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Examination of Analytical Method for Triphenyltin (TPT) and Tributyltin (TBT)
to Revise the Official Methods Based on ‘‘Act on the Control
of Household Products Containing Harmful Substances”’
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The use of triphenyltin (TPT) and tributyltin (TBT) in some household products is banned by ““Act on the Control
of Household Products Containing Harmful Substances’’ in Japan. To revise the official analytical method, the method
for detecting these organotin compounds was examined in six laboratories using a textile product, water-based adhesive,
oil-based paint, which contained known amounts of TPT and TBT (0.1, 1.0, 10 ug/g) . TPT and TBT were measured by
GC-MS after ethyl-derivation with sodium tetraethylborate. The TBT recoveries in the samples were 70-120% . The TPT
recoveries in the water-based adhesive samples were 80-110%, while its concentrations in the textile product and oil-
based paint samples decreased because of dephenylation during storage. However, the precision of the method examined
was satisfactory because most coefficients of variation for TPT and TBT in the samples were less than 10% . Further-
more, the revised method was able to detect concentrations lower than the officially regulated value. However, the sam-
ple matrix and the condition of analytical instrument might affect the estimated TPT and TBT concentrations. There-
fore, the revised method may not be suitable for quantitative tests; rather, it can be employed to judge the acceptable lev-
els of these organotin compounds by comparing the values of control sample containing regulated amounts of TPT and
TBT with those for an unknown sample, with deuterated TPT and TBT as surrogate substances. It is desirable that TPT
in textile and oil-based paint samples are analyzed immediately after the samples obtained because of the decomposition
of TPT.

Key words——tributyltin; triphenyltin; household product; GC-MS; surrogate substance
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v

Add 15 ml of acetone and 0.4
ml of HCI (shaking for 5 min)

v

l Add 30 ml of hexane (shaking for 30 min) l

[ centrifuge for 5 min (3000 rpm) |

Add 30 ml of acetone/hexane = 3/7 (v/v) into
the residue (shaking for 30 min)

Textil ‘l’ \[’ Vater-hased adhesivi
Filter sample and wash I Centrifuge for 5 min (3000 rpm) |
with same solvent
‘1’ I Obtain and combine the supernatant I
Combine and dehydrated sample \[/

solution with anhydrous Na,SO, dehydrated sample solution

l with anhydrous Na,SO,

it . - -
Extract with 20 ml of
1 g of sample in a centrifuge hexane (shaking for 30 min)
tube with 20 mi of hexane v
v l Centrifuge for 5 min (3000 rpm) l rox2
Add 20 ml of distiled water v
and 0.4 ml of HCI
Obtain supernatant
v
Add 100 pl of surrogate standard ‘1’

solution (10 pg/ml)

\

After shaking of 30 min,
centrifuge for 3 min (3000 rpm)

4

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

N4

Adjust sample volume to 2 ml with hexane

Obtain 10 ml of supernatant (hexane
phase) and dehydrated the hexane
phase with anhydrous Na,SO,

N4

v

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

Concentrate close to 5 ml with rotary

v

evapori;ior (.witer 22:(h4t(>ennéperalure Elute with 6 ml of hexane containing
ceping under ) of 5% of dicthyl ether

Wash Silica gel cartridge with 10 ml

of hexane. Load sample to Silica gel

cartridge and wash the cartridge with
30 ml of hexane

v

Elute with 80 ml of hexane
with 80 % of cthanol

J

Concentrate close to 1 ml with Adjust sample Add 5ml of 2 mol/i Add 1 mlof 5%
rotary evaporator (water bﬁlj’l ~>i volumeto2mi |—> acetic acid-sodium -> NaBEt, solution —
temperature keeping under 40°C) with hexane acetate buffer (pH5) (shaking for 10 min)

Fig. 1.

TLOoMNDEBBRLTHrOBLEICIgHDES
7z. FZiT, YOS — MED 10 ug/mL ORET
EENDEDICHEINEZT & b VAW 100 4L,
7t b2 15mL ROHE 0.4 mL 2Nz T 5 iR
EH L. D%, NFH230mL ZMATES
1230 pRER & O L= BIE LD BEL T LB 2RI
Liz. 5—F, T h2/ANFH2 B/T=v/V)
R 30mL Z2A1A T30 fiRE S Lt &ELm
BEL B 2B LA D _RiE & A T Bk
M) OAZERWTEHALE, 0%, o—%1)—TL
NRL—&—TR#EL 2%, K2mLICEARL Tz
DEIBL, BEKLETR.

