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Evaluation of skin sensitization potential of guanidine rubber accelerators and
their analysis in household rubber products

Kumiko Shimizu, Takumi Akiyama®, Tsuyoshi Kawakami,
Kazuo Isama, Yoshiaki Ikarashi

1,3-Diphenylguanidine (DPG) had been used as a rubber accelerator. DPG is not classified as a
sensitizer by the Globally Harmonized System of Classification and Labelling of Chemicals (GHS),
because of the negative result in the past guinea pig maximization test (GPMT). However, in Europe,
the patients who showed positive skin response to DPG by a patch testing have increased in the past
few years. Further, the case of contact dermatitis to rubber gloves containing 1,2,3-triphenylguanidine
(TPG) has recently been reported. We suspected that some guanidine rubber accelerators may have
a skin sensitization potential. In this study, we investigated the skin sensitization potentials of DPG,
TPG, 1,3-di-o-tolylguanidine (DOTG), and 1-o-tolylbiguanide (OTBG) using the human cell line activation
test (h-CLAT). DPG and TPG were evaluated as positive, and DOTG and OTBG were negative in the
h-CLAT. We tried to develop an analytical method of these guanidine rubber accelerators by liquid
chromatography/mass spectrometry (LC/MS) and to measure these amounts in 30 household rubber
products. Phenyl-Hexyl column showed better performance in terms of the peak shapes of guanidine
accelerators than C18 column. LOQ of MS for DPG, TPG, DOTG and OTBG were 0.794, 2.28, 0.137, and
0.207ng/mL, respectively. Guanidine rubber accelerators were extracted using acetone/chloroform (1:1)
from household rubber products and analyzed separately using Phenyl-Hexyl column and 0.05% TFA
in acetonitrile-water mixture as a mobile phase. However, the recovery rates except DPG exhibited
large variations, so we took the values obtained from this analysis as reference. Four guanidine rubber
accelerators were detected from nine household rubber products. DPG was detected in three rubber
flip-flops, two gloves, and a toy. Especially, the flip-flop straps contained larger DPG than that of all
of the rubber household products that were tested. TPG was also detected in the straps of three flip-
flops, and DOTG was detected in the nipple attached to a baby bottle. Trace amounts of OTBG were

detected in two gloves.

Keywords: guanidine rubber accelerator, household rubber product, allergic contact dermatitis,
h-CLAT, LC/MS
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T DT 7 LRMRIRHEF DT b T XFVF 7T A
VANT 4R, FT V= IVRIERIEER] D 2- AV T
FRYSFT =, ROF L7 SRR E A o =
FLUFFIVTIE, BEBAEERBIC B THMEE R
L, b nHs L ORRICHE T 2 R 2 A 7 A
(The Globally Harmonized System of Classification and
Labelling of Chemicals : GHS) TIiZ % 8 AW H &
LCABENY, SROEHAREET LV ¥ — - #filgk
B RFERZBPAARNTORMERBEH T LS 2 & LTHR
£ L T\ 5 "Japanese standard allergens 2008”12 % JX
WashTwa? —J, 7=V RmekEERE LT
fRFEWRL 3V 7=V T =YY (DPG) & Guinea
pig maximization Bt (GPMT) T TH 5 2 L 4%
5" GHS T Bz AN (22 v T "Classification not
possible” £ ENTWBY. F72, NWHER TV ALY
T =Y YRR RERITH S 1,2, 3- M) T =TT =
Vv (TPG), 13-V-o-b U NVZF 7=V (DOTG) K
Olo-FYVEZT=F (OTBG) DEMEHEIZOWTIE,
GHS DK/ EIE 2 SR T n®,

AR, TG K AR L2BRITBWT
DPGIZx§ 578y F7 X MGMEREBR ORI L Tw
52 5% DPGIZFRINICB W TH L W IEEED
LLT#EmMEh-ooH 2P F/2, 20144121, TPG
DREEEIZOVWTHE ShTwa? &5, HARKRSE
WD, REM MRS R EREE = ¥ — i
JE TN S 745 M2 e TDPG D78 F 7 A b
BRI HE S Twa P —J, DOTG LU OTBGIZ
DWW TS EREBNZBI T 5 et id v,

