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lalnsafueuszveithifisnnpaciulubinans Uszneudas aliphatic hydrocarbons (i fuel
oils, gasoline ,hexane ,idustrial solvents, alcohols, aldehydes, ketone) u.a:nfg'uma‘ aromatic
hydrocarbons (fuansFiavinaLant - toluene, benzene, ethylbenzene, xylenes, styrene,
phenol) 817 VOCs ngaiinannawanden niswrludinesaos wanadin 3ag arsdainavany @
mian s Auadosieganin ] iineudLnGe AuEaEE AuAGY Shiledan
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alkyl-substituted benzene compounds U 7] xylenes, 1-butene/2-methylpropene, propane,

2-methylbutane, ethylbenzene, naphthalene, isopropylbenzene mﬁu‘tmﬁmmgqﬁq 76.8
%794 VOCs iaunaninls

2. chlorinated VOCs 432 halogenated hydrocarbons ‘l&un naulalnasanfueuy
szmmﬁﬁﬁ'\f{lﬂaﬂ?‘u‘luimaqa 1éiun msmﬁﬁﬁaLﬂm:u"l,‘ﬂuqmmunsium? chlorinated VOCs
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annesmdanwldtan sunaunisitauesensfugness vwie ﬁuéﬂﬂﬁﬂ?ﬂﬁqmﬁlﬂwaﬁ

wazfignslunisriensda vidensedunisfisuzdeld

msasziinlszih wodr luilsshaindinmshutlewsasansng chiorinated
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uedasl (metabolism) wanuaneuAnsafy aznsunalnnsfinfinaasans VOCs fasandt
AFundTineuasingamans Wy ssfimgnidfsusmmanazuedailuiy u
seazusn Tneendueuladluseuy P450 uazluszuzudasansaiuans glutathione atimielasd
P450 ldazunnsinefuudausaiinges VOCs 1w lewlnfaiin CTP2E1 fumunmunnsewnzue
aax994 trichloroethylene Faaznanenfhu chioral hydrate uazsiangniewlasiaiia CYP2B 154
Ufelaeudy trichioroethanol %ﬂuﬁqngnﬁuﬁqmaﬁamqﬂugﬂmm trichloroacetic
acid; [afALAEN Y toluene naneiilu benzy! alcohol uaz benzoic zcid azarelutinléine

udagndueannatiaanoy
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3 MITUAITHEN @13 VOCs gniulnamsstiulneanuimietlaaias veanmela way
v L4 [ 4 [
Taemnsfantind uazund dhanstugniuesniialéing anuiluiimarauaindrasnaiiiign

L A’, o/ ) < Ce ] ] o ¥
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1) 7 Aberdeen, North Carolina uaziinlndiAealnans asaaiden AsaRaniiauas
dunwad wudaiians Dichlo (DCE) iR luaufiegindnnaazansiafifs (pesticide dump

o/ i o o d. 1 d (]
sites) lusziuiade 4.05 ppb (euiuszduiads 2.95 ppb (p=0.01) nguAuANALTaging
] A. o o’ ' l:\' 1 a a' S é’ ] [ . 4
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uananiilaidensreslssnsfianainasiinnauiini ANy (mitoger-induced
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nslasugsauvisdlerzuiaasm fiinaaimmisnisnatssamuaneiating 1 n1sdag
wou FRnuhaAsws Fuadh wauuasild lunmasssiuywneng uazuyiiudnswudn
n1s1lA%L 1,1,1-trichloroethane(TRI) 5000 ppm naxwalauny 40 i nldnasdanseug
tszamAndanild wyfineBauiBailudanten anas nalnde TRI inlians cyclic GMP
FafhgsvinminiifusanansWmadszaminau duflsziuanaauay medulla oblongata
AEAARIANNENAILAN 1 55-58 % UaLTziU cyclic GMP avamunidlalifusssumeu
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lungainainsaaik Sel8%u vocs Wnnisvglaansiinazaefvietnsinseadin
dichloromethane, n-hexane), plastic compounds (isocyanates Waz polyvinyl chioride) (Tlu
Uszan sinazfismsmadlszanide Uaadsws (65%), Anlafaaa(53%), fAndufinuaziii
(46%), 1Jum(43%), wielasunuaziiaanissanvateating (1.1-3.5 %) Wanudanss s i
m?ﬁnmlum‘ﬁw‘?mﬁﬁﬁmu 14,000 Aulu Bristol, U K. Aldasfilfuannaa (aerosols) 1l
Usz4n TuiRaniisnswan VOCs (Xylene, ketones uas aldehydes) ABUTNgY uazilszannag
winiiasfiennnsusneating iy 25% UanAiue, 19% Henstuaindsnsnn, infingen

sanuudniniiensies@evieandndinngudiu 22 %
] Lo <
HansEnUEmesagunINAIuEY |

ansdunitdleszive arafinansznusieqanimszuuan ) T scuuwugnesy ssuu
gafluu szuuduiug wesssuudsram enavinlAntsanzSauneriald uaslsanaszuy

guug iy Anufinmsseadniinisnaname sy

o [ t-" ‘ < . < a -4
Aaeing 19 VOCs Mifluansnansis (carcinogen) uaza1rdudinn1siaiiasan

(tumor promoter) uazaiiarasnzdiiny (luradu)

Benzene (Acute myelbblastic leukemia), Carbon Tetrachloride (hepatoma),
Dichloropropane, Ethylbenzene, Dichloroethane, Pentachloropheno, Toluene,

i Trichloroethylene, Dichloromethane, Vinyl Chloride, Hexachlorobenzene,
Dibromochloropropane, Ethylene Dibromide, Trihalomethanes, Trihalomethnes,

Trichloroacetylene (lung cancer), Haloacetic Acid

617 VOCs waetiindunsainenisvinanelasiulauad sasszuuadeassing ) i win

wenuad AU 1m Uszan seugaslumnsai 2.1 dusiv
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Benzene

Carbon tetrachloride(CCl4)

. Chloroform(trichloromethane.

