioinsuuuiian
3% (Participatory Action Research) dienmanmsnis
LWINNNTIANITIUgUA KA ANNUARR s e udedly
an UL Larn13InAINTIUNMTUTUUTUALY (Interven-
tion) lnglinszuiunsidedsufuRnisiuulidiusiuniy
WUIARUDY Kemmis and Mc Taggart wiseeniu 4 ‘ﬂx‘umau
Ag N19219WKY (Planning) MIUUR (Action) nsdaing
(Observation) wazn1sazviouna (Reflection) (13)

2.2 UszrnsiiAnwILAzNguAIBE

221 Uszansdidne

1) douduiis Sunuraiun 3 wi Adnva
msdaliinisuansunsuazialiing Alvusnsdamas
sauanauns anmiuduwvuszuule Gveslaiinga
Lidalas sudunsanwiamensdaausudiduiiuiiauy
17813 WANTEUAT NTLNNAUNIUAT

2) guimsanuduiie laun ginnsvserdguaiiu
SR 6 AU

3) wifnnufutRauluaniutufion 3 uwi
St 41 au tdun winaud wesundmune?
Aldsuduiadsstanzd oo

2.2.2 NquiieYa
Wennqusieganiinauiiensiainusunandes
AvaunaULAEEINIIANINTIUNTUTUUTUALY edsns

oW 1

dUF79E19L UL (Purposive Sampling) Tnan1siden
WINUlURLALIRNS NER LTINS 3 WiAs Ndua
WeaanNYeNINian I1UIULNAE 6 AU SIUNIVUA 18

Ay InglinannaenISARNLALANBBNINNNSANY

2.3 ieaflefililunisiiusausudeys
23.1 \eowsraiauiunandearan (Noise dosi
meter)
P30T InSinaudesaraniiwinanlssududa
roukazvdINsdnfanssunmsuiulgaudly $1uau 8 1aTeq
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il
A. Quest, Brand: Noise Pro DLX, Serial No.
NXC030062, NXEQ60022 wag NXJ030050
9. Svantex, Brand: SV 104, Serial No. 37324,
37936, 55042 ey 55051
A. Eg5-D Brand: 473681, Serial No. ESI120115
232 wwmnaiasyiudes Sound level meter)
§1uau 5 1edes Kl
N. Solo: Class 1, Serial No.30247, 30257 wag
30264
9. Rion NL20: Class 2, Serial No.00766550
iy 00766561
2.3.3 gunsaiusuiiieu (Calibrator)
2.3.4 UWUudNnwallBeaanguTvisuagntnau
A0 UTULAY
2.3.5 wuutunnnsnsavinliunadesaseau
2.3.6 wuutuiinasivinszaudssniglulaznie
UDNADTUUULA

2.4 msivindaningudaagng
AIdeiaualasaTIsuiderenmraYNIIUNIT
W3us33unTIdeluny winendesssumand gad 3 anen
Weenans waglasuniseysiiauasusssumideluauli
fulasemeATeidleTud 13 unsiew 2559

2.5 nsiusiusandaya

251 myeuny (Planning) Tnen1suUseasduas
anulaniguImsuasndnauanuduis Wisunsu
Toyaanmlgmiaunnuvasadeveadedluaniuduiis
nsdafanssumsudledoym wagngmneiifetes e
a1 sfuilymuasiiamsinlunismuuimeanisuily

Ugymisauniu
1) ssgutuaninanudilasiufuduinauay
wilnuaa e ietuasiagmuuamen s iRy
Aulunisdnfanssunisusulssnlulneandonisiidiusy
2) dun1walldedn (In - Depth Interview) &
Uimnsuagniinnuaautuie Wesuilanudaiuuay
MUININISRININISUSUU TRl lngedanslidiugy

Tuanuduiis
3) dsnsrduanuiadeduaniuiuie lagly

\n3esinseduides (Sound level meter) wazUTunandes
avaniininalddududa Tneliiedosiauiinandesasan
(Noise dosimeter) aatuiinnan1snsIainasiuwuuiudin
nsinszauideingluanuduiiswasiuuduiinusunn
\Hesaza

4) @15nszaudssusnalassouaniuduiiia
wagunaouuingms lnglfindesinseduidss (Sound
level meter) antudiniansnsiinadtuiuuduiinnsia
JEAULES

5) susdlyimduindnnuaniuduis Useney
shemslieudifeaiuneiniavesy nalnnslidudes
sunTenMslasududaidesds nsgapdenisiagu ns
aramslatudesiu mstiosfunuesnidesds nguaneg
Anetesiuamaenduimudes uasnsligunsaiiioatu
JUNTIUAIUYAAR

6) UszquszauanuAniusuiuuimsuas
wiinauan i WevnuuavnansujiRsuiulunis
danssunsusulsailalagendonisiiaiusy

2.5.2 MsUGUR (Action) nedanianssunsusulse

wily (Intervention) Tdguuuunsianismuanuyasasie
TauA nMsmuauwrasnliades nsesadhseades s
Fnanuiwnideslindna nsligunsailiostudunse
duyara warisnstulamudeyanisiuilinnudaiiud

wa | 1Y

avUfuRsiniulunsusulsudly

2.5.3 mM3dunn (Observation) Ingdananiinau
anuduialunsTinaliuAanssunsuul sl (inter-
vention) lakA NMsAIuALLAsTaLEes N19nsIaEseds
e msdnantuiiindedlsimine nisligunsaiiiestu
dussediuyana uazisnisdulamudeyanisiuilinin
Anituiag fuRdmiulunsuiuuswdly wasfiusausu
Toya

2.5.4 m3azviouna (Reflection)

1) asrvdpuUsEAuAURRdstluanIuduis
Tnelfindesinseiuide (Sound level meter) wagUuna
esazaniintinaulddududa nglfiaiosiauiinaudes
dzau (Noise dosimeter) naan1sdnfanssun1suTuUss
iy (Intervention)

2) asinseaudssuinalagseuan Ui
wazuinuauuinmslagliiaiosinsyduides (Sound

level meter)
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3. WANI5INY
3.1 doyanaluvasaauduiia

anutudisns 3 wis ssegluvinuiufioun
17815 WANTEUAT NTIVNUMIULAT Tanwaznisiusnig
wuudalima Aodamandssds Tidenasdeniziin
Uszneudumsanlimanndqunuiioninlimeaiielignén
gliusnmesonniduluuinaiuiidusunhiniuasuion
zemms Wawasinduuistaean S1uau 2 wis uazli
Uimsuuudalitinsuansausd Inefhsausiiivszneude
infoe AdNS wa Aduasa uanass waslliu1YIIAITL
vgaMILanIauRLazUAsudumadamas S1uau 1 uvia
Walvu3nmssausiaan 18.00 - 02.00 1. wiinamufifnu
dawiaz 6 Tu wazgnAldusnisdnuannlugieiuens
wazdulans

3.2 ulsnemuanauaande an iy wazuuanig
n1sdamsanudeslugauduiia
RN RV PR BT KR AN IRTSTGN
ulsvisanulaonds anmlyn wazuuININITIANIT
mudedluaniuduis wud Tludrwvesnislesiudadsie
meluaoududis Tnsfasaniestumduuuiiofo ssuu
fdslwihgniduilalimdsiinanssuuund drguenmg
willn wagmanillil uaznisauaruUasnievemniine
wazfliuins Tnemsnsnadasuszvvuiiiegenyvesld
U3ns ameseukazdunnFosmsialalinnmenys
guandin viiedsasiioradusunmedluluao i
Ioviunugnidunsalvemadnivasdnlsunsunisdou
willnl dhulsziiiuinunnudasnsty e1eundouazanin-
windeunshanuuagngszdouiferiudeduanuiis
lifiulovnefidamuluaniusudioh 3 wis maguagunn
veantnauAenstintnaulddnsaundndseiudiay
anmdgmaudedduaaiuduis wiinauliaudiuii
Fesrpudnsfausiutosunfvesanutuisiidoside
f1 fanuidnineduiuidesidaidesanufoRnulun
wumaed waziindnanuunadlddanseiivyiuwdigny
wunslifiony esanigamiseAsudrauns wiinau
linelasunisamaaussaninnsiatu wazdiulngly
nswimansenuvessegluiidesdisluszeznaiuuay
Hueensls Terauonurdug fe Muflauudmasianui
Smirgomnsfiiniadamandssts anmiududnuas
Urlasogvanouia waztiiedosenedssuar iz ionang

N Yy o

NN ULAEUUUIIE DN SllNALNIa0YY

Y

LATDIVENLLABIAIINUUU DU ANALLE IR NaNS18

1Avinnd way
i lFanmauudnansvisenudussidounasiidoans

3.3 sgaudeenaudnnanssun1susulsauily (Inter-
vention)
HANIATIVINTEAUEINEUIANINTTUNMTUTUUT
uily Wleudl 20 - 22 unsien 2559 1IAN 18.00 - 02.00 .
ol
331 sydudsduaniutud fdsedudoaads
8 $ilus (LAeq) og3eming 90.7 — 98.7 dB(A) uaen
JeAuANUAATEIgIEn (Lmax) 8g5ening 108.2 — 137.9
dB(A) FeszduiBsmosaniutiuiivi 3 us fduaded
AuAAsgIUNUAe uazanseruldesgeaadiulugiiu
ANLATTIUNNUNS
332 Uinandesarauintnaldiududanaon
szeEnaIMsininy 8 alus (TWA) fuvs vismuines
uazlAsn Srnusioun 18 au wut Seiads agszuring
89.4 — 107.2 dB(A) Wiy % Dose ilF1gsening Jauay
92.9 - 767.2 leninanulasulsunaidesazauiiuen
Wpsgu S 16 au Andudosaz 88.90 wavluifiu
AWINIFIU S1UU 2 AU Anduseaz 11.10 wazAsyiu
Hosgeaniiialdl (Lpeak) uAmnAsgud WAL 1 AU An
Wufeway 556 wavliifuaminsgiudiuau 17 au fn
\Jusewaz 94.44
3.3.3 sgaudssuiunlagseuaniuduie uag
puudmans wuiddseiuidsaads 15 wil (LAeq) of)
5211719 68.2 - 83.8 dB(A) AnsgaumNIANLFLIgIan (Lmax)
otf5E1ine 84.0 - 97.0 dB(A) uagsEAUdBNAAY 15 unil
(LAeq) USinuauudnians ag5ening 72.0 - 87.1 dB(A) M
TEAUANUANTEIEER (Lmax) 8g3¥ning 84.0 - 99.7 dB
(A)

3.4 MITZANADIUAMTTLLNDAAUALLIVNENITWAILN
SAUNUVDINLNTUEATUTULAY
depusalvinuininey wazUssyuseaunu@n
WhuilervunuImansanuuiieannsdudado
Fwamidnauluaaududis fad
34.1 msmuauiiwasiuinde
1) ansziudesanneieeiados tnglime
viefmunAieseneidsansiuidssnniaiosenoides
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UinadldglviusnisgnAnuazusiaiuns viselrdiainnsly
deounadlugiamdsa 22.00 u.
2) nean1sUamadlaglisiluvsoliUaman
Fpadalureiidaliifigndn
3.4.2 msmuRuiiszezyesTrauarudndes
URsU
1) daviesdeulvmdnanuinnsduiades uay
dnsvuunmsvyudsuliminanuiitisinnsdudadedurios
Reuvideoenaniruiioinnsdudados Avundalausay
10 Wl Reusiaan 22.00 - 02.00 u. uvndu 4 Fasvez
Va1 TwnaN SRS Y 40 WA
2) LidnUszauailifignédnosnitetestiu
\desoangnneuananululia
3.4.3 MsmuANTiEFy

