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The use of tributyltin (TBT) and triphenyltin (TPT) in some household products are prohibited by ‘“Act on the
Control of Household Products Containing Harmful Substances’’ in Japan. In this study, methods for determination of
TBT and TPT in water soluble paints and adhesives were developed by GC-MS. These compounds in paints and adhe-
sives, which were mainly composed of vinyl acetate, urethane and acryl resins, and chloroprene rubber, were firstly ex-
tracted with HCl-acetone, and then extracted with hexane. On the other hand, the adhesive composed of natural rubber
was firstly dispersed in water before acidification. The organotins were extracted with hexane from this solution and then
these compounds were extracted with acetonitrile from hexane extract. These extracts were purified by a florisil cartridge
column after ethyl-derivation with sodium tetraethylborate, and analyzed by GC-MS. The quantifications using deuter-
ated compound of both organotins as surrogate standard were conducted, and good results were obtained. The recov-
eries were 81 to 118% and the coefficients of variation were 0.83 to 4.3% (TBT and TPT added; 5 ug/g) . The method
quantification limits were 0.0090 to 0.025 ug/g, which were lower than those of an official method. These methods were
applied to monobutyltin (MBT), dibutyltin (DBT), monophenyltin (MPT), and diphenyltin (DPT). DBT and DPT in
paints and adhesives were quantified, except for DPT in natural rubber. These methods were applied to commercial
products. DBT was detected at low concentrations (t.r.—0.19 ug/g) in some paint samples, while TBT and TPT were not
detected in all samples.

Key words——tributyltin; triphenyltin; GC-MS; water soluble paint; water soluble adhesive; ethyl-derivation
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Table 2. Summary of Water Soluble Paint and Water Soluble Adhesive Samples Studied
Usage  Sample number Country Composition Color Application
P1 China  unknown Black pen (ink)
P2 Unknown acryl resin, pigment, antimold agent, mica, Brown wood
water
Paint P3 Unknown acryl resin, pigment, antimold agent, water White outdoor usage
ain . . . ..
P4 Unknown a'cryl resin, pigment, insecticide, preserva- Yellow wood, iron and concrete
tive, antimold agent, water
P5 Unknown acryl resin, pigment, water, organic solvent White spray type
P6 Unknown acryl resin, pigment, antimold agent, water ~White handicraft
. vinyl acetate resin (60%), dibutyl phtha- -
Bl China late (5%), water (35%) woodwork
B2 Japan ethylene-vinyl acetate resin (55%), water - wood, leather, paper, cloth (quick-
p (45%) drying type)

Adhesive B3 Japan  vinyl acetate resin (41%), water (59%) — woodwork
B4 Japan  vinyl acetate resin (55%), water (45%) — wall paper repairing
B5 Japan  urethane resin (50%), water — cloth
B6 Japan  natural rubber (52%), ammonia, water — cloth
B7 Japan  chloroprene rubber (68%), water (32%) — leather, cloth, wood and styrofoam

a) displayed in the label of product.

Table 3. GC Retention Times, Quantifying and Qualifying Ions, and Suppliers of the Organotin Compound

Organotin Abbreviation Betentlgn Quantlfylng Quahfymg Supplier

compound time (min) ion (m/z) ion (m/z)
Monobutyltin MBT 7.30 235 233 Sigma-Aldrich Inc.
Dibutyltin DBT 8.95 261 263 Sigma-Aldrich Inc.
Tributyltin TBT 10.57 263 261 Wako pure chemical industries Ltd.
Monophenyltin MPT 10.05 255 253 Hayashi pure chemical industries Ltd.
Diphenyltin DPT 14.75 303 301 Hayashi pure chemical industries Ltd.
Triphenyltin TPT 20.33 351 349 Wako pure chemical industries Ltd.
Tetrabutyltin-d;e TeBT-ds 11.80 318 316 Wako pure chemical industries Ltd.
Monobutyltin-dgy MBT-d, 7.24 244 242 Hayashi pure chemical industries Ltd.
Dibutyltin-d ;g DBT-d 3 8.83 281 279 Hayashi pure chemical industries Ltd.
Tributyltin-dy; TBT-d,; 10.37 318 316 Wako pure chemical industries Ltd.
Monophenyltin-ds MPT-ds 10.03 260 258 Hayashi pure chemical industries Ltd.
Diphenyltin-d,, DPT-dy, 14.69 313 311 Hayashi pure chemical industries Ltd.
Triphenyltin-d,s TPT-d;s 20.21 366 364 Wako pure chemical industries Ltd.
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ZE— R THEHERZ LUl IEA LK. I LF—
77005 AIPIEE 60°C T2 /MRS &
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%, 300°C £T10°C/H CTHEL THREIBET S 77
R L 7=, 14 >{ki%id Bl (Electron Ionization)
%, A MEEEIL 70eV & L. BHIFEIZ SIM
(Selected Ion Monitoring) E— RIZTiro7=. &
HIENKWEOER - EMHEA T 2 FIZTDVTI Ta-
ble 3 IZFd# L 7=.