5-3. CHMZEEEE  WEBEER O S HTRE
% Fig. 1IZR U7, BMARBZT S ABRETL
oMDEREBLTHIAS, b5 UOHANFHT 20

mL DASD TWAERERLMEICIgZ2RDE->/=. F2
ICHRERIK 20mL R OVEEE 04mL Z2iNA . &5

12, B Os — NED 10 ug/mL DEETEEND
IO ICHAMINZAFY AR 100 ul ZINA 7-%
W30 IR E S L. 0%, BEOLSoELT

v

Concentrate close to 1 ml with
rotary evaporator (water bath

temperature keeping under 40°C)

v

Add 100 pl of internal standard
solution (TeBT-dsq, 10 pg/mly

v

Adjust sample volume
to 5 ml of hexane

v

GC-MS analysis

Scheme of Analytical Methods for Textile Products, Water-based Adhesive and Oil-based Paint

ANFH M 10mL Z2RIL, MKEEEEST NV UL
ERWTHALZ LT, O—%YU—INRL—
F—TEHREL, NFHY10mLTarFsaz
STEINFZUATINAT LR ERRE AR L
2. ZORMEZAR LY ATV T LEAFY
> 30mL THEHF L=, 80%TY J —IVaHF\F
P 80mL TEM Lz, Z0#%, o—%UJ—IN
RL—&—TRMEL 2%, H2mL ITEAL TREL
BIZBL, FEMETOR

54, FELKLERD GC-MS RBRAAKOFAL

ABHER M A > T 5E0EIZ, 2mol/L BEE;-
Hefg > b U LARBRE® SmL 2INA 2%, 5%
NaBEt, /A# % 1mL AT 10 IR E S L TiHE
B L7z, FEAEREE, NFH220mL Z2NAT
30 IR E S L, HOOBEL T EEZERILL &,
ZDHIEED D —ETYL, FonizAdd mksE
O—#J—T)NRL—F—TEMHL, 2mL IZER
Liz. ZOBKREHSNPLCDHAFY > 10mL TI
DF 4 a7 OUPIVAES AICARL,
RHEEREFR L. E5612, ST FILIT—F)
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EANFY B 6mL THEHELEZ. F0#%, 55
NEREEOD—Y ) —T)NRL—F—TH I mL £
TRM L%, vor—NEORIEFmHE & L
T D TeBT-dys % 10 ug/mL & T\ FH > A 100
uL Mz, ®F%EAFY>T5mLITEAEL, £
TEIRD—ER % GC-MS I THIFE L /=

5-5. RER SBEEOREFHARERKRE 1
mL 9O 50mL AERLEFRETNEFNBL, £
O — bYEN 10ug/mL DRPETETENDS LD
WHRELL 7AW (e R ORISR T 7
N VRN, RSB TIEAF Y R 100 uL
ZMA7=, FLUT2mol/L BFEE-EFEE T H VU 7 AFE
B Sml Z A B <@L E®IT, 5%NaBEt &
WZE 1mL Nz T 10 pMiIR&E S U THEAL
J=. TOD%, NFH220mL T2EMEHL, £5
NiANFY EHRED—F ) —INRL —5—TH
ImL ETEMWLAZ. F2iz, vory—rEDME
INVEREEH A & U C 10 ug/mL &72% X D I1ITAFH >
THRBERE I N/ TeBT-dss & 100 uL A, &fk%
AFY O TSmLITERL, TOBEERD—H%E GC-
MSIZTHEIFEL. ZDEE, MEBHEHIZIEAR
BEELTO0012ug/mL THO, &V 07 —KY
B % TeBT-dsg IBE1L 0.2 ug/mL TH 5. 728
FEMCLIEOBIEIZ 70D D)V S5 AT L DR
ERREHBIOGELFERTH S.
EEIIEYOS — MEENGREEEL, N
HEERE TREBREIERL TiTo k. £z, U0
77— hE DENEZ R T 5 728 TeBT-dj6 123
TLEYOT — MNBEORER TOE -V EE SR
B 56N — 7 IO L2 liER© 72, 29
5-6. GC-MS &#  #HET, WRERROSZ
HEHE—LTofETo k. =/ZL, SHEETIEE
HLZEBN TN TNERZ-STEBD, BEICL-ST

Table 1.