Tndnanunlinnusiuiieldngavuasujifnu

3.5 sgaudemaedananssun1suiuuTuile (Inter-
vention)
HANNIATIVINTEAULASIMAIIANANTTUNTUTUUTS
uily dotufl 3 - 5 nuaud 2559 daudnan 18.00 -
02.00 u. ffa
351 sefudedluanudui fimssiudeaade
8 113 (LAeq) 9¢33m719 87.2 - 94.3 dB(A) uazAsEAy
ANUAAEEIEeER (Lmax) 9g5e1ning 104.1 - 121.4 dB(A)

Feamutuifiauvian 1 ua 2 fedsuazamsiuidesgan
Aumesgluunetu uay aonuthufaunisi 3 feuade
uazenszAULABIgIEAAUATIATEIURe 3 Yu

352 Uinaandesazauiindnanldfududianaen
szornaIMISYaL 8 Falus (TWA) fumis Uidmuaes
uaz A Swusioua 18 Ay wuh Seads egswing
85.0 - 96.8 dB(A) \fle/u % Dose ilFagsening Sevag 50.1 -
181.5 lngninaulasulSunandesazauiuaiuinsgiu

o

MUIU

°

MUIU

12 au Anduseway 66.67 wazliifuaunsgu
6 au Anduiosaz 33.33 uazAnseAuldedasdn
Aol (Lpeak) laifudnnasgiuduau 18 au Andu
100

353 sgaudssusnalasseuanuduis uay

1%

YUY

aundmans nuhilesziudenads 15 i (LAeg) U
Tngsauan Ui egsendng 71.9 - 85.6 dB(A) Aszdiu
ANUAAEESEeEn (Lmax) Bgsgning 83.4 - 99.3 dB(A)
uarszfudeaady 15 wiit (LAeq) Umnuudnas o
5211719 84.9 - 88.6 dB(A) AsAUAIMLANLFLIZIER (Lmax)
9E5¥WINg 94.7 - 102.7 dB(A)

3.6 wan1sissuisussauideeniglugaiutuiie
naularnasdananssun1susulsuily (Intervention)
wAARIN9T 1 waznsinsziudesiounazudeda
flanssu
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msadl 1 Wisuiisussdudssmelusniutiuisnoussndsdnfanssunsuudgaudly
flau n&
fdu | aenuil / fuesadades | seduawdades dBA) | seiumwdades dB(A)
LAeq Lmax LAeq Lmax
1 | aoudwiewsied 1
TUNG 96.2 111.3 87.9 121.4
Tungaus 90.7 121.4 89.6 109.3
Tuans 96.4 108.2 88.8 1135
2 | anutuiiawiedl 2
TUNG 94.7 112.6 87.2 104.1
TUNgAUR 91.4 110.7 87.2 108.3
TuAns 95.0 118.4 92.6 109.1
3 | aeutuiiieuvieil 3
’S’uwﬁ 933 137.9 93.8 1125
TungAaus 93.5 112.1 94.3 110.5
TuAns 98.7 115.0 94.2 1126
v : AnesgIumusslsungamaviuasindevdninasinisUsznouAamsiiudunsese

guam Uszuan n1sdnliinisuansauns Wus $139 seads Adlima asilewns wsensuans

due Twihueadeaiu w.e.2548 mMmualiszauidsanisluaniulsznounisnaonszuzia

vinsneallrdgvessyAudesliiiu 90 dB(A) uagiiAngean a nanlanamisliiiu 110

dB(A)

e 1w sedudssmeluanutiudisis
3 Wit Ssgdupnudadeade 8 9l (LAeq) uazsesu
\Heagagn (Lmax) neuwaznasinnaudafanssuuiuls
uily weil

anutiuiiswied 1 AeudnRanssufiseiuidoade
(LAeq) 8gj5e1319 90.7 - 96.4 dB(A) Uay A1SeAULFEIEIER
(Lmax) g5e1Ine 108.2 - 121.4 dB(A) #AIANINTTU
syiuidvaade (LAeq) ag3eming 87.9 - 89.6 dB(A) uag
AsEAUdEEIEeEn (Lmax) 8g3ening 109.3 - 121.4 dB(A)

U a '

WalUSEUIEUAUAISEAULERINBUIANDNTTH MU LAN

A19Y

o
b

JEAULABURRYanaINg 3 Ju ua uidesgaananadly
Tungriavfnaziinduluiunswazeans
anuduisied 2 deudananssuiiseiuidende

(LAeq) 8581319 91.4 — 95.0 dB(A) Uay A1SeAULELIEIER

(Lmax) 8gsenine 110.7 - 118.4 dB(A) naIANINTIUL
seiudBaeds (LAe) 9g5eming 87.2 — 92.6 dB(A) uaz
ASEAULEENEIER (Lmax) agsening 104.1 - 109.1 dB(A)
FewSsuiitsuiiuansziuideaneudnfianssy wudn den
siudsandoussasyduidegeaniionasia 3 fu
anutiuliiausied 3 AeudpRansuiisziuideade
(LAeq) ¢339 93.3 - 98.7 dB(A) Uy AszaUIFeIgegn
(Lmax) 8g5enine 121.1 - 137.9 dB(A) naIANINTsU
sziudsaeds (LAeq) 9g3ming 93.8 — 94.3 dB(A) uaz
ASEAULEENENER (Lmax) agsening 110.5 - 112.6 dB(A)
FewSsuiiteuiiuansziuideaneudnfianssy wudn den
seiudsandefianadufumniuazfisdulunsuasngiaud
LLasmisﬁmﬁmqqqmamaaﬁy’q 3 9u
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flau

%89

Arszduausadeaade 8 9alus LAeq = 91.4 dB(A)

Arszduausadeaade 8 9alus LAeq = 87.9 dB(A)

SZAUAMNAUTES dB(A)

W

£=

o L3R

o

(FTuq)

SZAUAMNAUTES dB(A)

Taia
|| gy |

W

o

Fd

= 19
(#Tug)

AN 1 MsiUSeuisuseauLdsangluan UL AN BULAL RaINISINNINT T

NN 1w seudandedusing 18.00 -
22.00 wlutsieunarndsinfanssy fidade (LAeg) 75.3
dB(A) uaz 73.1 dB(A) muddu uarsysudsLadpRLs
a1 22.00 - 02.00 u. TugneuuLasraInnanssy e
WA (LAeq) 94.4 dB(A) way 90.2 dB(A) Aud1su Fadien
wasfianas wazleRarsanainnsin wui neudaianssy
Masuanadlutiana 19.30 - 01.45 u. uazudadn
AanssuflRansyauldsalarildianiswnides 3 929nal Ae

20.40 - 21.50 W., 00.15 - 00.35 u. ez 01.30 — 02.00 u.
ylsAnsyauldsandsanas aetuilaSeuiisunauway
nasdsaenadediunIsiafanTsuNIsUTuUTAlY

3.7 uanswSeudisuliunandesazandiniinauld
Sududanaanszeznainisinny 8 4alus Tusaududis
e 3 ue TneldiaSensnainuSinandesazay (Noise
dosimeter) KaAIRIATIT 2

A19199 2 WisuleuSinandesazanininaulasududanounagnddnfanssunisusulsauily

dauf / FRITIR fiou 789
TUnsIALE S WINIW | % Dose TWA Lmax | Lpeak | % Dose | TWA | Lmax | Lpeak
dnusufisuiedt 1
o U159 482.9 101.3 113.6 | 1394 58.2 86.1 119.3 | 139.1
FUND
) G 436.1 100.6 119.3 | 1354 | 140.3 924 | 128.2 | 136.4
9y o 'U’W%"’I 135.3 92.2 121.5 | 1344 50.1 85.0 110.4 | 139.8
aquma‘um —
BRI 135.7 92.2 110.6 | 147.1 105.1 90.3 | 114.6 | 138.3
o . ‘U’]%"’l 384.4 99.7 114.0 | 134.2 773 88.1 1124 | 139.4
Tuens —
BRI 131.6 92.0 117.7 | 135.7 180.3 94.2 114.6 | 139.5
dnuduifisusied 2
y U159 134.5 91.8 113.9 | 129.3 93.3 89.5 | 108.6 | 126.4
FJUND
) G 121.0 91.3 110.1 | 1234 | 103.6 90.3 | 1128 | 126.6
Y . U159 965 | 897 | 1179|1383 | 658 | 87.0 | 1068 | 119.0
Tungiaun —
R 92.9 89.4 110.3 | 136.7 83.7 88.7 | 108.5 | 1224
o . Y15 151.6 93.0 112.6 | 139.8 | 1355 922 | 1131 | 124.6
TuAns —
BRI 153.1 93.1 111.1 | 1384 175.6 94.1 117.7 | 126.0
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M19199 2 WisuileuUSunandesavaunntnaulasududansusas nasdnnanssunisusuuseunl (de)

dauf / AU fiau a9
PR LRGN IR | % Dose TWA Lmax | Lpeak | % Dose | TWA | Lmax | Lpeak
anutuiiauiedt 3
TuNs U135 7672 | 107.2 | 1169 | 1383 | 1580 | 95.9 | 111.1 | 139.1
G 424.7 100.3 119.4 | 1374 | 177.0 96.8 | 1123 | 126.5
o o - U159 214.5 95.5 112.0 | 138.9 141.0 925 | 110.6 | 122.8
IUNGUEUA —
wdIn 424.7 1004 | 117.1 | 1322 | 148.6 93.1 | 110.1 | 125.0
o . U159 258.9 96.8 110.4 | 1258 | 130.2 91.9 | 109.8 | 1314
UANT —
R 605.7 103.0 117.0 | 1309 | 181.5 94.3 | 113.7 | 133.2

VUGG © UIRTTIUANLNYNTENTHAMUALIRTTILIUNTUTISLaENISInNSIuUALUaeasiy 81T

Uy waranInwIRaauluN1SY N AgIAUAINNS DY LAIEING waLtdse WA, 2549 &9

MU LAALRRYSEAUANUALEEINADAT UL NANNTAUNAL Y (TWA) 8 F3lus Ly 90

v o

dB(A) wariisyAuidesgaan (Peak) laliiu 140 dB(A)

NN$97 2 WU sedudssinchenleududa
fidedusruanududosmasnssesnainsdudades
(TWA) 8 41113, % Dose LLasszﬁULﬁmqaqmﬁi’mﬁ (Lpeak)
RouuazndsinianssunsUsuUsaudly susdudal

doudusiausied 1

FIWIAUS UVISINULABS NoudnNanssudseAudys
BET¥Ning 92.2 - 101.3 dB(A), Feway 135.3 - 482.9 uay
134.2 - 139.4 dB(A) vasdnfanssuilsyiuideagsening
85.0 — 88.1 dB(A), Seway 50.1 — 77.3 way 139.1 — 139.8
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FACTORS AFFECTING RESPIRATORY SYMPTOMS AND LUNG FUNCTION
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Abstract