NHEREY E TeBT-dys 2 W/ S A L&
YOk EFRIT, MBT kU MPT Tl 0.02-1.0 ug/
ml Q&P T, ZNLIIMT 0.01-1.0 ug/ml D& T
HHBIRE 1>0.995 DEMEE R L. —FH, &F
W2 Z B DEKRFATH SV 057 — NE %
WEREEEME & U CTH W RER S RO BN 2R
Lz, 728, SEOHEE TIIE#EZ (L&Y Ot
Wz BRI AL, TFIUEL THIEL TWa A,
HETF—ZIFIXRTHEMAHE L TERILL TS,
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1. {fE-2 %/ —LiE ABP oA
A ZALEWID Sug/e ET2D K DT, SHEEA XL

BYRED 50 ug/ml OIRE 7 & b > FEEHERK 100 ul
ZilBHIIRML, B X 2 EURIZ DWW T g
BEt L7z (Table 4). 7238, [EIER 2 NEHEYE
TeBT-dys XU 047 — NE & Wz 2 FE O
BROZTNTNTRO TR L2, £z, RERK
DR BHZ DWW T TeBT-dyg & /Y 047 — ME DT
FELLZFEL, Thz2Ec8T0s — Mo R
REHH LU (Table 5).

INEFRICHEILL 72 53R DWT, 7 7 U)LEIEM
Fpk s OBk (P3) K OEERE E =)V RIS Y k5>
DHEEA] (B3) IZDWTEINZEZ K Table 4 IZ/R
U7z, TeBT-dys & NEIEHEYE & L CTHWESA,
TBT & O TPT i3ENZ N [ELER 78-81% K T 69~
87%, ZENIRE 0.69-3.2% KN 0.3-4.9% & sy
BIFRSFERE2ED ZEMTER. —F, TOMOf
W2 X BEMOEINERE A S L, MBT, MPT KT
DPTIZDWTIRIFEAERINEINT, LBEHRED
REWVWEWDHMMNED SNz, £/, DBTIZD
WTHBEIRIIES, kL L THaTldRnE
BN,

¥/, YO0 - MEENTEEDE S L ThiE
MEERLZEAEITE, TBT KU TPT O EIRT
ZTNZFH 105-120% L TF 69-98%, AEREIIFN

Table 4. Recoveries and Coefficients of Variation (CV) of Organotin Compounds with Various Extraction®
o MBT DBT TBT MPT DPT TPT
Extraction Quantifying Sample
method name Recovery cv Recovery cv Recovery cv Recovery cv Recovery cv Recovery cv
(%) (%) (%) (%) (%) (%)
TeBT-du® P3  0.45+0.058 13 47423 4.9 81+2.6 3.2 025+0.17 68  4.7+0.57 12 69+3.4 4.9
e -
HCL * B3 nd/  —¢ 11+11 99 78+0.54 0.69 nd.  — 098+0.058 6.0 87+0.26 0.30
methanol [ o ted P3  150£6.0 4.0 129+2.7 2.1 105%£2.2 2.1 71+2.4 3.4 85+29 3.4 69+1.6 2.3
compounds® B3 n.d. —  187+6.3 3.4 120+2.7 2.3 n.d. — n.d. — 98427 2.7
P3 38+5.4 14 79+3.8 4.8 83%2.1 2.5 14+1.5 11 65+1.6 2.5 73+1.7 2.3
TeBT-dud B3  4.6+3.6 77 74+8.8 12 83+£6.9 8.3 2+0.32 13 31£5.1 17 87453 6.1
e -
% B5 9.2+82 89  92+4.0 4.4 108+1.8 1.7 nd. —  60+8.4 14 85+2.8 3.3
HCL- B7 61+3.0 4.8 63+2.1 3.3 66+3.0 4.5 26+2.0 7.8 44+26 5.8 45+0.81 1.8
acetone P3  103+0.10 0.10 107+2.9 2.7 99+1.4 1.4 90+0.56 0.63 96+1.1 1.2 90+0.75 0.83
Deuterated B3 103+4.9 4.7 116+23 2.0 116+1.5 1.3 102+£22 22 144+15 10 106+1.5 1.4
compounds® B5  119+58 4.9 117+1.8 1.5 114+2.8 2.4 100+10 10 137+1.6 1.2 105+1.6 1.6
B7 75+1.7 2.3  79+0.73 0.92 94+0.80 0.86 56+1.2 2.1 86=0.92 1.1 81+1.0 1.3
TeBT-ds? B6 43+28 6.6 62+2.6 4.2 82+1.6 2.0 57+16 28 16+0.44 2.7 84+11 14
Natural
rubber®  Deuterated = pg 57016 28 113452 4.6 118£5.1 43 47£24 51 153490 5.9 106+3.4 3.2
compounds®