X GC DI T LRESMR ETH—-FKEDREMNT
ERWVWEENH -0, FOLIBRGEIIETELE
BICHELUERBEICEE L. AL 5% 722
WAFIV) AW A—F 1 T INERM DA
FYETY—HTF A B0mX0.25mm, EE 0.25
um) EHWE F v 7 —H A He 20,
MENX 1L.OmL/min TERE L. AL, hF2X
Ty =4 2 KROAF 2 —ZBEZFNFN 270
°C (W A TRy h=— RIVikZE B 250°C i
FRIE), 280 RUL230°CIZHREL, ATUY RL R
E—-RCHRBAEGZ LuLEA L. WS84 —7
>TSS MIGIHNEE 60°C T 2 HMEESE2
#%, 130°C £ T20°C/r THRB IV, FDH, 210
°C £ T 10°C/%, 260°C £T 5°C/HrTHRIBL =18,
300°C £ T 10°C/r THIE L THRAMKIBE T 5 MR
FrL7= (BEBE B TiZ, #1HNEE 50°C T 1 4R
%, 220°C £ TI10°C/H THIE L. ZD%, 260°C
FTS5C/HrTHRIELE, 280°C £T20C/HTE
I L TEAMIRET S oRIRFF U 7) . 2 A F bk
X EF 1 4 1t (Electron lonization: EI) ¥, -
FALEBEIZ 70eV & Uz, BIEIIRIRAT A i
(Selected Ion Monitoring: SIM) £ — RIZT{T>
e, BRIEMSYEDERE - EEA A EizDon
Tid Table 1 |[Z70&E L /=,

BRRUEER

1. ARZOYR ABMETHWEDTTE
W, bbb INETICWwE LR, ki
BAERI R OEREL, MRS R R OB L
BYVDIE RN EFHITLTWS, Zh s 0HE
T, FEMCOIRE SRR EORBCRIIRE
MEEO TNV, FEMELUREOBEDHK—%
Bojz. 7z, MfEEEEAROERNCEL T3, BE

GC Retention Times, Quantifying and Qualifying Ions of the Organotin Compound

. .. Retention time? Quantifying ion Qualifying ion
Organotin compound Abbreviation (min) m/z (m/2)
Tributyltin TBT 10.57 263 261
Triphenyltin TPT 20.33 351 349
Tributyltin-d,; TBT-dy, 10.37 318 316
Triphenyltin-d;s TPT-dys 20.21 366 364
Tetrabutyltin-d;s TeBT—d3(, 11.80 318 316

2 Case of laboratory A.
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Y TIXBE O FHEEITHHE T 20-200 ug/g
TIRIEINGBR 217> TV, SENE, BFET
ROLENTWVWBE T L —AL A AAS O HE R E
(&L TO02ug/g, TPT KUTBT &L T 0.65 K&
C0.55ug/2) UL TOREICEL TRET 2729
2, mADBEZO01ug/g &Lz, FIT, FER
Br& U TR okt o> ) 5N S L%
Wi REBE (0% T8 ) —IVEBFEANFY > 20mL
TEHE) DWTO0lug/gidBlzaiidsl &%
BMELT, BERFRBROENEEZRRZEIAS,
TPT }y X TBT 12 & HITIF EAERINTE RN D
2. DTV HTIVAT LK DREETFEARCET

CEBLTHEO, TPT KU TBT \3MIEA LR
WL E L THEEL TWB 0, KEE® TPT
KO TBTWE U AT NAT LN LEN 7=
LEBZBNZ, FIT, WHBEEDOTSY 7 —)VHLAE
ROAEHREZA (LS E TR LEE DA, 80% T
&) —=)VEHFNFY > 80mL THHELZEHE,
TPT RN TBT 12 & HIT 0% L EDREINE %S5 S
ZEMTER., FOE, TPTIZ0-40mL, TBT i
20-80 mL OEDICENFNEH L=, ZORE
B £ 2 TR SRR O 24T TR AT 80
% LY ) —)VEBANFH > 80mL & Hnk,

2. RBRFER  SEAVWZREHNT, REERE
BEBICETEELEMHEEVER BEA) T3
WT TPT KU TBT B EZRIFE L /= (Table2). %
AEHIRDERL 3EBEEL 2. TORE, MERS
SRR 10 ug/g (TPT) D4rHfElL 8.4 &
U7.6ug/g ERRENWEZEZRLIZDBDOD, HEHE
BHFEREEMET 2 EHMRREREES L TY
HEEZSNTZ. TOEEFHRE (CV) bKMEHEE
HFELD 10 ug/g (TBT) D 13% ZFRIFITT XTD
AMBIT1I0% LA F &2, B oE—HEICiTMER
oz,

BEEDOHEDO—E % Table 2 1T R L7z, BRE
BRITOWTIE, FEARRE 0.01-2 ug/mL O#FHT
BAFIREMREE R U 2B &, 2 Rihfr{b U 7= BB
EHoiz. 2L, BIEICHWE GC-MS £ED
BEOWRTEOEBRENZEEL TVWSLEEZI SN
7. SENE, B TENENEYRERZEH W,
TEELZ. HE A OmEREAERF & LT Fig.
21TR U7, E/z, MR, KM RIGRE RO
SRR (1.oug/g) Mo/ onREBEHRY

OY N7 I 5% Fig. 31RL. &HEBEICBIT 5
TPT & TBT QEX#E %, [EILE (%) =100X

(#B8 B-F ORIEME) / (HEBI A DFIEME) | &L T
AHELUZ.

