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Determination of Organotin Compounds in Water Soluble Paints
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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.
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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
acryl resin, pigment, insecticide, preserva- .
P4 Unknown tive, antimold agent, water Yellow wood, iron and concrete
PS 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- o
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
BS Japan  urethane resin (50%), water —  cloth
B6 Japan  natural rubber (52%), ammonia, water e 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 o Retention Quantifying Qualifying .

compound Abbreviation ;11 (min) ion (m/z) ion (m/z) Supplier
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.
Monophenyitin 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-dag TeBT-dys 11.80 318 316 Wako pure chemical industries Ltd.
Monobutyltin-dg MBT-d, 7.24 244 242 Hayashi pure chemical industries Ltd.
Dibutyltin-d;g DBT-dys 8.83 281 279 Hayashi pure chemical industries Ltd.
Tributyltin-d,; 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-d,, 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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& %E SmlNZ7=1%, S5%NaBEt, 7A¥K 1 ml 20X,
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! 1 g of sample in a centrifuge tube l

|

Add 100 1 of surtogate standard
solution {3 i g/ml)

|

|

HCl-Mgthanol extmction

Add 5 ml of 2 mol) acetic acd-
sodium aetate buffer (pHS)

v

Add | ml of 5% NaBEt, solution
{shsking for 10 min)

¢

Add 20 m! of methano} and 1
ml of HCl (shaking for S min}

¥

[ Centrifuge for 3 min (3000 pm) ]

' A v
\L Extract with 20 mi of bewans | )
Add 15 ml of acetone and 0.4 mi {shaking for 30 mimn)
of HCT (shaking for 5 min) \L
v —— 2
| Centifuge for s min (2000 pm) |
Add 30 ml of hexsne
{shaking for 30 min)
\L Obtain supemnatant -

“Transfer the supematant to

Y

2 separate funnel rCenmfuge foe 5 min (3000 rpm) |
Corncentrate close to 1 mal with rotary
\L evaporator {(water bath tempesature
keeping under 40°C)
Wash centrifuging tube and residue with 8
3 ml of methanol. Obtain supematant.
Transfer methanol to separate funmel Add 30 mi of acetone/hexanc = \L
317 (v/v) into the residue (shaking

for 30min)

¥

Add 25 mi of citrste-phosphate

i Adjust sample volume to 2 ml with hexane

v

v

buffer (pH 2.0) end 50 ml of - -
purs water l Centrifuge for S min (3000 rpm) l
Wash Flonsil cartridge with 10 ml of hexene.
\L \l/ Load sarnpie to Florisil cartridge
(obtain efftuent)
Liquid-liquid extract with 30 wt of Oblain and combine the
hexane (shaking for 5 min, 2 mes) supernatant J,
\l' \1, Elute with 6 mi of hexane containing
5% of diethyl ether

Y

Dehydrated hexane phase with Dehydrated supernatant with
anhydous NaySO, anhydrous Na,SO,
Concentrate close to 1 ml wnth rotery
| (water bath keeping
| under 40°C)

l

Concentrate close to | ml with rotary
evaporatoc {witer bath temperature
Keeping under 40°C)

¥

Adjust sampls volume to 5 mi with hexane

¥

Add 50 1 of internal standard solution
(TeBT-dy,, 2 4 g/rut)into | ml of sample

Adjust sample volume to 2 ml with hexane

solution

|

¥

GC-MS analysis

Fig. 1. Scheme of Analytical Methods for Water Soluble Paints and Adhesives, excepting Water Soluble Adhesive Composed of

Natural Rubber
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AE—RFTHEBRERZ 1WMEALE., AL —
T2707 5 MIMEHRE 60°C T2 MBS ¥
7zt%, 130°C ¥ T20°C/4 THIRS®A. DR,
210°C £ T 10°C/4y, 260°C £$TSC/HTRBLE
#%, 300°C £TI10°C/TRBLTHEKRETS &
I U7z, 4 > {kiElX Bl (Blectron lonization)
W, AF U ILBEIL 0eV &L . BIEIZ SIM
(Selected Ion Monitoring) E£— Ki2TiTo . &
HENRYMEDER « EHA A2 FITDOVTHE Ta-
ble 3 IZFCHK L 7=
WEREEY)E TeBT-dy Z AN BEABA LS
W OREHIT, MBT XU MPT T3 0.02-1.0 ug/
ml DT, FhLUSMT 0.01-1.0 ug/ml O T
BB r>0.995 OEKRHERLE. —F, &F
BAZLEMOEKRARTHZ YOS~ NMIEE
NI EREYE L L THWERER S RO B ER
L. 728, SEOHEIE TIRAEEZ X{Lamoft
YEEESIZAL, TFILL THIEL TWB 5,
BIEF— 3T X THEEHE L TRIEL TV S,

BRRUER

1. E#-A5 /- LHiE  HBPOSHEK
A ZALEMMN Sug/g 72D LI, BEBRAXEL

EMBED 50 ug/ml ORET &~ > EEUERE 100 ul
EREHCEMU, SHHICE S EIERIC DWW T
BEt L7z (Tabled). 7Z2d, EINRZNIEEYE
TeBT-dys ROYOF — MEER W 2 BEHOR
BROZNETNhTROTHELE T/, REEK
C#HEHZ DWT TeBT-dy & FH O4F — NE D
MILEFEL, TheHicgdyos — MyEOEIX
REBH L (Table 5).
INEBICHEI L 7= FEI2DOWT, 727 UIVEIED
ERESOBE (P3) KUERRY )V HIENERS
O#EAR (B3) KDOWTEINERZKRY Table 4 I[Z7R
L7z, TeBT-d;s ZNEMEEYHE & L THWEEE,
TBT kU TPT R ZF N EILE 78-81% R 69-
87%, ZEHMREK 0.69-3.2% KT 0.3-4.9% & HsH
BIFRERZ2BDIENTER. —F, TOMOH
B2 LB ORINEREHS &, MBT, MPT KU
DPTIRDWVWTRIEREAERRENT, EHEED
REWEWSHEMNED LN, £/, DBTRD
WTHERBIIES, HEELLTHaTREVnE
Zz6hi,

