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1 -methoxy-2-propanol(15,6%), The GC/MSD analytical results for 29
thinners indicated that =xylene, also, was the most frequent
solvent(89.7%), followed by ethyl benzene(86.2%) and toluene
(75.9%). Benzene was detected at the level of about 0.5% in a
thinner product. Ethylene glycol ethers such as 2-ethoxy ethanol,
2-ethoxy ethyl acetate, 2-methoxy ethanol, 2-methoxy ethyl acetate
and 2-butoxy ethanol, known to have hematotoxic effects(anemia and
leukopenia) and adverse reproductive effects, were found in some
paints, thinners and binders. Spray painters were exposed to the
higher concentrations of solvent vapors than any other workers,
i.e, brush painter or mixer. The average exposure levels of spray
painter, mixer and brush painter to xylene were 148.8 ppm, 43.8
ppm and 15.9 ppm, respectively, and the average TLVs for mixtures
were 2.61, 0.69 and 0.33, respectively. Coal tar pitch was
included in some paints where polynuclear aromatic hydrocarbons
could be contaminated. Inorganic pigments such as lead chromate
and zinc potassium chromate were found in some paints(8%).

Key Words : shipbuilding, painting, thinner, chemical haza
exposure to organic solvents, ethylene glycel ether, inorganic pigm
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Table 1. General Informatlon of Shipbuilding Industries

Consumption”,
Company Vg&kg; Kg/Month Product
Paint Thinner
HD 26,840 346,408 50,409 shipbuilding, ship engine,
(1997.3) steel structure, plant,
heavy machine
DW 14.820 080,838 84,742 shipbuilding and repair
1] 2,114 115,200 17,400 shipbuilding and repair
MP 3,705 133.600 4,130 shipbuilding and repair
bs 935 13.300 2670 shipbuilding and repair
2,780"

A
Phe amount was on the based on the data reported by the company,

by p . .
Mixture of paint and thinner

_5_.-.
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QuAon SHARY FRE ERE vEetel AW L AGA} AEH D
QAT AE) Sl web AUS AEHA @ ELAFR A}%omur °]
A AA AEE AP &R WFael AEsa AUth 58 S22 A9
I e Egels fAAEC] 4R xFHE Helx E(Daste) tﬁ‘EH ojc}.
g 478

TE Hste dAlelA BEHFQA BEAGAE P2 E(Material Safety Data

Sheet, MSDS)& o] &8l Exr, 2y 3 ASAF 58 48L 25 2

/‘}0}05’5} FZAb Tty AEY FTFHE AGAEFY £ Lo gz
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¢ A4 AeF AET Fuo] RBEA ADE TN THYR AR A

Aot FATE 24429 A4 MSDSH /1FHe A AF AAS o
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C, KSC, HJC, CRK, SCK, BSC, DJI, JK]J, DIL
0 Moy =A7 F ddeM= IPK, DJI, KRC Ake] AlFeo] el
w52 Utk Table 25 MSDSE S8l A& S 2AE =5, 4l 2 A3
Aol & Az E AEdt Aoz 2ARY TE, AW 2 ASA AF
F 307 F, 50 F R 34 Folsdvh @, 48 =AY @A A

f5tm U AHme] BHF A 2988 £A3MY gas chromat
/mass detector(GC/MSD)2 A& #4355 T Mass detectorell A HE=H 7+
£ 9] total ion abundance WAH & Fdul(%)E Fate 4 AL g
4 getstph 2EA AFshal de AEY §F £ Yl o §

&} o]
S} =
g 2}



Table 2. Number of Paints, Thinners and Binder Products by Manufacturer

No. of Products

Manufacturer ; ) ;
Paint Thinner Binder

KSC 24 6 5y 7
KRC a7 16 (9) H
Dl 52 6 (3) 5
BSC 22 3 (2) 4
HJC 3 2 1
IPK 71 500 15
DIL 16
SCK 16 4 1
JKJT 4 2 (5
CRK 12 6
Total a07 o0 (29 34
A( ): Numer of thinner products analyzed by GC/AMSD

3 FAEA =ER)I QY 225

Fadel s Sll(shop), 9 3 Al GFolA Aol o) FojAn gl

QA Qs g5 e mAn el ARl G184 709 529 ge
o) 2o)e] w39 sbsdel AUTH AGTE 5 a

S

&
FES Aol Ag Ao dyHEE S AA Ry, 4 R BE

sprav painting), 2T l0] &4 1 24244, R (touch-up) AR @ )
imixing) 2 2}, WEoix) =g o5 el A i AAste) {784 -
Tae 1 @

2422 drstgn. 2

o e s



1) 37 g2

22Ae w% WhE A BN F/184 FHE MSDS A= T 4R
24 Aol TAs AASAT BANE $7 8 FH 2 G/18A
3 =FR =577 2 o) FAAHAAAE7 3 (American Conference of
Governmental  Industrial Higienists, ACGIH) 9] Threshold Lirnit
Value(TLV)®& Table 30 #4215k},

=

Table 3. Qccupational Exposure Limit of Organic Solvents

Exposure Limit, ppm

TWA STEL/Ceiling

Solvent Name

Xylene 100 150
Toluene 100* -
Ethyl benzene 100 125
Trimethyl benzene 25 -
Methy] ethyl ketone(Z2-Butanone) 200 300
Methyl isobutyl ketone 50 7>
Isopropyl alcohol 400 500
n-Butyl alcohol - 50 (Ceiling}”
Ethyl aetate 400
n-Butyl acetate 120 200
2-Ethoxy ethanol{Ethylenc 9 -
glycol monoethyl ether)
2-Ethoxy ethyl acetate(Ethiene glycol o -

monoethyl ether acetate)

*ACGIH TLV: 50 ppm
FOSHA PEL @ 100 ppm
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AR, 2 QAo Bistn sle A =29 MSDSE AESH
NgAE vEee LEAVE &5/ F FEE foradd. dvEow
Ag7kA Z2ARAE AERE S SEAV =EHe faldAFel A
F2 AAE 7o o o2 FalEded daAe AA s Bk
webA e FH® MSDSH siAldol dve 7 dRo] ZHsteE AEFTe
g abgo s 2Ag] Ty 2EAV wEE F sle F

A, mEER FU8A 8-S FaA s Akl slE R71Ea 7
Myl L FAEe] Gas chromatograph(Hewlett Packard,
5890 Series 11}/Mass Detector(Hewlett Packard 5971 Series)(GC/MSD)E A}
fote] ghEE Adg FASh dRg 2487 fd AR Ay
0.1 - 05 uLE GCol FL&tsiem Table 49 722 F oA EAsis9. o
dalvlE glell A gt wiel a4 FAlel A niHEA AMRED 9l

A of A Er

Table 4. Analytical Conditions for Indentifying and Quantifying Solvents

Parameter Identification Quantitation
Instrument GC/MSD GC/FID

Injection port temperature 270 250

Oven temperature 100 )

Detector temperature 300 270

Carrier gas He {0.702 mlL/nmin) NH253 ml/min)
Column HP1(30m < 0.2mm) HP1(25m X< 0.2mm)}
Electron energy 70eV

Database for scarching

Mass spectrum

Wilev 138 Libraryv




a

2 Fel e mU18A AR
of THE MSDSSH AR 2
TAEHFLE, dFEF, oA H
| F Sol F2 EAFe AR UG F7)F EAE
O]E %?‘—loﬂ et v 3%}1‘}?3?_@3{% 2x(National Institute for
S m=Ey R 53
28 AYstie HE %"*é%t)r(charcoal tube)ell AEE F3 g
chromatograph/flame ionization detector(GC/FID)E A}&8)x BAsEE
a3 gla T3 2] A 7 A B(silicagel tube)S AFE-alA] Al oF §
T Bl wAszA &dr] "ol FUIAEE YT EHEHTE A,
oy fPale] AS FHIsr A= TEAA ethylene glycol momoethyl
ether(cellosolve) AE2] #718A7 TALA7] wlFe NIOSH Method
1403°%%) w2} 05 Lpme 2oz I7IANREE AHSAY. & dAe 2S¢
T o7le ZAERS FA HEste] A28 AHIT £ g AR disiME
cellosolve & TAM&In U A Algdd daldes o2 F71&A4 42 &
Asted AFEstag. #7184 4% 9% GC/FID(Hewlett Packard, 5890
Series II) 72 Table 49 Zch.
A7 B breakthrough)E WA37] 26t e ®E SV =
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=
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average, TWA)E AF&3tgot 22719 =470 %% =578 ¢
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(epoxy resin), ¥71= 4A(alkyd resin), o} E A (acrylic resin), Z2]o}v}ol
= A (polyamide resin), @&HE FA(vinyl chloride), g
(polyurethane resin) 59 ¥AFX7F A& H1 e ASE Yepdo o F
ol ZA R 7L St E =R 3B8UHUL, o E AI|EA 72 ¢ o= EH
F217F 58 E857F 47 16% 2 14.2% Aok

Adud o g o ZAA HUJETE bisphenol A%l epichlorohydrin®] 8H3-A8Ad
2o 712 FX9 wgAol Z AREAFS amined] 71E3%H 4 3}A (curing
agent or hardner)E *AE oldde) HAEZ Hojwt H2EA, UvlEA, WL
AL BFeha ok dEZAFAA HAEE ARSI E A EFArLAE A A
(7] Zaletwl #3tEqhol vt} AP AHA Zorql sFHE S diethylene
triamine 9 triethylene tetramine® Z-& M &EApgke] AWl olglo g ufg- vt
& BrAME Az 2% 21 REALES FEdd o] 23l 9§ A
ZAre] 9H-e AFLAde ol FEH{amine adduct)st TE-AbEe] ofRl A &}
Az Aoz FaAZ F Uk o] A= glycidyl ether?d 72
o] Aude] &) wAag ¢ Atk o AREJAME Fdoil £=
7} glycidyl etherst 22 &vie] fajste] glv] die] o &4 <k
Ap=tah ghabErgo] kg 4 ot