ZIT, KETIEDPGAR &L ARED 77 =2 VR
TRARAEF] O AP D\ Tin vitro 2 8 A EE R ER P T
# % human cell line activation test (h-CLAT) %MW
TRl L7z, h-CLATIZ & b HIRH Mgk THP-1 iz
W E B BB L LTHA F T4 oAb
HEHOHN, BITHRMEATHI L HaMiidie LT
HIRL7z. 3512, BPEICBUTAREH T2 HHFO
JT7 =T RN ER O EEE A 720, 5
R L, KLV TTRE, J2EBEOEENEE
1ro7-.

2. HWEKRO)E
21 A3k
AFE DYWL TdH % DPG, TPG, OTBG KU DOTG
B TS L VAL, h b 4fio s
7 =T VR R Db S % Fig. 1IORT.
h-CLAT OB SWETH 52, 4-Y=barouax
»¥ > (DNCB), #MMWEO®EEE L T4
MYy 2FVANVKF Y F (DMSO), HPLCOB B &
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Figure 1. Chemical formulae of four kinds of
guanidine rubber accelerator

LTHWwZ MY 7 v+ afifig (TFA) ROHPLCH 7
b= b, HHBEE LCERLZ7E MY, 20
ORIV A, RO S — Vi, ADEHMEE MRS X
DHEAL 7.

Human leukemia cell line (THP-1#if2) ¥ American
type culture collection (ATCC) X ) MA L7z, RPMI
1640554, 7 VBRI, 22 AV AT b2y ) — VRO
PUH # X Thermo Fisher Scientific % Gibco # i & 1 i
AL7:. FITCHEE#E 7u—FVHifkTh B~y A
t b CDMAHUE S < 7 2 IgGHifkid Dako & D HiEA L,
FITCHE @k~ APtk b CD6 LKL BD Biosciences f:
LOEEA L. KBk ESE Simpli Lab Elix 3
UV (Merck Milliporeft) 2& ) 7ER L 72K % A
7z

22 B

20154E D7 H ~ 9 HIZH AN DO /NGB K F 7213 4 ~
F—%v brav 7 THALTA8G30HM 2 50k &
L7, FAEGIE, T NEBLBIILDOLAD T ANy R
AENTBY, THRRIEK (G8 glove) & TNV F (G8
band) ZBOFREE L7z, F72, T2 5E (fip-flops) b,
A% (strap) ¥R-& B OERS (sole) #BIOEE L7z,
£ RF O T 2 OFEEI N OEFEE % Table 1128 L7z,

2.3 N Ak R

THP-1 /213 RPMI1640 55 1112 10% =7 3 fg Wi, 0.05
mM 2- A VH T MLy ) — )V R OPER 2000 L 72853
TEFE L 72, REICE LT, 16 x 10°cells/well & 7% 5
91296 X7 L — MZ50uL/well THEAEL L TH 24 B[
WA L7z KWW 1E DMSO Ti%fi# L, DPG, TPG
K O"DOTG 1E500mg/mL, OTBG i 250mg/mL ® & i’
ZHE L7, TS OBERERHT6 ~ 2000 ug/mL 2
FRL, #mWERRE Lz, MlRIHBEINLTn b
% well IZHH 4 D REEE OB AW S0 uL (IR 5 75 it
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Table 1. List of the 30 kinds of household rubber
product that were tested