¥/, YOS - MEEZNTEEDE L L TRE
BEERLUEBEITE, TBT KU TPT OEINERIL
FHRFN 105-120% K L 69-98%, ZEIREITIFN

Table 4. Recoveries and Coefficients of Variation (CV) of Organotin Compounds with Various Extraction®

: 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 47+2.3 49 81426 3.2 025%0.17 68  4.7+0.57 12 69+3.4 4.9
HCL- e 3 nd/) —8 [1+1.1 9.9 78%0.54 0.69 nd. — 098:0.058 6.0 87+0.26 0.30
methanol o ted P3 150260 4.0 129%2.7 2.1 105+22 2.1 7124 3.4 85+29 34 69+1.6 2.3
compounds® B3 n.d. — 187+6.3 3.4 12027 23 nd. — n.d. —  98%27 2.7
P3 38454 14 79+3.8 4.8 83+2.1 25 14£1.5 11 65+1.6 25 7317 2.3
—— B3 4.6+36 77 74+8.8 12 83+6.9 8.3 24032 13 3151 17 87+£5.3 6.1
At BS 9.2+82 89  92+4.0 4.4 108+1.8 1.7 nd. — 6084 (4 85+2.8 3.3
HCL B7  61+3.0 48 63+2.1 33 66+3.0 45 26+2.0 78 44+26 5.8 45+0.81 1.8
acetone P3  103+0.10 0.10 107+£2.9 2.7 9914 1.4 90+0.56 0.63 96+1.1 1.2 90+0.75 0.83
Deuterated B3 103+4.9 47 116+23 2.0 116+1.5 1.3 102£22 2.2 144x15 10 106%15 1.4
compounds® BS  119+5.8 4.9 117+1.8 1.5 114x2.8 24 10010 10 137+1.6 1.2 105t1.6 1.6
B7 7517 23 79+0.73 0.92 94+0.80 0.86 56+1.2 2.1 86x092 1.1 81+1.0 1.3
TeBT-dy? B6 43+28 6.6 62+2.6 42 82+1.6 20 57x16 28 16+£0.44 2.7 84+11 14
Natural
rubber? Deuterated ' po 57446 28 113452 4.6 11851 43 47224 S0 1S3x9.0 59 106+3.4 3.2
compounds®

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

MBT DBT TBT MPT DPT TPT
Extraction S::\rgée Recovery Recovery Recovery Recovery Recovery Recovery
o Y e Y e Y e Y T Y e oY
HCI- P3  0.27+0.085 31 30+£2.2 7.2 76+2.1 2.8 0.18£0.050 28 1.6+0.81 51 111+48 4.3
methanol B3 n.d.® —e 4.5+2.3 51 61+5.0 8.2 0.060+0.018 29  0.034+£0.046 135 102+11 11
P3 33+6.2 19 67+4.5 6.7 80x6.2 7.7 13+x1.5 11 64+5.4 84 75+8.8 12
HCl- B3 5.5+£3.0 54 65+9.4 14 74+8.3 11 0.64+0.53 82 24+6.7 28 83+74 9.0
acetone BS 57+£3.6 63 66+2.1 32 79+23 29 0.15+0.08 55 39+6.1 16 76+33 4.4
B7 66+3.8 57 82+48 59 7547 6.2 83+7.8 9.4 55+2.8 5.1 57+0.26 0.47
Natwral © Bg  49x58 12 52420 41 100£82 82 205%70 34 30£39 13 75490 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.

Fh2.1-23% KU 2.3-2.7% &, TeBT-dy ZH W
FRIDVLBETORENEDSNA (Table 4).
MBT, MPT KU DPT 3B ¥ Z )V 5 & Al
(B3) TIIBRHBARELUTEARVEITERM >~
B, T2 UIVEIERE (P3) T, EUIERIE 71—
150%, ZEHREIE3.4-40% L2k, i,
DBT {3 EUNR 129-187%, BRI 2.1-3.4% &7
o, ZIZT, Yoy —-MEORINEEHS D &,
TBT R TPT IZDOWTIX, ThEN 61-76% KT
102-111% & TBT TRREVWD DD RIFREZRE
TWw3 (Table 5). — 4T, FHUNDOEHEEA XL
EYWTIE, 7 UIVEIERE (P3) T DBT A% 30
BEINZNTWBLS, ZOEINEIZFEFHITED,
FRERENEVWENIER Ao 2.
COEREZRHNTIED, REEZHVWTICAS
J = EBEREZRES L EBRIRICEREBAZILEY
S5ug Nz, "FY XL MHEOEINEE
BEt L& 2B, TBT RO TPT TIIENLERIL 87
%R 108% &0, TSN OFEHER X{Laiid
JEFIENENRE, FLREREINZME. £
DD, TOHEIRELSD TBT KU TPT UANDH
B2 B OEEIRERIX, WA SELBICK &R
BERNH B Ebho k. FKEMHBAKETIE TBT
EUTPT OAZHHHEELTHD, YV EZLT,
DBT % DPT 2 EZ O MOF A LG4 2 RFIC
T2 &3, ZOHBO AASITXBHEKELT
DAXDERBKRUITLCIZK 2 ERBIELFEL
1<, Z Ok & M#IEIC & > T TBT R TPT
DAZHMETRIHNWEH 7DD LEELLNS.