Zae-ed =89 A AVE 4FAFEEEQI  toluene diisocyante,
diphenylmethane diidocyanate, hexamethylene diisocyanate %3 #Z& &30l
EAQT 4 9= Aoz a4 Qg

olz2d A 4= tributyl organotin methacrylate ¥5HANE  F7] T4
gl o] 9= Aol EARo|t A% =gl linseed oil, HIFA rosin,

phenyl methyl polysiloxane®] $-F5o AT

v
o

H =
E Kt ooe
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Table 5. Type of Film Formers Contained in Paints and Binders

No. of Products

Type of Film Former (N=162)*
Synthetic resin
Epoxy 58 (35.8)"
Alkyd 26 (16.0)
Acrvlic 23 (14.2}
Epoxv & Amino 13 ( 8.0)
Vinyl chloride 3 (4.9
Chlorine rubber 3 (1.9
Polvurethane 2 (1.2
Polyamide 2 (1.2
Silicone 2 (12)
Polvurethane&Alkyds 1(06)
Phenyl methyl polv 1006
Natural resin
Petroleum 1 (06
Lump Gum Rosin I 06}
Dring and Semidring oils
Lineseed oil 1006
Others 9 (56)
Not contanied 11 ( 6.8)
Not presented in MSDS" 149

*Tota nummber of paints and biners investigated
By %

“Not included in the caleulation of the percentage.

P8, APl U Az PE AT Fi U9FoINU o AFL ®
PK 4he] AFen $4% 7lEbg#el RaAA MSDSE #4% o
2 27 gvtn s £

Bgol A westa e dmet WA o AFFHT Ve F deow

Bdg Aotsta YT £ ARE MSDSel = 49 FF, A=



2) A

dE T EE E85E FHANIIAY ZAANFOEAN AR EA TEIS

AE AR FAAZE 98 sl fA4AE EFFTAAA P durAd &

dfegdolt) LA RS #HAE TEs o wH oA A
5

T
&2 wWigste A3k AU AtAo e £&=lof glth Table 6 2 Fig.
& 30775 IRE, 5070 A, 3470 AgAle] MSDSE #xAlsted o]lE A E
of &irEel e &4 AES #ebg Aol
HAE, A D A A= WEE @8l A (aromtic hydrocabons), A
& &3 4~ (aliphatic hydrocarbons), # & (ketones), &2 2{(alcohols)e] F&2 &

F¥o] gon ol9ol i o ~H E(esters), 2 FE ol H Z(glycol ether) 5 ©}
%3t FHe {71 EA7 FHEH Y B GE54F xylened 7HF
N E] Sdsts fA2 24470 BQIE(795%), 3270 1 (64%), 1470 7 3hA)

(41.2%) AFol TFH=e] dRem HJAE 2 2 AstA AEFS gk
29070 A F(74.2%) T E Ao AeE dEET

Xylene W&oz  HAEY  AF  EHI = @Y FriEAc
n-butanol{20.5%), methyl isobutyl ketone(12.49%), propylene glycol
monornethy! ether(14.794), toluene(9.5%), isopropyl alcohol{7.8%4),
1-methoxy-2-propyl acetate(7.2%), n-butyl acetate(7.2%), methy ethyl
ketone(6.8%), methyl iscamyl ketone(4.6%), isobutyl alcohol(4.2%) &}t

F 5070 A AEFT xylene &o 2 AAF EN = A-S methyl isobutyl
ketone(26%), propylene glycol monomethy]l ether(24%), toluene(22%6),
isopropyl alcohol(14%), n-butanol(8%), ethy! benzene(6%), trimethyl
benzene(6%) o2 HARIEA 2AHE {71849 FAFEY nobutanole]
gaEie] Ay Ay 7 AL Aol ezt QT

AatA AN = xylene 219 n-butanol(29.4%), isobuty] alcohol, methy! ethyl
ketone(14.7%), toluene(11.8%¢), propylene glycol monomethyl ether(11.8%4),
isopropyl alcohol(8.8%), m-xvlenediamine, 2-ethoxy ethanol(5.9%)°] F£& ¢
S50 qle] HES AW A9k FAFSHA T, methy! isobutyl ketone®] 7
9 HAES Ao AF 2dE Y AdAd = methyl ethyl ketonee] =2
Z¥sts $A9Y. A, 37} A ofl = m-xylene diaminee]t 2-cthoxy ethanol

5

F



Table 6. Organic Solvents in Paint, Binder and Thinner

Paint® Binder® Thinner® Total

Solvent Name (N=307)° (N=34) (N=50) (N=391)

Aromatic Hydrocarbons

Xvlene 244 (795) 14 (41.2) 32 B4y 290 (74.2)
Toluene 29 ( 9.5) 4 (118 11 22y 44 (11.3)
Trimethyl benzene 16 { 53.2) 1 (29 3 (6 20 (51
Ethvl benzene 10 ( 3.3) - - 3 (6 13 (33
Beanzo{a)pyrene 3 (0.98) - - - - 3 (08)
Hydrocabon mixture
Aromatic Hydrocabons 28 (91 - - 2 (4 30 (70
Light Aromatic Solvent Naphtha 14 ( 46) 2 (59 5 (10 21 (54
Alkvl Benzene 8 (26) - - - - 8 (20
Mineral spirits 29 (94) - - 1 30 (7.7
White sprits 13 (4.2 - - 2 15 (38
Petroleum distillate 9 (29 - - 1 10 ( 26)
Kerosene 7023 - - - 7 (18
Stoddard solvent 6 (20 - - - - 6 (15
Ketones
Methyl] isobutyl ketone 38 (12.4) 1 (29 13 (26) 52 (133
Methvl ethyl ketone 21 (68 5 (147 3 (60 20 (74
Methyl iso amy] ketone : 14 ( 48) - - - 14 (36
Cyclohexanone 3 (1, - - - - 3 (08
5—-Methylhexan-2-one 1 ¢03) - - - - 1 (03
2-Butanone oxime 5 (1.6 - - - - 5 (13
Di-iso butvl kctone 1 (03 - - - - 1 {03
Alcohols
N-Butanot 63 (205} 10 (294 4 (8 77 {197
Isopropvl alcohol 24 (78 3(88 7 14 34 (87
Isobutvl alcohol 13 (42 72060 1 2y 21 (54
Ethvl] alcohol 8 (26) 129 - - 9 (23
2-Methy] propanol 5 (186 - - 1 2 6 (15
Methanol - - 1 029 - - 1 (03
Others
Coal Tar 40 (13.0) - - - - 40 10.2)

AL . .. .

No. of paint products containing the organic solvent
[T . . .

No. of binder products containing the organic solvent
[ . . .

No. of thinner products contaiming the organic solvent

D ara- : :
N=Number of producls mvestigated



Table 6. Continued

Paint”® Binder® Thinner® Total
Solvent Name b
(N=307) (N=34) (N=50) (N=391)
Ester
n-Butyl acetate 2 (72 - - 5 (10 27 (69
Ethv] acetate 4 (13 1 (29 1 {1 6 ( 1o
Ethyl hexyl acetate 1 (03 - - - - 1(0.3)
Gylcol & Glycol ether acetate
Propylene glycol monomethy ether 45 (14.7) 4 (11.8) 12 @24 61 (156)
(1-methoxy-2-propanol)
Propylene glycol monomethy ether 22 ( 72) - -~ - - 23 (6.4
acetate(]-methoxy-2-propyl
acetate)
Ethylene glycol monoethyl ether 1 (03 2{5b9 1(02) 4(C1.0)
{2-ethoxy ethanol, cellosolve)
Ethylene glycol monoethyl ether 2 (07 1029 2(4) 5013
acetate(2—ethoxy ethyl acetate,
cellosolve acetate}
Ethyiene glycol monomethyl ether 1 ( 0.3) - - - - 1 (03
(2-methoxy ethanol, methyl
cellosolve)
Ethylene glycol monobutyl] ether 2 (07 - - 1 (2) 3{08)
(2-buthoxy ethanal, butyl
cellosolve)
3-Methyl-3-methoxy butanol - - 1(2) 1(03)
Chlorinated Hydrocarbons
Dichloromethane(methylene 1 (03 - - - - 1(03)
chloride)
Other
Trethvlene tetramine - - 1 (29 - - 1(0.3)
m-Xylenediamine - - 3 (88 - - 3008

A No. of paint products econtaining the organic solvent
% No. of binder products containing the orgenic selvent
© Ne. of thinner products containing the organic solvent

P N=Number of products investigated
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Fig. 1. Distribution of organic solvents in painting materials {paints,
thinner and binder}). Number of paints, thinners and binders investigated
are 307, 50, 34, respectively {total number=391).