a) Added amount of organotins and deuterated compounds: 5 ug/g and 0.5 ug/g, respectively, b) Extracted with hexane from sample which dispersed in acidic
water, ¢) Average +standard deviation, d) Quantified using TeBT-ds4 as internal standard (n=3), e) Quantified using deuterated compounds as surrogate stan-

dard (n=3), f) n.d.: not detected, g) —: not calculated.
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Table 5. Recoveries and Coefficients of Variation (CV) of Deurated Organotin Compounds Used as Surrogate Standard with Vari-

ous Extraction®

MBT DBT MPT DPT TPT
Extraction SI?:lnI:ele Recovery Recovery Recovery Recovery Recovery Recovery
o Voo Y e Y T Y T Y e Y
HCI- P3  0.27+0.085 31 30+2.2 7.2 76x2.1 2.8 0.18%£0.050 28 1.6+0.81 51 111+4.8 4.3
methanol B3 n.d.? —o 4,5+2.3 51 61£5.0 8.2 0.060£0.018 29  0.034+0.046 135 10211 11
P3 33£6.2 19 67+4.5 6.7 80+6.2 7.7 1315 11 64+5.4 8.4 75+8.8 12
HCl- B3 55+3.0 54 65+9.4 14 74+8.3 11 0.64+0.53 82 24+6.7 28 83+7.4 9.0
acetone B5 5.7£3.6 63 66+2.1 3.2 79+2.3 2.9 0.15£0.08 55 39+6.1 16 76+3.3 4.4

B7 66+3.8 5.7 82+4.8 59 75+4.7

6.2 83+7.8 9.4 55+2.8 5.1 57+0.26 0.47

Natural
rubber?

B6 49+58 12 52+2.1 4.1 100*8.2

82 205+70 34 30+3.9 13 75+£9.0 12

a) Added amount of organotins and deuterated compounds: 0.5 ug/g., Calculated by area ratio of standard and sample, b) Extracted with hexane from sam-
ple which dispersed in acidic water, ¢) Average +standard deviation, d) n.d.: not detected, e) —: not calculated.

FN2.1-23%K%N23-27% &, TeBT-dys %2 H W
FREDBETOUENED 5N/ (Table 4).
MBT, MPT }x O* DPT 3 FE & E = )L #f 5 2 & &l
(B3) TIIMmHIRSELL R &R0 BT ERN> 72
n, 77 UIVEHESRE (P3) TIE, BIUINEZ 71-
150%, ZZEHRENE 3.4-4.0% &> 7. 7,
DBT (Z ALK 129-187%, A H){REK 2.1-3.4% &7
S/, ZIZT, BYur—rEORINEEAD L,
TBT XU TPT IZDOWTIE, FNEN 61-76% KN
102-111% & TBT THRRHEWVDH D D RIf /2l % 15
TWw2 (Table5). — AT, TNLINDOHEHEZ X1k
amTiE, Y27 UILEHIEEE (P3) T DBT 7% 30
BEINENTNWD LS, ZOEIERIZIEFEITEN,
FRREREINBNEND R /o 7=,
COBERZBANT D720, MEZ2HNVWTICIASY
J =)l EFRRER ARG U RIRICESEEZ ZLaY
ZSug iz, NFY KDL M OEINRZ
BEtL7z& 25, TBT kU TPT TIIEILEIT 87
% K% 108% E72 D, ZNLSOHEZ Z/LEME
FEFITERNEINZE, EL BN NRN 7. %
D=, ZDOHiEITELS TBT KU TPT LSO FH
2 LS OIREIRI, W& BT K E s
HRNH D ED > e, FKEMSBGRETIE TBT
KOTPT OBz HHmEELTHD,V ZL T,
DBT % DPT 72 &2 DDA R L&) % [FIRFIC
HHT 2 Z &1L, TOHED AASICLDHKRELT
DAXDERK N TLCIC XD EMEME EFE L <
75<,2) Z O < i EEIC & > T TBT KU TPT
DHZEHETHHNWRH Db DEEZENS.