2. BM-TE M oHHE EBR-7R
THHEIZDWT, 727 UNBIERERS O®RE
(P3) RUBERRE ZI)VEHE (B3), WL ¥ > #iE
(BS), uoaZL>Ih (BT) MERSTOEEH
DEF4FEHIIDOWT, DERIERL = HEORE
FI#IC L THINE%ERD Table 4 iI2x LA, 9
TeBT-dys Z NFFEEHME S L THWEZSHA, TBT
KO TPT TREINEMSTHE N 66-108% K ) 45-
87%, ZTEMREA1.7-83% KU 1.8-6.1% L NSk
BER/DIENTEE 7007V >TARERD
LT 5EER (B7) THINRNDRENERAE
o, BRBRERTHDESRD. £,
DBT IZDWTHEINRAH 63-92%, BEMREAT 2.1
-12% &0, RROYIYOOTLV O TLEERSE
T2#ER (B7) TREAMHICTEFEIRRAEN
bOD, RIFEHEREGDIENTEL, DPTK
DINWTIRENER 31-65% &<, TENMRES
25-17% L RKREWVWEMERLZ., Xz, MBT
KO MPT IXERENELS, BEHEDB I /Aaho
. yuons L IdLEERDETHEEA (BT
TEANICENRREMES RBEAIZRLEY, 7&
N, SHRAFY T EMATHH U B’
RRETLHEBICBNT, BBIZENAFY ITH
THOWARMENHHL T 5 LBF0ERDO—
DEFEZBNE LHLAENS, BERRIMBORE
CHRBEETFENDOD, TEIFEKIIAEL 2L
BHREICIIEERWEEZ SN S,

HoO5— MEENTEENE S LRSI,
TBT R TPT TREINFIZZNETN 94-116% K&
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U 81-106% & 720, TEIH{REIX 0.86-24% R U .

0.83-1.6% LB L VKR EBLIEMNTEL
(Table 4). F/=, DBT D W T HEINE 79-117
%, EHH%$K0.92-2.7% & TeBT-dys & H N /-H &
DbLWiEiaoz. FRUADERZ X{LEMIC
DWTIE, DPT TRRHWEHIRBAZAD SN,
MBT KU MPT Tl3 100 % R DENEK E x>
o, voy - HEOBRINEEHSS L, TBT KU
TPT Tld 74-80% KT 57-83% L ETF R WEE 5o
THEY, ZOHFIL TeBT-dy 2 H W EOEIRER
EBRFEMERMTH 7= (Table 5), FDi=®, XD
FHM O ERT ORI, TBT R TPT OEAF
fthEZY Oy - MEELTHWTHIET S Z &
MEELWEEAS, &k, £OMEMANE DBTIZD
WTHREIRTHB EEBX5NS. yans L2 dA
PERSETDHEER (B7) T3 TeBT-di AW
BRI EINESME L R 5 EmARD s hny o
F— EEZRVWS I ETHNREIKEINTS
D, ZoZEnsbYOs - MIEERVWS I ERN
HElWweELISND, £/, DPTIZEAL TI3EE
BEZIVEE B3) RUTLY UBEEER (BS)
THOXF — MENRIID LD IR0V, BRICY
Oy — MNBEERWS I ETEBBREII/NS<L5
=%, aWidngesE 5Nk, —4, MBT kU
MPT IZDWTIZ, o4 — NEHE & OEINEIZ
ELEHPREVWVERZRLTBD, Y05 -
HEHWBEIZERESEMT L ELTWwS
2, SEOSFETEAR T THDEEAONS.
HB-AY /= RUEB-7 & b Ol ikx:
v as, RKEARAFNEORVNMETH
TBT R U TPTIZDWT, HE-7 > THHT
BHEOHBERBORNORELWEHKTE
7=. ZOK, vo¥—-MEEHWSI LT, KD
BEISOWMTIIENTEDEEZNE, &
=, FNSUNAOEEA LS DOWT, DBT
X PVCHFZEHDELEBIEBERAELR EORERE
ELTHEASNTEY, FIAEEANS (1994) (T
LB FF OB ILEHM O T, BHK
MTAEEREEBbNSEEED DBT (480-610
ug/g) MBHINAEEIC, DBT OARMMELT
TBT ARt Hh T3, ® 20k, DBT O
13 TBT A h ERIO L S CERMKEMI D
DO, DBT OFRMPHE L TRALLEDDRD

NERFNTS ETHETHD, DBT OEINRBKRS
BEEOLWIER-7 b CHBEOENFEE LW
EEZoN., DPTIRDWTIHEE-7 & F >
THETFERNRBMEN D HEE L TIERRR+
GREEH SN, YoF—-rEERWS I ETE
ESWRWHETHZIEEILN, IOEATHEHE-
7R MEESEFELWEEDNRS. MBT BT
MPT iZDW T, EB50KEbYO4 — MNEIYL
BENEL ZOEHBREN . RERBEBIED
HElxt 5 TBT K TPT DA TH O, MBT KU
MPTIZE DMK TRV &, ZOESED MUK
CHRTENWZENS, HB-7E b iz
5, 727 UNENE ERERYZIVEE Ly e
ROy oorL > dABERS THDKESRERS
KMEEER O TED VW TR L LokaizFb
9, MBT KU MPT @AM Edlizn
Z&EELT.