The objective of this study is to identify factors affecting the respiratory impairments (risk of respiratory
symptoms and impair lung function) of drill workers in small-scale gold mines. Cross-sectional descriptive study of
230 miners from eight small-scale gold mines in Myanmar's Mandalay Region was conducted. Respiratory symptoms
were assessed using a respiratory questionnaire modified from the American Thoracic Society and a lung function
test was assessed by spirometry according to OSHA recommendations. Six samples of respirable dust were collected
and analyzed by X-ray Fluorescence method in the Laboratory. The respiratory symptoms found among miners
were cough (43.9%), phlegm (55.2%), wheezing (50.5%), shortness of breath (37.8%), breathlessness (25.6%) and
chest tightness (1.7%). Lung functions revealed restriction in 43.5% and obstruction in 20.9% of miners. The mean
concentration of respirable silica dust was 0.34 mg/m3, which is seven times above the REL of NIOSH. There was a
significant (p<0.05) relationship between respiratory symptoms and (1) age (OR: 1.04, 95%Cl 1.00, 1.08) for irritation
symptoms and (OR: 1.04, 95%Cl 0.99, 1.07) for dyspnoea symptoms (2) smoking (OR: 2.89, 95% (I 1.62, 5.17) for
irritation symptoms and (OR: 2.79, 95% Cl 1.56, 5.00) for dyspnoea symptoms. There was a reverse relationship
between lung function test results and use of masks (OR: 0.53, 95%Cl 0.30-0.92). Chronic exposure to respirable
silica dust above the REL by miners who used a pneumatic jackleg drill to loosen the ores the risk of respiratory

symptoms and impaired lung function. The risk increases with age and cigarettes smoking.

Keywords : Silica exposure / Lung function / Respiratory symptoms / Drill workers / Myanmar

1. Introduction these mines are generally far from labour standards of
The extraction of gold is an important trade in Myanmar and often work outside the rules, regulations
Myanmar, in South East Asia. Gold is extracted in a and laws of the Ministry of Mines. Whether a surface
large amount in Kachin State, Mandalay, Sagaing and mine or underground, gold extraction presents many
Bago Regions. These mines are typically small and occupational health hazards (2).
cover about 0.2 square kilometers (1). Myanmar is an Respiratory impairment due to the inhalation of silica
agricultural country and the small-scale mines are dust is high among gold miners, where the prevalence
very common since they are labour-intensive, with of respiratory impairment was 26.6% (3) and 18.3 %-
low levels of mechanization. The working conditions in 19.9% [4].In metal mines, most workers are exposed
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to high concentrations of silica dust at almost at every
stage of the mining operation, especially during drilling,
blasting, loading and unloading of ore and crushing (5).
There are three major types of free crystalline silica, but
the most common is quartz, which has an important
effect on workers’ health (6). The WHO states that silica
dust, which is less than 10um in diameter, enters the
lungs during inhalation through the respiratory tract
and causes respiratory impairment among workers (7).
There are many adverse health effects related to
exposure to respirable crystalline silica dust. Respira-
tory symptoms, such as exertional dyspnoea, morning
cough, cough with mucoid or bloody sputum, shortness
of breath, chest pain, rhinorrhea and chest tightness
are seen among the workers exposed to silica dust (8-
12). Monitoring activities such as health surveillance,
health risk assessment and evaluation are almost
non-existence. Many mine workers in Myanmar have
died from ‘Gun disease’, which is the term miners
used because they believe that the disease is caused
by breathing dust created by the pneumatic drill (13).

According to health statistics, respiratory diseases
comprise the fifth leading cause of morbidity in Myanmar
(14). There are many studies which explore the factors
affected to respiratory impairments due to silica dust
among the workers in different countries, including the
following studies, (8,9,11,15,16). However, the study of
respiratory symptoms and lung function impairments
due to the inhalation of silica dust is still limited in
Myanmar and most of the miners’ symptoms are
treated as chronic obstructive pulmonary disease
(COPD) or tuberculosis. Thus, this study reveals some
important information about respiratory disease due to
silica dust that could result in prevention that protects

gold miners from exposure.

2. Materials and Methods

This cross-sectional study was conducted in eight
underground small-scale gold mines in Sint-kuu Town-
ship in Mandalay Region of Myanmar. The drill workers

who were working with drill in the eight underground

small-scale gold mines were the study population. Gold
production in Mandalay Region is highest in Myanmar.
And Sint-kuu Township in Mandalay was selected due
to high morbidity of respiratory disease among the
drill workers as cited in the admission data at Station
Hospital in Sint-kuu. 230 drill workers were selected
from eight underground small-scale gold mines
according to proportional sampling. The workers were
selected by simple random sampling from each gold
mine to get the required sample size. Approval from
the ethics committee for research on human subjects,
Faculty of Public Health, Burapha University, was
obtained prior to the study and informed consent of
the participants was obtained.

Inclusion criteria: The inclusion criteria of this study
were: 1) Age: over 20 years 2) Working experience: All
the drill workers in underground gold mines who have
worked there for at least one year.

Data collection

Data were collected using structured face-to-face
interviews conducted in private area and spirometry
assessments. The respiratory questions were modified
from the American Thoracic Society (ATS) questionnaire
(17) and the personal hygiene questions were modified
in accordance to the awareness and practices about
silicosis found among sandstone quarry workers in
India (18). The questions were translated from English
to the Myanmar language and comprised four sections:
socio-demographic characteristics, work characteristics,
respiratory symptoms and personal hygiene. Spirometry
(Vitalograph, Spirotrac, model 7000) was conducted in
the sitting position by a trained health expert according
to OSHA recommendation and three values recorded
per subject: FEV,, FVC and FEV1/FVC, with the highest
results used in this study (19).

Exposure measurement: Personal respirable dust
samples were collected by using SKC air sampling
pump place at the breathing zone of the workers with
flow rate of 2.5 /min. The flow rate was calibrated
before and after measurement (20).

After measuring, the filter was analyzed for the
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presence of respirable silica dust by using X-ray Fluores-
cence method in the laboratory (21). Sample collection
and analysis was done according to the NIOSH method
7500 (20). All the subjects in this study were the same
type and nature of work. i.e. Drill workers who work
with pneumatic jackleg drill and work in the under-
ground mine. It is assumed that all the drill workers in
the gold mines were exposed to same concentration
of silica dust. Environmental exposure to silica dust was
determined from six air samples collected from three

gold mines.

Interpretation of findings

1. For respiratory symptoms, at least one
symptom of respiratory disease was taken as abnormal
and classi-fied as irritation symptoms which included
history of cough, cough with phlegm and dyspnoea
symptoms which include history of wheezing, shortness
of breath, breathlessness and chest tightness.

2. Normal lung function was taken as FEV, and
FVC > 80% and absolute FEV,/FVC >0.7. Restrictive
impairment was recorded if absolute FEV,/FVC >0.7
while FVC decreased and FEV1 decreased or normal.
Obstructive impairment was recorded if absolute FEV,/
FVC < 0.7 while FVC was normal or decreased and FEV1
decreased (22).

Statistical analysis
Data were analyzed using SPSS software.
Statistics analyses were performed by calculation of
percentage, mean, standard deviation and logistic
regression test to determine the factors (socio-demo-
graphic characteristics, workers’ exposure, personal
hygiene) affecting respiratory symptoms and lung func-

tion.

3. Results
Socio-demographic characteristics

The mean + SD age of the study population

was 30.51+8.3 years and ranged from 20 to 65 years.
Due to the nature of the miners’ work, most (70%) had
a low level of education (i.e. passed only primary and
middle school). Twelve subjects (5.2%) had a history
of tuberculosis, but had completed treatment, and
six subjects (2.6%) had a history of asthma. Regarding
smoking status, 150 workers (65.2%) were current or

ex-smokers.

Work environment

Most workers (169, 73.5%) worked as drill or
gun miners and the rest were gun miners’ assistants
or had other subterranean jobs. The majority (66.1%)
had less than five years’ experience in their jobs, with
a mean duration of employment of 5.27 + 4.59 years.
All most all the workers worked less than 8 hours per
day (3-4 hours at a time) since they only needed to
loosen the ores in the mines. The only dust control

was natural ventilation using a fan but not always.

Personal hygiene

The personal hysiene of the participants
assessed included mask use (PPE), use of a separate
place for lunch and rest-times and the practice of hand-
washing before eating, drinking and before returning
home. Hand-washing was distinguished as whether
or not soap was used. The use of PPE was reported
by 33% of the workers. More than half (66.1%) used
a separate place for their lunch and (79.2%) for their
rest. Almost all workers reported the practice of hand-

washing before eating, drinking and returning home.

Symptoms of respiratory disease of the workers
(n=230)
The respiratory symptoms found among miners
were cough (43.9%), phlegm (55.2%), wheezing (50.5%),
and shortness of breath (37.8%), breathlessness (25.6%)
and chest tightness (1.7%) as shown in Table 1.
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Table 1 Respiratory symptoms among the Workers (n=230)

Respiratory Symptoms Number Percentage
Dry cough
- Morning cough 86 37.4
- Cough all day 15 6.5
- Cough for more than 3 months 6 2.6
Phlegm
- Cough with phlegm 127 55.2
- Phlegm in the morning 101 43.9
- Phlegm all day 26 11.3
- Phlegm for more than 3 months 5 2.2
Wheezing
- Wheezing at the time of cold 91 39.6
- Wheezing apart from cold 25 10.9
- Wheezing that requires treatment a2 18.3
Shortness of breath 87 37.8
Breathlessness
- Work slow due to breathlessness 48 20.9
- Breathlessness on dressing 1 0.4
- Stop for breath after 100 meters 10 4.3
Chest tightness while working 4 1.7
Lung function of the respondents (n=230). Concentration of respirable silica dust (n=6)
Regarding the lung function (Spirometry) test, Regarding the concentration of respiratory silica
normal results were seen in only 82 workers (35.7%) dust, the six samples ranged from 0.13 mg/m’to 0.92

and 148 workers (64.4%) had abnormal spirometry mg/m’ (Table 2). All the samples exceeded the REL of
results of whom 20.9% had obstructive and 43.5% NIOSH (i.e.0.05mg/m’) [23] and the mean concentration

restrictive symptoms. of the silica dust was 0.34mg/m’.
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Table 2 Distribution of silica dust (n=6)

Concentration of Silica

Dust (mg/m3)

Recommended Exposure Limit

(REL) of NIOSH

0.37
0.21

REL of respiratory silica dust 0.05(mg/m3) as a time-

0.16

weighted average (TWA) for up to 10 hours.

0.13
0.92
0.27

Mean= 0.34; Min=0.13; Max=0.92

Factors affecting the irritation and dyspnoea
symptoms of respiratory diseases (n=230)

A binary logistic regression analysis was per-
formed to determine the significance and strength
of association between respiratory symptoms and
independent variables, namely, socio-demographic
characteristics, workers’ exposure and personal hygiene.