. CHCI3)

1 i
=

U

- Hemopoietic system, red

blood cell, nerve

i Liver, CNS

Liver, Kidney, heart muscle,

| eyes, skin

g Z ; i
 WaiEaigniioaelag VOCs

HaFIEfaganIw
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_ﬁ’mﬁau FILILda

mmaeu B ‘mee:u 9

'meummﬂﬂm NSLALITZANE

-;smm_a;faqmuﬂzmuua

Dichlorobenzene (methylene | Liver, kidney, blood, skin,

chloride, DCM)

 Ethyl alcohol (methylene)

Ethy! benzene (ethyibenzoE)

n- Hexane

' Methyl alcohol (methanol)

- Toluene

| (methylbehzenéz,feiLjOI'): y

| eyes, upper respiratory tract

- Liver, CNS nerve, placenta

i
£
%

QVEBUAL-FERNHLARS

*ﬂJamﬂdu T9ApL nALlsean

eiquﬂmq mwmammvmﬂ

fl,ﬂ

o d{ 3 o -1 1 a
i-ﬁﬁm@ﬂ FIUH&H’! LINNTINA

N”L‘i‘ ) ummﬁ‘nmﬂ?vmw

mlwwnﬁﬂamwm@

Eyes, CNS nerve, nasal

| cavity Nerve

. Liver, CNS nerve

k;imlm‘ymﬂt.ﬂm WALRT LAY
_Gmn nmﬂumwdqunmq bk
‘"Z'Luﬂfmm auﬂuqum 1]

"&iamﬂ'm‘lm :

?smmﬂu mma‘nmﬂs"mw 11

"f’lmm'mﬂm

j CNS nerve

Trichlorobenzene

Liver ,Kidney
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SHEVETEs Waitiefigninanslng vocs | HAFIEIADgIN N
1.1, 1-Trichloroethane Liver, Nerve, Kidney - aanasnvlszaindaunana
(methylchloroform) - din vueRFuazaanae L
Xylene (dimethylbenzene) Skin, nerve szAnefns lsaRamle uaz ]

| amsdnannisnatszan |

| AIUNA

suAseuasInmfeqInMIesa1s VOCs arflafinansenunnnau (additive effect) &1
Lras = = ar = o = '
laFuanstuntdlaszmanauiunarorinlusses@ooiu B1RRTAUATUAIINTUUTIFDGIN N

NINTU HINNFIHANTENLTINTUTIR ARINANT RN | usiazaiiale
ar al a a o o
n1silasnuuaznisun lailymnifinanansduvisdssme

ala = g vedaial = o af el 2 & o '
nisAuANansaiiausdszmelifianga Ae mstleaiufiWiinisldasidunsegese

1o [~ <4 o (=1 - =aal o’ c} [~1 = 7

guawingliduilu wiemndnduld fdeadiisnisandunse Aouides uazaoaiufinls

<4 9 dl a8 Y& = o= cgll a 9 %" = = o
winevesfiga Taeflldansiall Invsluiteulufwanday lui a1nd fiu 89wns uaziAsashy
Wwaaulasnitaeiistng fians VOCs 8 1ilafiesAnsiingRausndean (EPA) anigalsn
#eannguunapsuauillffivTeiiszfuifiudn maximun contaminant level (MCL) Tutinfingas

WARZTIA

N1TN1818 VOCs n1atadl Tadnns1inans oxidizers wanaaiia Wy fratalou lalasiay
whefeanlad uasludadaunlefiinuun unldifieinauans vocs Taelfizareandindu vin

19 VOCs uaneingu gaesa uaznuaanwaonuiufield

= =

N9 Hn15348 co-metabolism method azldaadivinaraatinsauiui
v
anansavnUjisamisdaeiiiuansduridlessvels TneenAueulniaesuaiiFevniin
anaerobic WAE aerobic Az 11LAA oxidation, reduction, dehalogenation 484 Laz@1s VOCs

(TCE, PCE, DCM, benzene, toluene ) azgniinansuazmunaaauiiiuiisls

Tunamsunmdlddinisinendienléfuastuiddlesamed i luseneuazifad

i k3 2l 1 4 s :’1 = =t
a1n3tlae sasldisnisansaan mwumnlunngﬂuw VNN HNAEATN NINEANLRENNTANTNW
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v ar . o o d. <~ :» a G| a aa o : o
IVWNVI’J\WI NAUNAITIANUUIATAUURZINAAITNIT WN ‘)ﬂﬂ’lﬁ‘i‘ﬂiﬂf’]ﬂl&ﬂﬁ‘tﬂ’]lﬁﬂ’]rll.l.’&t