3. RRILFEFRFICOVWT AKiEoXRT
LAREZEROER- XY ) =IO ETIE, A¥
= VERMRIZ T LR PERLURICZ>TLE
W, HhEE L TRAES BRI 6N~ £/, [
BOBRKIERE-7T 2 N ETOT & b R
HEDHOENEN, ZOBGFITREISITAFTEM
ABBECX o TEOREIIMRE SN, Lz
NS, REHMHBEOANFY U HZEBHET S &5 ILR
DOYENED LN, TOROERBERTOZ &N
T&Ehholz. ZOF)VIRWE%Z FT-IR I THH
Liz& A, JAERDPTHZIV T LRy —
THBEMBETEE. 20D, KEORKRIALR
BERICE, AROER-AY /- IVERUTERE-71
rHHEIE ST, RO SRR L

X7, MROBHFAEMAPICIBIE, HBET
B LB TATY T THBLE OB, A
FHMPORY v — & BRRD & DBEICHRD
PURTFNIZASLERBLEN, WS LAMNEEHE
0L TLEIEDIZENLL Lo TELM
o/, FIT, BEAFEELLTHOONRTVS, A
FH/ TR NINSGEERAE FT, AF
B OEEA LAY BEDRET LR MY L
flicmE IR LE. 22T, AFYET
TRZMIUNEODT N THEINENERT D=
o, HoLhULDAFY O THMIEETEI MY
WEERIZCAWE, ABAZ(LEMESDAFY Y
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20ml 2L TAFYEf7 = bYJL20ml
BN, 30 4E& 5%, 3000 rpm T 5 5%
BETW, FEBOFZ7Er=MUIIMHEEGERLE,
DBEE 4ETY, FhFENZDOVWTTZERZNY
o E B - ERCHEER L TToREZREL
7o, FOR% Fig. 212RLE. TPT R DPT T
132 B HETIZ90% L, EORINENT SN,

DBT RO TBT TS E D EINRITI K &ho 7.

LinUizdss, 4 ZTTD 2&TDBT X 71%,
TBT i3 3% DEINEEH/L I ENTER., £OL
B, \NFH /7 b PUNSER4ETTO D

ELF ZOBEERSUERRNITSEE Fig. 3
{IRUE.

‘ 1 g of sample in a centrifuge tube I

Add 100 f21 of surogale standard
solution ($ 1 g/mi)

Add 20 m! of purc water
and 0.4 ml of HCL
Add 20 ml of hexane
(shaking for 30 min)

[ Centrifuge for 5 min (3000 1pim) I

v

l Obhain 10 ml of supematant l

¥

Add 10 mi of scctonitrile saturated with
hexane (sheking for 30 min}

.

{ Centrifuge for 5 min (3000 cpm) l
{

[ Olrain scetonitrile phass J
v

Concentrate close Lo 1 ml with rotary
evaporulor {water bath {emperutare
keoping undes 40°C)

¥
I Dry (N, gentle stream ) l

Dissolve residos with 2 ml
of hoxano

— |

100
math

M 3rd I
80

82nd
Oist

Partition ratio (%)
g

8

) ﬂ
0

MBT 21:1) T8T

ink

MPT 0PT TPT

Fig. 2. Partition Ratio of Organotin Compounds from
Hexane to Acetonitrile (n=3)

Add 5 ml of 2 mol/l scetic ecid-
sodium acetats buffer (pHS)

¥

Add 1 1m! of 5% NaBE, solution
(shaking for 10 rnin)

v

Extract with 20 mi of hexane
(shaking for 30 mig)

¥

[ Centifuge fur 5 mim (3000 > |

e
¥

Concentrate close to | ml wilh rotary
evaporalor {water bath teroperature
keeping under 40°C)

¥

Adjust sampic volume to 2 ml with hexme

¥

—

b %2

‘Wash Florisil cartridge with 10 mal of bexane.
Loud sumple (o Florisil cartridge
(obtain effiuent)

v

Elute with 6 ol of hexanc contaitiing
5% of diethy} ather

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

¥

Adjust sample volurne to § mi with hexanc

4

Add 50 11 of intemal standard solution

(TeBT-dy, 2 ftg/mby into 1 mi of sample
solution

¥

Fig. 3. Scheme of Analytical Method for Water Soluble Adhesive Composed of Natural Rubber
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RIZ, TOHBEZDWTRIRD 2 DDHEE Rk
i U CHEULE % R Table 4 17 L 7. TeBT-ds
ERNHEEMEICH WSS, TBT XU TPT Tik
EINERNENEN 82% KU 84%, BEHREA 2.0
KABRP B ENSERE/DIENTER, £
BEMN TPT TEFAZVDLODRERERTH S
EEAD. BEROBEAVWEAFY-FE =
N UJVA BRI BR O TIX TBT 1 53% DEINEK T
HoDIIHLT, EEOREHCEML ZBIZIZE
RAE ETBHENIERNESNRN, THIR
HLAGERICBASHORENEOFEZZITTY
5 EHEING, DBT TIIEINRIT 62% & & FIK
WHOD, FTEREIL42% THY BIFRERETH
o, UL ULRNS, DPTIZDOWTIXEIRES 16
%BEBNEREL SR, X2, MPT A DPT &k
BRAFH-FE R MU NHERBROBELD
ENREXHmMELTWS, ZIT, DPT R U
DPT-d;g DA ZHRML THMBIERTo LA Z
ORI O NT T ALK MPT BT MPT-d; @
E— BRIz &S, HFEBESIC DPT
M5 T T ZIVENAN MPT A 2L L 7= FTREMEAS
HbHEEZ BN,