Country of
Sampl T frubb
ample ypes of rubber ranuficture
Gl Sri Lanka
G2 Vietnam
1
a3 Natural rubber Malysia
G4 China
G5 Synthetic rubber Taiwan
G6 Nitrile rubber Indonesia
G7 Malaysia
Gloves glove Thailand
band
G9 Sri Lanka
G10 Natural rubber China
Gl1 China
Gl12 China
G13 Malaysia
Gl4 Thailand
FC1 China
Natural rubb
Finger coats FC2 aturatrober China
FC3 Silicone rubber Malaysia
RBI Natural rubber Thailand
Ri
ubber bands RB2 Synthetic rubber China
FF15F Thailand
strap
Fr2 F Thailand
strap
. sole .
Flip-flops FF3 Natural rubber Thailand
strap
1
FFa %€ Brazil
strap
FFs F Brazil
strap
TOY1 Natural rubber China
Toys TOY2 Synthetic rubber Thailand
TOY3 Unknown China
Insole Styrene butadiene rubber Japan
Others Elastic cords ~ Natural rubber Japan
Nipple Isoprene rubber Japan

JE:3~1000ug/mL) ZMZ, CO, 4 ¥ Fax—=%P
TEDICH AR L, MIBA ATP & % CellTiter-
Glo Luminescent Cell Viability Assay kit (Promegatt)
ZHWTHE L7z, Wi > b o — VR o A7
#100% & L TR E 2T\ & 2 M 2 M i 247
s, M~ % 5l L7z,
MR E R BR O FLEHAAT 1X Student’s t-test {2 £ o TAT
bz, RAEFRE Y b a— VOEMER (AL RE
SN AFEE) % KL THIT2iT->72. 72,
p<005ZMEtNrAREEL AR LT

24 BAEERER

h-CLAT 2 X % 2 i &AVEME 3 Bk, Ashikaga & K O
Sakaguchi & D EMNCHE L THro 72, BWHIZOW
TR B O 7 M B AE 36 75 % % /R 3 I E (75%
cell viability: CV75) 5, A12 THEiEEMIC1 A,
R EMIC 6T, FF8MDRENRMEZRREL LD
L DI THP-LHIBC TR U7z, AWy 2L st 8 & [l i i
(0.2%) ®DMSO % %8 L 7-fifle (ABHL LML) %

AT T7Tarra—= &L, REBFRREIS ~40
ug/mLODNCBRZEMBERY T4 72 ba—
L7 §RTORBTRY 7473y ba—uhb
TEHMESND Z &ML 24 R M 2 [T
L, $LCD86 Jx U'HiCDs4 bufk & s &4, FACS (BD
FACSArray, HANXZ b 51 v F 0 V&)
WCTMFIZEIEL, T2 & 0 CD86 K UFCD54 il iz
FKMFEHFE RFI%) %RKDH7z. CD8 RFI1% =150%
XX CD54 = 200%% W3 N DRE— 1T TH /2L,
Bk &g L7z, 3 oiERo 5 6 20 LL L F U @A
RENZEE, XL, RO ORERTRH UHE D 7%
SN 3 HOREZ1THT, HEZMHE L7

RFI (%) = (A-B),/(C-D) x100

A R REMO MFL, B : B e R &R
D isotype control® MFI, C : EEALEEHIIL O MFL, D :
LI @ isotype control ® MFIL, MFI =Geometric

mean fluorescence intensity

25 TGO ST =V Y SRINERAHER] D 25T

TLEE050g % EMECED, 05~ 5mmiEiZHIL) L
T, 7R by rzuakuaiRiE (1) 5mLEMAZ.
107 B S AL B 2 47, fillii 2 - AR 7 7 2 3128
L7z, COMBE/EL 38R flibigz = 3K
L—%—TlEL, =%/ —NVEMAT5mLIZERL
72. TNEKTIOREAML, PTFEA ¥ 75 ¥ 7 4 V& —
(4L#%F : 02um, Merck Millipore#k) TAREW # B L
otk Wtkrua< 57 40— JEESHE (LC/MS)
W CTHr L 7=,