2. EE-TEbHHE HEER-Y R A
T 5 HFEICTONT, 77 UIVEIRENEK I O BE
(P3) MUEERRYE —)LBHIE (B3), UL % »BiE
(BS), vuo”L >IAh (BT) DNERDTDEEH
DEF4FEEITDOWT, NERITHELL =2 HEOK: &
FARIC L CTHEINER 2 KD Table 4 IR L 7. £
TeBT-d3s & NEPFEMEYE & L THWZHE, TBT
KON TPT TIXENE D Z N 66-108% K TX 45—
87%, AENREN 1.7-8.3% KT 1.8-6.1% &\ S
RE/DHIENTE L, yoary L >adL%EERD
ETHEEA] (BT) THEIEDR LW ATFE
DOENED, MRRFSHERTHDLEFTAD. £,
DBT IZ DWW T H [EILERD 63-92%, AE{REAT 2.1
-12% &2, RFvronS L >dLETERSE
TH5HEHF (BT TIERMAITHE T REIEDKN
bOD, BEREREH/DIENTE. DPTIZ
DWTIXEUERN 31-65% &K<, BEHREMN
2.5-17% ERP RS WA Z /R Lz, £z, MBT
KO MPT (ZEINENMME <, FBHED L Bh-o
. yoorLradnEFEmRS ETHEER] (BT)
TREMIZEIRMEL RAEMZR LD, 7t
M, S SICAFY CEMA T U R
T 2BBICBNT, BHEICEWAFY IR
FEENEEHENTHL T3 2 ENTFOERD—
DEFEZSN. L LRNS, BRI MOHE
RS EEFRNDBOD, BEFFREITREL L
HEEICIMERWEEZ NS,

O — MEENEEREDE & LG aITiE,
TBT KO TPT T ENRIZZN TN 94-116% &
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O 81-106% £ 750, AE{REIL 0.86-2.4% KT}
0.83-1.6% EEHICEIWHREZ/DLZENTE 2
(Table 4). F7/=, DBT IZ DWW T HEULEK 79-117
%, ZERE 0.92-2.7% & TeBT-dss & W /2 &
DHIWEEZ> 2. TN OFEEA X bEWIT
DNTIE, DPT TR & WEINENGED 51,
MBT XX MPT Tid 100 % i O [ K & /2 5
. YO0 —bWEOEINEE A D E, TBT kU
TPT Tl 74-80% K 1) 57-83% & & FAR Wl & 72>
THED, ZOEFIT TeBT-dyg & W 7= BE D [a] I =&
EMEREMER TH > 7= (Table 5). D=, LD
FEM 2 M 2 AT O BRI, TBT & TPT OEKFH
ftEz9o0r7 — M E L THWTHET S Z &
MEEFLWEEAD. £z, ZOMHEMITI DBTITD
WTHFAKTHDHEEZSNS., yoay L >OdA
XS ET HEEA] (BT) TId TeBT-dy & W
BRI IR ME < 72 S AR s =8 0
F—hWEZH WS ZETRINRIHEINTH
D, ZoZEhosbHar—MEZHWS Z &N
ZEFELWwEEZSLENS., £z, DPTICEHL TiIEE
et Z)LRHIE B3) KU L% UflEEEA] (BS)
THOS — MNEIRITIH FED X< BNR, E&EITY
Oy — Mg ZEHWS 2 ETEHREIINS <23
=9, SR EEZ 5Nz, —F, MBT kO
MPT IZDWTIX, 0% — MEH & OEINERT
KL< EFHNPRENVETEZRLTBO, Y0¥ — kY
BEHAWESEIZENES AT BiZn kL Tns
n, GEOSIETCEA TP THEEEZONS.
- A% =) R OEEE-7 & b > Olisr ik s
s 5 s, KERLHATIEOHKTYME CTH 2
TBT RO TPTICDWT, -7+ k> THiHd
ZHEOHENENEOENSLEEL W EHBTE
Z. TOE, YO0 —MEEHWSZET, &0
BEIS M IHZIENTESREEZSNL. F
7z, TNSUNDERA Z{LEWIZDONWT, DBT
X PVC #2158 & U =B RS 7s & O EHI%
ELTHASINTSBD, FIAITERINS (1994 1
KA DA ZILEM DT, BhK
I TALE HSk & BN % &R E O DBT (480-610
ug/e) MNBEHINZBIZ, DBT OAHMP &L T
TBT i SN TW5. ¥ ZD 7%, DBT Oi
W TBT B A ERID L D ICERMICHEMEI NS
DIsDH, DBT DAHMPMEL TRALZD DD

MERFNTSHETHLETHD, DBT OEINKKN
HEEO L WIER-7 & b o HEED O£ LW
EEZ 5N DPTIZDWTIHERE-7 & b > HiH
THETFREIENMEN Dk E U TR oA T
SIERIEH L), vOr—MEEH NS ZETE
BONIAETH D EEZA 5N, TOMTHIEHE-
T b MEENFELWEEDNS, MBT KO
MPT IZDWTIE, EB5DHESHTOY — MaEL
RMEL ZOEE S KREN S 2. FERMHRETED
BHIA 513 TBT X TPT DA TH D, MBT KN
MPT i3 Z DMK TIZ/RWI &, FO#EMED UK
CHARTERWZ ENS, HE-7 12 2 iHicX
%, 77 UIVEE, EfEYE VRS, T L& CRHiE
k7oL > dLNERS TH B KERE R
KR D HTED W TIE Z NP EoEhTfrd
§, MBT KU MPT 34 Hat b &® &1d Lz
Z&EELE