YOS — MEENBEERE S LZBAI,
TBT RO TPT T ENBIZ TN TN 118% R
106% & 720, BRI 4.3% KU 3.2% &, TBT
DENENETEO TRIINIWERE2BHZ &
NTER. £/, DBTRDWTHEINE 113%,
BEFRE4.6% I WEER S, FhSDANOH
B2 XMz DOWTIE, DPT T3 1S3% & @m0
EIXZE, MBT KO MPT Tl 50% #7140 EILE &
ok YOF - NYEOENREH S &L, MBT
TiX49%, DPT TId30% & (K<, MPT Tl 205
% EIEBITEVEREL>TNS (Table5). Th
L TeBT-d3s Z iV B /I BB R AH, DPT A
MPT NEEBRBIEPICHMRL TS A aet: %2 Ru
LTwa&EXIGNE.

SERF L AERRITLAREZEROMTHER, K
ERBAMEOBRENRTH S TBT KU TPT I
DWTEINERUVBEREOE T2 THHEELD
h, £ TBT OHKEEZA D LTEEEEbNh?
DBT KDWTHMERKHETEDL I LMHERT
&=, MBT, MPT KU DPT {2 DWW CIXEUX A
A+oThok. REABBRIEOBEFIXNRIE

TBT XU TPT ®#T&H D, MBT, MPT KX DPT
BZORRTIRABNI &, ZOHEMED MUEIZHEN
TERNZENS, RARTLAMNERD TH DKE%RE
RUKBEHEEROMTEDWT, Zhil Eokstiz
7H9 MBT, MPT XU DPT I3 it Sk & &
Bliznwz &L A

4. BRHIBFH{E (MDL: Method Detection Limit)
RUEEBIRAE (MQL: Method Quantification
Limit) (C2WT RBRHRUCEERAE L EEE
BIENGR BOBLEE  n=3) IKk2EN
REMSEHUZ, BEMIE, BFRYoIVEIEE
EH (B3) RUOKRILREEHR (B6) 2HNT
TNENIZEEEA ZLAMA 025 ug/g 125 &
DRRABEREMA L. = LU THEDRIER,
GC-MS DERMIZDWTERREAZRD/. MDL
KDOWTH, IS K023 27 ax by S5 78BS
PP X 5 S ERERB O EOERERE o
BRURBBROBEE a, RUNIERYE & DMK
Er&b, MDL=3.3Xo/ar; LEFEINTND,
T, " BRICMQL I ZEERZ aD 102 NT
WHHZEhs, SEEFNSIZHE> TMDL BT
MQL 28I L &, KBERMEIGRERIC L5 EIL
# % Table 6 IZ, MDL & U MQL % Table 7 IZ 5%
Uiz, iad, iR LALS ICHENEROCERMERE
DRMS, MBT RUXMPT 133 RTORE, DPT
BRATLAREERTRINSR N 5B L.

FTERINRIZDNWTHAHS &, TeBT-dy & NEE
BB E L THWEEO TBT KO TPT O EINER
13 84-79% e Tf90-101% S BIF TH D B SR
0.034-1.3% KU 0.90-1.4% L /hNE o . T/
HOr— M MEERWEBAITIRENRIZEEIC L
WEERD, TEMREB /NS B3 EmERLE.
¥/, TOEBEIDBT IZDWTHRETH - /-,
TOMOEEZA XLEWITDONTSD, Sug/g BN
R lRBROBEMERLZ. ERICSEHOSHEEE
HEHCHEWSIZH - T, BRB3ERS THEEIN
TWHHEHOENEOZRLB EZHETE, BHH
HENRLDVEVNSIEENS, Y0¥ - MpEEHEVS
ZEMEFLWEEZ B,

Yoy — MEERAWTEELZE MQL 245 &,
TBT KU TPT TRMRBEHI L2 ZRIBHSH 0D
D, ThEh 0.019-0.025 ug/g K T 0.0090-0.014
ug/e SARBE TOHENTEETH o= (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  Recovery (%) 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-d;®
B6 79+2.0 2.6 79+0.026 0.034 n.d.? —7) 101 +£0.91 0.90
Deuterated B3 100+1.1 1.1 96+0.77 0.1 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-
dys 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
— HCl-acetone 0.0048  0.034  0.0043  0.026 0.0021  0.073  0.00040 0.032
eBt-Gae Natural rubber  0.0070  0.018  0.00030  0.0038 ) — 0.00056  0.023
Deuterated geo HClacetone 0.0057  0.027  0.0042  0.019 0.0017  0.010  0.0047  0.014

n [

cuterated COMPOUNGS™  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-dy as internal standard, ¢) Quantified using deuterated compounds as surrogate standard, d) —: not determined.

ETAT, RKERASHFIBEREHREETIY, TBT
EATPTO7 L—AL X AAS BT 2 KT TLC T
OBRHBREIX, AXELTENENO0208/g K
U 1l0ug/g &ah, RBER2AKE LTI 2 KT
TLC OBRHBRESFERAI N TVWS. D 207
L—ALL X AAS ORHBRE % TBT XU TPT ©
HALHICHET S L, ZHhFN 0.55 ug/g KT 0.65
ug/g £72%5. SEO GC-MS 2HWESFEERZ
ORHBREZ TP TR THY, BRITOREE
IDBHEBEETHEAETH >,