Table 2 lists only p-values< 0.6. Age and
smoking status were significantly associated with the
symptoms of respiratory disease. This means that every
one year increase in age is likely to increase the odds of
respiratory symptoms by 1.04 times (95%Cl: 1.00, 1.08)
for irritation and (95%Cl: 0.99, 1.07) for dyspnoea. For
the smoking status, current and ex-smokers were 2.89

times more likely to cause irritation symptoms (95%Cl:

1.62, 5.17) and 2.79 times to cause dyspnoea (95%Cl:
1.56, 5.00) than non-smoker.

Factors affecting the lung function test (n=230)

A binary logistic regression analysis was per-
formed to determine the significance and strength of
association between lung function tests and indepen-
dent variables, namely, socio-demographic character-
istics, workers” exposure and personal hygiene.

Table 3 lists only p-values< 0.6. The use of
masks was significantly associated with lung function
test results. However, there was reverse association
with the lung function test results where OR (95% CI) =
0.53(0.30, 0.92).
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Factors Affecting Respiratory Symptoms

Table 4 Factors Affecting Lung Function Among the Workers (n=230)

Crude Adjusted
Variables OR P-value OR 95%Cl
(Lower, Upper)

Marital status

Single 1.38 0.28 1.18 (0.63,2.19)
Smoking

Current and Ex-smoker 1.24 0.44 1.31 (0.74,2.29)
Working experience

> 5 years 1.18 0.56 1.24 (0.69,2.21)
Use of Mask

No 0.53 0.03 0.53 (0.30, 0.92)

Wash hand before lunch
No 0.51 0.12 0.61 (0.26,1.44)

Wash hand before returning home

No 0.59 0.15 0.57 (0.28,1.17)

Reference : Marital: Married/Separated, Smoking: No, Working experience: < 5 years, Use of

mask: Yes, Wash hand before lunch and returning home: No.

B Normal lung function
B Abnormal lung function
= Obstructive

M Restrictive

Figure 1 Lung function test

4. Discussion which was found to be at least three times higher in
This study provides evidence of respiratory impair- the mines samples in this study.

ment among drill workers in small-scale gold mines Drill workers, therefore, are exposed to hazardous

who are exposed to respirable crystalline silica above levels of silica dust in gold mines. The respiratory symp-

the National Institute for Occupational Safety and toms caused by silica dust are exertional dyspnoea,

Health (NIOSH) recommended exposure limit (23), morning cough, cough with mucoid or bloody sputum,
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shortness of breath, chest pain, rhinorrhea and chest
tightness (8, 9, 10, 11, 12). In this study, the preva-
lence of respiratory symptoms was 79.1%. Respiratory
symptoms observed among the workers were cough
(43.9%), phlegm (55.2%), wheezing (50.5%), shortness
of breath (37.8%), breathlessness (25.6%) and chest
tightness (1.7%). These results were similar to those in
a study of cement workers, where the respiratory symp-
toms observed included morning cough, shortness of
breath, chest tightness and wheezing (12,15). However,
Rafeemanesh et al. found that exertion dyspnoea was
the most common symptom followed by cough and
cough with sputum production (11).

Among 230 workers, only 18 workers (7.8%)
had underlying diseases related to their respiratory
systems. In this study, only 5.2% had tuberculosis and
had completed their treatments. This is much lower
than found in a study of South African gold mines,
where TB prevalence was 3000 cases per 100,000
miners (24) and 58% of the mine workers had received
previous treatment for TB. In the present study, TB
status and treatment were self-reported; hence, the
prevalence could be under estimated.

The inhalation of silica dust can cause a restric-
tive pattern of lung impairment. In this study, only 82
workers (35.7%) had normal spirometry results. Among
the 148 workers with abnormal spirometry results, 100
workers (43.5%) had a restrictive pattern and 48 workers
had an obstructive pattern. In this study, more than 60
workers had abnormal spirometry results and restrictive
patterns were more frequent than obstructive patterns.
This was similar to the findings from a study of agate
grinders in Iran (11), but different from other studies
of stone cutting factory and flourmill workers (8, 15),
where the obstructive pattern was more frequent.

The respirable dust samples taken from the three
gold mines were assumed to be the same across all
workers. These samples were analyzed using XRF
(x-ray fluorescence) (21). Since day-to-day activities
were different according to the nature of the ores and

the content of the silica in the ores loosen by the

workers, the dust samples were range from (0.13-0.92
mg/m?). But all samples exceeded the recommended
exposure limit (REL) of respiratory silica dust as time-
weighted average (TWA), NIOSH, (i.e. 0.05 mg/m’) and
one sample was 18 times more than the REL.

The mean concentration of the respirable silica dust
was 0.34 mg/m’, or 7 times above the REL of NIOSH.
These values were lower than those measured in gold
mines from other countries, where the silica levels were
337 times higher (25). However, the mean respirable
silica level was higher than a study of Canadian gold
miners, which reported 0.08 mg/m”’ (26). In this study,
however, the exposure-response relationship between
respirable silica dust level and loss of lung function
could not be evaluated because all the drill workers
in the gold mines were not exposed to the same con-
centration of respirable silica dust (i.e. range: 0.13-0.92
mg/m’) and samples were collected only from three
gold mines.

Respiratory symptoms were statistically associated
with (1) age, where every one year increase in age
increases the likelihood of respiratory symptoms by
a factor of 1.04 (95%Cl: 1.00, 1.08) for irritation and
(95%Cl: 0.99, 1.07) for dyspnoea and (2) smoking status,
where smokers were nearly three times more likely to
experience irritation (95%Cl: 1.62, 5.17) and dyspnoea
(95%Cl: 1.56, 5.00) than non-smokers. This was similar
to Zhang (2010), who found that the risk of developing
respiratory diseases among workers with a history of
smoking was increased 3.79 times compared with non-
smokers (16) and other studies that find a significant
relationship between smoking and the incidence of
respiratory disease (15,11].

In this study, the use of masks was found to have
a reverse association with lung function test results
0.025). Of the 76 workers who used the

mask, 62 workers (81.6%) had respiratory symptoms;

(p-value =

thus, it was assumed that workers experiencing respi-
ratory symptoms used the mask. Masks are provided
three times in a year to the workers by mine owners

and there is no regular supervision and training on mask
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usage. Therefore, it could be concluded that the workers
in this study used the masks to protect themselves
from dust exposure, but that the masks they used were
insufficient for the protection of dust. However, Kyawt
Mon Win, (2015) found that the use of masks was not
significantly associated with impaired lung function (27).
Due to limitation of resources, the concentrations of
silica dust level were taken from only three gold mines.
The data collected was not sufficient to evaluate
whether the silica dust level in the underground mines

affected the lung function of mine workers.

5. Recommendation

The recommendations from these findings are: 1)
Dust control measures used in the gold mines are not
adequate; therefore, the dust levels in underground
mines should be reduced using wet methods while
using pneumatic jackleg drills. 2) Further studies should
be done to evaluate the exposure-response relation-
ship between impair lung function and respirable silica
dust level. 4) Medical examinations should be done
for all workers exposed to respirable crystalline silica
before working in the gold mines and regularly at least

every three years thereafter.
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Abstract

This study is an experimental research aims at develop a test chamber for testing the emission rate of
volatile organic compounds in building materials in accordance with ASTM D5116. The chamber made of stain-
less steel, cylinder shape with cone at the two ends and the inside volume of 60 m’. Air flow rate through the
chamber is 1 L/min. A sampling port is at the outlet. The dehumidifying condensation is used for temperature and
humidity control to achieve 25.0+0.5°C and 50+10% accordingly. A small fan was installed to mix the air inside the
chamber at 0.1 - 0.3 m/s across the surface of the sample. Temperature, humidity and air velocity are measured
and recorded every 30 seconds continuous by KIMO® KH200 KISTOCK (Temperature & Humidity Datalogger). The
test chamber was used to study emission rate of formaldehyde from insulation products by running for 168 hours
and taking air sample. The result showed that the temperature and humidity were 25.04+0.03°C and 51.7+ 0.74%

respectively and formaldehyde emission rate did not differ from those of tested by the certified test chamber.

Keywords : Small-scale environmental chamber / ASTM D5116 / Dehumidification / Surface velocity /
Relative humidity
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JUN 4 yefnsisesnaunsaingivingamgiuazauduwasausaumleiuiiuy

Fan speed control

Thermo-Hygrometer

prahe

Anemometer prohe
i |
Station of fest specimen

| .

JUT 5 UKIATUANKAYNISAAAIBITTUUATIVINMTRAYALTULAZA IS I N Y
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- gouuil (Temperature) HA5g1INg 25.0 +

0.5 °C
- AUTFUFUANS (Relative Humidity) dan
38119 50 + 10%RH

- dnsnsivavesemadilulugnaaey (Air
Exchanger Rate) fininfiu 1 h-1

- arudunilefufausumagou (Surface
Velocity) §iA151119 0.1-0.3 m/s

- SHENAeINITNAADY (HDTUI) 168
T

2.1.3 nmamuguanuunieiuitununagey

(Surface Velocity)
Ansageinauiifuoweiduindoulimiofiuintu
U Faguil 4 aansauiuanuivewewmeslisyiures
armdiaumidefiufintunuiviinismaaeuld Tnglsiia
53117119 0.1 - 0.3 m/s vaiziinnuGiaunelugnaaouin
sheiesinauEian (Testo 405%) Gsgruanlsl 0 - 10
m/s neligaungdinaust -20 s +50°C uaedidarmgniies

wsiugn (Accuracy) whitu +5% Taefindslsf Probe vas
\rdpainAnutauogmilotusutssana 1 wufams &9
gﬂﬁ 5

2.1.4 syuuviminu (Cooler Tanker)

Dugngunaallunsangamgivesilasldans
vhanududdlradeuduszuudangluvionssunsun
s ugudnae 2 wuiluns ANeUTEINL 10 1AS
yndesegmeluduh Tnsdyneomnsawesiiiothans
vhesduinieeudouudinduanlidn dufuiiinduil
gﬂ%mfwé’mlﬂﬂ’qsswLLmﬂaaéLﬁu (Chilling Water System)
diomuutulodluenmaifieanaudulueimaneuing
fnngeu Bnisdsdelunisangangilneseugnaasy g
nsnaedueiniFanateuenneudeindeslnnsey
fnnaou lemuauaamgiaelugveaeulvieglutaed
fmumBnéne il gampfvesinfuargnmunuioymuss
AR (Control Panel) fa3ufl 6 Fsansnsarmungamadl
yoshlioglussduingalunsananufureseinie
Wa¥N1IAIUANMUNAL

JUT 6 YaunsauAy (Control Panel) aaungivesindulussuuvinniniu

2.15 sswmuqumm‘“gu (Relative Humidity
Control System)

