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KEYWORDS: MEK EXPOSURE/ VISUAL PERFORMANCE/ BANGKOK
SUTTIPAT SIRIRAT: THE EVALUATION OF METHYL ETHYL KETONE
EXPOSURE IN URINE AND FACTORS RELATED TO VISUAL PERFORMANCE AMONG
PRODUCTION WORKERS IN A SHOE MANUFACTURING FACTORY IN BANGKOK.
ADVISOR COMMITTEE: SRIRAT LORMPHONGS, Ph.D., ITRAPUN PUSAPUKDEPOB,

Ph.D. 76 P. 2017.

This research was a cross sectional study which aimed to evaluate Methyl Ethyl Ketone
(MEK) exposure in urine and factors related to visual performance among production workers in a
shoe manufacturing factory in the Bangkok Metropolitan region. 162 participants were recruited;
110 worked in the shoe assembly department and 52 persons worked in the finishing department.
Three types of data were collected: questionnaire was administered, urine samples were collected
after the work shift to analyze for the presence of MEK and a visual performance test (for color
blindness and visual field) was conducted.

Most workers were women (95.1%), with a mean age of 30.7 years old. Most received
primary education (32.7%). Nearly all of them (96.9% and 93.2%, respectively) never smoked or
consumed alcoholic beverages. Mean sleep duration was 5.8 hours a day. 91.4% of the participants
had worked in their current position for less than 7 years. A large majority reported to have no
preexisting illnesses or diseases and did not use any medication (87.0% and 90.7%, respectively).
All had experience using personal protection equipment, with 91.4% reporting they always used it.
The results of urine analysis showed that the average urine MEK concentration was 0.43 + 0.24
mg/ L. In terms of visual performance, we found that a small number of workers reported continuous
eye irritation/ pain and blurred vision as well as reporting a rainbow glare (1.2% reported each of
these symptoms). Most of them reported no color blindness (72.2%) or any other abnormal visual
field (98.8%). Statistically, the relationships between all factors studied and visual performance were
not significant. Only age and marital status were related significantly to eye symptoms (p = 0.034,

p = 0.041, respectively). Despite this, the author suggests that the results of this study are useful to

the field concerned with reducing adverse health effects on workers due to MEK and exposure.
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M50 2-1 AUANTANIINMIN NI NEINGI1VDI815 MEK

AN
g3l C,H,0
wagewialua 72.11 g/ mol
ANHUSNINIININ vourad luud
ANUHUUY 0.8050 g/ cm’
9ANA0NINA7 -86 °C, 187 K, -123 °F
IR0 79.6 °C, 353 K, 175 °F
anuansnazasidhni 27.5 g/ 100 ml
ANUTTIA 0.43 cP (20 °C)
gl -9 °C
auvgifian dedie 505 °C
$19v04m3 12l LOWER 1.8%, UPPER 10%

LD 6.86 ml/ kg (N1AN13NY, 1Y)
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Nu: aautlasan https://en.wikipedia.org/wiki/Butanone (2016)
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o <3 '
et al., 1984) AOANADINUNINAADIIUNY Rat (Thrall et al., 2002) naaeldiwiudnals MEK
A Y 1 (=} dy A 1 1 = [ Qy ~ Y I 1
wrdngsumeluiimsazanlwioboaslusnme Tvangunate q suiudadliimumn
A5¥1IU Metabolism ¥04a15 MEK Tunyudiudainaassiianuadiondaiu ndainas
1 a o
MEK 141g319menalvzgnoond lad lae laTa Tnsy P450 Monooxygenase system (P450IIE
[~ :JI a 1 @ Y
1ag 1B isozymes) Aalua1s Metabolite "UuﬂjjiJQiJ o 3-hydroxy-2-butanone AONIETA
aa 4 I . Ao v o A 1 a A 9