ZZT, BEOEBAX LM BBHESE
PlHrTHD L, BEBRAOBENEZEICXSHH
AXLEMT L DR BEROBES T, 0.6%DE
A2 (MU TFINRAX)=FF R (TBTO) MK
ERE L THERBRFIZEENTWE, £k, £h
PAICHERRN0.06% & NI BRELS UFEEIEL
TWEZEDBHEINTWS, 35T, TOEEK
HUTTBTO DNy FFAhEFHZEIA0.01
BTHRIENEE, 0.001% THRKDOERTH >
EBEINTWS, £, FREHBEIZ TBTO
EEAELTWAHAERIZ2EE TEBEOREICHA
Ly —ATIE, REBICESZHEMALAEBER K
S ADNEORES, B, HER, WR, BERRE
DIERZFATNS. 2 ZOHEAIKRIE, BhHERE

LTHWEZEHD 25% M TBTO Tho/-E3hT
Wa, INSOHMEEFHOEEI TBEILEREI
HBRETHD. TOD, EROEEHREZEEL
BIZ, SEOSHED MDL kT MQL 13+41
TDEBAZLEMBEEZRUETEDEEZI N
5, k7, KEEFACBRE TR BHEET D
AR XILEMOIHEFITIIH DM, BEREL
THWL RN DBT ORHMY & LT TBT At 1.0-2.1
ug/gREINTNE B ZDEIRBEICBANT
b, SEHERL EoWER TN 2 TEHSBEXTH
WHEIRETH D, DBT OAHMME LT TBT AkRH
N3BFIdB+HPEETHHEZEZ S NS,

5. REEER ERLESFEZEBLER
BHIDWTERIGERL, TOEKZ X(LaiBE
EHOF - MIBEERAWTHELE. Z0EES
Table 8 IZ/R L 72, 2, s LAX D ICEIINEK
VHEBMHREDOENS, MBT KU MPT 29X T
DRk, DPTIRRATLREERTOHRMNREL
ol

KEMASBREETHREISNTWS TBT KX TPT
ZoWwTikeidhhomticshiahoz, ko
BEBAOBMENRBICLOIHEEFOHEFY T
W, 77 UNEEROBEHIC TBTONEAL T
WeEHEIhTWaA, SEBALLETY 27V I
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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 nd.? nd. n.d. n.d.

P2 0.10 n.d. n.d. n.d.

. P3 0.16 n.d. n.d. n.d.
Paint P4 0.041 nd. nd nd
Ps tr.9 nd. n.d. n.d.

Pé6 0.19 n.d. t.r. n.d,

Bl 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 nd. n.d. -—d)  n.d.

B7 n.d. n.d. n.d. n.d.

@) Quantified using deuterated compounds as surrogate standard,
b) n.d.: not detected, ¢) t.r.: below quantification limit, d) —: not deter-
mined,

ERoBREHEBMSIRHSI WMo, P2-6 X
TOSEEOBREN S DBT ARH I, #
DREIZREARTO0.19ug/s THOERRBETH- /2.
¥/-, DPTAP6 IZTRIBEENAZAMQL LL'FTH
oz, BEAICEL TRIXRTOEEA X {LAYH
BRHEIhah-or.

f&

KRN TR HEE A O TBT R TPT
EEELEAEZLEMOSHEER L. &
B o, NaBEty # AW TIZFILFERKRL
L, 70U IS AL BERET-> =%, GC-
MSIZTHIEL 2., REEKERL LEHE-S
J =V, BER, SHIH T 55T TBT
KU TPT A OFBER LA E A ERINE
Nigmor., —%, BE-7E M THHEL, ~AF
Y TESIMMT 2 45%ETE, TBT KU TPT @
H1253°, DBT R DPT IZDWTHMFAEEETH
D, BE-7E O THHT2HESEELT
gFlWwEEZS5NE UL, MBT XU MPT
KOWTRENRN T CHERTEY, X-FEE
DEBBRKEN . —H, RRAITLREFFTIR
H-AY )=V KERE-7 & F o OmfHEE S
KARETHo 7, FOkD, MKPIZHE 208
WIEBE2MARIC, NFY 2 THHL, I5ika
FH /7D NINGEETO . FOMKE,

E 2

TBT RO TPTIZENERVERE LS T3 =
EMTER, UL, MBT, MPT R\ DPT Tii
ERNR AR+ THo 2. GC-MS Tk 2 EREIC
PEREMEYE & LT, TeBT-dy £33 04—k
WE (BILEMOEKENLE) Z2RVWTERETNL
BLzEZA, YOF—-MPEZFESZETIVE
BMLKHETZIENTER. YOr—HEE
WP D 5 ug/g HINEE O TBT KX TPT EILH
i, 81-118% TH VD EHFREEIZ 0.83-43% TH >
Fe. ¥z, 0.25ug/g HMEETIE TBT XU TPT @
EUHRIL, 95-97%, EEFEK037-1.1%THo
. LT, 1 5® MQL I 0.0090-0.025 ug/g
THolz, AENS, SEMES LSRR, FKE
AaBEEORK{EEY TH S TBT KU TPT %
KBEXTHETEDL ZEAMEATE . SEMET
Lie ik e REBEORE OkERE 6 #, Kities
78 CHEALEZEZA, —HMOBERET
DBT 2MEBE (t.r.~0.19 ug/g) TRH I N/,
TBT XU TPT DWW TR INRTORBTREEN
2ol

BE CHESE2EEIILAENEXSRLE
A RFTERROEEERE LY cEEHm —#t
WEHH WAL ET,
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Capillary Electrophoresis Research into Lead Elution from
Paint Films on Household Products

Kazuo ISAMA, Tsuyoshi KAWAKAMI, Toshie TSUCHIYA, Atsuko MATSUOKA
National Institute of Health Sciences: 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Abstract

The Food Sanitation Law of Japan provides that the amount of lead eluted from the paint film on baby toys must
be less than 90 pg/g. However, the amount of lead eluted from paint films on products to which the Food Sanitation
Law is inapplicable is not controlled even if the product is used by babies. We therefore investigated the amount of

lead eluted from the paint films on household products which babies may use with reference to the Food Sanitation

Law. In addition, we confirmed the validity of capillary electrophoresis for measurement of the lead concentration of

test solutions. Of 105 products (107 paint films) such as stationery and hairpins, only one hairpin had a paint film that

eluted a small amount of lead. The hairpin package carried a warning of the lead content. Nevertheless, household

product which babies may use should ideally not contain lead.