MhAERUEL T, TBT O EIEIIE M AT OB EIC
U THEBI B RKUNF @ 0.1ug/g AR TENEFN
123% K Tr 66% L7585 7=m3, FNLIFME 70-120% D
HFINTHH7=. CVEDRBETET 10% %A

OTBT
OTPT

TPT:y=9.48x - 0.27
r=0.999

[
v
1

Response ratio
-
o
1

IBT:y=7.04x + 0.03
r=0.999

T T T 1

0.0 0.5 1.0 1.5 2.0
Concentration (¢ g/mL)

Fig. 2. Calibration Curves of TPT and TBT (laboratory A)

900000 - c Textile
& 600000 - e

. )

& 300000 -

0 T T T T T
10 12 14 16 18 20 22
600000 - b
Water—based adhesive

400000 - .

8
i~
o
G a
e 200000 A dJ
0 T T T T T }
14
800000 10 12 . 16 18 20 22
9 600000 1 Oil-based paint
<
9 b
2 400000 -
2 e
4
200000 - la} ‘d
0 . T T T T T ¥
10 12 14 16 18 20 22

Time (min)

Fig. 3. Total Ion Chromatograms (SIM Mode) Obtained
from Textile, Water-based Adhesive, and Oil-based Paint
(added amount: 1.0 ug/g, laboratory A)

a: TBT-dy;, b: TBT, c: TeBT-ds, d: TPT-d;s, e: TPT.



Table 2. Average (Ave: ug/g) and Coefficients of Variation (CV: %) of Organotin Compounds Measured in Each Laboratory (n=3)

concentration A B c D E ¥ A B c D E F
0L e/ Ave  0.12 015 013 013  0.091 0079 0.0  0.078 012 020  0.0071  0.017

HEE cvV  0.095 6.4 4.0 2.5 15 19 1.9 1 1.2 2.1 38 6.7

et 0 e/ Ave  0.98 093 086 094  0.90 085  0.85 0.48 035  0.48 0.32 0.33
extiie PHEE cv 2.1 1.2 25 2.0 1.1 7.8 1.4 1.9 3.0 15 3.1 13
1o e Ave 10 9.5 8.8 9.4 9.3 11 8.4 7.6 5.1 5.9 5.8 5.6

e/t cv 7.8 0.69 57 0.80 2.4 3.2 3.0 3.4 5.0 1.4 2.6 1.7

0.1 ug/ Ave  0.12 015 015 014 010  0.091  0.13 0.14 0.19  0.26 0.14 0.12

HEE cv 52 0.65 1.1 1.5 3.4 15 0.92 1.3 12 1.2 42 0.57

Water-based adhesi 0 e/ Ave 1.1 1.0 1.0 1.0 0.97 1.0 0.89 0.97 093  0.90 0.93 0.80
ater-based adhesive DHESE cv 9.0 1.3 1.4 070 26 0.75 3.2 13 13 090 0.85 1.0
0a/ Ave 13 10 10 10 9.4 9.9 10 9.5 8.4 9.1 8.5 8.3

Here cv 13 0.069 22  0.94 3.2 1.4 3.7 2.3 23 0.87 1.4 1.0
0.1 ne/ Ave  0.14 017 0.6 016  0.11 017  0.15 0.10 0.3 0.8 00071  0.039

LHEE cv 2.7 2.3 018 2.0 2.7 15 5.0 3.9 25 0.92 9.2 4.0

Oibbased maint e/ Ave 1.0 1.1 097 1.0 0.96 1.0 1.1 0.43 027  0.36 0.32 0.21
1i-based pam PHEE cv 2.1 1.6 4.4 1.3 1.6 3.9 0.60 1.0 5.3 1.0 0.22 0.35
10 0e) Ave 9.9 11 8.6 10 10 10 7.6 3.7 1.3 22 1.4 1.5

He/e cv 0.88 0.42 2.8 1.6 1.7 1.9 0.53 1.3 049  0.86 1.3 9.9

0l "ON

£0C1
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HENHODDD, EERMITIX10%LLTF ERD
BEFEENMEOo N, —AT, TPTIZDWTIX
BABIDIEEAETT0% KM LD, EARTICHT
NTEEMITT5@EMNRD NG, =L, M
MRl @ TPT @ CV {1 0.1 ug/g #k TII MRS
BXRUE, 1.0ug/g ik TIIHEIF T 10% 2@
00, REENCIT 10T ERD, BIFREE
EnEshiz.