T %€ 1 1 ACQUITY UPLC H-Class/TQD system
(Waterst:) # H w7, % 5 413 ACQUITY UPLC
CSH Phenyl-Hexyl (%% : 21mm, £ & :100mm, #7
T 1.7um, Waterst:#), 5 AMEIZ40C & L7,
BEH A12005% TFA K, #iEB120.05% TFA 7
t b= MYVERE R, WaE12012mL/min, {# AR
WE5uL & L7z, 79 3Y =¥ ML, 0-2min, 10% B ;
2-14 min, 10-90% B ; 14-19min, 90% B i ; 19-19.1 min,
90-10% Bi#; 19.1-29min, 10% Bifi & L72. Photodiode
array (PDA) 1 X 2 Bl & 13210-400nm & L, &
1L 260nm & V72, MSHO Mo 4 4+ Y {BILESI
positive TiT\y, ¥ ¥ ¥ —FEII3kV, I—VEBE
E30V, vV — AMEIZ120C, BiE SR 12 350C, B
BT A w1650 L /hr, 2 — >~ H A @idb0L/hr& L,
SIR €— FTm/z 212 (DPG), 288 (TPG), 240 (DOTG),
192 (OTBG) A+ y&#E=%—L7.

B P (LOD) &5Ei P (LOQ) &, ARiltEE oA
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Figure 2. Cytotoxicities of THP-1 cells exposed to
guanidine rubber accelerators

THP-1 was exposed to guanidine rubber accelerators
at concentrations of 3-1000 ug/mL for 24hours. Cytotox-
icities were evaluated by the cell viability assay and the
values are represented as % viability. Each data indicates
the mean * standard deviation of three separate experi-
ments. *Significantly different from the control: p<0.05.

HEW)E % PDA & MS ORI R T 4 2011l 5€ L TR®D
7z, JIS KO0124: 2002 &% U JIS K0136: 2004 i2HEvy, il 5E
HORMERFZE (o) O3290f51CHYT 2% KD, ikt
MmMEIC L) TORELBREL T, ThELODE L
72 RS, o D 10fFICHINS T HIERXLOQ & L.
WIMEIGAERIC 1L, PRI Tr 7 =¥ ¥ R
R ZEHEL TRV LA LT TE25H (G4
FONG7) ZHVz. IS ok 05g 12 25 ng DB
BASMLU T, Wk, BUEEEZRD 7.

3. WL EE
31 ARk

Bz BAEE SRR h-CLAT 2% 5, B E o
WA AT o 72, T ORI R % Fig. 21279, TPGA®
bRV #EE 2R L7z, CV75I22 W Tid, DPGIX
177 ug/mL, TPG X 740ug/mL, DOTG X 114 ug/mL,
OTBG3263ug/mL & %2572, THHDCVI5%EITIC,
h-CLAT 2V % 8 DIk R A g L7,

h-CLAT ®# %% Table 2127R L 72, CD86FEBIZIZ W
FThoOr 7=V RMEREH TH150% LT TH - 72
—77, CD54%sBI%TiZ, DPG KU TPG I3 BB D#LE T
200% %W L7, FD7D, THHDEIEMEIZRTEE
HE L7, DOTG L OTBGIEWTFNOEEIZE VT
b IEBHD200% LT TH ) Btk & HE L7z,

DPG & B & 2 Fo RESKEIH (FTFI V7T
=V V) RET B RSEGE T HSEE I B2 R R Ak
Z L, DPGIZX /8y F57 Ak THRIERIG & 7% % i Bl
BE W F e Iy =D RIMEAER O R R T D

Table 2. Results from the human cell line activation
tests (h-CLAT)