Keywords: capillary electrophoresis, lead, paint film, household product
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toys — Part 3: Migration of certain elements ZHZEL. 6
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WAEERR, KECEETIHE LOBEOREON L
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5D ANL L VI WESED L L EOEEH
O, FERETE AYEFEMTLIZEICEIY 20
BRELELIBEINSDHEI0E LTEESE AR
HETLIHE (BEbbbe) MRESH, 720 R
BIEIE, VELGBBRUNZARERZESATY
B FH20FE3A3 HIC, ARHAEIIES [/
i B EORBREE] O [BLbeNZ20EH
BORE] PRESH, AYHEBTEOHEDOHEIC
oW, ERNLEAEEER L T, ISO 8124-3; 1997
ZRATIEHEMPMALS L [3-8]0 LA Lo,
EMBEBRCESCHEEBL L2 IXHEY LAY, £
LT—RHEBBOEFORICHEI ARG (REAR)
KEHETHHIE. SoLrHflxsnTsed, 1Y
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BAEP Loz W RARALEY LABEORBREESE
2&hb.

AR EEORREETIE. 6 REXBOAYRENR
ETAERBT /) -REDO b, RARLBE
hd s 30, GOBHEI0pgg UTFTRITHIZ
hohwEkBEMshTws (7,8], BE RENOAE
FEMIBEINLERHT 7 ) —ZoMER R
ik, SO ESBEHBEICEAL. AWEMNR
HRLEBACREREZILOTBEAEH L L ON
R ENL [9-13], —FH. ERHBEEOBBEETH,
BEBL L OREI, SROBHEN 0 ug/g MT TR
Fhife o zw e R EhTw3 [7,8]. REAMT
X, BE RERUVEKEO-BICBWT, BB
BREORZEETAILIRESRTVS [14] £
72y ER204E 5 Bicit, REHROTFHRARHOOR
B OEREAEEORELEZ 2MOBHFHER SN,
ARBATEORERSENOBETH LA, EHRFTE
Fixs&E, S 15000 @ EEEMICERLE (1516
Z2C, RENOABERICAY RIS Mh LT VIRE
TEMARERRL LTXRARUEEDELHRIZ,
AERFHERECESCRBEOBRHAREEEL, &#KD
EHEEFEL
I. &

1. #

HRBHAOBEROPRIET, RENOEFERICA
GRMBHARLTVRETEI I, BEXBINLRE
B&E LT, XAERUBZED RO, AFF105 S
RHA L (Table 1), Bt 600 HELT THAWEE
LEflinb DR BAN, BAROBBERANIIEhTH

oo

Table 1 Samples and country of manufacture

ERBEL, AFVLVABON v ¥ —% B THI DR
D, BR0Smm A v Yl TFIIMBELEbOZRELE
Lo 72720, BRTELVWEELETIRESOR
FRiE, HRLMYMEIrUI L7202 EM L L,

2.8 ¥

BEHRBA0.07 mol BRI ER(FELRHNZEA,
MAMETERARM) 2. MKREEEEIxUVS
(BE I U RTHASRH) RUBMARERE Milli-Q
Synthesis A10 (BRI ) RTHRAEH) 2HWTHEL
BHATHERLTRRELL, 2. REGHOHBIE
AL, SRIZHREH (1000 mg/l, AIEREEE TEKRA K
%, BMAERA 0.07 mol/ EMF AV TERBEARL TH
L IR BOAN

3. ABRBARDAR

A#100mg L LEBEHECED, Ry 7oLy
BARBIZANL 37°CIIMB L. ABOS0ERED
0.07 molN B Z M A 7z ERT T37°C IZBEBLHMS
1BEIRE 9 (180 cycle/min) L. E5HI237°CIED
Ao | BB L 7z. F0%, R7H 4 X045um D
TANY—THBLY

4. v ES)-BSAE

T PFAF—FT VI BRHBEHALFYES
YV —BRIKEI#E CAPL-3300 (KEBEBFH/RALSH) 21
ML, fBRBHEEZANL TS 16 ﬁ#ﬁwm:mu%u:o
KBS, 294 72a—XF¥YH (RETS5 pmx
FiEK 64 comi KEBTHISH), KB 2 mM 1,2-
Y2UAFH YT I VEBBRO20mM BB

Prpduct. Product name Number of proflucts Country of manufacture
classification (Number of specimens) Japan China Germany Unknown®

colored pencil 39 (40) 0 24 12 3
Stationery  pencil 19(19) 8 2 0 9
paintbrush 17 (17) 0 16 0 1
hair clip 19 (19) 0 16 0 3
Hairpins barrette 6 (6) 0 6 ¢ 0
bobby pin 3(3) 0 3 0 0
castanets 1(2) 1 0 0 0
Others interior gadget 1)) 0 1 0 0
Total 105 (107) 9 68 12 16

3 Country of manufacture not indicated on product.
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FhU YA BE150kV. RE25.0°C. MHE
£ :2450m (FA4 VL2 b)), EAFE  FEE (25 mm,
30sec) & L7 [16],

5. MEBEHEE

F ¥ ¥ 7Y —BRIKEORERHEMRITICIE, Function
of Mutual Information (FUMI) #Ei (17] &S v 7
b % = 7 TOCO version 2.0 (FUMI #iRfRs) zHAw
Foo BREBHEOILZ MU 720 TAIBTE /A
ARUCBOY 7T b, KUNERB BT HEH

0.006
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0.002 r
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Fig. 1 Electropherogram of 10 mg/l lead standard solution
Arrow shows peak of lead.