Auananisinmn

o i o
2. anugnaliineaiuansiuudy °- @
LUWTY (benzene) ﬁ'a"nwm:Lﬂumﬂamaﬂaﬁqmuqﬁﬁm HAnfunanianizsin azaney

’01 vy L7 ] a v ' o l . o © « Cd <
wlel dintden stmadne finlving neglunguatsiainaraeduiae CAS number e 71-43-

2 fiwddnTuenawiniu 78.12 g/mol

o
ANTWHRTITUTL e

} 74 [ & s (4

* gammnsaiiiadesiuieiy, Fasssuad unciiinsd

® qagmnssunsuannatann, uloduased ansfuasmew

®  AARIMNITUNITUARE UNNANW N9 A1TATAULAY Favinazane

o adnfifeadesiumsldanaifimiasanefudounan 1wy 4198 nsean
saai1 nsuAnuasIiuasBidnusetind vhenhaanuazens ussly

¥ o e a o v
vaulfisnnemiaail s

kg ] a
nsuingsrenauasnalnnisiialsa

R 9 & da o a ¥ 4 <
u.lu’ﬂumﬂé?qﬁﬂ']ﬂ‘lﬂm'\qn']?u'\ﬂl"l n"?tﬂﬂu‘ﬂﬂquu\’ WR&NITNY, 7"]\“'1]']@?']\1”"3"

o o A = a o { d "d o o/
fAtyNgane nanismiela, 188N Ae nelamilsdenulAludwdeniateseuitedudaty

wiuugy (Benzine) wiuduiiadrgsrameaznsvanesitatwsaFiniessuuluaBeulain

oe

L A @ ) o o é‘
dhgadeacniiGanuazlaiunnn wiuanes fu In lanszgn dala uazndnulie Uszanofeass
a‘ o o . i ]
25-50 gaudunidrgilanazgnindneannisaumalaenn (exhaled air) gouiidhgsranieas
gntﬂ?\'ﬂuuﬂmiﬂﬂaéﬁeﬁ siulmeaulssd cytochrome P-450 dependent monooxygenase WAL

gnduesnnnale AsliseasiBaaniuununIng 1
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WHENNA 2.1 wiunTuAdnveauEy

lon sy 1
15-60% 70% - » Hydroquinone, Catechol
Benzene Benzene oxide ———Phenol
L+ —>
phenol
25-50% exhaled air —» Phenylmercapturic acid
30% Sulfuric acid or » Sulfates, Glucuronates
Glucronic acid Catechol
v \ 4 l
Unchanged benzene Benzene dihidrodiol— + Trans, Trans-Muconic acid

wwTuuaziuunlulad Hgvenanisineseslansegningeengniadielaaddu

L 4
< LA [

1
(colchicines - like effect) ABTLENNTTUIUNITULNEAR LU mitosis N1Fn1sa¥radinRen

ued, Wialen117 uazinialien anas nelfiianiazlalinanauuy aplastic anemia

Vigliani Wae Forni (1976) sauinmisiianzidadafentniainiuudu inainuanig

. . . A 0 o . .
clastogenic (antimitotic, cytotoxic) TaenuunlulasndnAty Ae epoxides (benzene oxide) Uae

o o , P P a
fnau | 19U catechols, hydroquinone WAL phenols FARNERTINTTIAA chromosome

o o a 1 & 'ﬂ 2 o e ¥ Ly d IJ <
aberrations uazihlgnisifinnguisadiaadniitninenmransuasunneddouniiafifinoadiu

v
) a . . a a o/ < aa o
9MN17LNA aplastic anemia LLa:uzmwmﬁammqmnmuﬁuuu Lﬂuamomsmmeﬂaunm

nfiAsaiuuin

2MM5INE

N5 lASUNHAILNAY

nM9IEAELADY laseimBTaauudy (>3000 ppm) MIARaNITIEAERaIsaRN sEATe

< s v : -4 o =) 1a o o Y a
waadntegsaayniuiuiela lugdresresmarssameiradnnsaionis i liianag

[ Y - JR o’ o eld' VYo a o Y o 4 ] d‘ a
anau@eunduainnisduda WwnsamldfuinenisivinliiianisscaaiRessiaidiaynihiu

8717 neliiaannis@esuny la Uasvias aReu

Ansaszuulszamdiunany WalsiuluiBunnies (<250 ppm) sinnaliinaeinig

Auidhs wanEls (euphoria) ﬁ'\'lﬁ§u1utﬁmmﬁqa'%u (500-3000 ppm, 10-60 w1#) sinn1ian

Anwe e ABUL 21 Usranmnany waziy AldsuluBunomnn % (>7500 ppm, 5-60
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ol o o ar = 3
) iiiRaanistn wuaad uasdedin (20,000 ppm. 5-10 wf) annseladiiuan
<4 o’ Y o [ 4 } % Hv 3 Y o dl ' © '
viaanialawiuiindamazld uananiienanelfifinensfilisimnzanzas wy Urndsws
a o A v
ALY NFEUNTLE (Wae g sy
$/ar o J ar

nMslAsUAMSasT

fimsialanszgn unduiranelanszgnussillafiud ldundin Wiafinans srumada
a ol © o =Y 1 L]
iwanTauszInFaRenn1 inliiAnTalinanauuy aplastic anemia & wanaifsearugwinlg
Nanziwiagen9ld Faunduldiunisdalidusnsasdadniensdalseny | (suspected
carcinogen class I: IARC)