2gnInIEnNateiu 2,3-butanediol Haze1s MEK nsududadnaululsmuniiosazgn

aa g

£ a s o & Y 2 .
TR U 2-butanol %Qﬁ1h1iﬂ®®ﬂcﬁhlﬂ°ﬂﬂﬁﬂlﬂuﬁ1i MEK ul@’E)EJNTJﬂLi’J (Tralger et al.,


https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B9%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
https://th.wikipedia.org/w/index.php?title=%E0%B8%A1%E0%B8%A7%E0%B8%A5%E0%B8%95%E0%B9%88%E0%B8%AD%E0%B8%AB%E0%B8%99%E0%B8%B6%E0%B9%88%E0%B8%87%E0%B9%82%E0%B8%A1%E0%B8%A5&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B2%E0%B9%81%E0%B8%99%E0%B9%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
https://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%94
https://th.wikipedia.org/w/index.php?title=Poise&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%A7%E0%B8%B2%E0%B8%9A%E0%B9%84%E0%B8%9F&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Autoignition_temperature&action=edit&redlink=1
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1989) ﬂQﬁllﬁﬂQ1Uﬂ1Wﬁ 2-1 @13 MEK Qﬂfﬂ%ﬂ@@ﬂﬂWﬂ!ﬁﬂﬂ@ﬂ?\ﬁ?ﬂli? Lﬁ@\‘]ﬂ']ﬂﬁﬁlﬁ MEK
A1 A aa A I I ' v = ' v =
Nﬂ'lﬂ'iQ%?ﬂﬂﬁuiﬂﬂuﬂ1ﬂiﬁ%?ﬁiut7\lﬁ alpha IN1NY 30 UM ez beta tNAY 81 UIN

(Liira et al., 1988)

H,C—C—C—CH,
A T
_ MEK
treduct% Yxidaﬁnn]
I P
—c—C— H,C—C—C—CH,
HC—g G —CH, ; . .
2-butanol i 3-hydrosoy-2-butanone
(reduction)
H OH

H,C—CH—CH—CH,

2, 3-butanedicl

AT 2-1 Pathway U99615 MEK

117: Environmental Protection Agency (EPA) (2003)

[ g// v o W Jd oa/’
auiulumssududaes MEK Tuuybdrum1aeinaii 2-butanol taz
3| o
2,3-butanediol Qﬂi%kﬂuﬁﬁ Metabolite U89 MEK 1U®5U gy 3-hydroxy-2-butanone g
3| 1
2,3-butanediol gn1#1iuas Metabolite ¥4 MEK Tuilaeaz wui e1s MEK Usgunm 3%
a Ao v @ Y 1 @ I = a 9 o
voulTnanTududmdgemerzdanegiidluans MEK nlouauuaIgniueanne
flaaz Bnilszunm 2% veslSmansududadngsrameszgndveonriumailaas lugil
Y04 2,3-butanediol tazduiiiae lulsmadiulugszgndudignizuiums Metabolism
@ P~ Y 1 1 1 1 2’ Y Y 1
nanulasulveglugiasisznevedisiie isu CO, tazi 1aINIUo9NININNY

(Liira et al., 1988) Dausidnens MEK i hinasugiluilaanzaviludadmidosveslsina

~

[ ' < o yw v o W 4 awv v o J
mssududauadmnsolfudridiamssududmiosnnivatsnuidennuanuduius
Tugauinseninsgay MEK Tuilaagnuszau MEK Tuussemaednaiodininy

(Imbriani et al., 1989; Sia et al., 1991; Kawai et al., 2003) luaiuvoaszavas MEK luiaen
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dMSUNanIENUADEYNINYBIEs MEK ansom ldinamssemainosnoniuas
o [ 1 [l o J §
YNUDAWYBY (Muttray et al., 2002) HASTINVHANILNUADTUNINDINFUUIITUTAINAADIN
X a d' 1Y 4 td‘ugj =) a a
lasuarsTulsuaigann Taenaaoslunyug Sprague-Dawley NAnssANANUAALNA
J o a = 3 a Yo a A 9 A (a
winuazivemsaaas Tanwdunslums ldsuiagnuy e ldgaau MEK 1150w
< o 1w . . nm o1 =
NATOUFIFA (3,000 ppm 1111781 6 2 Tag@io 1) (Saillenfait et al., 2006) ua litimsdne 1
S v Y