40

O i i it s 23l i A. 4
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Fig.2 Measurement precision profile of lead
The measurement precision profiles were made with TOCO
version 2.0 from the signals and noise on the electrophero-
gram of lead standard solution.

E7a7r A VEERL RUBRRUCEBRRZHE
HLA,

6. &
RBBREOLLZ b 72075 A0080Y—2
HEZRD, MEEREEZHCTHERL-RERD) S
RBEBROSBELER L 72,

m#& g8

1. AEBERER UREE

AR BB BY B HIBRBR (10mgn) oL
PE7xUS T A% Fig 11K L. FUMIBERZHW
TR L7z, SHBELHMBEERE RSD) L OBF
FRTMEHE Q7 7 4 V% Fig. 21TR L1z, BB
H%E3B3%DORSDPHFOIDL L EOBERUVERBR®
10% DRSDFHBONB L EDBELEHTHEE, R
BRERPOHBBEL LT, FUELRGFICBT 2 RIHER
1% 00337 mgt RUERBERIT 0.111 mg1 LEH SN,
MEBEREREAVTERLALRERE Fig. 3I2RL
720 0.03mg/t 25 100mg/l ¥ TOB/REHBEICB VT,
SRR & Y — 2 M & ORI 0.99999 28
ZAHRVEBRBESZED LR,

2. MREADRBHRER
READONy FrE P ORBLLRBRERRUSH
BHEHN Gmgl) AL U705 5% Fig 4
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Fig. 3 Calibration curve of lead by capillary electrophoresis

The inserted graph expands the range of concentrations of
less than 10 mg/l.
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WWR L. RERBWOILZ ba 72075 AICIE,
HREERRECTEOWROKBRBE —RT2E—~
HEDON, TO¥—7 D UVIRIARY MVid, $HiE
BB THONZY—2OUVRIRARYZ P L E—H
L7 (Fig.5)c SHMROBED S OSROBEMARER S
h, CORBOHMBEHEIT 1148 pgg L EHS R, &
B, BERHEEORKREE TR, RREOERILOD,
SHEEHOBEM0 I YHET A EPRES R
TVAH, SHEORBIERFEEOBREE~DHE -
AEEPHETHILFBHTRR2VOT, FHEOH
Exfrbhdhois

RERL7- 105 ®ah (107 #k) 1, sSAeRLA0R
WEO 1R/ RE) OARAT, 200 104 W& (106
BAR) oM Ladh ol

v, # B

AAXTIR, T+ ) —-BREABELRHVTRAR
BUROHKBELNELZ. Y ¥ —ERIKHE
W, BELIARELELET, RBRUAELZLE
LABEE LRV, 362, BEFANARET, R
LEND, -2 Iy e YESWEODEDTH
5o RMBAEEICEI(ER, RNPEoHBEET
. RERRORBREONECEFEFRLEEELR
FEES TS ATRAEBENEHEEHVL I LPHE

- N

Absorbance

! " " . " L 2 " L . i
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Fig. 4 Electropherograms of 3 mg/l lead standard solution (a)
and test solution of hair clip (b)
Arrows show peaks of lead.

EhTwaP, REQOHEULOBEOH 254138
EOHECRDIFEZHCAILHETELLEENT
Wb, T ISORBTR. BE0BEDNEHES
BicdEig T, BHMBREMED VIO T ERIMBERE T
Z2HEEERALZTAEROwELTWE 3] &
47 100 mg BLEOBE, HEK o 50 HED 0.07 mol/1 3
BTHBEELTI 0T, HOBHBEEME 90 mg/kg I
HUT 2 RRBERORBE 18mg1 L kb, FYET

) - BERRBEORMELSHCBT 2 RRERPOHK
DOBHBBRIE 0.0337 mg/l T, 1SO HIEOBHMBAEMIZ
HYTIRBEOH 150 THD, FREIBVT. F v
¥ —BRIKBEZHVTRRSEOHNBELIE
THIERRYTHD,

FAELA0S VR 107 BRER) P BERB LD/ Sy
FrEVIEE ORE) OAT, 200 104 G
(106 Befk) P HESBEPRB LD -7 AR L/
BFORED S OHBHERIE 1148 pgg THo7zo B
BREESHEROGRNTH 505, SEOMIEM 30 %
ZRTIBOBHEIZ 804 ug/g LEHSh, BHE
AHORBEECEST 5. BERMT. REHBAF—
VET, BEMHECCTEBO RS VERBES S
hTwiz, ¥4, Bl LTuniaKicl, 5
Bfv—r i, [CoBERCEBFEIRTEY
FTo ZRMEIICANZVTL RV, ] LWHEER

Absorbance

A i /]
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Fig. 5 Ultraviolet absorption spectra of peaks of 3 mg/l lead
standard solution (a) and test solution of hair clip (b)
The ultraviolet absorption spectra of the peaks were
measured with the photodiode array detector of the capillary
electrophoresis apparatus.
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