HslaszULLsTam WUBINNTUAZEINIURAITEY neurophysiologic LAL
neuropsychiatric disturbance, #AuRnUnfvasdurlszamanas corticospinal tract WA

b 4

nerve root dysfunction UBNINUAIANLBINTUATAINITURAILD transverse myelitis
(Herregods et al, 1984)

o ] d’ b 23 Y ] o Q Y o o < . a s ° L

Wuslaszuudy lHun Rusesy wldiieensdusniey scaedassiafiania vald
A. o A . o et
tawidauriadutivumg (erythema) Wwa9 (blister) WUASANAZINA (scaly dermatitis) NAYDINT

. J
FudauwnduBunanies luscasann IreasBaanunised 16.3

A3 2.2 uaanazeansdndandulBunnies luszdusing o

BunosuwduluussenniAnisineu (ppm) NATTHTHN9

1.0 40 years-odd ratio of 1.7 for leukemia,

double risk of dying from AML (OSHA)

4.68 Oder threshold

<10 Cytogenic effect

25-40 Reduced hemoglobin in blood
65-125 Headache, fatigue, mider forms of
> 300 pancytopenia

1 year — pancytopenia or Aplastic anemia

(20% of workers)
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nsatlaaelsa

mﬁﬁﬁaimﬁtﬁm’l,urgﬂ'musia:rm pesandeisriRnieinau dnmuzau Ustidnag
e mequyi msﬁuﬁan”uGT'Jﬁmxana"ﬁaﬁnﬁmuﬁuﬂuuﬁ@uﬂg Falufinnanm fihu uaz
Rawandenvialu nismsrasramenusza TaeiufiRout fu anisuansesiafinans e1ns
usmanNszILszam winwuarsBaUnAfediaduuanizannaugiu 7 viu Tadinana sy
fnauaInnsiden uazmmﬁmﬂnﬁmmﬁw‘%mznnﬂsxmwmnﬁwqmL‘g’a?a RUITAN
nsAsIamsraslfinng

msmsaanvienliFinsuasniadiauiandenlunsinny Fedoslunisdauun
Trauaziiudunisitiadalsn oun nisassasziunun@ulusamelasen luden uarlutlagnny
nsasaszALuasuazmuniuladidulullaanas uaznsnse HANTENUADFININGIN ]
un nsmsemiviia@en nismsaanisinusesiuuasssuulssann hidu
n1sASIANITANERIALIA5

o < v o oo a o ;3 ]
mansaassivuwTulusumeladneenduiuiiufnauuduidingsranie uaz
s a o ar cl [ o ' . ﬁ'
prandndurssndvluien Aninfdgmiudnlilédudansteundn 0.03 ppm uazAngegad

ayuIAliTLA Ae 0.08 ppm. atinlsfmalumalfiRRanugeinluniniusfaetine maa
40M (stability) UAZANASIL (standardization) savaiiraugnieauaidedieléenndinis
sy viasunluladludemitelutlasas daqideinldidunisnmaiietiudunis
fuda lunstigiRvmitensdndaluBunugeedin@aumauy

namsaasziunludenihidanangalutlaqiu flaudnmizuazanlage I
walunsnudaidaiudeniguugivesfiesanseslduntaesiu Bun uirgaTiauns
3ol A0 0.64 nmoL Wdnanuilailddudauazliguipdidniveandn 8 nmollL uaztiey
ndn 15 nmol/L udgunpia bilddudatuwndy dedenediiiie dedimnaz@anauy
uazszazfivinludandu Ao wiuiios 1-3 dalie.

 nsmsaassALiues (phenol) lutlaanaithidafing axaan uaiinsldetnunsvans
Lalszmalng Anindidmsudiilidudanstonndt 10 un/nfualaritiu uartieands 50 un/
nfuedaciifiu (ACGIH) Wugfivnanududatuundu svatfuealulaaasdniuflaenseiu
adufuresunduluusssinianisiien Jamnsdmiuamadfidudanaanimmela
atslsfimusziufueslutiasnsilaudmnsisaaciinilbidmedwiuanwnig
mansluilaqitu "‘ﬁ'qﬂ"lmmsgﬁwnmmu?ii'uiuamuﬁﬁfmuﬁmﬁqmmﬁm 1 ppm (TWA-

OSHA). uananniiansgaussamisuazanunegiin 1y salicylate, pepto bismol ®,

o ' g a
chloraeptic® virlirHuaalullaaorguuasiadunauanaasls
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neasaauniyladiiy v phenylmercapturic acid lutlaanqsinuaninizuas
ANlIg Lwi%umauua:’5‘%‘nnmm’a'luﬂ@aﬁuﬁ’qijm’lnaﬁueﬂ"u%u N1TATIA trans, trans-
muconic acid Fauilu open-ring metabolite TasLLdY Tuilaanaziiarwlagausimudinng
\nzasaglusziumaldiindy

mmmLuu%u‘luﬂammﬂuﬁ%ﬁﬁﬁﬁa'lﬁs*uﬂfnmul@mimga wmzdrelunisiiu
fretine uazszafedndeudnaunuie 24-08 dalus muﬁaﬁm'm'i']wa:mmaqqua:mm‘lﬂ
g4 usitlszaunsaflunisnsaauncdeyaitugudelibidioeme wasdnglutumauresmeiann