3. RARIDLREBRICOWT KMo XRKD
LREFROER-AY ) =)V DOHETIE, A%
J = )VIRINEEIT O LBy I B L BRIZ 72> TL %
W, AL L TR BN B ANz £z, [H
HOBRIIEHE-T7 1 b ETOT 2 b 2 RmEC
bEDO LN, ZOBHFITIFETSLTAFT 2
ABEIEICL > TEDRBIIMRIHESI N, Ll
N5, EHITHBEOANFI HZ BT 5 &7 VIR
DYENRO 5N, TDOEROEFEREZITO 2N
TERBRM-ok. ZO7)VIRWE % FT-IR IZTobr
L&A, JLAERDTHEAVY T LRI —
THDEWMBTE. DD, KIEOKRRIT LR
BEANE, AR OEB-AY /=) kUEE-7
AR ST, BIOFTLEE AL E R L .
7, NROBEEHEAEMAPICHESE, HET
BT LB TATY I THIHLEZ, 2O, A
FH AP ORY v — & HWRI & O BEC TR D
SURNTIIZATLERG LD, I LNHG
FDZELTLES ZDIZENL LOBFHIETE a0
o/, £IZT, BMEEHEELTHWLNTNS, A
FH/ TN MU GEERATZ. FT, AF
YHOEHEA Z(LEMNEDERET = MU )L
iz I nsnmat Lz, 22T, AFH LT
T EZRNUNEBOTNTHLE2NHENIRMRT 57z
O, HoMhLOANFH O THMSELETENZNY
W EEBRICHWE., AEA (LM ESDAFY >
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20ml 2% U TAFH iy b= ~UJ)L 20 ml
ZINA, 30408 &E S, 3000 rpm T 5 53 fElE 00
BEEITWY, FTEOT7E M NUIIVMEESRLE. 2
DEIEZE 4 [TV, TNZTNICDODVWTTYERZNY
)V 2R - ERICHER L TEOREZHEL
7=, TO#R%Z Fig. 21,7 L7z, TPT XUDPT T
13 2 B H £ TIZT 90% LA EDEIER NG S 317203,
DBT K& TBT Tidd £ 0 BRI I < B> k.
LUianis, 4EfiHiZ217> 2 & TDBT I 71%,
TBT 1 53% DREINFEEZHELIENTE k., TDz
O, NFH/ TR NUINNEIITZ4EITO 2 &
L. ZOEEZEZSDERAKNR TS E% Fig. 3
IZ/RL Tz,

1 g of sample in a centrifuge tube

{

Add 100 g1 of surrogate standard
solution (5 # g/ml)

Add 20 ml of pure water
and 0.4 ml of HCI

Add 20 ml of hexane
(shaking for 30 min)

v

| Centrifuge for 5 min (3000 rpm) |

v

| Obtain 10 ml of supernatant |

v

Add 10 ml of acetonitrile saturated with
hexane (shaking for 30 min)

v

| Centrifuge for 5 min (3000 rpm)

v

| Obtain acetonitrile phase |

v

Concentrate close to 1 ml with rotary
p (water bath
keeping under 40°C)

v

Dry (N, gentle stream )

v

Dissolve residue with 2 ml
of hexane

| - X4

231
100 -
math 5 |
M 3rd
80 1
E2nd
- O1st j—
£ 60 - 1
g
$
E 40 |
20 4
0 . . . :
MBT DBT TBT MPT DPT TPT

Fig. 2. Partition Ratio

of Organotin Compounds from

Hexane to Acetonitrile (n=3)

Add 5 ml of 2 mol/l acetic acid-
sodium acetate buffer (pHS5)

v

Add 1 ml of 5% NaBEt, solution
(shaking for 10 min)

v

Extract with 20 ml of hexane
(shaking for 30 min)

\

| Centrifuge for 5 min (3000 rpm) |

| Obtain supernatant |

v

Concentrate close to 1 ml with rotary
(water bath
keeping under 40°C)

v

X2

Adjust sample volume to 2 ml with hexane

v

Wash Florisil cartridge with 10 ml of hexane.
Load sample to Florisil cartridge
(obtain effluent)

v

Elute with 6 ml of hexane containing
5% of diethyl ether

v

Concentrate close to 1 ml with rotary
evaporator (water bath temperature keeping
under 40°C)

v

Adjust sample volume to 5 ml with hexane

v

Add 50 g1 of internal standard solution
(TeBT-dy, 2 ¢ g/ml) into 1 ml of sample
solution