Hunsananuduainenmalaegingy (Chilling
Water Systern) Tnglwennialvaruunsnesdify Faaed
dufuanszuuinindu (Cooler Tank) invdeiausnsaesd
sleanmelvasiuunsresdifu mmmiluenmaszauwiy

naneduneminnasuumsugsesiusoly lnsthibufilna
KuLkIneedLdunaudemaLfeuIIno N ALd Ty
wgniuganduidrdnifuiiedgsruuuivgumgiuey
hunnduaivadewsiely nalnnisvinauvesssuuaIuay
Aruduvasemateuiinaaey fuandlusuil 7
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1# [0 Funeap]
Th [0 Runesy

£h (19 Bupza)

JUN 7 Tassahakagnalnmsinuvesssuumuauauiureseinansudignageu

2.1.6 szuumunuanniiniglugvagey (Tem-
perature Control System)
THuuIAn9In159188958 UUUTUBINAYD DY

a wa

UfuRn1s (Air Conditioning) lnevinisinfAsnaesdnyniy

Uniturseugnagould faguil 8 Fsgnmpfinelundesting
ausaususalieglutdlndiRsstugnmndfdesnis
melugnegey tafioudunsaisannuindaunieuen
fnnaeulsinsiinaenna Tnsszuuiaglitugaoiniaan

mewen enmelvarwieneluduinduiieusugamal

9991717 vidaaniulvaniiu Heat Exchanger tioan
gungidnadeoudreliiundesdniiu il arunsnmuny
mavhaurestusneniafesruuansspludh Faguil 9
legamgiiveserniamelunaeadulunuddisosnis e
Snwnanmmnadeuneusnseunaaeulinsiiuasseies
naoanan dwarugamglinglugnaaeuliiimuasiiuay
serdoatuifiendiu dmsunalnlumshauvesssuumuny
gungiiveandoslinaseugnagoutl duandluguil 10

JUN 8 naesUniiunseudnagaeuly Fagnmginielundestniianse

USussalviegludilndifesivgnmgindesnsnglugnageu
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JUN 9 ynlugeeimannaeuenneuingssuuUTugamaiiveseinaneudnglvindesUanas ssuummuay

nsvinuvesludaludfvesndeslansaugnaaey

‘Tesl chamber was Inshie
the alr layer box

Alr layer box with deor

Cooler tank

Alr layer contrel panel

UM 10 lassaaiaznalnmsinuvesssuumuaumualguv)ivendesdnaseugvadeu

2.2 MINAFBUTZUULANITNURIDES
2.2.1 MIARBUITUUAIUANEAMGIuATANLTY
duinsanelugnasou
Tutumeuiivlalnenadnszuuanussniuny
&0 (Main Control Panel) 9IndushnisUudsrnssdy
gnmgfivestndudl 12°C lnsdoudnszuvduduiiall
sz 1 Falus nsdiflgamgiwinfugamgianeuen
dleldgamgivoninfunuiidosmauds Fehmadada

=~ S e L8 o ¢ a
vosszuulnadsudniudazduiiduluduninoydiou
YDITLUUAIUANAINTY Uag Heat Exchanger U833UU
muANgungiveIndesta wieuduilanisviinuvesty
snemAvesndeslaiiu euSugumgiilauseugnaaeau
lngfmunszaugumgiinelundeddvidAsening 22,5 -
24.5 °C 1inuuTndudrwenieruuninesdiiu Mdssee

~ Y 1 ' I o A
nalagUszinauiielirniuausne Wuldnufidvunde
Usanay 4 99l (anudunazeamaiinigludvaaeu .duly
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a

Aaguil 11) Mntudahmegwesiagidenismageu fe

Y

nandgiauIuiuaNSeulaw lnesnlidauin 17 x 19
wuiwns ldlugnaaouiiienaaeuiduna 168 dlus
Aeuliuineg1Ie A Wil TunsFMUAYLNAYDIT LT
FOINTNAGOU MUVDNUUAYDI ASTM Standard D 5116
vunmdndusEhsiuTiivesunuioUiinTve sy

6000 4
55.00 +
0.00
45.00 1

35.00

0 NI

q_u. w | IS SR IR SIS SR TR PIRS S S S TIPS TSI R TR R

MU (Production Loading) lvilAsening 0.4 - 1.0 m*”/m’

'
o

Tufle NMsnageuAlIegnaaaunlasuNISHAUN LI

De

@ '

FUINUAIBYNHBINITNAADUAISHNUNRIAITHANTEUING

2
f A
Product Loading (L) Surface Area (m’)

Chamber Volume (mB)

Acceptable
range of RH

%% RH
| — T emperature

Acceptable

20,00

15.00

10.00 -
5.00 -

.00 4 :
0 5 1]

Temperature (*C)., %% RH,

Timve {hrs.}

range of
Temperature

15 20

JUT 11 dnwaganuduiusvegamgiiasanuuduinsnelugvageusufisuiunadausiisuiy

WuszuUIunsERdlaAamgiuasanuBuduisaunivun Yssana 4 il

222 maiuiegnaswesiiadlad

Lﬁaszwm‘u@mqquﬁuazmm%ué’uﬁmé T
anudavionuidunudulumudoulyiidinue uagld
nsiudegtenanelugnaaauilan (Background
Concentration) mevdsniduszuuisly 1 Auuda 3
MnsnegeuiumegNnqurandusiauiuiuausou
Ussuawlanflu 2 naundndae Suaunedeusioue 6
fhees eduganimeaeuluusasinedns Iifuieds

ANudduTRsaEnsHesiaflan =

wavesasnesiaflen (ug) - Blank (1)

o mEdunan 480 Wil mednsINsiua 100 au.a./ui
nelu 24 3l Wiednszvmansesdanlonmeiedes
Gas Chromatography (GC-FID) mauinaila NIOSH method
# 2541 (6) MntuthUSunaesviodsTarlosiiaseld
UIAIUIANUNTULaEERTIN1SUanUaas (Emission
Rate) vasansHesianlefantuinetfinaaeu froauns
Fasoluil

(ug/mB)

a < o ' 3
Y3Un598991N1ANNISLAUAIBEN (M)

TunsAuimensinisuanUassvasans (Emission Rate) AB9AIUINMT Emission Factor nau deauindlaain

GFUINP)
Emission Factor (EF) =

dle N = Air Exchange Rate (h")
L

Product Loading m’/m’

ANUdNduTesanTWasanlen (me/m?) x (N/L)

(mg.h/m?)

AnsSuonsinisuaniasywaedns (Emission Rate)
ausamwalaanauns
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Emission Rate = Surface Area (m?) X Emission Factor (mg.h™)

3. WAN1SAN® Humidity Data-logger naaav91Ia1989015NA&DU 168
\leUszneudmaaeuuazgunsaifnadifefundald Falasluusiazsosnaiiy wandldds manedl 1 ddgamnd

ndoUTTULAe kazaroTaanmnsludifefuduem  Wedsliiy 25.00+0,03°C Jeglutaeiifuun fle 250 +

A0nAARIUNINIFIU ASTM D5116 nafildsy dall 0.5 °C T,m&JﬁéhasJ"mé’ﬂwmwaaﬂﬁmmqmmﬁmaamﬁm
1. gaumgilugnaaeuiituiindie Temperature &  NSNAEDY uanslugud 12

M990 1 YIvesgnuniuarARtevesumainduiinlimelases Temperature & Humidity Data-logger
AADAYINAVRINIIIREDU 168 Taluslulsaziieens

Temperature in Test Chamber (°C) Average
fest No.  Sample Ambient Air
Condition Min Max Average S.D.

Q)

250+£05°C 1 SCi1-1 24.6 25.2 24.92 0.11 324
2 SCl1-2 24.6 255 25.02 0.17 335

3 SC11-3 24.5 25.1 24.85 0.15 31.2

4 sC21-1 24.6 255 25.06 0.16 31.7

5 SC21-2 24.8 253 25.04 0.12 33.2

6 SC21-3 24.5 255 25.00 0.25 32.1

ErIMTﬂ-nl.‘-'H-'“-I] il £412 TETF TRCPLI) B
B Fie Cdirg Oataboow Vew Funciors Took Widows ! - N

L -5"““ Graph of termperature of the test charmbser
+ 13 Tmmglen - Fuarephen !
i ik
Masa HIMG e
Dol .01 244 1 i
Ok (001 28T (12
(Dl 100 V0L 25T 1 . A W
Deliras U 90 2957 D -
Dl 107 T 10 Graph of relathee humidity of the
Tiodrsg 72 00 55T 11
Bl 2100 258 11 L S P
Dl JL00 T 12
{-humglz nnd Em L JA%
T 071 it b
i T T il [ et 12 T -+
i 25011 25576 - 3 —— ERY e M T
S i - § = el il K (W) ,_J
b — P
e P = B O ] 5
im{ 4Md . _,ru':'
"
17 B
- &
am
1504
pe I,:w@ OO O VSN UAMNP AL 11.'1:.@;.1' |E
A mnas @
STATISTICS
=" hin, hMax and average of
. AL [
ey e ] bt Termperature & %RH would
. 1 b Y
Cr EFER P
e T £ Lsne be recorded and
A £l 55 S
i . — . ¥ "HE [ane = 1 ' f|“hr' SR P R RS

JUT 12 dnwaignsiuazAiatevegumgiinaranuudinsanglugnaaeunasnssegiig

ATNAADU 168 Tkl
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2. anuuduivsluemendniinlame Temperature  51.7+0.74% @eaglugiaeinvunde 50 + 10%RH N3
& Humidity Data-logger A1aan%Ia199IN1TNAFDU 168 Y9INUIUFUTINSIARATIINIITVIAaRULARTlUFURN 12
Flus usiazogauanilan 15199 2 Aadsvnny

A15197 2 LAAITIIVDIAINTUANIVS LAz ALaABIALTURLRNSNTUTINlARI8IAT0s Temperature &
Humidity Data-logger aangiaa1veIN1sndey 168 Taluslulsaziioeng

Relative Humidity (%RH) Average
Test
No.  Sample Ambient Air
Condition Min Max Average S.D.
(9%RH)
250+ 0.5°C 1 SC11-1 49.00 54.60 51.52 0.86 69
2 SCl1-2 48.90 53.70 51.59 0.69 75
3 SCl11-3 48.90 53.90 51.43 0.88 65
4 SC21-1 49.50 55.30 52.00 1.03 74
5 SC21-2 49.20 54.10 51.87 0.74 70
6 SC21-3 48.70 54.90 51.92 1.27 5
3. aududuansvieddanles Wovnnmmegeuay A208 19T UNUVDINANN U AUIUAUAIUTOU VUM
mﬁ'LLawiaLﬁawaaﬂﬁmw&gmaﬂ’]wmﬁaumaiuﬁmaau 17 x 19 WUALUAS

Vgl AnutukayANSImileiuRTuNUn Uty

Product Loading (L) Surface Area (m?)

YDIUINIFIUYDI ASTM Standard D 5116 31AUUIINING Chamber Volume (m?)