NISATIANANTENUFADST WM

gihwarsldfunisaraiuanusuysafislinien (CBC) adnmuzuarBinnges
Windeauns Windani1e uaziniaden uazdlananisnsia CBC teddrenafinienassuunis
afadiaden filheasldfunmmssnisiniusasiuieuniadrfuvineu (AST, ALT, alkaline
phosphatase, uaz GGT) uazasraiiluszay 4 (ALT, GGT)

N1TATIANITNNTULDITLUULTEE W (neurophysiological test) uazF79aN1s
Lﬂ%’lﬂuuﬂquﬁn?m (neurobehavioral test) ?auﬁlﬂumsmmﬁﬁamn*i’u%’fauu,az‘lﬁﬁ'nww
wsithwueuiaUnfdndaeiiuduntsitiadelsn sosvaithasslemiieludnuntsmennsaliza
uaznstindainm lewisdivneududatuudulnBinodendustasinai S
wuamARUNAluFuaNssanIM WmasaLRTan s Ae Digit symbols, DOTS, uaz PINS
s

nsAsaafiiee 19U N1sRTIaARUANeY TsaranudnrnizastrEdaandsssuan
nsAsIRnMEnEfinINAsNReFaNe: Teenanusiede uwinaildRnaaTn SN
uazwend anmainidluszesfinduAulilg dnhidafulsloniansdunemennsollsauas
nsRRmanaNs iy
nssnengilas |

'luﬂman"»mhm@iﬁmquazmq:ﬁ}nLaumsﬁflé’ﬂfmaﬂnmnu‘%wmﬁlﬁmmq uazng
Winssnenidisad wiu msl¥eandiay waznsdaevglafimnudrdoduduruusn drdinag
fudanwiamissiaminnisdreiiteanansanufi (Primary decontamination) o ﬁtﬁmmq uae
§r9918nA% (secondary decontamination) laeanueniamiunse uasédnidiednen
Wwaanetnaiey 15 wii

¥

tlaFuleenisiudiunsssiulian@en nsfavinsfiaslimnussinseds diasannum

s

Tuligvsnaszuuiseamdaunanauasinlidnle st uiuiufuazenssing donaanis
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aeuitszuumaiiueInis venannilasiinszSaialadBinUnAgas EKG monitor uay
wanReINTlE epinephrine mezmqnsxﬁuné’wmﬁaﬁ'fﬂq (myocardial sensitization)
lunaziifinRwsiessuazsing 1 uazemsiuuLEess nﬁﬁﬁﬂ%ﬂﬂﬁhqmm‘émﬁwqm
n135;4chu,azms'l,ﬁn'w?nmmmwum"ﬂo:*?iL{quﬂwmﬂ%qmﬂﬁmuaﬁm:ﬁﬂﬁéﬂmﬁu
N1sweINsnilsAn aRdRIINTAA pancytopenia uasuzSudndantacls
nsanliunuauataundie
NISAURFLNINAUIIY
nMInsagIAMnewinfunmiuuesasadusses 4 squ"hv”ammihnaumﬁqmw
\iu nMsmsaaiien, Taa1az, nsamanisiugesiy dudu wananiinsaadatianis
nendnlifidaainiasnfety vsaudnulamiing %ﬂﬁué’wﬁiﬂmummmu Faidlu
WATNITAIUANTENENELIMNS Aasdauaamsiiandunsaasld 5«%&’\%:9%91 Aa nslfaong

]
' vl

wrigineadamnszdy Musausuuaraseunaia fauing davtide neenaudadnaes
Tssam iielinsutisdunmeauazanasislunsaunutiaaiy
o 2 I3

NFRUARIIUNUASIMNKIAA DN UNI5YINTY

A { = o s - 4 {

iasamnuuuiuasilfivgs nstlasiunisldfufimanniuuduinldlaonisdansdy
d‘d o 3 [] o ] 1’3 é Ad o LS .
hiausseiaandmauny uaznisleaiunisuinssats nsldansduniidunsadesnds
nauny i MleduvisengBuumuunidu lunsdiviinfind ] Husiv

mstlasfuntsunsnszane inldlagldnsruaunsrdauuntla Aruauguanszuaums
ranuazingeinm bildlisesiaty, miuinmanuszarmidunminem, Wesisunvidanssidu

) a <4 < ¥ <« o <
2BNANNTTLIUNTERR WFRA NN TUTh lddaduinanugzannlneds
i c’!’ |7 o $/ax a o o = o E
uana il Aasdn lilszuursuneamaluivinnuiiincan uazieane, Sanaieia
o o A i :” o

tlasfusunsegauynna 1w winan geile wWiesteamalafimunzay sauvedaliiinastinld
ragAauNTTLingeinatnaiane, sanisnsiEhaniandan
AasgruaMudaTurasuuduluussenag ©
ACGIH(2007) TWA 05 ppm.