GC-MS analysis

Fig. 3. Scheme of Analytical Method for Water Soluble Adhesive Composed of Natural Rubber
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KT, TOHEZDWTHIBD 2 DDFikE & Rk
12U THEINE %KD Table 4 1275 L /2. TeBT-dy
NS E I W2 5E, TBT XU TPT Tl
EUNENZNZ I 82% TN 84%, ZRENREA 2.0
BRO14% EVWHFEREBDLENTE L. £H)
BENTPT THEFREVWHDDRHFRKETH S
LEAD. FEFOAERVEAFY -7 D
N UV Bl EBR O FE R TIE TBT 1 53% D [RIIVE T
HoDITH LT, EBEORBHIRML 2Bz mE
WA ET 2 ENDRERMNMES D, Zd
5 < HERICRAS NOREYEDOFEEZ T TN
% LRI N, DBT TIRENNRIL 62% &5 TK
WbHOOD, BEFREIZ42%ThH D BIFRERTH
S/, LALLM S, DPTIZDWTIEEIINEA 16
% EMWKER E/ro /2. £z, MPT 2 DPT & 13
WIAFH -7 = MUV HEHBEORER LD
EUNR N EL T, 22T, DPT KU
DPT-djy DA ZIRML THIHEEZfT o2& 2 A E
O A7 0xX T F A EIZMPT U MPT-ds @
E—U PRI N NS, HiTE/EFRIC DPT
M5 7 ZIVEASN MPT N & 28K U 7= m] REME A
HDEEZSNT.

HOr— bEENEEEDE & LS,
TBT & O TPT TIXEIEIZZN T 118% kTN
106% &720, BRI 43% X1V 3.2% &, TBT
DEINRNET RO TIEIHENEIWHEREES Z &
MTE=, F/2, DBTIZDOWTHEIE 113%,
BENEE 4.6% X WEERS 2. TNSLNOFE
B2 ZLEMIZTDONWTIL, DPT TIX 153% & @
[, MBT KX MPT Tl 50% A4 O [E[I 2R &
ol YOr—SEOEINFEE A D E, MBT
Tl 49%, DPT TIid 30% &K<, MPT TIid 205
% EFEHITEWNIEREIL> T WD (Table 5). ZHh
& TeBT-dys & W HITH KX /=4, DPT
MPT ~ & EEREBEERIT L TV Al RetkE 2 RiR
LTWhaEEZLNT.

FlERRE U2 RAT LARBEEA O AL,
J& i VR O Bl 5 T dp 5 TBT & UX TPT 12
DNWTHNREVHEREOH THATHDEEZS
N, £ TBT OHKEEA S LTHELZEDND
DBT IZDWTHMELSHETES I ENFERT
& 7/-=. MBT, MPT % Of DPT {2 D W TiX IR N
AtorTd o 7. FIER G E OB 5103

TBT %X TPT DA TH VD, MBT, MPT Jx U\ DPT
BZORRETII BN E, ZoHEMES NUKRICHER
TERWZ ENS, RARILNERD Th D KIESRE
M OKEREER O TEDNT, I okt
13 MBT, MPT & U DPT i3 it b &4 &
FlianwZ &L

4. BHYPRF{E (MDL: Method Detection Limit)
RUOTEREFRE (MQL: Method Quantification
Limit) (Z2WT MR OE &RSE 2 (R E
WMENGRE (BOR LR - n=3) 1Tk 5 EiHE
fRAEMNSHEM U, BRMITIE, Bl )V BiiEHE
HEI (B3) RUVKRAT LREALA] (B6) ZHAWNT,
TNENICEEHEZ BN 0.25 ug/g L7125 &
DIRGEMEREMA . Z U THED#EER,
GC-MS DFE BIHEIZ DWW TIEME{Z % RD 7=, MDL
IZDWTIE, JIS K0123 A7 0~ 7 5 7B &S
P AP K 2 EARIREZRURE D 70 il D AR YE R 7 o
MOBEBBROMEE a, ROWNTEEYE & O
Erkb, TMDL=33Xa/ar] LEHREINTNDS,
Fe, —MITMQLIFEEREa D 10FEINT
W3 ZEMm5, SEIEENS IS TMDL KU
MQL ZHH U 7=, (KIRE RN EGRER T K S [E1Y
% % Table 6 |2, MDL & X MQL % Table 7 175
Uiz, 728, Rk U7z & 512 EER R O ER M &
D N5, MBT KO MPT 139 XTOi# K, DPT
IERART LR EER TR S SR 72

FTEINRIZDONTHD &, TeBT-dyg 2 N
HEYE &L THWEEO TBT O TPT O EILHE
1% 84-79% KX 90-101% & RIFTdH D BRI D
0.034-1.3% } 18 0.90-1.4% & /NS> 7=, E7=,
B o4 — MIEZEAWZGE I EIEITIEEICX
Wi &2 D, B /NS < BMHEAZER L.
F72, FOMEMIDBTICDWTHRIETH - 7=,
TOMDEEA ZLEMITDONTH, Sug/g i
K & AR Z R L 2. EBRICSEIO ik s 5
MEHCHWRIZH =T, BixdERS THERIN
TWSHEHHOEINEDZ R E2fETE, Bl
NI NENWDS HEMS, YOFX - NEEHANWS
ZENEFELNWEERS.

