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Chemical Approach to  Contact D erm atitis Caused by Household Products. IV.
Analysis o f Mercaptobenzothiazole-Type Accelerators in 
Commercial Rubber Products and Incidence of Positive 

Reactions in P atch  Testing
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A  m e th o d  fo r  th e  d e te rm in a tio n  o f  m ercap to b en zo th iazo le -ty p e  acce le ra to rs  (M B T s)  w a s  stu d ied  

b y  rev e rsed -p h ase  h ig h  p e rfo rm a n c e  liq u id  c h ro m a to g ra p h y  (H P L C )  w ith  N ucleosil 5 C  18 co lu m n  by 

u sin g  m e th a n o l-w a te r  (95 : 5 )  a s  a  m ob ile  phase .

A f te r  e x tra c tio n  o f  ru b b e r  sam p les b y  sh a k in g  w ith  a n  ace to n e -ch lo ro fo rm  (1  ; 1) m ix tu re  a t  room  

te m p e ra tu re , M B T s w ere  a n a ly z e d  b y  H P L C  w ith  u ltra v io le t (U V )  d e tec to r a t  275 nm  b e fo re  a n d  

a f te r  m e th y la tin g  w ith  d iazo m eth an e .

T w o  k in d s  o f  ru b b e r  sh e e ts  fo r  m ed ica l u se  a n d  9 k in d s  o f  com m erc ia l ru b b e r  fo o tw ears  (2  k in d s  

o f  ru b b e r  b o o ts  a n d  7 k in d s  o f sho es w ith  ru b b e r  so le s) w e re  an a ly zed  by  th e  p ro p o sed  m eth o d .

C o n seq u en tly , o n ly  2 -m ercap to b en zo th iazo le  ( M E T )  a n d /o r  d ib en zo th iazy l d isu lf id e  (M B T S )  w ere  

fo u n d  in  a ll ru b b e r  sam ples. T h e  ra n g e s  o f  co n te n ts  w ere  as fo llow s : M E T , 2 1 .7 — 1190 ^ g /g  ; M E T S , 

2 7 . 3 - 3 9 2 / /g /g .

P a tc h  te s tin g  to  M B T s w a s  a lso  s tu d ie d  in  40 p a tie n ts  w ith  a lle rg ic  c o n tac t d e rm a titis  from  ru b b e r  

o r  po ly  v in y l c h lo r id e  (P V C )  m a te r ia ls  ( ru b b e r  g ro u p  o r  P V C  g ro u p ) , w h o  w ere  th e  sam e sub jects 

in  th e  p re v io u s  p ap e rs . G e n e ra lly  sp e a k in g , ru b b e r  g ro u p  reac ted  to  M B T s in  h ig h e r  inc id en ce  th a n  
P V C  g ro u p .

K e y w o rd s -------m ercap to b en zo th iazo le -ty p e  acce le ra to r  d e te rm in a tio n ; commercia.1 ru b b e r  fo o tw e a rs ;

2 -m ercap to b en zo th iazo le ; d ib en zo th iazy l d isu lf id e ; p a tc h  te s tin g ; positiv e  reac tio n  inc idence

h h z .  ^ 9 7 4 -  (H P L C )
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T able I . A n a ly tic a l D a ta  o f  M e rc a p to b e n z o th ia io le -T y p e  A cce le ra to rs  in R u b b e r  P ro d u c ts

N o . B ra n d M a n u fa c tu re r U se S am p lin g  p a r t
C o n te n t ( ^ g / g )  

M B T  M B T S  C H A

R u b b e r  shee t 1 , ■
1 ***«> m ed ica l use 1190 7 6 .2 -

2 *** *** m ed ica l use 230 .ft) 117
F o o tw e a rs

3 *** T u k ih o s h i K asei ru b b e r  b o o ts  fo r  lad ies boot-leg®^ 1145 180 -
4  *** T u k ih o s h i K asei ru b b e r  b o o ts  fo r  m en boot-leg*’ 2 2 .7 2 7 .3 -
5 T u b a m e  S eah o rse  H iro sh im a  K asei ru b b e r  sho es fo r  ch ild ren upper®’ - 173 -

in n e r  cushion"*^ 804 202 -

6  A ch illes  L u x A ch illes sn e ak e rs in n e r  cush ion 308 126 -

7  P a n th e r Sekaicho sn e ak e rs in n e r  cush ion 134 101 -
8  E .T . Sekaicho c a n v u s  shoes in n e r cush ion 380 259 -
9  *** Y o n ex sho es fo r  b a d m in to n in n e r  cush ion 366 215 -

10 *«* ***e> shoes fo r  b a sk e tb a ll irm er cu sh io n 2 1 .7 173 -
11 ♦** c a n v u s  shoes in n e r  cush ion 911 392 -

a) ***: unknown names of brands o i  manufacturers, 
ft) - :  not detected, 
c) Rubber sheet.