0.17 X 0.19 m?
0.06 m*
0.5383 m%/m?

NAADUUSLANTNINVBINITIEUU LAgVNNISNAaBUBnI)

nsUanUdesvesansvesianlanlunqundndnsiauiuiu
rmen Tu 2 naurdngiaun 91uau 6 aege WethlUlnseh

AU NTUvasasHasTaflankardnsinsUanddes
299815 LneilfiIag19n15ATLINA ST

ANULTuresasHestanlon wnavesanswesiadled (ug) - Blank (ng)  (ug/m’)

U3un590$01n1A1nNsLiudaeg1a (m)
= 11433 pug-0
0.055 m’
= 20705 pg/m’
= 0.0207 mg/m’

Aty ANNNTuYesEsHesiaRlantldnnmageu 0.0168 ppm nuudsthluAIuIumA Emission Factor
v & o " 3 A A o ai v v X
elugveaeutl fdiniu 0.0207 mg/m’ 3elAnviniy NANTNTUL

Taaseulaeaiouasdeninday EJounal TR 1 atiufl 1 Weuunsau-Sguisy 2559

110



mrﬁwu'ﬁvjmm FOUTHIT MATT ZURGVOO T BUNT I =IREF18

Emission Factor (EF) =

flatl 9nsINSUanUapeveIasNesian lanvaf0g 19 uu LAY

Emission Rate

= 0.0012 mgh"

INNTHANAFD UM AUTNTUVBIE1THBINAR Lan
luusazngudiegrenuinlunguadndasiauiuiuaiiy
Soufidnfiuanasiusenly damanslunised 3 delu
uAazNINAEE UL agegnglanisauanaungiiuay

aududuresansilesiiailes (me/m’) x (N/L) (mg.h /m?)
0.0207 mg/m’ X (1 h-1 + 0.5383 m’/m’)
0.0385 mg.h ' /m”

o

U

Surface Area (m?) X Emission Factor (mg.h™)
0.0323 m’ X 0.0385 mg.h'/m?

AUTUAUNNTNAITILALABILDINADAYIIANVDINIT
naaau lesdulunudonivunves ASTM Standard D
5116

M1919% 3 AmanuutukardnsnsUanUdesvesasdunsdsemedelungunindasiawiuiuanuieu g

Wiudegeniafierinsinsginendinnmageulugnaaeulussazng 168 Filudluusiaz

0819
Amount Concentration Concentration Emission Rate
No. Sample 3 P
(Hg) (mg/m’) (ppm) (mg/m°h )
1 SCi1-1 0.9154 0.0172 0.0140 0.0010
2 SCl1-2 1.0260 0.0185 0.0150 0.0011
3 sSC11-3 1.1433 0.0207 0.0168 0.0012
4 sCz21-1 1.3024 0.0330 0.0268 0.0020
5 SC21-2 1.8616 0.0424 0.0344 0.0025
6 SC21-3 1.1783 0.0293 0.0238 0.0018

4. afuTena

1. N13USUUTINISAIUANRUN YD NAABUA Y
nsnsgmaaeulineslundesdnfiufifinisaiuausesy
vl dnavilieaumgiilugnaaeuiialnaifesiu
gumgiionmalunaesmundulunudriidivun aenndes
futerimuavesmsgiu ASTM Standard D5116 fiszy
Tiaaoumsgnslilugeu (Incubator cabinets) 7l
nmsmuaueamgil nedunisaianwiadesiinsili
ugNAFeY aeAAFRINUNMIANYIVEY Kim S wazAn (7)
lumsusziiunmisuanUdesvesans VOC lungundnsiouei
Sammnusisennns Tnelduvesinaasuaglundesiiing

AIUANRUIYI (Temperature controlled climate cham-
ber) e ligaunilAinaonyveIN AdeY

2. mﬁﬂ%"uﬂgqmim‘uaumm%uﬁuﬁwa‘mmmﬂmdau
dhgveaeusesyuuiiiuluasail linalunismiuauen

L o o & | qq' oA
ANuTFudUInsluanadulUegnansiiazsaiilninasn
YIVBINTNAFRY leUIeuilieuiuszuUAIUALLGLAD

Y ¥ ¥ L
nsldansgaanurulunsananudulueinie winsil lu
nsfmungamgivesindumhluldluszuy asfinnsan
ANUFUFUIVSVDIDINAINAEUBNGIE LHDIINAUNNH

¥ < i f 2 o | P X v oo
Yo LIuUN Tl usTUUARY AL ULINARBNNSAIANUTUFUNNS
29n31NINA NN BANUTUFUNNS LlUaINAA8UDN
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v
= = v

Wingelu Fedesiinnsanuivangumgiivesiniu e

\Wasgavsamlunisisletheenaineiniaroudiedig
VnEay

3. N1INAADUNIANUTNTULALENIINTTEINEVRY
ansesdanlentunguadniadiauiuiuauiou Ussnan
loui 91w 6 e wud seauAdudulay R
nsUanudeevesansnesianlan lonadenndesiunanis
Tesgngnageuinsgulusiaseme Tunisvaaey
Tungudnfasiieaiul

5. ayuna

nsauRuanIniInaeunglugnageualsdunsd
suimedne (Small-Scale Environmental Chamber) Ala5u
miﬁmﬂLLaszmU%’wiﬂuﬂ%ﬁ AU1T0AIUANUNAI
AuRudTg warauSamdefiuintunuldedansd
LLazm'aLﬁaa%ﬂag”lmmﬁﬁmumLLaw’fJulﬂmummgmmaa
ASTM Standard D5116 %54 Seanansana@eumsnsInis
sTgLazANUINTUTeEsBunIdsevediglunguian
AnLAeIAslAanee

6. AAANTIUUTZNA
YavauAn USEN agulwwesnata 9 Nlalvivu
aduauunNTeuaziagnaaeuil

7. 1@NE1991989

1. Yunil Wuguszans umigaunimeinianielu
01013 Tu glouftinisuafivennamelueins. faniads
i1 NN lsafiunnsmau, 2544, i 1-5.

2. International Agency for Research on Cancer,
IARC classifies Formaldehyde as carcinogenic to humans,
[Press Release-Internet]. 2004. Available at http://www.
iarc.fr/en/media-centre/pr/2004/pr153.html

3. What You Should Know about Formaldehyde,
CDC [Press Release-Internet]. Available at: http://www.
cdc.gov/nceh/drywall/docs/whatyoushouldknow-
aboutformaldehyde.pdf

4. ANEATINNITUSISIATINISRANNTYA. ‘?JIEJﬁTVi‘lJﬂ
aanWerdmsundadudiauiuiuaiuiow. @10y
Aunndaulng AUNNUNINIFIUREN AT aRaINTTY,
2554

5. ASTM International. ASTM D5116 - Standard
Guideline for Small-Scale Environmental Chamber for
Determination of Organic Emission Rate From Indoor
Materials/Products, West Conshohocken, PA; 2006

6. NIOSH Method 2541 - FORMALDEHYDE by GC.
Issue 2, dated 15 August 1994

7. Kim S, Kim H-J and Moon S-J, Evaluation of
VOC Emissions from Building Finishing Materials Using
a Small Chamber and VOC Analyzer. Indoor and Built
Environment 2006 15: 511
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ANTY Uag Ussandnanain1snuANFasaInnN1TnanaanunuL
nslfsaufisussnitanandausepsaunlainasiunanssn

Tnag5inu uas wnsavilalansadng
COST AND EFFECTIVENESS OF NOISE CONTROL OF SPRING PIN
REMOVAL-COMPARISON BETWEEN THE PIN PUNCH CAPPED WITH
THERMOPLASTIC POLYURETHANE AND HYDRAULIC EQUIPMENT

Vozyns Sauanans’ Sund Wususzans® qausn asda’ gln gisnind
AT UTELaEANUARANY ANANSISUEUAIANS UNTINEEELTRS
ZA1ATYINITUTMISNUASITNGY AMZANTITUAUANENT WNINeIFewing
’N1ATYITTUINTINGT ANEANSITUFVANENS UNTINeGEUTRA

*Corresponding author e-mail: wantanee.pha@mahidol.ac.th
UNANED

nansnITindsaads 8 dalus lulssseusaussnuviandsdian 93.8 indiuate wavaussanwnnsidBuvesmiiny
fuwlthianas 3% Weuiudiiumn nuivhlhAndeisgeaaie msaenadnuiuy 95.6 - 141.5 ndiuae gunsalitlily
nsnenadnumuUAe Feulsuduasiann (edesile #1) mafinviiinguizasdiiiomeunsaivieiniosiionenadnumuy
filiAndssfeing 85 indlateuasilfuuuassyaniuagsan Tasuuguazesnuuuiiasiieln fio 1) Ay
FanUneseuiuriavandaussdomuusinssunnuazandes (e3edle #2) uay 2) sonuuuiniesnenadnuruuszuulensednd
(iwdosile #3) Foyasumulunsndngunaniiedesile sesaililumsaenadnunuy, Suaunfivesnisnonadnumuy
(wdosile #1 uaz #2) uassedudedurrnonadnuvuy suisarafemelalunslfiedestiofauriavemmiineuly
Tssgoum 10 AU grifunasiasiey wui dwsuiniedle #2 Jasiumnzdmsulinaseuiinandwssie srameslumanain
Indginu mun 15 Tadlns uaziaiesnenadnunuuszuulensedndliussvunn 5 du sduidosiaedeiAnannsly
\eSesile #3 wax #2 fie 77.7 AUALD WAy 88.1 WBluale AU vaurTiedesile #1 ViliAndeaduads 1123
wiuawe tufe filewedesle #3 Tandusawini 85 wauawe egiided ey (p < 0.001). WAZHANTTIATIE AU

a

wazUsdvina uar AnuianelavesnisldiaTesilons 3 vl wuii inTesile #3 UAuyuuazUssanSragian uagniinau

dndlngiianelawedesdle #3 Jauuzidiedesdle #3 winldfidymmuyuning wnvuiteesdle #3 saunaiuliens
NsedenAsesiie #2 19 Wewwinaunsnanseauldsaslasningy 90 dBA

Ardfny : Nsandena / adnumuu / weslunanain Indgsmu / lansedind / dunuuasUszdnsue
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Abstract

According to the noise measurement in the truck maintenance center in 2014, the workers’ TWA (Time
Weighted Average) was 93.8 dBA, and the workers’ hearing ability have been reduced by 3% compared to those in
the year 2013. The major sources of noise was spring pin removals, i.e. 95.6-141.5 dBA. The equipment used for
the pin removal is a pin punch tool and a hammer (Equipment #1). The objectives of the study were to develop a
spring pin removal tool generating lower than 85 dBA noise and the best cost-effectiveness by develop and design
the new tools i.e. 1) study durable and absorb noise material for capping a pin punch tool (Equipment #2) and 2)
design a hydraulic equipment tool (Equipment #3). The cost of making and design of the equipment, duration and
number of punch (equipmen #1 and #2) to remove the pin, and noise level including satisfaction of 10 workers
who use the tools were collected an analyzed.The results showed that thermoplastic polyurethane 15 mm.-thick
was the most appropriate material thus, it was selected to make a cap for the pin punch tool (Equipment #2)
and the hydraulic equipment with a force of 5 tons (Equipment #3) was designed. The noise levels generated by
equipment #3 and equipment #2 were 77.7 dBA and 88.1 dBA respectively, while the equipment #1 generated
112.3 dBA. Thus only equipment #3 can reduce the noise below the target level, 85 dBA, significantly (p < 0.001).
The cost and effectiveness and the users’ satisfaction of the three equipment showed that the equipment #3 was
the highest. Thus the appropriate spring pin removal equipment is hydraulic. For SMEs, the cost of such equipment
may be quite high, so equipment #2 may be selected, since it can reduce the noise level to below the standard
of 90 dBA.