Oy — M MIEEHNTEHLZ MQL 245 &,
TBT O TPT TIIMEHARHI K2 EZRIIH D HD
D, ZNTH 0.019-0.025 ug/g K& U 0.0090-0.014
ug/g EAKRE TOWPENAEETH > /= (Table 7).
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Table 6. Recoveries and Coefficients of Variation (CV) of Organotin Compounds When Small Amounts of Organotins Added®

Quantifying sample DBT TBT DPT TPT
method name  pecovery (%)» CV Recovery (%) CV Recovery (%) CV Recovery (%) CV
B3 82+1.6 1.9 84+1.1 1.3 66+2.9 4.4 90+1.3 1.4
TeBT-d36">
B6 79+2.0 2.6 79+£0.026 0.034 n.d.? —/) 101 +£0.91 0.90
Deuterated B3 100£1.1 1.1 96+0.77 0.81 99+1.7 1.7 95+0.57  0.60
compounds® B6 104 +0.26 0.25 95+1.0 1.1 — — 97+0.36 0.37

a) Added amount of organotins and deuterated compounds: 0.25 ug/g and 0.5 ug/g, respectively, b) Average +standard deviation, ¢) Quantified using TeBT-
dss as internal standard (n=3), d) Quantified using deuterated compounds as surrogate standard (n=3), e) n.d.: not detected, ) —: not calculated.

Table 7. Method Detection Limits (MDL) and Method Quantification Limits (MQL) of Organotin Compounds®

DBT TBT DPT TPT
Quantifying method Extraction
MDL MQL MDL MQL MDL MQL MDL MQL
TeBT-dub HCl-acetone 0.0048 0.034 0.0043 0.026 0.0021 0.073 0.00040 0.032
% Natural rubber  0.0070 0.018 0.00030  0.0038 —d — 0.00056  0.023

HCl-acetone 0.0057 0.027 0.0042 0.019 0.0017 0.010 0.0047 0.014

Deuterated compounds
Natural rubber  0.0049 0.024 0.0055 0.025 — — 0.0029 0.0090

a) Unit: ug/g (as chloride), MDL: (3.3 X standard deviation) / (slope of calibration curve X relative sensitivity) , MQL: 10 x standard deviation, b) Quantified
using TeBT-dj as internal standard, ¢) Quantified using deuterated compounds as surrogate standard, d) —: not determined.

EZAT, REMANEHBEBREBLBMERE TIX, TBT UL THWEEERID 25% 5 TBTO ThHho/zdNT
RO TPT D7 L —AL A AAS K2k TLC T W5, INSO|MEEFFTOEHEA TEEIZIEFIC

DR HRAEE, AXELTENTN0.2ug/g K HEETHS. T0D, EROBEHREZEL
K 1loug/g &N, ke El TE2Kc =B, SEO 5 HED MDL KO MQL 1314312
TLC OMRHBERENRAINTNVS. D DT ZTOEBAZILEBEZIETESEEA5N0

L —AL L X AAS O RS HE Z TBT KU TPT @ 5. Fle, KEZERCRE TR < HHER SO
HALYITHE T 5 &, TNEN 0.55 ug/g KT 0.65 G2 TGO EFITIED 20, LEAIEL
ug/g 725, 4EO GC-MS #HW/=oHiklid 2 THW5EMN /= DBT OAHIY & LT TBT 78 1.0-2.1
ORI EZE T2 FlEl> TH O, BITONEE ug/e M EN TS D ZOXIBBHITBNT
KOBEBEEELTHENRETH > /. b, GEHER L Zothikidenz Tl %RE £ TH

ZIZT, BBEOAEHAZILEWIC K S FEEESE HAJRETd O, DBT OAHIY & LT TBT 2
Bl B THDE, BIEMADBENEREICKDHRE NZGETHTHMENRETHE EEZEASNS.
ZZALBEWIT X B K IEROHE?® TIE, 0.6%DE 5. RREHER  ERLAESomiEERKEL 2
A (FMUTFIIARX)=FF K (TBTO) kA BHZDWTERBICHEA L, TOHEEA (LS YiEE
EFIE LU THERABEHICEEN TV, £, 21 YOy —MEERWTHIE L., FTOMEZ
PISMC b EE RN 0.06% & WD BB YEFEFEE L Table 8 IZ/R L7z, 783, ik L7z & S ICEIER K&