XYL: xylene, BOH: n-butanol, PGME: 1-methoxy propanol, MIBK: methyl isobutyl ketone,
TOL: toluene, 2-POH: 2-propanol, MEK: methyl ethyl ketane, CELLO: cellosolve, and methyl
and butyl cellosoives.
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benzo(b)fluoranthene, benzo(k)lucranthene, dibenz(ah) anthracene, benzo-
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AEZZIE 7tA §F7144 5 MIBKE oF 13%9 AFol Fa¥o A+ Ao
Z vepgdt g o2 MEK/E &F 7%9 AFo &f=ol At A i
AldF MIBK % MEK/F @450 Sl AF2 242 26% % 6/“5} AEF
= Aol e BHE EAFe] A3 olFTEY el BaFE F4o FoHe
v}, wekA MIBKE MEKREU 540 ©f 48 =&7 &% MEKE 200 ppm¢
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= Aol WigAsn B, 2AM4 Zmdi $AHAT @RAT methyl
n-butyl ketone(MBK)Z hexane® s 74§ 2 4d=X4E < 25 hexanedione.
= giAEE W MEKRY 540l 1 st wE7] &% 5 ppmes 44
o} op'? o] EAu o] HAo] A% BAL vhEEY ALEERA (EE
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A TE&F= A 2 nhy 2Eg Sl FAle] Edelg Y MY FA
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alcohol o) Z@shi= AL 27 19.7%, 87%, 54% L 23%Z Uehdth of

Z 7} SAde] 7e EAS n-butyl aleohol® o] & Hes&Adxn dA-

Lr rio
EL
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m 2-Ethoxy ethanol(Cellosolve, Ethviene glycol monoethyl ether)
m 2 Ethoxyethyl acetate(Cellosolve acetate, Ethylene glvcol monoethy]



ether acetate)

® 2-Methoxy ethanol(Methyl Cellosolve, Ethylene glycol monomethyl
ether)

8 2-Buthoxy ethanol(Butyl Cellosolve, Ethylene glycol monobutyl ether)
m 1-Methoxy-2-propanol{Propylene glycol monomethy! ether)

m I-Methoxy-2-propyl acetate(Propylene glvcol monomethy! ether
acetate)

B 3-Methyl-3-methoxy butanol

Zd o el 2% 2-methoxyethyl acetate7b $HfFeo] AT AES gtk
Z8E JdHZEF 2-ethoxy ethanol, 2-ethoxvethyl acetate, 2-methoxy
ethanol, 2-methoxyethyl acetate:= ZI7|% 3 AA7|5E& dAst= &2

sl Bz s A7 HNET @S, ARsTA AT
a, HAGA Axgo] Fvk ARAMAEY Fa, dAEC] B4 Tl Ry
3, FEARAN A7ty 94, Aot AFtL, 718 Fol RuHRGY
zE/)5A2e AEIEY, dF &4, AR5, NETE Haged 3
~Zo] BuEgon dHegR e MAAEFANES] AGH/ R Fh =
el & 24 2GR I2Ae] BT 74 F A7 2-cthoxyethyl acetate?|
w3 el gt Ao FAF Buxzt dEE u g

2 alerel ACGIH®] 7S 2-ethoxy ethanol, 2-ethoxyethyl acetate,
2-methoxy cthanol, 2-methoxyethyl acetate®] »Z7[5S 5 ppmo & 2 A&t
I glen, OSHA™O M= Z+zF 200 ppm, 100 ppm, 25 ppm % 25 ppm& &
MAstya itk 2-Buthoxy ethanole]l Z ¢ #@EAAM HEF LTl EX
HAth o] B 3 wE£7]F2 fgvhetet ACGIHY 25 ppml 2 2R
st 917 OSHA"= 50 ppmeltd. 2l 1-methoxy-2-propanol®] 74$ =
F% Aait Ao Adsiol ok Rarh glos ek /rlEAt 22 e, vt
A EFHEANALNE dod= Aoz B nE )

Table 64 Hxo] B *‘Lﬂ b opbigl HJE B AsAdE FYE

227} d&5o] 9= Aoz vElytth 2-ethoxy ethanol, 2-ethoxyethyl
acetate. 2-methoxy ethanol, 2 buthoxy ethanole] /% A& 72 4%,
Z 1% 2 3%} 1-methoxy 2 propanol® I-methoxy-2-propyl acctate
= g FduaFeda 7k gel AAEED AT EEE uEbsies 39170 A
T2 8670(22%) AF FHEo AU o FARA EHL v ZEdH
2Rt SAe] A okdy] g o] 2HES FE AMEstY dnte A2

w9 okl Ao doldh 19960 ZMATNA ZaTZ b Al wiE S 3}



stz HAE ol E A EAHQ  1-methoxy-2-propancl® o] WAl
teth ols A9 i3S BW 1-methoxy propanol® 4-$- 60-70% 7HA]
FE AFol A9l 2-ethoxy ethyl acetate®] 735 40-60%, 2-ethoxy
ethanol®) 72-¢ 8-18%, 2-methoxy ethanol® Z-$ 11-20%717 &5 U=
A el At

® UlEA £%=E

ol 2 AlEFe] MSDSol i mineral spirits, white spirits, Stoddard solvent,
petroleumm  distitlate, % f-(kerosene), aromatic solvent naphtha, aromatic
hydrocarbon &2 BAL 7H3 @daristyaE 50 71559 it
BRI o 2 A fu Algel s fFHd @34t TEE(naphtha)< =4, #& %‘i.
AE Fo A wal oy 7pA SR FRE 47 g gag shAm
=3

ACGIH X317 OSHACI A= naphtat: petroleurn ether(benzin), rubber
solvent, petroleum naphthal{petroleumn distillate mixture), VM&I® naphtha,
mineral spirits, Stoddard solvent, kerosene, coal tar naphtha, gasoline & 2%
EHES 9low™ 7} paphtha 59 2wkl A Ao Table 7o Ao gl
o fgute At H d A el = ol gt EEE ]34- F71 €72 Faeta
o vz FREd vhjeks E%’l(“]tﬂ%’\‘ll—i. HEZ|FAEE,
~xgl uldlgdeeld s xEsh), Mg, AFad, dfelde, &
WA Hd g7 mado

ACGIH 1= OSHA®N A 742l &t petroleum ether® rubber solvent® T4
F7F 77 C5-C6 2 Chb -C8%} A|WFehslsr i 4% glvh Petroleum
naphtha, VM&P naphtha, mineral spirits, Stoddard solvent, kerosenel= B %
ol ok7b thE23 wkAi Zhzd C6-C8, C7-Cll, €9-Cl2, C9-C12, C9 €169
Bard EFE)Y B galeio EAviE 20% vpdelth Coal tar
naphthat H|/ o] 110-190 T FEI22 HE Faw &5t SHE8 T4
gtz Bol®2 FE g4 8 - 1279 wEE gaaein AR g §
ol w2} solvent naphtha. high flash naphtha, refined naphtha 2 heavy
naphthas® /5] o} 7t£ae durdoe gl pgptha® vl v Ho)
sron) gA4vl 3 - 1390 Feb A Aparaffin), 22 A A {olefinic), @ Wk
ot Egteg R PR ™
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Table 7. Properities of Naptha Hydrocarbons

Boiling  [Vapor Liguid |Predomi- [OSHA [ACGIH |NIOSH
Range(TC ) |Pressure, {Density nant Hy-
Name kPa(mm |(g/mL) |drocarbo
Hg) @15 T |ns
@20 TC Speceis
Petroleum ether [30-60 13{100) 0.63-0.66:C5-Cs - - 350(C18
{13 T) Aliphatic 00)
mg/ma3
Rubber solvent [|45-125 - 0.67-0.85[C5-Cy 100 400 1000400
Aliphatic (1590 N
Petroleum 30-238 5 (40) 06-08 |Cs—Ca 500 248 |- (350)
naphtha(Petroleu {2000)
m distillate
VME&P naphtha [95-165 03-3 0.72-0.76 |C7-Cn - 300 - (350)
(2-20) <20% {1370)
aromatic
Mineral 150-200 0.2758 (2) [0.77-0.81 |Co~Cy2 200 100 - {350)
spirits(White <20% {2900) [{525)
spirits) aromatic
Stoddard solvent {150-210  {0.2758 (2) |0.75-0.80|Co—Ciz 500 100 - (350)
<20% (2900) |(525)
aromatic
Kerosene 175-325 |- 0.8 Co-Cus - - = (100
<20%
aromatic
Coal tar naphtha [110-190  |<0.7 (<5) |0.86-0.89 |Cs-Ci2 100 100 -
aromatic [(400) |(400)
Gasoline 3%(initial); 0.72-0.76 |Cs-Cua 300
60(after paraffin, (890)
10%  dist- olefinic,
illed); 110 and
170Cafter aromatic
90% dist-
illed); 204
(final) J

Source: NIOSH "
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Table 8. Distribution of Organic Solvents in Paint by Type of Paints

o WM Wy R TRE Pwa QY
No. Ot N Comte oo Conts g Conbe o onp GOt Noo Comte g Cont

Aromatics

Xylene 6 (85.7) 10-45 8 (30.8) 2-30 1(333) 1-5 41 {932) 1-30 11 (846) 10-30 14 (1000 2-30 7 (778) 1-25

Toluene 1{(143) 5-15 - - 3(100) 10-20 6 (136 1-15 3 (231) 1-42 5357 1-10 1 (111) 30-40

Ethyl benzene 1 (14.3) 5-10 - - - - 1023 1-2 1(97D 1-5 3@214) 2-5

Ketones

Methyl Ethyl Ketone 1 (14.3) 18 - - 2667 10-20 9205 1-10 3231 1-20 1{(71) ¢-2 - -

Methyl isohutyl ketone 3429 5-3% - - - - 4 (91 1-7 1(77 1-3 4{286) 2-15 2 (222) 10-20

Alcohols

Ethanol 1 (143) 5-15 - - - - 1 (23} 0-1 - - 1071 0-1 1011 0-5

Isopropanol 1 {(14.3) 10-20 - - 3 (100} 1-5 - - 3(231) 150 1{(71 1-5 - -

n-Butanol - - - - - - 13 (295) 1-10 7 (638 3-20 5H (3BT 1-5 - -

[sobutanol - - - - - - 13 (285) 2-10 - - - - - -

Methyl Propanol - - - - - - 5114y 1-5 - - - - - -

Esters

Ethyl acelate - - - - - - 4 (91 1-10 - - - - - -

Butyl acetate - - - - - - - - - - 1 (7.1 0-10 - -

Glycol ethers, esters

2-Methoxy ethanol - - - - - - - - - - - - - -

2-Butoxy ethanol - - - - - 1 (23) 1-5 - - - - - -

2-Methxoy propano! 1 (14.3) 20-30 - - - - 12 (27.3) 1-15 4 (308 1-5 7600 1-10 1LY 1-10