Keywords : Noise reduction / Spring pin / Thermoplastic polyurethane / Hydraulic / Cost and effectiveness

1. unun wazlodunsaTalansnonsise Wy Luudu uay PAHs way
grouirpesnusniedugsiandenuddglulogiu eradfluwivuiimvds Sunietineiue Jgminiseomans

Sa ] & @ - aa ' v a a4 o v v A Y 1

fdnsvudensouudundn ndnfe nadfuanduny Wy euiidesesnusilaviedsdin deflouasdedaniie

ENOANERINIUNIVUANINUN WA, 2559 — 2563 M5 vhaluiiudisada vimamsvhauitldosnzan s
vudsaummeluyszma faud U we. 2552 - 2556 s %qawaﬁwiﬁl,ﬁmﬂ13um5uLLamqmﬁmﬂﬂamaaﬂsx@mms
yudmauudundn dude nirfesar 80 veslnar  ndwileld uazsuasrememenm wu puSeumnanm
nsvudsAudToun (1) uarlull 2558 fsoussndiniy eimadeu il duaudould arwduasiiiouainiadesie
1Infe 1,030,786 fu (2) adfwanduandfiiuindndld  vdeiedesdng Gumnlidoslvaisuludwasindiold
saussyniiensmdsdduIun fedu gateatiuayuty  ifuashenld des mnmsiane/Adudausaivhainmdn

gronthyeiafianudAguarisuauiviussadeios Feonadumgliigadonislady (Judu lesnuszne
Tul wa. 2555 fd1uaufls 10,281 uvis (3) Aanssunisden  nsgmsnsussuimualvuneiisiesnsinguamgnaned
Urgssnusinenadudunnesogunmuazanuaendy shawiffudedeides (4) geeutigssaussynusiaileld
vosfuftRmduduiddfglumsimunasegioves  ansaussanmnsiéBureminamududszsmnd wui
UsewAldl Wy sunsesiennuvasndearaiinaniudes aussanmnisidduvemtnauiivuiliianas 3% Weudu
waziAvatunduduTif S esuminsfiudin Ussua Vitrhuan wazannenddetes msgapdensladuvestndluy
EUNTEUYINAIUTBSTIME a0 YrTisunTedegun i aniudssneunstousanud wudn ANUYNVDINTYLEY
fsdunsemand wu msdufauazganslossmeini  asléBuvestiluunungounious Jevar 57.8 uifa

Taaseulaeaiouasdeninday EJounal TR 1 atiufl 1 Weuunsau-Sguisy 2559

114



é’funuua:ﬂrzﬁm’f’ma'voomraovqmﬁaomnmrnoaﬁﬁn URUY ‘ ))

I avmudngavandsdiifuntnaumnauudafio il
syfuideands 8 Flusininaudunilduia Ao 93
wIale wazannsdakaraIviadeaiesinides
wud nuivhliAndessisgeanie msaeaadnuuy (adn
wiuy fe gunsaiivimthiidnssrindlaanauagiiumuy
dhdnetiy) sl ninounenadnumlaglidou 12 Veud
(thwtin 3 Alanu) yuuurweandngs (MinemUaeden
\Ennrindnusi) aunseisadnuiuvaneen vaiyuaman
AalldIRs 95.6 - 141.5 WwBLuate MIann1sauRaFes e
Udnandeslaildmaidomneunulild uazmsandedae
MUIMSIANTT Wy vudsunuanuiivhanuduiados i
annsaildiuiy Wesminaunuudayaufininudiuiey
uaneafiy feifu nsAnuifelsiinisanidesdiuadag

lunoldyarSoneld@eandnnnin 85 WwTUALD Weanns

[ |

wiavdgsvasninanlugdoutisesauisll nsAnwildadl

e

A
TrgusvasdiefnfAugUnInivseiAsediionanadnumuui
VARLEEINT1 85 dBA Wardlsuyu-UseanSragegn

2. Avalun1sIaY

SN ILTUNNSANYINALHEUTINSNAAD LAY
UfURNs Inefiny eenkuy wagndnaunsalnanaanumuy
Fansziudosiansuindorfondnnsmeiu el
Lﬁwizé‘fvLﬁmﬁamaaLLasﬁunu-ﬂiz?ﬁw%mamaqqﬂﬂizﬁﬁu’q

@04 lfu iedosiloszuulensednddiendovdnnsanides
Tnsnavanidesmanszunn uagnsUsuiuinvesiansn
dslifinumirgaiieanarmduasiiowiiegnnszunn
Tnoidenliiandanguuasnuvugmandufiaseuiimdn
da el Madnwdldsueudflasinisanangnssunsaie-
555UN I lUNLEE ANEANSITUEUAIERS W INEAY
ufina lenansiusenaii MUPH 2015-049 siialasinis
10/2558

2.1 wwmenseanuuugUnsel
INMINUMUITTUNTTURAE PN AnwLagHEn
gunsalansviin Ae in3esilonanadnuvuuszuulansodnd
wazaseuTaimanduieliiugunsniymiuililutiagu
Tnefitunoulumsfinudel
nseenLUUIFdBenadnuMLUIEsTUUlensoaANd
dosmilafevinauazsuiaesadnumuy esanadnumuy
yossnusazduiivunauargulimioudu Fafufifeds
susdeyaieafusaussynynguidhnAsuadnumy
wniigalud 2557 ilevinesnuuuiATeInenadnuLY
svuvleaseandiamzaniudanannil wuindusaussyn
10 &9 Ju FM-Series 59uALARNWIAILMULLEY YUIA VDS
AANUVLUIBITAUTINNTUAINGN MUFUT 1

UM 1 Anwisuvianey 3UIn YBsEanUuUYeesausIYN 10 60 U FM-Series

\Sesnonadnuvuuszuulensednd endemdnnis
nsdssneidsludsnasevesivadiduveamarfotisiu
lensednd fgunsaifidndajléud gnau dulensednd thitu
lansodnd nszuenlensednd uwluswlelun fidadunszuen
fuguny (C-Camp) WanlAsuadnuvuu sadussuuiuind
dmiusniaiesiotuns Segunsaifenani sududeting
AU (Force) suamﬂumﬁﬂﬁag’iumwaﬂgﬂguﬁqgﬂ

dsdnousanan Julensedand weegliunumdngsnann
indeuiilusuadnuvuulivaaeenainid uay wunves
nszuengnau (Dimeter) lngldgns F=P*A 31 F o used]
phedudiigy, P A Anusuivdiodu Jadusaniss
RS uay A fio Huditlniiody smsawns annsAuau
W33 (Force) = 5 fil, YUNAVSBLAUNTLAUENA19YRINTEUDN
gnaufie 40 fadums muguT 2

Taensaulaaniouasiswindey EJounal 7 1 atiuft 1 iWeuunsau-Squieu 2559

115



JUN 2 insesnenadnuvuusyuulansednd

aseulaviawmdnds nmsAnwianiitinnumig
a1 wandupsouimandalaie wazlidmmieluriomann
Ianinssiudnuazingn 3 vin Sslaudid ey fe
uBe wiler uusanszunnldd vudedhify daaildung
wazanmsomieldluriesmatn lnefituneuniseaniuy
Junu Ao 819595171R (Natural Rubber) B19ABLNTIF
(Compound Rubber) uagenameslunataiin Indgimu
(Thermoplastic Polyurethane, TPU) LLazLﬁawmaaui’aa
Tnevhluatugduasvide Tananuvialviiaumusigg
warnaaedld neilinausilumsidendan fe iliAndes
lsilfiu 85 wdate 9nmsyu 100 ads Tdaunuldeds
tioe 50 Adalagliumnuazaenadnuuls wuh Yanfinu
\nusiAe TPU wazanumunvesiandiunseuiivanzasie
15 3. (3U7 3)

JUT 3 wdndewsafiUavinansae TPU

2.2 maiudayaideis
WenegaugunsalauinguszasAvesn1sing
iidulavenusiuilontnaunujiiviiaenadnuuy

‘ )) FUNUIBUr=ENTREV0oNITaUaNIEe PINMT NOATANURUY

naaedlfiedesiiens 2 sialunmsufifinuaiaiensou
Wieufyunsaiidu (edesle #1) Tnglddadonwinemd
Teonsnuuasiivszaunisalnenadnuruuegieies 1 U ud
hsalasenis uarufinuduneuidivus Saduluau
nasinsfndinnAtedhalasns matasnly
niladedugenidnsiulasinsidy nnaainsAnvinli
I#Edrsilasenisfisnun 10 au
fiulanmausaraufesnanadnuuuuniituse
gunsaindawila uazfsuilasinisusazaudesligunsal
e dafu suadnumuuiignoeavasiudeyanis
Anwniidau 30 Ju luruedsnlasnisnonadnumuy
th I8vhnsaseiuidssieiniesinies (Larson Davis
Sound Track LxT1 serial no. 0003114) Fawaviaann
wiinauivimihineadnuvuulszinm 1 wes dwiy
wdesilof #1 uay #2 ldduiinnailflumsnenadnuvuy
uiazdu uarsuiundsiinendousunssadnuruuman
fe ruusiedsvessyiudsiiiniunnnsldiedesie
a3 win wesisuifisussrinaaiesdieviaan Tt
Wiuiisuiuserudesd 85 wdluaie tneldadn Sample

t-test.