KRR B TIE, TBT OELZRIIE M §T 0
BT UTCHEI B RN C D 0.1 ug/g 38T 120
% EEFRBATD, TNLFT 70-120% LN T H
o7 CVIED 2RIEDHA 10% 200k A BIENH
SEHOD, FEAEWLSYUTERD, EBICR
i ENMEENZ. £z, TPTIZDWT b
CKRU'D ® 0.1 ug/galktT, BoAHETE AT 146
% T 202% ETxo =M, FNLISL T 80-110% LA
NTHo/=. TPT ® CV HEIZT X TDHERIT 5% LL
T ERVIEFEIC BIFIRIEENE SNz,

MBI SR TIZ, TBT O B A 5 O
It UTHERS B R OUF @ 0.1 ug/g iR T 120%
BEETEBATDN, FNLAINT 80-120% LAINTH -
7=. CVIEHH#EF D 0.1ug/g T15% E7xo72H
DOFNLIMT ST &2 0, EHICRITIRFEE
BB, —F, TPTIZDW TIEMH R & F
FRIZ, 1E&AEDHEETERAMRNC X TEREN KR
WK FLTWE, =770, CVEIZT R TOHEET
10% AN &7 D, HBERRIFTH 2.

LRI D, KEEERFO TPT KU 2R
B TBT 12D W TR A AT OMEE & [ U %
B/BHZENTER, F=, BENMETLAETPT O
SESHED, $BVIEREL 3 ESHEEO CV JEiZZ 0
BEAENI0% LT EhE <, REABIEIZ 072
RBENERTESL EEZ SN,

—77, MHER CMPEREIEELO TPT BEICDW
T, BRI OMEEIC LR TRIBICE T T 516
BAERD 51, Z OEFNI ISR TR BEE 13
o, £IT, SRERFOYOS— NED
EEHIONWTHND 0D, 05— 8O EIER
ERERIEREOY O — NME & TeBT-dig & O
HERELIC T 2 oZn 6 OERELEN 5 RKD 7z
&L Z A (Table 3), #Ed A KU C T EIZHVLD
XIZENER NS DONHo72HD D, ZOMIIELT
RENZRZRL, YO5 — MBEDOEINERNZE L <

BFTBI LT RBNnhom ZORENS, OFEE
HFIZ TPT 2N KIBICHE L U2 alfEEid N & E 2 5
Nz, £z, ARBETEIY O — MIEIC L 56
EZTo>TW520, JEEMTORINEDOERIC
LBEEBIRBIN TS EEZONS. TPTIZ
Rz L THLBnZ &nmEshTn
%, 1528 SEORB T, EAREOREIIER
DFERFHORE L FRMRICEIE - BT TIT W, &
B T O B BT D AT 5 3-5 5 AR
BLTWe #EB-FOHRTHROYDITHTZT
o 7= B8 BB 3 0 HBICH 2 ERL 7=

ZDEZTFITPH T oINVIT KB EEZ LN DMK
QR EIH O TPTIBEOR THARDENTSH
0,29 B8 B-F THEIR X N7z ke & Ol ik 8 B i
O TPT RE DMK TIL, HBHRFHRIC TPT 23 7
TR LIEZEIZEEBDEEZ SN, KB
F "TlZ GC-MS 7 #i#$1Z TPT J X TBT LSt DA 1%
PHEEMIIDONWTEZY — L& 25, MiffEalelap
7 IVt EY (DPT) OBFEENHERIN
7z (Fig. 4). —7%, HE®EEE TId DPT OFFE
WRERR S MR An o 7oA, TMIEBREI O 48T TIZ B E A

TPT 4
TBT-dy
o TBT
2
a
$ DPT
« TPT-dys
TeBT-ds \
Jl | L L
DPT [m/4) = 303 b
(o]
2
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(=X
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8
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Fig. 4. GC-MS Chromatograms Obtained from the Textile
Sample (added amount: 10 ug/g, laboratory F)
a: total ion chromatogram (SIM mode including fragment ion of DPT),
mass chromatogram of DPT; b: [m/z] =303, ¢: [m/z] =301.