2-Methxoy propy! acetate 1 {143)  2-5 - - - - 5 (1r4)y 1-10 - - - - 1 (1) 0-10

Mixture of hydrocabons
Mineral sprits/White sprits - - 18(69.2) 5-50
Stoddard Solvent - - 5 {19.2) 25-35

1233060 1077 13 - - i _

1
1

*Cont.: content of the solvent in paint, %



3} oti 2 A ZHet& (Pigments and Extenders)
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Table 9. Pigments and Extenders 1n Paints

No. of
Pigment/Extender Chemicals Products®
Pigment (inorganic) carbon black 3(1.0)°
iron oxide red 31 (10.1)
zinc potassium chromate 2007
lead chromate 22 (7.2)
lead sulfate 207
titanium dioxide 34 (11.1)
magnesium silicate 3010
zine phosphate 13 ( 4.2)
zinc oxide and powder 30 { 98)
silver powder 2007
Pigment (organic) phthalocyanine Green 2007
phthalocvanine Blue 6 (07
Extender stlica{Silicon dioxide) 27 ( 8.8)
aluminum silicate(china clay) 12 ( 3.9
mica 10 ( 3.3)
tale 51 (16.6)
calcium carbonate 19 ( 6.2
barium sulfate(harite) 13 ( 4.2)

* No. of paint products containing the chemicals. Total number of

paint brands investigated = 309.

Py



4) B ZA(Additives)

HAEd = 4 o HUAyPAdA, s, §4 B9 ofyelt & S+3 7
g BAslEE o8 77 RERE #HIMEHY ok BE 71E5E vk HEA
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FZAA, WA Fol ArpHH
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Hol ARZHI QAN A #HAEgAE ol g 7IES Q. R EY
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Table 10. Major Organic Solvents in Thinners Detected by GC/MSD

No. of
Solvent Name Products” % Area®
(N=29)"
Aromatics
Xvlene 26 (89.7) 5447252Y 09 - 925°
Ethyl benzene 25 (86.2) 118= 89 1.00 - 329
Toluene 22 (75.9) 230=294 015 - 870
Benzene 1(34) 0.17
Propv! benzene 6 (20.7) 127 03 098 - 1.72
{1-methylethy]) benzene 10 (34.5) 06 0.8 002 - 2.33
Trimethyvl benzenelisomers) 7 (24.1) 12466 3.08 - 2450
Ethyl methy] benzene 6 (20.7) 88+E68 377 - 203
Ethyl dimethyl benzene(isomers) 3 (10.3) 035 02 03-19
Diethyl benzene{isomers) 3 (10.3) 05+03 017 - 0.75
Tetramethyl benzenec(isomers) 3 (10.3) 1232209 027 - 364
I-Methv]-2-(1-methyvlethyl) 4 {13.8) 12+ 03 083 - 150

benzenelisomers)
1-Mecthyl-3 -propv! benzenelisormers)
Decahvdro-trans—-naphthalene
Aliphatics

L

(10.3) 1.9+ 23 022 - 457
( 3.4) 0.48

—_

2.6-Dimethy!| heptane(isomers) 1(34) 0.55
3-Ethy]-2-methy! heptane{isomers) 1(34) 2.32
Octane i (34 1.18
3-Methyl octane(isomers) 1 (34 476
26-Dimethv] octane{isomers) 1 (34 2.16
Nonane 134 7.63
3-Methvl nonane(isomers) 1(34) 6.30
Decane 2{69 29758 179 - 99
2-Methvl decanc(isomers) 1 (34 6.02
Undecane 1(34) 352
Butyl cyclopenatane 1(34) 0.81
Pentyl cyclopentane 1034 0.80
1-Methvl-2-propyl cvclopentane 1 ¢34 0.84
Ethvl cyclohexane 1 (34 0.84
1. 4-Dimethy] cyvelohexane(isomers) 2 (69 0o= 06 (0.10-698
1-Ethyl-4-methy] cvclohexane 1034 4.50
1-Ethyl-4-dimethy] cvclohexane 1(34) (.57
1-Methvl-2-propy! cyvclohexane i (34) 0.54
1.2.3-Trimethy] cyvclohexane 2{69 13% 16 017 - 244
Propvl cvclohexane 2069 13= 02 116 - 144
Butvl cyclohexane 2 (69 1.0 09 035 - 163

A - . 3 . .
No. of tinner brands detected the solvent, ¥No. of thinner brands analvzed. © Percent area of total
ion abundance. The values indicate the approximate contents of the solvent. "mean = SD. Frange



Table 10. Continued

No. of
Solvent Name Products® .
(N=29)® % Area”
Alcohol
Isopropanot 5 (17.2) 343%£451 1.02 - 85.0
Ethanol 1(34) 121
1-Butanol 4 (13.8} 1122128 140 - 299
Ketones
4-Methy1-2-pentanone(MIBK) 7 (24.1) 56 40 048 - 121
2-Butanone(MEK) 3 (103 188%=249 210 - 474
Ester
Ethyl acetate 1(34) 471
Butyl acetate 5 (17.2) 7.4+ 33 540 - 132
Glvcols, Glycol ether, Glycol ester
2-Methoxy ethanol 1 (34 0.67
2-Ethoxy ethanol 2{69 09+ 10 017 - 158
2-Ethoxy ethyl acetate 2 (69) 43+24 260 - 597
2-Ethoxy 1-propanol 3 (10.3) 47=38 034 - 7.31
2-Buthoxv ethanol 1 (34 1.72
2-(2-Methoxyethoxy) ethanol 2 (6.9 0505 013 - 0.78

No. of tinner brands detected the solvent, "No. of thinner brands analvzed, “Percent area of total
ion abundance. The values indicate the approximate contents of the solvent. “Mean = SD, ERange
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Fig. 2. Distribution of organic solvents in thinner.

XYL: xylene, MIBK: methylethyl ketone, PGME: 2-methoxy propanol, TOL: toluene,
2-POH: 2-propanocl, BA: n-hutylacetate, BOH: n-butyl acetate, MEK: methylethyl
ketone, TMB: trimethyl bennzene, EB: ethy| benzene, PB: propyl benzene, (1-ME)B:
{1-methylethy}) benzene, EMB: ethylmethyl benzene, Cello: cellosolve, and

methy and butyl cellosolves



ojutell w®lm# W3 2% 5 E=(1-methylethyl) benzeneo.z 878 AE
(20.626)o0 4 AEEHA T FFol 01 - 65% FFol¥Uoh Trimethyl benzene
isomer % 1-ethyl-4-methy]l benzene(¢]A & A ¥} diethyl benzene(o]4d &
A E3), tetramethy! benzene % 1-methyl-2-(1-methylethyl) benzene(o} 4
A The| FUNEE 7h7H14.8%, 14.8%, 7.4%, 14.8%, 148% %1 +Alv) =
24 85-285%, 7.3-203%, 05-1.0%, 09-364%, 04-41%%= iebyic}
Trimethyl benzene isomer, 1-ethyl-4-methyl benzene, tetramethyl benzene<

M d 22 v&R 2% BRAAE ¢ F Atk Trimethyl benzene
15t o

isomer® A% Ay B222 BIHEe gonz of
Edo] &fH = AFLE AFESE AS old U wF Hsbt Easthe
2t 2t}

WegE sRtEge] d43E, AYAHNILE, AE Ad2dE2, SgFoH e
2 §Fr18A7 AEHe AFSE Add. Ry EAR AFdE

Fogulsh Egrew 2z 745 -

)

isopropanol, MIBK, butyl acetae Y]’
89.0%, 0.3-17.2% 49 58-18.8% %t}
a2 el Z2F = 2-ethoxy ethanol{cellosolve, ethylene glycol monoethyl
ether), 2-ethoxy propanol, 2-butoxy ethanol(ethylene glycol monobutyl ether,
butyl cellosolve) So] A& e FAu]= 24z 0.34-1.6%, 52%, 14.7%,
34% = JYEyt ZF e FE Table 694 2o B2 Ay 5 oy
gt HIE Z AHAdE FHE vt ol =Eo FHHA UE
MSDSE 49 % ZA3 1-methoxy propanol® 45 60-70%7t# &%
o} 213l 2-ethoxy ethyl acetate® 73-%- 40-60%, 2-ethoxy ethanol®] 7%
8-18%, 2-methoxy ethanol® % 11-20%7k4 $FFel A= AFl AT
ol5 ZFHE JdH =% 2-methoxy ethanol{methyl cellosolve), 2-ethoxy ethyl
acetate, 2-ethoxy ethanol, 2-butoxy ethanol> Z¥E71% % sfel A 4754
E sl 222 deiAd Jduh aeu SelA JAFe FEE oid 2 A

T F%9¢ 1-methoxy propanol{propylene glycol monomethyl ether) =+

¢

methoxy propyl acetate(propylene glycol monomethyl ether acetate)= =&7|
Z st Ao Ug wovt gos 46 FU1EA9 2 A, vhHF
& FEAAFHNE Qo7 £ g