STEL 25 ppm.

NIOSH(2005) TWA 0.1 ppm.
STEL 1 ppm.
OSHA(2005) TWA 1 ppm.

STEL 5 ppm.
Tne (w.A.2520) TWA 10  ppm.
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ACGIH (American Conference of Governmental Industrial Hygienists) 1fluasAns
%ﬁw*?iﬁw%dmma"uﬁnmmmm%’rqmmunsm ?;v'i'mulumm*g ununwifieessadnsie
MstEueA LAY deviteuess HauTANRyTe ACGIH Aannstiuundng
aanFulIlS (Threshold limit value: TLV) uas Biological Exposure Indices: BEls uasfiang
UiuAmsrilifiennnuimnzavetaseiies Imamﬁﬂnﬂsﬁnwﬁa‘fﬂﬁﬁﬂﬁaiﬁmnumaqﬁmﬂ

NIOSH (National Institute for Occupational Safety and Health)Lﬂuuﬁ'JEN’m‘nmi"gﬁﬁ
uwmwﬂﬁmqﬂumum%'am;Imn,a:m'mﬂaﬂmﬁﬂ‘ufaaﬂs‘:wmau?g'am?n'l TatFunsaiy
NTENTNFININUALUTN Ty e] ﬁuﬁqﬁuﬁn‘lumsﬁnmfiﬁmﬁ'aﬁwumnmsﬁmmsg'mﬁﬁu
mmﬂmmﬁmmzmmgwu&umé’wﬁandw Wiy OSHA WinsRansaunimusiy
sasgumenguanesiely saviedininiilinsAnm Aneusn usziBniemamaiauiugdhg
gndiifesse

OSHA (Occupational Safety and Health Administration)ilumiosuniafgludarin
NTENTAIUTIY (Department of Labor) ﬂﬁ‘:mﬁw?gam?mﬁﬁ’m%ﬁuméi'nﬁums?uﬁmau
vimswszmminyaianudaesituazganimlunisieiu a.d. 1970 (Occupational Safety
and Health Act 1970;0SHACt) Tatiawnznis 'LT@ﬁu’lﬁ"qndqﬂﬁtﬁm%’mﬂ@iﬁlmungumu
3auqm§hu1unﬁsﬁﬂaquﬁwaq

STEL (Short Term Exposure Limit)  szfumanadindusesansinfifiayanalig
ﬂﬁaﬁé’uﬁﬂuszﬂzé’uq Hhuaasiediesiy 15 wiilaebifasunnesiessnieethlasgng
wikwialifiiite maszanidies maulAnusseaiiaifientnenmos viaides wienisna
ﬂ'mfmmﬂlwhﬁqz'l.%mmjﬁuﬁ»i'\ TwA lasiisielaidudaiiu 4 afradu usazafavinafdlitie
ndn 1 datae

TWA ( Time Weight Average) ?:ﬁummL‘ﬁmﬁummmsmﬁﬁaumqmlﬁﬁ'léﬂu
ussnAn1siemalng Tnsederaenssaznaimainnu 8 falialnglifadunsesa

qINN
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AAsFINEsiuuTulusanag

o ol o o ' a ]
ATUIANIANER | sraziaanlunng m'a”wmmmj'm ARIAAT
Wiusiaeing BEI s1* BEI s2* DYty A I 5
S-Phenylmercapturic End of shift 25 ug/g creatinine | - -
Acid in urine
t,t-Muconic acid in End of shift 500 pg/g creatinine | - 1.4 mg/g creatinine
urine
Phenol in utine End of shift 50 mg/g creatinine | < 20 mg/g creatinine | 45 mg/g creatinine

* BEIs1 wungi Biological Exposure Indices finuunlag ACGIH

* BEIs2 wuneidla Biological Exposure Indices a1nian&19 Lauwerys RR, Industrial
Chemicals Exposure- Guidelines for Biological Monitoring, 2" ed.,Lewis Publishers, Florida,

1993

BEIs (Biological Exposure Indices)iflufnsinisdanimn fatiudiildluntsussfiussduaony
dudurasamiaiiluditetnanedann fusasdaBumsasiadl Aldsudngsanalusyaui

flsifndunsesiaganw

[V a a y v (12)
3. ﬂ'lila'l‘ig'aﬂﬂ'\s‘iﬁ;ﬂln"lwwl:n AMNHIINRAN

n15tehsEIaNeE819 g (Public Health Surveillance)
nsisedanneangnsge visemaihsrdamneszunminen (Public Health Surveillance

- . . . . a o o a . |
W78 Epidemiological Surveillance) wu1al4 “dunaunizaiiunisattasaiaaudussuy
[-3 o T A o = '
MAALILPINAATIET ustilanadeyanisqanin feBLNEVFRRARINAN UMM TNW
} 74 ) d” o o o o <y [d =9
dayawariiazgniinllldluntsansunu andunsuastseifiunalasanis vianisandiueu
o'/ 1 73 o A o []