RFI(%)
Name Concentrations CD%6 D54 Decisions
(ng/mL)
Ist test  2nd test Ist test  2nd test
593 105 114 109 109
711 12 13 126 12
85.4 116 100 180 135
102 101 932 152 128 -
DPG 123 120 110 177 1s4  FPositive
148 117 110 199 190
177 130 115 241 227
212 104 912 258 245
2.8 963 954 168 131
29.7 112 943 172 157
35.7 83 910 183 186
28 812 716 208 184 -
PG 514 905 845 219 23g  Positive
61.7 874 79.1 246 275
74.0 647 616 266 294
88.8 22 571 282 312
382 839 903 844 822
45.8 744 891 844 796
55.0 B4 721 884 954
DOTG 66.0 6.6 807 05 8BS\ e
792 713 760 759 96.0
95.0 %9 736 122 110
114 786 860 152 138
137 557 719 158 145
88.1 8.0 867 796 853
106 94 825 780 855
127 756 853 804 956
OTBG 152 656 858 BB e
183 733 899 857 861
219 701 871 844 875
263 @21 795 852 832
316 774 810 101 952

The relative fluorescence intensity (RFI) values represent
data obtained from two independent experiments. Positive
criteria include the RFI values for CD86 ( > 150 % ) and/
or CD54 (>200% ), and RFI values that satisfy the positive
criteria are expressed in bold text. Test substances were
considered to be sensitizers when two of three independent
experiments met the positive criteria.

HET=D) VEIEEREGFIERITILEMONTY
522 Dbk &, DPGRUTPGOKIGIX, 27
TV yEREOCERHROT =) Y EEOWT RN
LLEMHAROHEEIER L Wb EEZ LN, —T,
Garcia-Perez 5 D50 Tlx, BEERFZICHT—H#E
AN D DPGDEAERITN 2, [RFHEFH O JEAEATHY
MLTWwa., Zhiud, TATFRLTLE2ETLREWITEE
WRBLZTFTH L, BREFHE, —RRETORFCH
FEETOHHEINTWAE-DEEZONDL. 51413,
FT =V YRILANMGERERE LTI TN T T =Y
VI L= ROV A TFA—IVEKRL—bF s Too- PN
STV VEMMERENRTEY, IS0 BEEIZOW
THWHSNIZ LT REDD .

JAETIE/ Sy F 7 A b TRtk & 7% 2 BE DB m %
AT EH S DPGIIBMEME 2SS 5 & HIWF S 2 R
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Retention time (min)
C18 column
TPG =260 nm
OTBG
A DPG DOTG

r T T T /-g k T T T 1
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Retention time (min)
Figure 3. Chromatogram of four guanidine rubber
accelerators

Each guanidine rubber accelerators were measured and
detected at 260nm using LC/MS with Phenyl-Hexyl
column (bug/mL) and C18 column (10 ug/mL).

Table 3. Limits of detection (LOD) and limits of
quantification (LOQ) of guanidine rubber accelerators

LOD (ng/mL) LOQ (ng/mL)
Guanidine rubber accelerators
PDA MS PDA MS
DPG 9.52 0.261 28.9 0.794
TPG 3.05 0.751 9.27 2.28
DOTG 219 0.0450 66.4 0.137
OTBG 16.7 0.0681 50.6 0.207

W2 B LA LDPG I GPMT Tl E&AEMERE 1 & )
FEEINTBNY, ZOENIHAEI X B EEOW D
ZzoN5b. 72, GPMT ZREBEWE O BMEFHE L &
FEEIRE OB I EE L & > TUXHEDEAL T 2 W REMED % 2
SN, MR 8B e RER D BT 2 LB H D LE X
biha.

32 WSt okE

Dahlin 5 0 #E" THW S Nz k& 5HIC, 45
DT =Y RIMERER Z ST 2720007 A K%
OB EH I DWW THE L 72, Dahlin 512 0DS % 7 &
ZHWTW5EA, ODS#H 7 4 TH 5 ACQUITY UPLC
CSH Cl18 41 5 A TIZDPGO ¥ — 7 IR E 572 L
2L, ODS# Db U 12 Phenyl-Hexyl 2 K& S8 72
ACQUITY UPLC CSH Phenyl-Hexyl # 7 & 2 H \ %
L= RDPUHE L. D720, 5587121 Phenyl-
Hexylh 7 o2 x iz, 77 =Y Y RINEREEH %
Phenyl-Hexyl# 7 & £ ODS 4 9 & % H\wT260nm T
Gl &oru~x 77 A% Fig. 31Z7x L7z, PDA
EMSENnZERoOBI R TCoOMIETR (LOD) RUE
ETH (LOQ) #RkOTINLofizkikL7zL 25,