Cellosolve A% 2] 71844 e w&7158 2875 9 ANFHE

ualz] Y8k 7129 @Al 5 ppmeol it 1-methoxy propanol®l =%71F2 100



x-"é-Ol do §AE AL

2 e
cellosolve A% 9 :?_E]% of] E%]i%% Ale]] Z4o] 228 1-methoxy propanols:
Abg-st/1E ARk RS HRIE 5o AFE Aibsh whlelA A 54 e
A2 hAstelol b e Hyahis AT MSDSA s EAEA R
2 E " HESY A= ol gk TAE folbehs *35’70] EAetE A&
#elsle] o3t Edo] A AE-E AMREHA| o= Aol nigAsi,
HOEWE AEA AR, g4 EF 9 B =R AEHE 4
Hel dRrE Baustsdn A5z 2 39 A& toluene, xylene, MEK,
MIBK % isopropyl alcohol, 34573 T4 vl xylene, toluene %
acetone, HAEE 342 AlYel= toluene, xylenc ¥ MIBK7} F:5i 24T
v Amolgtn BAstth AA AYE /7184 2EFEL tolueneo] 764%=
7t %9k, xylene ¥ MIBKG] HEEE Z12F 706% 2 3B5BATH 2
FolA AMEE T AWE o zg B A7 E xylene® AEE2 704%
2 7 w9z g0 & ethyl benzeneo] A& &) Egktl Tolueneo] 7 &y
2 AU 63%E GERG o] #EIEARE HwA zF FEEE o AUTh
Treuy 2AYFAlA AFEE= Al oA ethyl benzencol A G Ex U o g
o A HY) wife] FAEOoRE B 4 gu F 5e aghdlel 94
‘i’j"ﬂ’ﬂ AR E = Pl AR AMEHE QY9 FAAEE toluene, MEK,
ethyl acetate® X 113}9 =4, xvieneo] FAIFd =7 &L Ao Hol
FAPZANAM AHRE = AUy AT 2elsb

o
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@ Mineral Spirits(White Spirits)&] =41

B2 Aol AbEste 4l AFdd g MSDSe 5dH 245 #AES
A3} B8R7] 249 mineral spirits{white spirits, Stoddard solvent)7} 7} £ 5
of AT ARG ABRAHANME of BEAS 3F /7184 & 224 &7
< 100 ppmo 2 TFA L U

MSDSE ZAbgE % 30971 #HlE AEFF 5770(186%) A Fo| mineral
spirits(white spirits, petroleum distillate, Stoddard solvent)e] &8-xo] Q=
% 5071 AU AEFF 470(8%) AF o] &A T AAUTE MSDS A
sdd e o] EF FU1EAG FAFD Aol AAEHA AA 2% wEel
B o)A = mineral spirits7b THFE AYES BAsie] 1 A8 S Bstyg
o Table 11914 B vks} 2ok GTA 004c 370 Ao~ zZHz 433 4
A AEE FAHEAI S101E & FAldA AFHG A58 BMseich

Table 11l 4] X% o} mineral spiritsoll & ooFgr ks 2 A= B3l
235Ee] EA8R L GTA 004 AFs Ao FHRez AFT 321
(1.4-64.9% . 29  toluene(ND-13.4%), ethyl benzene(ND-11.3%9%),
1-ethyl-2(3,4)-methyl benzene(ND-11.3%%), trimethyl benzene(ND-9.3%),
butyl acetate(8.1%6), tetramethyl benzene(ND-6.9), 2-(dimethylhydrazono)
butanal(ND-5.196)¢] 5% o4t vlad =& v&§2 EAsHct. =g of 4%
E9ol X Table o AAHE vpep o] o] 742 E4do] dE&xdot w57

59 vlTrol gt oltel the ARl AEUAAT 05% Mo e &
% A2H7] WE Table 11615 AX A abshe)
£UB AFTINT 2 T EABE 4P THE AAT 2ol7 U

Table 11e14 5ol M2 2 Aol A35 GTA 004 47 A 85 19
AEE 3W ARG £ FASEE o 2 2 4 AfRe FAlo] A Ao
7 Adsich &3 29 Alme 4 AlEE Ay FAGE 248 B

S101 AlF-L decane 10%, 1-cthyl-2(34)-methyl benzene 9.8%, trimethyl
benzene 85%, nonane 7.6%, 23-dimethyl decane 6.1% FAEZE FHEHUH.
Xylene©o] 4.2%, ethyl benzene 1.2%% v]& 7 ZE )3 toluened HEHA &
of GTA 0049} ZAdab= zbolzb A9l 4702] GTA 004 A 535 1] A&
A butyl acetate/} 8% AEZ &Y AL ALY mineral spiritsv W53

xylene, ethyl benzene 5 ¢ W&E g3l 49 decane, nonane 5 2 A%

b

o
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Table 11. Organic Solvents and Their Content in Thinner of White Spirits
or *Mineral Sprit

GTA 004 $101

Organic Solvent (White Sprits) {Mineral
a® b ¢ 4 Sprits)

Xylene 14°% 644 23 603 42
Toluene 12.0 134
1.2.3(1.3.5:1.2.4)-Trimethy]l benzene(isomers) 10 9.3 85
Ethvl benzene 11.3 i2.1 1.2
Propyl benzene 2.0 2.0 15
1-methyl-3(4)-propv] benzene(isomers) 0.8 3.0 46
1-Ethvi1-2(3.4)-methvl benzenelisomer) 3.5 11.3 9.8
1,2,3,4(1,?,3,0,1,2,4,5) Tetramethyl 69 09
benzene(isomers)
1-Ethy1-3.5(2.3;2.4)-dimethyl benzene(isomers) 2.1 08 19
I-Methyl-2(3,4)-(1-methyethyl) 114 Al 11
benzene(isomers)
3-Ethyl-2-methy] heptane 7.1 2.3
Octane 12
2(3.4)-Methy octanelisomers) 29 47
2.3(6)-Dimethv! octane 25 22
Nonane 4.3 7.0
2(3.5)-methyl nonane(iscmers} 77 3
5-Ethvl-5-methvl-decane 0.9
Decane 8.5 54 10.0
2(3.45)-methy decane 2.3 6.1
Undecane 0.4 35
1-methvl-2-propvl cvclopentane 1.2 1.0
1.4-Dimethv! cvclohexane 1.0
Propyl cvclohexane 1.4
Butvl cvclochexane 16
1.1.3(1.2.3;1.2.4)-trimethvl cyclohexane(isomers) 29 05 24
1-Ethvl-d-methvl-trans—-cvclohexane 45
4-Decanone 12
Butv] acetate 8.1 8.1
1-Methy] piperdine 1.0
2.3-Dimethy] piperidine 1.5
2~(Dimethythydrazone) butanal 5.1
2.3(6)-Dimethvi-1.4-dioxane 38
2-Popvl thiopene 2.4
3.4.4-trimethvl-2-pentanal 1.0

*Batch of GTA0M

13rgn . R . . . e
T'he percent area on total on abundance indicate a approximate content of the solvent in thinner. %
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gl art EfEel e deg vuyhg 53 =drivds 2 HAA 7
AL dod 4 Q= trimethy benzeneo} 9.3%71A HEHe AIE7H 2lof
TEAE o] BH x2d ¥l e ALE wddnh waAM #F Al
He FHgate zad Au 183 o] SAS=AE Edstd 2z

NG FAstngn w7153 FaAEHd 3 AFFNE
A o] ‘%lq w el A mineral spirits 5ol 53 faldS 7}

2 Edeo] Efsl=A2 Foste] olzjd EAL MSDSe| AAd F= A
. &

g A et} e AT AF OIEJr A AE 240l 8 Ael7t AdE

Aog WA ERE JAEL ofwl AFo el gH A MSDSE A

& Abgehr] el Alagia 41011*1 T AFS Az dRE WAEske A
o =

Aol crelFolor @tk mg AAwEtd AL AAelA
2ol oi# Arg B 1 Aol wrgAT

. ;qlzg} p:ﬂ /\}1;1 7.):1 u]

Az 3] Abel]l uhel Ay E=Ae Table 129 20k A AleA AR Sl AAY
RAFQ Awg Yoz gddoen AFL A3 AzxdAds 678 dAs
AR FAdo]l e BAY FHoFel e AR 87 Al
2 ANAHNE FE i Bdg g Q= cellosolve AlFEe] §U1E
A= DJT Ak JKT AFE A3 470 Aol A xS ¥ AFdAM ZEFIR
]:4].. 6}.11 Aﬁﬂy]h:z]-ﬂ g_ll E’ioﬂ;}j}-gﬂ% ol

)
2
Jlm

_L
il
E
i
e

o7 # A& EAQU trimethyl
benzene- IPK, DJI, ¥ KSC Alzg e 45 AFAA dEsgeon 243
ZA M F43% KRC, BSC % JK] A2l Al Folid= HEH A

o] A =AM xylene, ethyl bezene, toluene 5 ¢ # &% il
27 78 482 AHgstm g IPK Ae) AlE 5 17] #AFel A butanolel
8% Ax HEH AE AYslait alcoholel W ketoneel HEHZR] &gkt 28
1 KSC Ake] 17) Mgl MIBKZF 17% A% 559 2llen KRC, BSC
AL A FelE ol Adel okt FiEe] ARt KRC Atel 371 AMFAE
1sopropyl alcohole] 745-80.0% & o ko] &f-rlo] g1t} Butyl aceate:
DAFe} 174 7**]75011*1 19% A2 459 & Ad9dstaies e Azxrre] AE
A= v AEHAY FEHA Fsoh
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Table 12. Compostion of Thinners by Manufacturer

Solvent Name Manufacturer
IPK(N"=6) DJC(N=5) KSC(N=3) KRC{N=6) BSC(N=2) JKJ}(N=5)

Toluene 59(0.3-12.0)°  2003-96.2) 1{43} 31.0-6.2) 1{76-73.4) 59(0.3-91.0)
Ethyvl benzene 5(8.3-30.2) 366-116) 3(1.2-21.1) 20(125-164) 1(3.0-38) 5(7.1-78.4)
Xylene 5(3.3-91.2) 3(663-906) 342-786) 2(799-823) 1{223-248) 5(7.1-78.4)
Benzene 1(0.5)