NNAMUFIBITUGT” Tneialuudalinarnuanedimsazldlunisauauuasiiasiulsn usinns
whsedamnessunsinentadluununanaeansyuounislunisiiastulsa naadinseseiiuse il
lunisdszfiulsz&nsnnrainisaniiuntsdiuaisisnge Tnenisdsafiuuur ituraslsa

wianldfinnsdfiunslunisuilavieacuauisaliuda naiiasedalifasudazsontanas
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'
al

sausInuaLAATIEid ey ALty Lwi'azmu‘lﬂﬁqmsﬁ'nm%:gamzm“ilﬂmmmélﬁuricﬁw
Renderimengldliusslenieludon
1HnraINsLEsEas

szuunsisriianunsawaldifu 4 uu Ae wnndeiu (passive) g (active) wi
mst,i]ﬂﬁ‘xd”amumimafmgw?faﬁuﬁwmz (sentinel) WASUULIRLAY (special)

mné‘hs:"z’qL%oa*mﬂui:uuLﬁﬁ?:i@ﬁﬁmséwLﬁumsmnﬁqm Ineia1uii35nns
sufunaduuuueu Ae I‘Kuuuwfaé'umsmﬂmuisﬂﬁtﬂummgm nrzareldainaniu
LFN9A18190UG 161 7 iU Tranenuna aonTieunste s udaan nﬁuﬁlﬁymmmnmn%ga
ua:s'lm'mimmé'l'amifmmuﬁLﬁmﬁ’mﬁﬁfmﬁﬂ"fitﬁumummTﬂaga e liaruAsudou
auysal (completeness) °1|'a~1Q’ﬁﬂwtﬂufa‘ﬂﬁgnsflﬂmumﬁn@:ﬁiﬂ warzuwErrdateiuay
Lﬂuszuuﬁh’i’mlfn”dwﬁﬂﬂﬁqm

seuuidhsriadagn (Active surveillance) mﬁumséqLﬁumuﬁagnﬁ@umzméﬂfm

 Tamemasfuianzviedmsanunssiienaasnugieiifaantsiie nsiisedudagnasdl
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STAU t,t-muconic acid NIUAING Ui 593
Tutlaaaz (ugr./gr. Cr) (n= 203) (n= 199) (n= 402)
laiwy 185 (91.1%) 155(77.9%) 340(84.6%)
W 18(8.9%) 44(22.1%) 62(15.4%)
1-99 7(3.4%) 14(70%) 21(5.2%)
100-199 7(3.4%) 24(12.1%) 31(7.7%)
200-299 3(1.5%) 3(1.5%) 6(1.5%)
300-399 0 2(1.0%) 2(0.5%)
400-499 0 0 0
500 gl 1(0.5%) 1(0.5%) 2(0.5%)
ARG (Minimum) 0 0 0
Agegm (Maximum) 719 584 719
Anady (Mean) 14.72 29.97 22.27
dqutﬁmmummgw 64.98 71.10 68.42

* AMNIRTFINAUNINTU = 500 Lulasnfunfussantiu®

X o oo e o
AnANgeT 4.3 Wudn dssannsfiAneAnsziiuans 419 ti-muconic acid ullaanaz

0227 + 68.42 ailasninfurmedtin Uszansgaulvnimsaalainuans timuconic acid u

. ol ,
{lagne Yauaz 84.6 SIUNGUARTIANLANS ti-muconic acid Tuilaandy fi¥auay 154

§ruauiinuans tt-muconic acid lutlaanaziiuAnuiasgtu 500 Tulasniniursiasily

M 2 7e (Fauas 0.5)
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' <t LY 4 ] v o a o o
§uN 3 AnuENNUSTERIWiRREEITaiLTEAUANS Lt~ muconnic acid Tuilaanas

d o o J L. { i o o’
MW 4.4 Anuduiussendniladefineadeiusedy t,tbmuconic acid utlaanay

1laqe

AW tt+muconic acid | Chi-square df p-value
Wy Taiwy

ﬁu‘?{mjmﬁﬂ 13.512 1 000"
NUAWA 18(8.9) | 185(91.1)
tuane 44(22.1) | 155(77.9)

WA 7.507 1 .006**
98 24(24.0) |  76(76.0)
I 38(12.6) | 264(87.4)

818 6.059 4 195
veandn 151 0| 13(100.0)
15-29 3(12.0)| 22(88.0)
30-44 29(19.4) | 108(80.6)
45-59 15(11.3) | 102(88.7)
60 Tawly 24(17.4) | 95(82.6)

21T 15.783 4| 003
lailavinanu waithu 19(10.4) | 163(89.6)
INBATNTIN Useua 2(3.2) | 33(70.2)
Hfradedasenniazany 4(6.5) 6(60.0)
sudhinuadessminazans 22(35.5) | 116(84.1)
fusnanag dnAnwn 3(12.0) | 22(88.0)

n1sANE 4.663 3 198
(YL 1(3.0) | 32(97.0)
UszouAnn 42(15.9) | 222(84.1)
TsanAnm 15(17.4) | 71(82.6)
Wieyynsiaviveganadn 421.1) | 15(78.9)

** p-value < 0.01
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d ] [ o ) ar : i o o
AN 4.4 (A1) Anuduiuseninladoifiandeetuse sy t;t-muconic acid lutlaanas