v o 9 ] = 1< 1 a3
53838’]3ﬂ1]ﬁﬁ’)%iﬂﬁuﬂﬁﬁ'ﬁlm’flﬂ thWllﬂ']iﬁﬂy’]ﬂ'nulﬂuﬁ’liﬂﬂngliqm@\iﬁ’lﬁ MEK Glu

v J AN Yo o o A A Y = v A 1
dainaaosi lasududaniamsmelanTeaudnl (EPA, 2003) inangiuiuaasinais

v
a o

o 1 Y a IS a y o
MEK Glumimazmﬂmmﬁmw ﬁﬂﬂm‘wh!manaimmmwmﬂuwyLﬁaﬁmim’fﬂumim

= 9K

azae (Dick, 2006) 1wl 2010 TgAnywazungiildsziase Talums l9eas MEK 11199910
WU @13 MEK JHansenuaednlsean (Thompson, 2014) HONINE 713 MEK gﬂeﬁlu
mrﬁﬂ‘undJumis"?@éfuGluaué?tymumwﬂizG]fwﬁ'jﬁaﬂmwiaﬁmﬁﬁﬂﬂgwmﬂmwﬂu
mmwﬁmmzmﬁaaﬂﬂmﬁeﬁiaﬁm

TudauveawumuamsithszSawesans ujadudinveamsithse Simedanadon
ACGIH M#uaA1 TLV-TWA §1%5Ua15 MEK 11101 200 ppm InAvAaEAIZEIIAIRIY
8 S Tusamnuidsaluszoz duiaiida (STEL) (M1 300 ppm (American Conference of
Governmental Industrial Hygienists [ACGIH], 2014) NIOSH Taadiiamsduianuziin
(REL) #i® 200 ppm [DA6AA0ATLE2108IN15919711 10 ¥2T19ag 300 ppm Tug19szezma
15 W10 (New Jersey Department of Health and Senior Services, 2011) @71 OSHA l¥isheeusy
& (PEL) 191181 200 ppm 1mA0AADA5ZE17a1H1914 8 $1T04 (Lewis & Richard, 1992) 11ag
ﬁ'awumﬂm?hszﬁ'mnqmmw&u NNFIMNUAABINIFUAD (BED) d1%351 MEK (i
2 faan3y MEK seansdlaansifuiiusmluneuiouesmaiingy (ACGIH, 2014) tiagl
fonnsufiai it fleaiunis Sudufiaens MK devanuituit Temadudia 18us
amnailenuseds MEK waziniesagu asihainesiafia aawlduiuiinudears MEK

o (S 1 4 1 <
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3 ﬂgmmﬂu&'u (New Jersey Department of Health and Senior Services, 2011)
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(Opponent-process theory) Fiudue lagdroan 1859 (Ewald hering) WWBBTUIINTFANUUA
1 a =YY [ o 9 A =" =aS £ A a A =Y 1
AUTAUINNAITULLEAI 3 3$‘U‘ULlﬁagiZUUWWﬁU"mﬂﬂ‘Uﬁu@flﬁﬂﬁiﬂﬁﬁu\uwﬂﬂﬁlﬂﬂ?iuﬂﬁllﬁﬁﬁ
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IBU DUNITLUAIUIU 9 LLa'JL‘]Ju’ﬁ’]EJ@ITE)E]ﬂhl‘]J IR UNNAAAT VIV ﬂ\?'ﬂﬂ'l\?lliﬂ@]'liﬂ/]\?
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H 4 Y
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Mancuso et al., 2010)
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8. ﬂ'lﬁq‘Uuﬂi/ ﬂﬁJq’ﬁWﬁﬁ@lﬂi@QﬂNll@ﬁﬂﬂﬁﬂa
9. TsANuNULAEA1IEANUAU Tainga
A 9 1 Aq ¥
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1 1 v o Jdo
Acetone W1 818LLaz A1 CCI (Color Confusion Index) PANUTUNUT AU (Gong et al., 2003)
[N ~ =\ = = 1 A A o @ L&Y
INE ﬂiz’)@]ﬂ’lﬁquu’ﬂﬁIﬂﬂﬂﬂ’]ﬁﬁﬂ‘]&l’lcﬂ\‘lWUTl L‘Wﬁllag‘]Jig'gﬁﬂ’]iquuﬂiﬁj\lwu‘ﬁﬂﬂﬂ'lﬂ'ﬁ