Propyl benzene 2(2.0-2.3) 2(1-1.00 1{1.5)

(1-methylethyl) benzene 2(.01-6.5} 2(0.1-0.3) 2(0.3-2.3} 2(0.25-0.3)
1,2,3-trimethy! benzene 2(41-11.7 1(7.3) 123

1.2.4-trimethvl benzene 2(5.2-28.0} 2.8 1{1.6)

1,3, 5-trimethyt benzene 1{4.6)

i-Ethyl-4-methyl benzene 2(1.8-11.0} 11.0)

1-Ethyl-2-methyl benzene 1{27-10.5) 1(19.3) 1{(7.3)

1-Ethyl-3-methyl henzene H7.00

1,2-Diethyl benzene 2(0.5-1.3)

1.3-Diethy] benzene 1{1.3)

1,2,34-tetramethy] benzene 2(0.5-36.4) 1(5.6)

1,2,3,5-tetramethyl benzene 2(05-0.9}

1,24 5-tetramethyl benzene 0.4

1-Methyl-2-{1-methylethyl) 200.4-1.1) 1t0.6)

benzene

1-Methvl-4-(1-methylethy}) 2(0.5-1.00 10.5) 1{0.8)

benzene

1-Methyl-3-(1-methylethyt) ~ 2{1.1-3.1)

benzene

1,1,3-trimethy! cyclohexane 1(0.5) 1.,

Decane 1.4} 1(10.00

Noenane 17.6)

Isoproparnol 3(74.5-89)

Ethanol 1{24.2)

Butanol 1(8.29)

Benzaldehyvde 2(71.2-82.8) 1(94.3} 1(77.4) 1(76.5)
4-Methyl-2-pentanone(MIBK) 1(17.2) 1(0.4-0.5} 200.31-4)
Z-Butanone(MEK) LD

Butyl acetate 18.D 1H18.8) 2(5.8 6.4)
Ethvi acetate 1{9.4)

?-Ethoxy ethanol 1({1.6} 1(0.34)

2-Ethoxy ethyl acetate 1(5.2)

Z-Ethoxy 1 -propanol 1{14.7)

2-Buthoxy ethanol 1{3.4)
2-(2-Mlethoxvethoxy) 14,04

ethanol

A Number of products analyvzed
% Number of products contamning the solvents

Y The content of the solvent in the thinner, %
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gl e fr1&Ae 2L #dstdn FNEY FRe A=A, o FA
A, et A9, o} &S GC/MSD 4% Ax, Adi £307F 05% o] 4ds]
S AAstges 1 Z3E Table 133 2 arje] AAE ¢2 head
spacedl A FE = Fwd EATE didoZ stgv] dFe e HJE
o] A= =olzk kg 4 Ak FH, SHAES 2L AZIA D AE
ubel Z Ael7t g ¢ dern B AFY diY AFY e 8Fo R 3AH
A7) wFel, B A o] ol TE AlFe A5 &4 2AH4LE Table
139 AjAte gra obE o oodrh

el mtasbA 2 Hl B EA2 shd dal AT AR E xylenel
2 el Xylenee]l #HEdH HAUdES 7H(R75%)2 EAdl= Hd 387%
(3.2-64.4%)9 k. Ethyl benzene& 6&F(75%)8 =s5dAq AE&HJow Hf
07%(56-148)A % 5% o] g1t Isopropyl alcohold 49 TF A HAE
R eont EA8lEe #Bd 053%E wetth ey BA ool xEEA] o
Gl EA AEF2 HS MSDSo AA® zRC ZARES u 60%7HA
isopropyl alccholel #ixe] 2le AL 2 Vel

Toluene, trimethyl benzene, 2-ethoxy ethyl acetate, 1-butanol @ MIBK
= 3% TgoA AEHY e, ethanol, I-butanol, MIBK? &Avj= 10 -
20% % A H]&o] vluwAR F:orh o] yiel] 1 - 2789 FJNE AFAA FE
¥ F71€4A= MEK, propyl benzene, 2-cthoxy ethanol, 1-methoxy-2-
propanol, butyl acetate o]t}

I}
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Table 13. Distribution of Organic Solvents in Paints Detected
by GC/MSD

No. Of\ Area %
Sovent Name Paints
(N=8)2 Mean = 5D Range

Xvlene 7 38.7£23.07 3.23-64.4
Ethvl benzene 6 9721394 560-14.8
Trimethyl benzene 3 6.69+6.05 2.85-13.7
Toluene 3 0.89+0.34 (3.50-1.13
Ethylmethyl benzene 2 7611629 3.16-121
Propyl benzene 2 1.08+094 041-1.74
Ethanol 3 189235 3.556-46.0
Isopropyl alcohol 4 053021 (0.33-0.83
1-Butanol 3 1283+108 0.39-196
2-Methyl propyl alcohol 1 1.54
MEK 2 103£0.71 0.52-1.53
MIBK 3 19.2£2.33 16.6-209
2-Ethoxv ethanol 1 6.50
2-Ethoxy ethyl acetate 3 534=*4.15 0.55-7.95
1-Methoxy-2-propanol 1 229
Ethyl acetate 1 170
Butyl acetate 2 2431311 22.1-26.5
Nonane 1 12.8
Decane 1 6.62

ANo. of paints products the solvent detected

BTotal no. of paints analyzed.

“Percent area of total ion abundance. The values indicate the approximate contents
of the solvent.

(3) 7 3tA

Table 1404 R 5o} 7 3}4o= xylene, ethy! benzene, toluene, ethanol,
isopropyl alcohol, 1-butanol, ethyl acetate, butyl acetate, Z-cthoxy ethyl
acetate, 1-methoxy-2-propanole] &A3= Aoz vEldY e H 49
npa bR 2 ARSI B AlEe] wek Aol A Aolrt g ¢ oPE O
svo LEE A ok AF AL Table 146 AAID AE9e] & ARo] &
At 4 9lth MSDSe| AAE #A4T stz 2 AFZAAAM 2 xylene
o] A&H AZF4r A g2 1 £ v E v A =94 HRIE Ay
2 AzA ABEMAnZ uFo] Hop 2MYGE =AY ZERAC MY 2
BFH o2 vEEE 4T xvlened S ¥ £ ATH

-



Table 14. Distribution of Organic Solvents in Binders

Detected by GC/MSD

No. of Area %
Sovent Name Paints

(N=8)" Mean*=SD Range
Xvlene 4 48.1=23.35 13.3-64.0
Ethyl benzene 2 129228 11.3-145
Toluene 1 1.50
Ethanol 2 2514019 2.37-2.64
Isopropvl alcohol 3 1.23x0.47 0.69-151
1-Butanol 3 19.96+6.60 149-27.4
2-Ethoxy ethyl acetate 1 3.98
1-Methoxy-Z-propanol 2 0.98-1.39
Ethvl acetate 3 778 =204 59.7-95.8
Buty! acetate 1 39.7

*No. of binder products the solvent detected

BTotal ne. of binder products analyzed.
“Percent area of total ion abundance. The values indicate the approximate

contents of the solvent.
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Table 15914 Bxo] 2AFA A ¢AH9] CEZ A+ xylene, ethyl benzene,
MEK, MIBKel F2 =33 Utk o Ao ~=Zso] E(spray
painting) A xyleneol e HF =T FLE = 2476 ppmlE = FH
7] % ACGIH TLV 100 ppm= 2¥ o|¥ Z=A&dc 23z 21%
ethyl benzene, toluene, MEK % MIBK®? 7 sx+= 24zt 478 ppm, 36.2
ppm 2.3 ppm 2 28 ppmeE =&7|E o|3tE L}E}”t} o] FAe] Az o]
=4 Adare] EFRE =% A5 HT 338(003-102)2.2 UERY xE2F
23 %4 71Ed 12 39 ofd st 2x2del =3 AR} 108F 6

=
B60%)e) EFFE = =E71EE 203 Y, EEWTe =4

ojl

S

%o st

Zel Al @A x=E2FE(STEL)E xylene 1,592 ppm, ethyl benzene 587.7
ppm, MIBK 2478 ppmo=Z WAIZF =F7|Fel A=Y gl ethyl
benzene(STEL: 125 ppm), MIBK(STEL: 75 ppm)< 232} 58] % 3w A% =
Hatgct. g2 T I EZo] HEHA ¥ AL of EAEe dHEYA &

EFANEE AHEE 7] dFelt

=2
rok

B = brush painting, touch-up) #YL £xdo| i) 753 4
v Ze] mEd S RE AMEst ERE AS T APger AXZHo &
oardatel wis] Al @& wg FECZ YEYT R 7B = WE
W xylened BT X 279 ppmlE =E7|F oldtgen, FUE =& 3
HAH wE7FE 1S 293E ARE Ud 988 WEgsAY AFE BE
she Agate 4% B4 AYxe wEafa sk b =S v =
BEZ B9 xylene?d My FEE 282 ppmlE LEUVE ol EHE
LEHANE BEF wE7FES E2FshA Gsdth A AYE SA Y AA
188 % B3 JEn w257 8S 23ste 2EAE 7H(38.9%) 0 AT