I 1st Extraction
3rd Extraction

2nd Extraction
[] 4th Extraction

8001

600

2004

Ethanol Acetunet‘(‘lhlorufurm Aceltone
(1:1(viv))

DPG pg/ 0.5 g of FF2 strap

—_— il

Figure 4. Effect of solvents on the extraction
efficiency of guanidine rubber accelerators from
household products

DPG was extracted from 0.5g of FF2 strap using three
solvents: ethanol, acetone/chloroform (1:1), and acetone.
These extractions were repeated four times.

MSZPDA X 0 MHIEE AR <, LOQIZPDA »#)1/4
~1/500TH Y, X VIRVIEE T THWD R TH - 72
(Table 3). 7272L, PDATOERIZ, MS & LTH
HROEMIEPSENTEY, ZOREHPAD LN &2
5, MSIZBWTPDADLOQ U DA EE S 73
#1&, PDAICCTER L. $72, 77 =9 ¥ R
HEH O — 27 12T 2B HROPEY — 7 25580 S
HER° PDA TLOQ UL F O L 1Z, MSTOE R

AT

33 TAHEGD S O
THEBRTDPCGHER SN TWDL I L MR LT
LR O RS (FF2 strap) Z W TITAEEH» 5
DT T =T YRGS O 2 G L7z,
T LBEA~OREN%EE L, Dahlin 5?27z
57—, JERES PP PRI LFMAOFHI TV B
TR by rauRsVARE (LD, ROT7E 2R
FL7z 4R RLMM LAz SIS N A DPGE
&, =¥ —n4%ug, T Y raakiv AR
8lug, 7 Mr743ugTHY, T MY ook iy
AR K 2B ES R S 0-72 (Fig. 4. 7
v/ 7 au RV AR R A, SR EE o
WE L AR RFEOBIMBEIZIZIEEDLL WD, 3
F OB K LIMB TS THDLEEL. =5 ) =,
TN, 7R MY 7auRV AR T A
EMNEBNORZEIINEH L, TORE, L 0£ L DDPG%
Mg s enTELEZONS. DT, TN
700 RV AR AR A T T A 8 & 3l
HML7zbo2BaRE LToMrTasZ s L7
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Table 4. Recovery tests of guanidine rubber 9.5E+07
. TPG (5 pg/mL) TPG
accelerators from the spiked rubber gloves el h
Recovery (%) -S.0E+06
Guanidine rubber accelerators 7.5E+05
G4 G7 FF1 strap
z’ 3.5E+05 4
DPG 829+ 1.5 753455 &
=
G 85.4+5.2 32358 £ SoEvd
- T.SE+0S
DOTG 859+ 15 62.1+63 2 FF2 strap U
3.5E+05 4
OTBG 483+13 68.0+ 1.6 .
-S.O0E+04
25ug of guanidine rubber accelerators were added to 05g HOE0G FF3 strap
of the cut pieces of G4 or G7 gloves and extracted. Values 9.56+05 -
are expressed in the form of mean * standard deviation,
. . . -S.0E+04 el
and were obtained from three independent sets of experi- o 2 4 6 8 10 12 14 16

ments.

8.5E+07
DPG (5 pg/mL)

5.5E+07 4 D

o
Q

2.5E+07

-5.0E+06
6.0E+05

G13
4.0E+0S

2.0E+05 n

V.OE+00
8.5E+07

FF1 strap

S5.5E+07 4

2.5E+07 1

-5.0E+06
8.SE+07

FF2 strap

5.5E+07

Ion intensity

2.5E+07

-5.0E+06
2.0E+06

L
\
|

LOE+06

S.0E+0S

0.0E+00
B8.5E+07 4

FF3 strap

5.5E+07 1

2.5E+07 4

-5.0E+06
BSE+07T

TOY3

S.SE+07 o

2.5E+07

N
0 2 4 6 8 10 12 14 16
Retention time (min)

=“5.0E+06

Figure 5. Detection of 1,3-diphenylguanidine (DPG)
in household rubber products

DPG was measured at m/z 212 using LC/MS. Note that
separate measurements were taken for the straps and
soles of flip-flops.