2.3 maduteyaduyunsningunsali 3 viia was
T¥aunsal nanadnunuu
2.3.1 dunuvesgunsalifiy dmsunisnenadn
wiuu 1 Yusenausie
1) funuasii (Capital Cost) Anannandes
s1vewRUnsal/l Tagihsanisuangunsalmsmeens
sl 1 Y
2) Aunuiuwys (Recurrent Cost) Laun
Aussveasntinauadnuuy 2 auded FeRnAused 300
vnsie 8 Falaan1sieu waztuiaui 248 Yusied
($r9Bemuiudeme fviun), Sruauadnuruuiinesly 17
v 1,296 Fusiel (AMAn1salanadnsafidnfuuinnsiudl
2557) waznanlunsnenadnuuy ($1edeannanadsves
nsmaaesiuT/Aw)
2.3.2 sunuresianaseu TPU dwsunisaenasn
unuu 1 Yusenausae
1) funuasii (Capital Cost) AnannaAndes
s1vewUnsal/l Tagihsanisuangunsalmsmeeny
nsldan 2 U (desnitfagiuiliengnislinuiagu)
2) fumnuiiuwls (Recurrent Cost) A @

Teanaanylaansuuasiawinday E-Jounal T 1 atfiufl 1 auunsau-Jguiey 2559



e”fu'nuua:ﬂr:ﬁm‘f’wa'voomraovqmﬁaomnmrnoaﬁaﬁ URUY ‘ ))

DONLUULAITIN AmpaouvTanuazAuvmINzaw
AAITIUNITANS AMLTIVOINTINGIY 2 AU (AIUIUALTDU
msldgunsalifuudunndnsfuiinaiililunisnonadn
W) Snnufaniidenunldaseumdndsusddunisoen
adnuvuy 1 9 vide nona@uMUUSILIL 1,296 Jusied
(manmsainadfsaiidnuuinslul 2557)
233 funwihieiesnenadnuviuszuulansednd
dmiunenadnuvuu 1 U Usenoume
1) funuasi (Capital Cost) Amannandey
1wedgUnsnl/l tneihsainiswingunsal (Alsuwuy

v

Aszuenlansednd wiuseiiolen NIAIUTUNU WIdnSU

Wasuadn nszuenihdusind mé3unszueninduuind)
mssheengnsidan 5 9 (fesnidugunsaififiengns
Ty

2) sunuiuuls (Recurrent Cost) Usenau
Ay AIUITISNYT Uag ATWSIVRINENMY 2 Al (AW
wilounsligunsalifuuduandsiuinariililunisoen
GLOIBGNY)

Fovnlddunuu uae Aledoseiudes
yosgUnIaina 3 wiauda Thianfinsanaanasinisls
AzUUY FuvuuazUsyAvSnavosgunsninenadnuua
3 wiln wandlumsnsdi 1

M19197 1 nawrin1slvinguu dunuuwazUseansnavetsaunsalnanadniuuuns 3 vin

dununisndngunsalias | Azuuuiaswn | UszBnSwaves AZUUUNITUN AZUUUTIN
panganuwuy (um) ERXN ) sEAULdeNanas 1509UsEaNSHa
(w@ua)
< 3,000 +1 < 85 +2
> 3,000 - 30,000 +0.5 > 85-90 + 1.5 YIAZLUUNINS U
AUNY + AT
> 30,000 0 >90-95 +1 - 4
NITUNTO
> 95 - 100 +0.5 Usgdnowna
> 100 0

2.4 nmsiudayannuiiswaloveswiinarunasld
\3nsilonanadnuviuuns 3 viia
wineuduay nsenuuUasUaNATiwele
vddldrdesflononadnuuuuiia 3 33 Tnelsiavuuy 1-5 90
Ussiiiumnuiianelaanun 6 Yseidiu fe 1. Wudalide
THAnEs 30 droandosiaiiniulad 2. 9aedesiu
guRwla 3. Yaglvvinanulsegvasann wavaus 4. vinau
I¥aesnE 5. Tretlasiunsiannduiold 6. fnanu
wanzaslunsosnuuuAsediie uardinset AuuAneg
YosAaasvosnufianelavddliindesiions 3 wia lu
usazUsEIUMEaDA ANOVA test

=
3. Nan1sAne
i’aqmmzauﬁm%’uﬂmiauﬁamﬁﬂémﬁqﬁa gaMNDIa-

WAEANINAE UMW 15 TaAlunT LaziATosnonaanwiy
Pldszuulansadndldusauuin 5 fu seauldsaRaeNnNnTu
Yauzldiasasilonsdnaviniu 88.1 wuale way 77.7

a o W P P ° Ya o o
WTLUALD MIUANIU PUVULLATDID #1 YN ANALE96
112.3 10UaLe UUABLATDIL T 9809d1UNSanLEE9Rd
asagaiitdeddny (p< 0.001) HANISVAGDUNDAASNLUUY
v ¢ & X a
megunsalnauiluanslunisen 2

Taensaulaaniouasiswindey EJounal 7 1 atiuft 1 iWeuunsau-Squieu 2559

117



‘ )) FUNUIBUr=ENTREV0oNITaUaNIEe PINMT NOATANURUY

M1399 2 HaNSNRdRURaRAANLLUMERUNTAINsaNLYiln ULasisuiuseauldesn 85 Wwaluale

i Alndsdes Andeides Weuduszaudesil 85
Aol # - R t P
(ERIGR)) ERIGIE)
1 112.3 27.3 28.44 <.001
2 88.1 3.07 23.19 <.001
3 7.7 -1.27 -18.41 <.001

NUBR AFDUNTZAUAILRIIU 95 %

v '

winlen filssesesnonadnuruuildssuulensednd

o o

Nnaldesasainii 85 waluale agnslitiedAy (p< 0.001)

3.1 é’uvﬁmmmauﬂ?mﬁaﬁ’q 3 %iln

waadilod 1 AUNUTI = 1,500 (AFoNTIA0S
guUNIRL) + 744% (ALITWDINTNIIU 2 A) = 2,244 UINAD
Y

wdesflefl 2 Fuyusan = 750 (Audensianmes
gunIal) + 3,000 (AUURALN) + S00(AIHERNEITITUYIA
5 %) + 500 (FANARLNEL 5 TU) + 1,550 (A WaneNa
TPU 5 %yu) + 1,798%* (AL59999NUNIIU 2 A) + 120,590
(AU UL TPU Aldaenadnumu 1,296 Fu 90
mMsneaeIaenadnuMLUILIY 10 3y Tngldiedesdled 2
avde TPU 3 Tu dsnenyszanal 121 A% TPU (e 1
u) = 128,688 Umstal

wapsileR 3 AUNUTI = 7,480 (AFoNsIAIV0N

gunInl) + 2,000 (AUNF95W1) + 12,8655 (A14IIT01

NN 2 AW)= 22,345 Unsel

v
a

* Aananadslunisnenadnikuun 24 JuineTu

P

(FreBannsvinassaenadnuruy 10 3u Tnsldiedesdle
)

= dananadslunisaonadnuuudl 58 Junil
Aoty (8198991nnsvnasinonadnuvuy 10 du Tagld
w3asledi 2)

= Aananadslunisoenadnumuud 415 3w
Aoty (8198991nnsvnasinonadnuvuy 10 du Taeld

\A309N 3)

3.2 NamﬁLﬂsﬂxﬁé’uvgu-ﬂszaw'ﬁwammm‘%laeﬁaﬁga
3 vl
\w0siloft 3 fazuugeiian Ae 2.5 luvaizlieies
o7 2 unziAdosilof 1 TAzuun 1.5 way 1 auddy (N3
3)

i
il

M13197 3 NaMTIATIENAUYU-UsEAvSHaveaTedilens 3 viln

i A . RN EY] Useiindua AzLUWUSEIURIN  WATINVBY
wiaslie #  dunu (um) ., R o
ANAUNY (wawe) Usenswa AZULUY
#1 2,244 +1 112.3 0 1
#2 128,688 0 88.1 +1.5 1.5
#3 22,345 +0.5 T +2 2.5

Taaseulaeaiouasdeninday EJounal TR 1 atiufl 1 Weuunsau-Sguisy 2559

118



e”fu'nuua:ﬂr:ﬁm‘f’wa'voomraovqmﬁaomnmrnoaﬁaﬁ URUY ‘ ))

3.3 WAN15IATITUAMUNINE lRvBen1sidinsasie
914 3 ¥ia
wu wilnsudulnganelaeiesiion 3 Tudu

An99 NUTEIY snuEessreznanidlunisaonaanuruy
Fannauianelawseadien 1 1NN ASesilpNwLyEw
TunsaeradnuuuAamsplassuulanseand (5199 4)

A15199 4 ARdsLarYIAzkuuANUTanalavasnnaulunsidasesilens 3 viln

Usziiuanuieanala wdasdiefd 1 wiasdiefl 2 wsasdiefi 3
Tdualdnslmindsans 1.5(1-2) 3.3(3-4) 4.7(4-5)
Hredeiugifmnla 1.2(1-2) 1.5(1-2) 4.5(4-5)
Prglivinanuldegnsazain wazaune 2.6(2-3) 1.7(1-3) 3.8(3-5)
yauldegesansa 4(3-5) 1.4(1-2) 2.6(2-3)
Fretesiumsuiandmiilels 2(1-3) 2(1-3) 4.5(4-5)
firumnzadlunmseenuuuipsesie 2.1(1-4) 2.8(2-4) 4.4(4-5)

4. anusieua
WoLUSHUEUTEAULERINATUIINNSDDAAGN LU
meinsesievsauyiauazauiisnelavedliiaeie

'
o

wudnedosfiovinlansedndiidaafndusiian (i
85 wiluaie) uazdlidiarufionelawniian Snvisdusu-
UsvAvinageandae ety Suduedesdlefirasldsuns
dndonuiteltlunudsnan Taslawgluanuuszneunis
yuAnaLaz v el sulszanamionienamus
odoundiy (emneGuduesadosnenadnumnuy
szuulansedndreudiaung
Tunsdlvesanuuszneunsvunmidnuienansillsinon
au FeinnsaniUlsuiiisugunsalviind 1 (gunsaiflily
ity wawvliadl 2 Glumdndadae TPU) nudnsedy
FeosfiAnduainnisgunsaladadl 2 dand 90 WAl
wazdunuNsHaRAeutnad1 ufirganineded 1 Gane
Aosinafogeiais 112 wiwaie Sniglidanufiovela
gunsalviindl 2 Taosawgeand1 Ussiiuidlifianufionels
gUnseivdiedl 1 gandn fe szazanildlumsnenadnumy

v
o '

Fun fedu Wefimanlasnuudssnhnegunsnlaessing
gUnseivdiedl 2 anmudssnsgaydemslauveaminny
nonadnumuUld nanfle sxiuideaafevraenadnuruy
MndemsgufvundmunsinusUndalae vaed
nsinunenadnuruuluaaulsznaunsuainly
wiagIuealtnanlifaudadalug (VuanuAgiuiiianiu

Usznaunsvunaanidsaussyndisuusnisdes) qunsel

e 2 Wdndansauriisie TPU Sadumadeniivunzau
AalumunsundesaussanInnseduYaIntinaIu wagau
U2U10UU9EUYTENBUNNS

5. daiauauuy

MmN Tanaseumandssielniiandedls
1NN TPU wagluvaeiiediuaninsnanseezailuns
nonadnuvuuldie Lesnmaianntandsnaienad
sunuiitininaesile #3 weilietaslfaniulsznauns
fimuvdesuuszanasanansaiigunsaifanadls

6. 1ONA1391994

1. LLmuqmmam‘mumﬁmuﬁdmwﬂ W.A. 2559 -
2563 ANANLIN N. @dA1e TAedestunisvudmia
auu. duAulaain http://www.dlt.go.th/th/attachments/
pland8-51/5083 strategyplan59-63.pdf

2. ATUATVUAININUN FI8adfnIsvuEs Usyan
Y 2558 w1 duAulaan http://apps.dlt.go.th/statis-
tics_web/brochure/statreport115.pdf

3. nsuimgsiantsm lasinsidegsnauinisdnana
lan: gsiagentizesnswd duAuldann www.dbd.goth/../
doc/3summary_of repair_shop.doc

4. NFENTIUINIU NYNTENTH MAUARANN LAY
TNIATIVFVNINVBIGNIN WAZAINANITATIMANTNIIY
ATITUITNU WA, &

Taensaulaaniouasiswindey EJounal 7 1 atiuft 1 iWeuunsau-Squieu 2559

119