B &gl axee] 24 Adate] FS viE 2] tid HrrE 3, Table
16914 xylene (HT 1955 ppm)to] =E7|F& 2H3IAT o] Ardde 4
¢ A AGATYE UE {184 =5 BEXE 2 23de] =34 MIBK
¢} butyl acetate2! BFEFEE ZtzF 333 ppm 2 1010 ppme 2 v A =gk
o x27|EE 2dstE ARE Y HE R@L-F HrbASE 40694

|
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Table 15. Woker's Exposure Levels to Organic Solvent Vapors in Company A (DW)

o Combined No. of
Vapor Concnetration in Air, ppm Exposure  Samples
b e o N Xylone Fihyl | Toluene MEK" MiBK:  ndex Violated
rocess
Benzene
Spray Painting 10 2476+219.3 478%525 36.2188.6 23147 2844 3.38+3.27  6(60%)
1.79-5443  078-153.2 ND“-287.1 ND-15.1 ND-14.1 0.03-10.2
SprayPainting 2 159191288 587.7+57.2 ND ND 2478%1821 207 294"
(STELY) 1,500-1683.0  547.3-628.2 187-22.9
Brush Painting 3 2791340 81%10.2 6.0x82 1.03%+1.12 108+174 064075 1(33.3%)
3.1-66.7 0.74-19.7 1.24-154 ND-2.23 0.78-31.0 0.07-1.5
Mixer/Asisstant 5 2821169 531435 11.1+£9.04 1421137 1.715%1.47 0.49+1.47
950-44.7 NID-9.30 ND-21.1 ND-2.74 NDP-359 ND-3.59
Background (Shop) 1 5.6 10.1 50.3 ND 57 1.27
Overall 18 15721149 27.0%199 1863157 169064 5.1515.01 2141139  7(38.9%)
3.1-544.3 0.74-153.2 ND-287.1 ND-156.1 ND-31.0 0.03-10.2

*MEK: methyl ethyl ketone, "MIBK: methy! isobuty! ketone, “ND: non detectable, "STEL: short term exposure level, EThe
STEL was applied to calculate the TLVs of mixture. ‘
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Table 6. Woker's Exposwure Levels to Organic Solvent Vapors in Company B (HJ)

Vapor Concnetration in Air, ppm No. of
. Conbined )
Job Title or N Ethy] . | Butv] o-Eth Exposure Samples
Process “thy A sopropy uty ~Ethoxy Violated
Xylene Benzene MIBK alcohol Acetate Ethanol Index
Spray Painting 6 195512684 75.31101.4 333416008 271667 101.0x1855 ND 4054510  3(50.0%)
006-652.0 ND"-2348  ND-1518 ND-164  ND-460.6 0.001-11.7
Brush Painting 1 232 6.25 0.58 ND ND ND 0.31 0
Mixer/Asisstant 5 6821140 177368 0.53%£0.88 045x1.01 037082 083*18 (.10x018 0
ND-31.9 ND-8.35 ND-2.09 ND-2.26 ND-184 ND-4.16  0.004-041
Overall 12 75221045 278+41.2 1151t189 1.05+1.45 338+582 0281048 149+222 3(25.0%)

ND-6520 ND-2348 ND-1518 ND-164 ND-4606 ND-4.16 0.001-11.7

*MIBK: methyl isobutyl ketone
UNTY: Non detectable
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Table 17. Woker's Exposure Levels to Organic Solvent Vapors in Company C (DS)

Vapor Concnetration in Alr, ppm Conbined No. of
y - - Exposure  Samples
Job Title or N Aylene Ethyl MIBK Isopropyl Butyl 2-Ethoxy  Trimethyl Index Violated
Process Benzene alcohol Acetate Ethanol Benzene
Spray Painting 4 86311053 251296 027030 798*+550 006%013 066+076 1.75%347 114%£136 1(25%)
219-242.4 519-686 ND"-0.69 ND-12.1 ND-0.25 ND-1.40 ND-6.95 0.27-3.15
Brush Painting 3 521713 161245 003006 3611426 ND ND ND 0.08%0.09 0
ND-13.34 ND-443 ND-0.10 ND-8.31 0.02-0.19
Mixet/Asisstan 4 593F+11.01 1292259 (.18%£037 116232 ND 0.98+131 ND 0.0810.13 0
t ND-224 ND-517 ND-074 ND-464 ND-2.76 0.01-0.28
Overall 11 325%466 933137 016x012 425%345 002x003 055050 058%X101 043+£061 1(9.1%}
ND-242.4 ND-686 ND-0.74 ND-12.1 ND-0.25 ND-2.76 ND-695 001-3.15

AMIBK : methyl isobutyi ketone
"ND: non detectable
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Table 18. Woker's Exposure Levels to Organic Solvent Vapors in Company I3 (HDH)

Vapor Concnetration in Air, ppm Combined No. of
Exposure Sarnples_
Job Title or N Xylene  Toluene Ethyl MIBK*  Butanol  Ethyl Butyl EGEEA" Index Violated”
Process _ Benzene Acetate  Acetate

Spray Painting 14 76.1£785 2142403 133%116 21.37429 7.73+218 31.0+388 245+37.2 490t491 1.87+1.84 7(50%)
' 4.83-2495 0.28-1546 1.38-398 0.03-159.2 NDY-829 ND-1095 ND-1085 ND-183 033-534 7(50%5)

Brush Painting 1424230 5292983 3051445 4952766 0342074 160£371 563+144 306+434 0430568 1{14.3%)
7 1.01-641 005-273 059-128 1.00-217 ND-200 ND-995 ND-384 ND-105 012-1.71 4(57.1%6)

Mixer/Asisstant 9 2211217 BIB+6.66 4.22+447 703+121 288:+489 133x111 1231230 249+331 068£050 2(22.2%6)
107-71.2 ND-184 ND-140 006-390 035-149 ND-307 ND-725 ND-100 0.14-212 6(66.7%)

Overall 30 3751337 11,7855 6861561 11.1E890 3651375 201954 1411957 348+12609910.77  10(33.3%)
1.01-2495 ND-1546 ND-398 0.03-1592 ND-829 ND-1095 ND-1085 ND-183 0.12-5.34 17(56.7%)

AMIBK: methyl isobutyl ketone

"EGEEA: 2-ethoxy ethyl acetaie

“Number of samples exceeding the exposure limit
UND: non detectable
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Fig. 4. Airborne xylene conctrations by factory and job.



Table 19. Airborne Solvent Vapor Concentrations by Job Measuered at Four Shibuining Company.

Sclvent Vapor Concetration(ppm} and No. of Samples Exceeding Permissinle Limit LV of

TLY of

Job Title N Xylene Ethyl Toluene  MIBK* MEK! Butyl Ethyl Butyl  Isopropyl EGEEA® EGEE”  Trimethyl Mixture
Henzene Alcohol  Acetate  Acetate  Alcohol Henzene

Spary Painting 34 |sggtiga)® 305535 195546 1531378 063267 318%147 [DR280 070+841 1421408 202+304 008031 021£1.19 2612307

006-6520¢ NDF-2348 ND-287) ND-1592 ND-151 ND-829 ND-1085 ND-4606 ND-164 ND-183 ND-140 ND-685 001-117

1441 2008 HHRR)  A458%)  2H5.9%) 0 0 0 1(2.9%6) 0 7(20.6%) ] i} 17(50.0%8)

Brush Painting 14 1991223 4052566 381785 4851943 022x062 0172053 7981265 2821102 0771227 153135 ND NE 0391053
ND-6G.7  ND-197 ND-273 ND-310 ND-223 ND-200 ND-9%95 ND-384 ND-831 ND-105 002-1.71

0 i i 0 1} 0 b [} [ 2014%5} 2(14%5)

Mixing 23 4381369 6342160 5412699 3071784 0291081 1.08£3.22 4990928 468+148 029£1.04 093231 034101 ND 060157
NU-G80.8  ND-7B8 ND-21.1  ND-380 ND-274 ND-149 ND-307 ND-725 ND-464 ND-102 ND-4.16 oo1-1.71

1(4.3%} ] 0 0 0 0 0 0 V] 144.3%4) 0 3(13.0%)

Overall Mean 71 gast70) 1832173 9611859 7741661 040£025 148+154 B59+394 18+140 083057 1491055 0141018 00710.12 1232120
ND-6808 ND-2348 ND-287.1 ND-1582 ND-151 ND-829 ND-1085 ND-4606 ND-164 ND-183 ND-416 ND-695 001-117
15¢21.196) 4.2} H2B%)  228%) 0 U] 0 1(1.4%) 0 10(14.1%0) 4] 0 22(31.0%)

AMIBK: methyl ischuty! ketone, "MEK: methyl ethyl ketone, “EGEE: 2-ethoxy ethanol, "EGEEA: 2-ethoxy ethyl acetate, “Mean * standard
deviation, "Range, “Non detectable, "Number of samples exceeding the permissible Timit, "Percent, JAverage of the mean concentrations for
all jobs
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Fig. 5. Airborne solvent vapor concentrations in spray painting operation.
XYL: xylene, EB: ethyl benzene, MIBK: methyf isobutyl ketone, MEK: methyl ethyl ketone

BA: buty! acetate, EA: ethyl acetate, BOH: n-butancl, IPA: 2-propanol, EGEE: 2-ethoxy
ethanot EGEEA: 2-ethoxy ethyl acetate, TMB: trimethyl benzene, El: TLV of mixutute
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Fig. 6. Airborne solvent vapor concentrations in brush painting operation.

XYL: xylene, EB: ethyt benzene, MIBK: methyl isobuty! ketone, MEK: methy] ethyl ketone
BA: bulyl acelale, EA: ethyl acetate, BOH: n-butanol, IPA: 2-propanol, EGEE: 2-ethoxy
ethanol EGEEA: 2-ethoxy ethyl acetate, TMB: tnmethyl benzene, EI: TLV of mixutute
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Fig. 7. Airborne solvent vapor concentrations in mixing operation.