= o a

1 Y o 1 @ a -
AN ) YOI IINUOINUTBE AN NADA (Lee et al., 2002; Lee et al., 2015) AarHuIany

A v o o an

' Y v v o Jdo 1 { [ Y I
NWUN ﬁgﬂ‘llﬂ'ﬂll?J'Juﬁﬂ’)WiJﬁiJWHﬁﬂﬂ@'lﬂWﬁ@?Q 9 LﬁEJ’Jﬂ‘]JGI'ILLW\‘i'E]fJ'I\ﬁJUEJfT'IﬂﬂluW'Nﬁﬂ

=

A A A A o= v o Jo ' o 9
(p =0.0008) NIAVFIINTOIATOIAVLDANOIDANANNAUNUTAVDINTAN ) INPINVA WA
[ 9 1 [ @ o L&Y
5282 IUMIUIUNSUFINMIANEINUI T2o2a UM TUIURSUTANUTURUS AU
A 1 =% o @ 1 A Q‘ Q’ =} d‘ A
szAefeInIed Nled Ay nanneseTzezna lunsuouanay BalANEsITZA18IADIA
Y d? A o = J @ Aw
INDIMIAMAININYY (Lee et al., 2015) 3282100100 TagAne lunquwiinaunsy
Y o 1 { o o YR A % <3
durasiiazaleny 2oz MINOUAUIUS IIBUINAUM gayiTen1sue i
A I~ ] 0o v w H 1
(Semple et al., 2000) UszIamsuieazmslsenszirddanamsaneinnudi msleen
[ 1] J o { [
NYDAMNANUTURUTAUDIMTNINUEEAT (Garza et al., 2016) uazmsany1 luanan s
a a’d! =1 [} LYY o [ 1 o ] @ 1 =
wungalimssududaasiazate Taewun msaaldgunssitlesiuduasiediuyanall

@

AanuduiutfuomsneInuaemedalitiodfa (Decharat, 2014)

v v d (Y Y Y (v
ﬂ’J’INﬁ’N‘WNﬁi%‘Yi’hQﬂ]ﬁ‘iﬂﬁ@lﬂﬁﬁ1‘i Methyl Ethyl Ketone NU@HNIIDNINNT

U

S a c!' d' %
NN HUASITHIVSNINYIVD]
mMssuduiaas MEK ansane 1¥inamsseamefoaasinaienszanai (Cornea)
(Institut fur Arbeitsschutz der Deutschen Gesetzlichen Unfaliversicherung, 2015) HaZ¥INSU
9
dudddrs MEK Tuszauge i ldinennudemensszunlszaimdiunais (CNS) uag
! Y 2 A '
szuvlszamaiuiats (PNS) 14 (Andersen et al., 2000; EPA, 2003) 1uinsunszuy
1 I 4 o 1 o ! A
Uszamdrunaailuguinaaiugumsinuuessumeiioerzineidos Ae duos Tag
' 9 =1 A o =\ 9 A g [ 3 A [
AURIAIUN UL NIBTUTY (Cerebrum) WU UAIUAIVANMITUDUAUNANDI AINKAD
A A ;/ < a d? o 9 [ 1 [ A Y
dirmeniumsuearumnaunmsihdeyamssunmds lldsauoaTaoizuduain