34 ENmEDGERER

B GA R GTIAM D 7 7 = ¥ ¥ RN A H] 0 £
HWEW AR L, AmmGRER % it L7z, SRR
DPDADY — 7 HfEEHVCERL, BINEERD.
DPG 11 3k T 75% LL_E o R A3 5 7258, TPG,
DOTG & O0°OTBG ® [H LR IZ AT & ) K& 20530
D HN7z (Table 4). TORKE LT, M ZZEL
2B, 77 =Y RIS A3 IR Sk O AN
WG SNz ez bz RRBHROREE%
EOIIHE - WET LI ETRIFAMINEZESL Z L1

Retention time (min)

Figure 6. Detection of 1,2,3-triphenylguanidine (TPG)
from the straps of rubber flip-flops
TPG was measured at m/z 288 using LC/MS. Note that

separate measurements were taken for the straps and
soles of flip-flops.

1.2E+08 4
DOTG (5 pg/mL) DOTG

S5.5E+07 A
g
E -5.0E+06
.E 2.0E+06 -
= Nipple
S 9.5E+05 4 A

“SOE+04

2z 4 6 8 10 12 14 16

Retention time (min)
Figure 7. Detection of 1,3-di-o-tolylguanidine (DOTG)
in household rubber products
DOTG was measured at m/z 240 using LC/MS.

30E+0T

OTBG (5 pg/mL)

1.SE+07 o @G

-5.0E+05

1LOE+0S

£ a2
§ S.OE+04 OTBG
=
o i A \ ]
g 0.0E+00
=
1.OE+05
G8 glove
S.0E+04 OTBG
o ]
0.0E+00
2 4 6 8 10 12

Retention time (min)
Figure 8. Detection of 1-o-tolylbiguanide (OTBG) in
household rubber products
DOTG was measured at m/z 192 using LC/MS.

THETH D EMDNDH, REMATHREIHI LR
BN 2 5 2 & &, LOD K U'LOQ AMERETH 5
CENS, BMWEOSHEOR LIRS 720D Y
V=Y 7k LTHHTH S L E R, Rz HW Tl
MO ZAT o7z, 72, O EREIZSHiE
ELTHYHH) 2Lz
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35 WHRT A EGHO5HT

MR T 28308 36E) 077 =Y R
HEH 2 00T L7z, 4o it fe A 235l S h - 8o
<~ AZ7ux b7 I 4L%Fig 5-81Zx L7z 13FHZTD W
THI 212 3l EEE 2 1T, 2R ofliti % LC/
MSIZTHM L7z, ZEl%E £ L DR % Table 512
RL7-

F4e285 (Gl G13), TAEEO M3 H N (FFL
strap, FF2 strap, FF3 strap) MO T2 HEDH (FF2
sole), ¥tH (TOY3) & 7i#E% 5 DPGAHI S 7z,
BEMETIEH 5705, FFl ~ 3D strap #5  ONTOY 3
?DDPGIEPDA T i % 1T » 72. FF2 sole ® DPGIZD
WTIEPDATIR Y =2 WIS EY -7 03D o 72720,
F OO E M S /- ¥ — 7 1 PDA TIXLOQ
DTFTHorzlzh, MSTER L. d% L DDPG
WEFEFNTHBHFHIFF2 strap TH ), TOwIE16
X 10°ug/g TH - 72. TPGIE, DPGH IR { Y
LCTw3 &itw & 5 FF1 strap, FF2 strap & O'FF3
strapD 3AFE S E N2, IS iEf - 31 i
WO CEGTH Y, Wb #ERICDPG YR E
NzdboLEML7. —7F, TPGIIEMETH 722
L5, DPGOAKM EEZ bR