XYL: xylene, EB: ethyl benzene, MIBK: methyl isobutyl ketone, MEK: methyl ethyl ketone
BA: butyl acetate, EA: ethyl acetate, BOH. n-butanol, 1PA: 2-propanol, EGEE: 2-ethoxy

ethanol EGEEA: 2-ethoxy ethyl acetate, TMB: trimethyl benzene, Ef: TLV of mixutute
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Table 20. Organic Solvent Composition determined by MSDS and GC/MSD

Thinner Result by MSDS Result by GC/MSD

GTA 007 xylene(100)% xylene(86.3)3, ethyl benzene(13.3),

toluene(0.40)

GTA 220 xvlene(30-38), xylene(46.8), trimethyl benzene{14.4),
trimethylbenzene(30-38), n-butyl alcohol(8.9}, toluene((.23), ethyl
n-butyl alcohol{24-40) benzene(13.9), propyl benzene(1.30),

(1-methylethyl) benzene(1.54), ethyl
methy! benzene(8.42)

GTA 713 xylene(40-60), xylene(76.9}, 2-ethoxy ethyl acetate(397),
2-ethoxy ethy! acetate(40-60) ethyl benzene(16.7), toluene((0.42),

Hempel 0845 xylene(30-40), xylene(61.5), n-butyl alcohol(45), ethyl
n-butyl alcohol (20-30). benzene(10.2), trimethyl benzne(14.8},
ethyl benzene (5-10), propyl benzene(1.02), ethyl methyl
1-methoxy-2-propanol (5-10} benzene(5.65),

Hempel 0846 xylene(40-50), MIBK(40-50), xylene(35.6), MIBK(8.6), MEK(5.92],
ethyl benzene(5-10), ethyl benzene(5.8), isopropyl alcohol(1.15),

toluenef41.9)

Hempel 0808 xvlene{73-100) xylene{92.5), benzene((t.17), toluene(0.13),

ethyl benzene(7.28)

D-512 xylene{24-34), toluene(35-45), xylene(44.7). toluene(45.3), iscbutyl
isobutvl alcohol(10-20), 1-met- alcohelt(.40), 1-methoxy-2-propanol(.0.3),
hoxypropancl{10-20) MIBK(1-6) MIBK(0.5), ethyl benzene(8.9)

Thinner 002 xvlene(90-100) xvlene(81.7). ethyl benzene{17.9),

teluene (0.35)
Thinner 025 xylene(50-60), MIBK(40-50) xylene(62.4), MIBK(5.4}, toluene(24.9),

Thinner 0608

Thiner #9055

Thinner #7

Thinner #17

1sopropyl alcohol(80-100)

xylene(80-90),
1-methoxy-2-propanol{10-20)

xylenel >60)

xylene(65-75),
1-methoxy -2-propancl{25-35)

ethyl benzene(6.7)

isopropyl alcohol(89.0), toluene(3.21),
{1-mehtylethyl} benzenel(2.33)
xylene(80.9), 1-methoxy-2-propanol(6.34),
ethyl benzene(10.9), tcluene(1.84)

xylene(49.0), toluene(50.0), ethvl benzene
(1.00), Z-methoxy ethanol(0.7)

xvlene(64.9), ethyi henzene(32.9),
n-butyl alcohol(1.4), toluene(0.52}

MWeight 9%

H .
Percent of total ion abundance
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TelEAe HPT’- HEol o 328 ¥ 9 ohet {riEAFAE o
FEAZd F e AEe] Weol ESAFG. i

FAJAANAE SRz F4EHE EGEE, EGEEA, #7154, cumene
(1-methyethyl benzene), isopropyl benzene, toluene, n-butyl alcohol,
2-methoxy ethanol, 2-buthoxy ethanol, n—propyl alcohol 59?9l #7187}
FAHAT wekA olEjg EHE0] 2¢gd 85U AWE AMEdE AF B
A, 25Ag, BIM 5& oA HEFoEMN R Fod oF 7]
&4 Zdals dwetdcel g ol 13} BEEL F545 3" 7 de AA
g A Zololop gk e P 227 &gt Yv REELS ¥4
AFE Axd Aow &4 “LZ]Eﬂrt— v g g Ao #dadch webA] @z

s ke RS Ho g &4 S+ WAEAE -

AEE HE3 wHe AMFLE A sAY AfrEate]or

¢

s
A0

e ofy
5
i

7\] -:—Z] E’r° o2 ol *‘r%ﬂ“’ AR} o FZAA HlEe FH3 wHhg Aol
T AEAEe] oyl slEEe] o8] BT} FFate] FE ¢ 9low
Zat¢d® HAEd &89 toluene diisocyanatelt  hexamethylene
diisocyanate®} Z2 o] L Alotd|ejE 355 ola)] Ab7)Ee] 7FAEFSo] f-df
g 9l

2. #HRAE, A9 2 AzpAd = WeS @342 (aromiic hydrocabons), A

ek sbr A (aliphatic hydrocarbons), 7l ¥ (ketones), ¥ # % (alcohols) S vl F
OP°1 o ~H 2 (esters), @A Fg=F o vl Z(ethylene glveol ether) 5 wh-$



st §71 A7 FaEo g}k WEE @elrAF xylene 7} WA
2@ A2 Uehkth o] E4e 2447 HIUE(795%), 3270 Mu(64%),
1470 A8 A(41.2%) AF TRl ddem F 2907 AF(742%)N A 2
AHAY. Xylene hFo2 HRAEC F2 AEHE= #7184 n-butanol
(19.79%), methyl isobutyl keone(13.3%6), toluene(11.3%), propylene gylycol
monomethyl ether(15.6%)o] 1t}

3. 50F 2 Ay g MSDSE &AM 23, xylene(64%) thFo g A5
ttehE $7)18 4= methyl  isobutyl ketone(26%), propylene glveol
monomethyl ether(24%), toluene{22%), isopropyl alcohol(14%) 522 HRJE
off A wrAw = fr1&49 AW nbutanolel AMEE = HEE HQEA
B} Aot 2059 A 5" AREL GC/MSDE 4% Az F= 2
58 77184 xylene, ethyl benzene 2 toluene®] 21t} Xylene2 2970 A&
Z 2670 AF@ITAM FEHUAL FFol A 92%2A AlFol AR
Ethyl benzene< 86.24%¢] A FlA 1.2 - 33% FFo.5 EAss Ao ‘/}
Ebtt), of EAE AUdM FE HHY = %é"lur MSDS| o] &4do| T
Heol 2l Aoz VIEH v Ay AFE 22% Fol HA el F éﬂm’}
ol = zbol7 AUk o] BEFE W wA A% txﬂo}ﬂ o) Fo] MSDSel A ==
d Aew Bamg

4. Benzene*’] AZE AEFL 174 ddod 8= of 05%E AUdn. u
x Z=AGFANM ALEEE A EEe Ayel HHAe] &R FEE
of = st

5 MSDS #HEZM A4, #HelE 9 AgAdes 28T % AAN7sE
Aafjste ojgdAZeEge] FRE e A= el 2-ethoxy ethanol,
2-ethoxyethyl acetate, 2-methoxy ethanol, 2-buthoxy ethanol®] ¥HE A&
T 47 4 %F,5 % 1 F 93 Fo|Urt @9 47 EAET SAo] W
1 ‘methoxy-2-propanol® 1-methoxy-2-propyl acetatex & 39170% 8671
(229) AFolAd FFse] ol o] ol FYF AizFAA 7 28 A
45 o2 YEkwr)

6. thahubarEEl3l s A8 g2 (polynuclear aromatic hydrocarbons, PAH)
benzo(a)pyrene°1 &8t Ao g MSDS &5 9 9,17: A Fo] 3Ho]
pea=g HEL HAE AFo Fiso] e FEE D X (coal tar) 254
= 7;_; 2=}, Zelea st gy 9= ‘I 1Ex= 40%(13%)°] 2

{Sie)

do 30 0

_60_



t}.

7. AA HAEZF <k 8% HAENA lead chromate®t zinc potassium
chromate?t EFEcol dx Aoz Yelgr oE HAUECE Y4 £2¢
671 2B Aol SAo) F dol e} o} olH @ AANEE AFet:
39 =AY ZRAE 9 ohlgl Ao of HAEY = AFJT L6
TEAL £H3A 2E =52 JteAdel Aok EF F/Y S2AY 671 =2
59 W EF SAe] & F& dE »FHrte st dastelzt 2o

8 HAFAE JHY 295 WANAY FANES FHZE LAl 98
Abgs= oz o J ANEANE tributyl tin® 2L {7IFN% AbsE
(cuprous oxide)?’t F& A&z At F71FAL F& FAHHEY FA
A8 =&71F% wrh adEg B SRz 74 =28 Brhete A%

gr

715 **Oﬂ e =271ES 48890} 3
71
L

2L
o

r
oo o

o rlr

24 FEE F98 Aolrt AATHP<0.05).
i:iaaﬂol 4 Adas R gt FAdARG =& FXo {718 A
&5 10 9Ar) Xylene TEE AXdol=a wg oA aAgor zhzd
1488 ppm, 43.8 ppm, 159 ppmel X, B3 F 245 261, 069, 0.39e] At A
MHos ~=Zgo)] B3 A W ¢ g Aol = 4 - 10 vl
A & F7184 s=o =52 I

10. A 3715 G784 FFet 2229

AT EAFE F718A FRE ARsn Q= A

A A

e 7184 AEs vE AEHUG. @FAF 25 MSDSel A" £
A3 AEEAM d3ek F Aol7k ldTh vl E ko] ¥HdE sS4 FU1¢
ol & 23U AF A viAE AdEI 2nR SEA =@ 24



28t 2Ad A= 2 FaAdT =2%A] WUkel Y AEE AT sl of
= 1=

Q
2 Aotk B3, 5 A

FHZ 9@ AFFMSE  2-ethoxy

e BREFFT GolB 2o o
ANZFES st/ AAAE REAY HE2e MeA A8 Aol 2
Hsjo} A

12 A5 gelol

b
o; e

29 $9 Aut 2HE F YOmE ofFA =
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