Y Y A . [ Y= A @ < a
WUUszamaaueadun 2 (Optic nerve) JUANNIANNYINUNTUDIUVUIINLTAUIVDIGNA
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v
uddudngoenanlay (Optic lobe) AvaIntiuazds lidsauesdiuvongiina lay (Occipital
A v W 3 1 3 A o 9 I
lobe) YBAWTUTUB U UAIUAIVANMIVBUNUNAUD tazaupsIMsulaveyailunin
Y] dy 9 9 A v A 3 [l =&
Y9309 Uennilulsramamanoudun 2 tazvemdidoiluaiuriiavesss Ul seam
v I
Auna1e (UFe o3 1a, 2546) AaiuMsSUTUAaas MEK Salinaneszuvilszaimaiunais
] Y] ] ] 1 <3 1 1
U S U5 F s mauazIond) GaNaIHadRANTIDNINAT NI HDE LD
= awv A AR = o I a o a ~ J
HOuReragisesnanyneInuaANUduNENNlsTamvesasiazagaunsd
' o s o 1o s o o
wun awnsahaeaasundsgnsenslunidnnumaduazai iy wazdsamnse
o a & < 1 Aw o Y a = S A Y
Maesandailudrunsunm sldnamsgapdelunsmiud 1@ (regren et al., 2002;
1 LY [ ) a J
Gobba & Cavalleri, 2003; Parmei et al., 2004) #5181 JuauOURdURaIUA IR IaLa189UNT ¢
~ A A g’ v Y Y a 4 9 a A I a = [
NENNFIHUTNMTENUSIUANNWENETS HodmsHanduaz)uInsns Uszesna1nissuy
QU % = 1 [ = (= v =)
Fudaanmsilsznouormwvoandnmiuanaiany 1-38 1 lutinansdalsunavesansway
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1 @ 1 Y o <3
Tuszuvaeilszanen uANeUNINUAVDINIANEINDN MAYHANUFVAUMTUBATUS
. . A 4? 1 = = < ddgl o [
(Color confusion index) (WX HRNEANUNAUNUTANUF YA UM ITUFVUHTIINTY
v W o a =4 = o a = o’d‘d 1 a a
FURE 151922 199UNTd 11NMSANYINAVOIEITNIaL 180 UNTINTUAA1UAALNAVDY
<3 o o A o’c?/’ o
M5uoUAU TUNITNNUIIUIU 182 ANINT5enues HnesNIvua 53 159911 lagdinein 3
1 @ <3 .. [ [ .
a1 U5eneudIe MITAMIUDURUA (Color vision) mewa@g“lugﬂm CCI (Color confusion
. v o = < . e o A
index) NSIAANUANYAUDINTINNNDUNU (Visual contrast sensmVlty) Lmzmiamau”l%lﬁw
% 1 1 [ 1] J o a (%
vaud sz aIma (Visual evoked potentials) H#aW131 A1 CCI Fanudusiusnulusaausy
o ~ <3 1 1 Aa a [ A 9
ANNANTAVBIMNANBAUY e TinuaNuEalnavesnamsTanau luihveaduilszamnen
T W 1 A v o @ o a AL A Aa a 3 A
YBIANYUAIDENNUMITUTUATaTIazarepunIdFIuANUAA AN TN IR UTILAZ AN
@ { <
ANTAVDINMNANBUNU (Gong et al., 2003)
an Y 9 aa o a a [ [ o
miasmuead lagnldlumsitaneanuialnavesmsiududaaisiazate
a S d 09/’ Ya S
auUNIgUoense 1aeleITnadoUAIUOATIUY Arrangment test (Lanthony D15d) Taglu
<3 o o a oy o o { (]
msAnyIMINeurudtaza s luwinauilu@uihduiau 25 aufiegluanugua
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ALY UNTINANTU ARl naANEIga Tagnu MISUFUAFE1TRIaLa180UN o
1 o 4 4 4
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ANVFURUTAVDIGNITNINUYDINTINNUOINUTITAYNNADA (Costa et al., 2012) 1
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a A dA ] A I a ~ IR I A Aa Y
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IDLH 3,000 ppm

Nu: aautlasan https://www.chemtrack.org (2546)
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<28.6 46 (31.9) 98 (68.1)
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a = Fisher's exact test
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