DOTGIZARH =y 7 v 6 & 7. OTBGIZ
FLE2BM D LM s N8, SROFETIEZ O
MEMEL, LOQARMTH o7z T2, SHOGHT
DPG A3l & v 7zBu BAd, AR 60mm @ T 2 K — )b
THY, TEHORMICRIEMIL i, Bl s %%
AL LWEEEIEWEEZ 5NE. —F, SHEOSHT
&, DPG2STAHED B L6 R LT &b %55
ETAIMAIIIRNE < FRB L7z, Lazarovid, ¥ %
VoD d-tert-7F V7 = /) —)v (PTBP) —&NV LTIV
Fe FBRICE 2B RIZOVT, Bo2REIC X 5%
HRBRETOY v FIVERPIRIEREMEZT | Z I LT
WAIREMEZ IR L T A D, HAR S EEREHEAETH
D, TAREEMEHT 25 ICFEROIERY G &R S
nNan2b Lz, 72, ¢ boLORERX, BWIZHEK
MU E S X BRI E LTE M
LNTEBY D, EEIVLETHS.

4. Fi»

AT, 77 =2 v RINEER O h-CLATIZ &
LIBAEERER 2 1T o 72, Z 0%, DPG K U TPG 13 &
VEVERG M & e S N7z, 8512, LC/MSIZ & 5 85
DT T =T RIMGAEHER) D 53T B MG L7, ARk
T, —EBOMIPERBEATEI ThH o 72h%, Bl T RAE
130.0450 ~ 0.751ng/mLCd V), Mg %R B
AT L SOV ORI TSI RETH H 2 L

Table 5. Concentrations of guanidine rubber
accelerators in household rubber products

Guanidine rubber accelerators cantained in household

Sample rubber products (ng/g)
DPG TPG DOTG OTBG
Gl Trace ¥ ND ND ND
G2 ND ND ND Trace ¥
G3 ND ND ND ND
G4 ND ND ND ND
G5 ND ND ND ND
G6 ND ND ND ND
G7 ND ND ND ND
glove ND ND ND Trace ©
Gloves G band ND ND ND ND
G9 ND ND ND ND
G10 ND ND ND ND
Gl11 ND ND ND ND
Gl12 ND ND ND ND
0.14,
G13 0.14, ND ND ND
014"
Gl4 ND ND ND ND
FCl1 ND ND ND ND
Finger coats FC2 ND ND ND ND
FC3 ND ND ND ND
Rubber bands RBI ND ND ND ND
RB2 ND ND ND ND
sole ND ND ND ND
- 8.6 % 10°, 028,
strap 8.5 x 102, 0.26, ND ND
83x10°”  025?
5.0,
sole 6.5, ND ND ND
379
FF2 3
1.7 %107, 0.32,
. stap 5% 10° 0.40 ND ND
Flip-flops 3,b) ’a)
15x10 0.50
sole ND ND ND ND
FE3 15 102, 097,
strap 15%107, 0.90, ND ND
15x10°%” 0901 ?
FE4 sole ND ND ND ND
strap ND ND ND ND
FEs sole ND ND ND ND
strap ND ND ND ND
TOY1 ND ND ND ND
TOY2 ND ND ND ND
Toys 13 %107,
TOY3 12 x 102, ND ND ND
12x102”
Insole ND ND ND ND
Elastic cords ND ND ND ND
Others 0.08,
Nipple ND ND 0.09, ND
0.10 ™

Values obtained from three independent extracts are
presented. Each value is an average of three times analyses.
Values were used as reference data in this study. ND:
not detected; Trace: < LOQ; ¥ Values were determined at

m/z 212 (DPG), 288 (TPG), 240 (DOTG), and 192 (OTBG);

Y Values were determined at 260 nm.
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