TWEZEBREINTNS, 35T, FOHREKI OEBEMEREDHENS, MBT U MPT 123X T
KLU TTBTO D)Xy FT A METH>REI A 0.01 Dkl DPTIZRAITLREEAITHI MR EL
% THRIENEE, 0.001% THREDHEMNTH > mho iz,

EHitInTng, £z, KiEHBENZ TBTO FIEH SR TRl SN TWws TBT KU TPT
EEHELTWB I ERZRE CEEOREICHA ZDOWTIEEHEH A SRS NRh > 72, FikD
Lz —ATlE, BERICESEEMHL MR, K BTN OB ENIRRICL DB EREH O/ T
WS NMMEDEHA, b, HEE, WE, SRR X, 77 UIVEIIER ORI TBTO 215 HA L T

DIERZFFATNS. 2 ZOHEITIE, BiEAl& WeEHESNTWDA, FEIBALEZY 7V )L
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Table 8. Concentrations of Organotin Compounds in Water
Soluble Paint and Adhesive Samples (as Chloride: ug/g)®

Usage Sample name DBT TBT DPT TPT

P1 n.d.? n.d. n.d. n.d.
P2 0.10 n.d. n.d. n.d.
Paint P3 0.16 n.d. n.d. n.d.
P4 0.041 n.d. n.d. n.d.
P5 tr.9 nd. nd. nd
P6 0.19 n.d. t.r. n.d.
B1 n.d. n.d. n.d. n.d.
B2 n.d. n.d. n.d. n.d.
B3 n.d. n.d. n.d. n.d.
Adhesive B4 n.d. n.d. n.d. n.d.
BS n.d. n.d. n.d. n.d.
B6 n.d. n.d. —d4)  n.d.
B7 n.d. n.d. n.d. n.d.
a) Quantified using deuterated compounds as surrogate standard,
b) n.d.: not detected, c) t.r.: below quantification limit, d) —: not deter-
mined.

FEROBEIE N S IIMB S N/RNho7=. P2-6 X
TO S5 MEOBEN S DBT Rt S n=n, %
DIEIIHEARTO0.19ug/g THOKRETH > .
7, DPT A P6ICTHRIIS NN MQL LA FTH
oz, BEAICEL TR TXTOEEZ X(LaWn
e kR VA Y

] A

IR BB T AR EEFE A @ TBT kN TPT
EEELUZHEEAZEMOnEEREF L. i
Bl 5 i #%, NaBEt, 2 W T I FI)VisE KL
L, 70U NWAT LXK EITo 2%, GC-
MSIZTHIE L 2. RNEEICHEML HK- A5
J =)V %, REWE A S S % 575 TR TBT
O TPT DS OBEHEZ b aWidiz & A ERIN S
nNizinote. —4, WE-7E N THEL, NF
BT HITHIT 5 4ETIE, TBT KU TPT @
H7253, DBT ® DPT IZDWTH A AIHETH
0, -7~ THHT 2 HENEE LT
ZFLlnweEEZS65N/KZ. LML, MBT KU MPT
WOWTIRENRN T2 ICHRTET, -8l
DEFOREN 7. —F, RARITLREEAITIX
- Ay ) =)V R OE#B-7 1 b > Otk s b
KA THo 7z, DR, fkfiitkl 2o
WM 2 MA 21212, NFHTHHL, T5iTA
FH /TR NUINGEEITO 2. EDORERE,

TBT KO TPT iZEINE KR OFHREL <5752 2
LINT&E/. L,L, MBT, MPT & U DPT TIid
ERAAR T4 THo . GC-MS 1T X 3 FERERIC
NERFEHEE & L C, TeBT-dy £/213H 0% — bk
WE (BLEMOEKRMAE) ZHVWTENETNIL
wlizels, YOr—MEZFESIETRDH
BHI<SHETHIENTEE Yoy — gz
HAWEBROD 5 ug/g i D TBT K& TPT BT H
1%, 81-118% TdH D A BRI 0.83-4.3% TH >
7z. 7z, 0.25ug/g WM TIE TBT LU TPT @
EAYEIX, 95-97%, AH{R% 0.37-1.1% TH >
7. =L T, =15 ® MQL 1% 0.0090-0.025 ug/g
Tholk. Uibkns, SERESL L ZaiEE, HiE
A HEEO#HEE &Y TdH 5 TBT kU TPT %
RREETHIETES Z LR TE . SEEAL
U 7=tk 2 EBR O e OKRVESREL 6 f&, KIEEEE
Bl 7)) CEALEEZA, —HMOBEHET
DBT 7MEEE (t.r.—0.19 ug/g) THH I N7,
TBT KU TPT IZDWVWTIEXTRTORETHRIBE
Moz,

gt CHEFEZHES XL ENEERSELE
AERFZE AT R O BERE IERE A TN O Sl — i
WCREH WL XY
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