1ladg LAY Ltmuconic acid Chi-square df p-value
Ny Taiwy
Usednlaatlszansn 1.896 169
HilsAtlszansia 10(10.9) |  82(89.1)
Ufjiasnisiilsatlszansi 52(16.8) | 258(83.2)
MQUYS 18.685 000**
Taloigu 40(12.3) | 285(87.7)
Uaqiiugy 19(35.2) |  35(64.8).
LAty 3(13.0)|  20(87.0)
nsANLeAneaed 770 680
Wildan 47(147) | 273(85.3)
flaqiuiin 13(17.8) | 60(82.2)
ALY 2222) |  7(77.8)
szaznnantintuvsanafin 10.327 0.006**
0-1000 WA 9(8.4) | 98(91.6)
1001- 3000 tumg 45(20.7) | 172(79.3)
11nNn91 3000 WA 8(10.3) | 70(89.7)

** p-value < 0.01

NN 4.4 pnuduiusseudnailadeiiieadesuseéiu 4 t-muconic acid 1u

] o A [ | =Y A L3 <
tlaanoz wudriladuiunagande ma a@in ngfinssunisguun? uazszaznieanntituha

unsianaErAMUANRUETLSEAY ttmuconic acid lutlaanaz etefidedrAynwada

(p<0.01)
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dauil 4 nsivunszauizans IASURNTRENS VOCs

nsasafieUssifiunsdudanis VOCs gaalszaTuiu Inanisasa trans, trans-
muconic acid S open-ring metabolite 19T Wuilaann: aluntsastouinissy
dudaiarnuududnginanig L‘fimﬂnﬁuﬁﬁnm%\mum'agﬂuﬁuﬁﬂs:mmﬂummmmu

7 a3dudi 30

nafiseLsENIARMENTTNN1TRILAR WA aTuf 32 (W.7.2552)
Wy 2552 Uszneufuilaqiudelifinusininsgrwidadntnfvaslszainsialy fus
NEUTTANNIRTFIUAUNNY fifinuualng American Conference of Governmental Industril
Hygienists (ACGIH) RatmuaneTrs AR Gt

SAUEEs wNe Azoalaiwuans  tt-muconic acid Tutlaanns

seiudeaiunane mnefe asaawusns t,-muconic acid lutlaanazhiiu 500
TulasnFu /nfurTiafiiiv

?zﬁmamqe WNEty MIIANLATT  tt-muconic  acid luifaanazifiu 500

lulagniu /nSumnianiiu

AR 4.5 SuouuasfesasseauRaanisaTuduiaans VOCs

%ﬁl‘l.lﬂ'}!'mbaﬂﬂ ﬁuﬁmu Gl"l"/!ﬂ ﬁuﬁﬁ'mma ENEN
(n= 203) (n= 199)  (n=402)
B 185 (91.1%) 155(77.9%) 340(84.6%)
Urunang 17(8.4%) 43(21.6%) 60(14.9%)
4 1(0.5%) 1(0.5%) 2(0.5%)

1 o A o o o
anA13ad 4.5 ﬂswmsﬁnmdqu’tumﬁsmufmuLdmmamsﬁh?mqn'\ﬁuﬁ’ma

413 VOCs fahi seauideasin Sauas 84.6 seduAMMdanunandfesas 14.9 svduAIy

@engefanas 0.5
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AABagEn I nediniaihszfimnsunduy dmdnsraes stwdniGeu ungiau 2552 faikeu
v
fueneu 2552 Tnenislddeyaiuguaedismannaaniasinisiiszdaans VOCs a.svaes

12552 szgneisauiudieysarsaumagiisans aglidil

aglaanisdnm
[l -1 A o o
Uszansine andeagluuiniunmauasiituae fauas 50.9 usT 49.1 MUKIGL

doulnqjifluneande Souaz 75.4 fleny 60 T Il uazeny 4550 T Jeuar 29.0 uas 28.5
AindL eyt 50 T englangn 6 T angunnge 94 1 daulngflailévine fenaz
448 msAnwszinlszondAnm Jeusr 657 fwsnsiileavlszanda feras 77.1 ligu
yitdena: 805 uarlifiuuesnsaadierns 79.8  smsnaanthusealszansAnm fa
unaanaiy gaulngyiiszasnng 1001-3000 wms esay 54.3 setrvnaaly 1802.76
+1278.00 Wms sLoznIndgn 143.02 was szenwlnage 7903.08 wims
HANNTATIANATIENANT tt-muconic acid Wuilagae wudn Uszansilnafssiuans
g3 t,t:muconic acid uilaaay 22.27 + 68.42 lalasnnustiedtiu Tnagulvginsaalal
WuA1? t ttmuconic acid Tuilaanay feuay 84.6 dounfiuﬁmquums t;t-muconic acid
flaanny Touas 15.4 Tuswautinuans t;t-muconic acid luilagnaziiuAuinsgau 500
Tulasnfnusiiefitiu A1uou 2 e (Fauaz 0.5)
AufusEwInatiasefifaadesiused trmuconic acid lullanaz nudnilade
Fruenin woRinssunsquipid fufiegarde uazszasieantudamsmedy
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ﬂszqnﬁﬁsxnummummﬁmamé‘luﬁ'ﬂu‘imuamaummwif@u“m?et"‘ﬁqﬁuﬁua:ﬁamsmﬂ
wuslsznnsinmnfissiudei feuay 84.6 srdummdaniunandderns 14.9 sxiy

AnadtgeFenaz 0.5
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