Foam rubber.
«) Manufactured by foreign manufacturers

T a b le  I I . A cce le ra to rs  a n d  A m in es used  in  th e  E x p e rim e n t

C o m p o u n d A b b rev ia tio n T ra d e  name®’

M e rca p to b e n zo th ia zo le -ty p e  acce le ra to r
2-M ercap to b en zo th iazo le M B T N occe le r M
D ib en zo th iazy l d isu lfide M B T S N occe le r D M
^ -C y c lo h e x y l-2 -b e n z o th ia z o ly l su lfen am id e CBS N occe le r CZ-P
2 -M o rp h o lin o th io b en zo th iazo le M M B T N occe le r M S A -G
2 -(W ,N '* d ie th y lth io ca rb am o y lth io )b en zo th iax o le D E T B T N occeler 64
Z inc sa lt  o f  2 -m ercap to b en zo th iazo ie Z M B T N occe le r M Z

Amine®’
D ie th y la m in e D E A
C y c lo h e x y la m in e C H A
M o rp h o lin e M O R

a) “Nocceler” . by Ouchi Shinko Chemical Ind. Co..
b) Purchased from Tokyo Kasei Co., Ltd..

i c B A L X ,  M B T  M B T

ofc.
M B T

J: M E T  ^

f  p  ^  ^ ' / - C  1 m l

K A  ^ 7 v / L ,  2 . 5  f t ]  H P L C

i g i S  f c  J :  J ;

H P L C  : *  9  A , N ucleosil 5 C 1 8  (iK cS 5 /ttm, 

N a g e l i t S S ) . 25 cm  x 4 .6  m m  i.d ., ;
A fi  y  -  / I ' - *  (9 5  - .S ');  m m ,  0 .8 m l /m in  ;

2 7 5 n m .

B  / - i - y ^ x T .  h  T a b le  I I  5

M B T , C B S, M M B T  t c o i> - C ,  lU S * '* ’

3 0 « .

U « tr, 5 ^ 4 :S t tS
ttU-Cl'fc.



rubber sample 1 g

shake with 10 ml of acetone-chloroform(l:l) five times 
at room temperature

extract

divide Into two equal parts

shake with 5 ml of 5X HCl 
three times

HCl layer

neutralize with NaHCO^

NPD-GC

amipack 124 column

determination of amines 

(DEA, CHA, MOR)

evaporate

dissolve in dichloromethane 

HPLC

nucleosil 5C18 column 
methanol-water mixture 
UV 275 nm

C h a r t  1. S y stem a tic  A n a ly tic a l M ethode of M e rc a p to b e n z o th ia z o le (M B T )-T y p e  A cce le ra to rs

n  m m
1. 7

M B T , M B T S  k k i c K T  I V O  C H A , M O R  

V ' i t  D E A  C B S, M M B T ,

D E T B T  S  t  ^  2> -  i  ^  S . ^

"C. A m ip a c k  124 *  5
NPD-GC

1-1- 7 S > 0 N P D - G C  D E A , C H A , M O R  CD

3 5 y < 0  N P D -G C  ^  p  -v h F ig . 2 K

m h f z .  D E A  0 .3 / i g / g ,  C H A  2 .0 , i g /g ,

M O R  l . O f i g / g

} -2 . 2 4 6 - 2 9 4 /ig  o

D E A , C H A , M O R  h v - p  p  A ( 1 : 1 )

2 5 m U c S f l ; t .  5 m l 3

C H A  O As

D E A , M O R  (T a b le  H I).

2. M B T

2 -1 . til f t  ©  jS  M B T , M B T S , C B S,

M M B T , D E T B T  S.O'* M B T  O  A

(9 5 : 5)  2 5 4 - 3 4 0 nm

U V  (F ig . 3 ) .  m e t

D E A

10

R e te n tio n  tim e

(min )

F ig . 2. S e p a ra tio n  o f  A u th e n tic  A m in es by  
N P D -G C

Condition : Amipack 124 column, 1.2 mX2 mm i.d. ; tempera­
ture, column 80*C (held for 4 min)—2I0'’C (raised at 32°C/ 
min), injection port and detector 220°C; carrier gas, nitro­
gen, S ml/min ; detection, NPD, hydrogen 3 ml/min, air SO 
ml/min.
Amines : DEA, from DETBT ; MOR, from MMBT 5 CHA, 
from CBS. Each concentration was 10 //a/mh Retention 
time (min) : DEA. 3.40 : MOR, 8.40 : CHA, 8.90.



K ljf llJ f 't ' m e th am p h e tam in e  

T a b le  I 

M e th a m p h e ta m in e

o i t i t ,  h  120 L

fc it^ 0 .u M co fi|^ :^ L X V 'S .
^ C ~ Q ,  7 v  m e th a m p h e ta m i­

n e  L . m e th am p h e tam in e

1 . 5 . 7 .5 ,  lO m g /k g  

O  4  m e th a m p h e ta m in e  '5Sr0KF*3S-§-L-,

m e th a m p h e ta m in e  G C -M S L-fc- #

T a b le  I I

Lfc.

m e th a ­

m p h e ta m in e  7  ^

3 s fc J ;^ 0 .1 1 « o f i
^ ^ L f z .

m eth am p h e tam in e

m eth am p h e tam in e

m m < ^m m  (Table n ) p ^ h u
(F ig .  3 ) ,  # I S 4 > a 5 f

^ ^ O ^ B M » ^ 0 . 8 3 7 'C ^ o f c .

:& 5  i  V' 5 .

1̂ ffl :st

1 )  n ,  4 'S - B P ,  29,
95 (1986).

2 )  J . B re ite r , R . H e lg e r, H . L u n g , F o ren sic  Sc iense, 7, 131 (1976).
3 )  'J '* s  =?. 39. e s o  ( i9 8 5 ) .
4)  37. 224 (1984).
5 ) ' m  37. 63 (1983).
6 )  K . H a ra ,  T .  N a g a ta , K . K im u ra , Z  R ech tsm ed , 96, 93 (19 8 6 ).
7 )  T .  N a g a ta , M . K a g e u ra , K . H a ra , E . M iz u k i, T .  K o jim a , A b s trac t o f  P a p e rs , 1982 E u ro p e a n  

T I A F T  M e e tin g , 168, S ev ille , S p a in , S ep t. 1982.
8) C .I . W in e k , A .G . C o s tan tin o , W .W . W a h b a , W .D . C ollom , F o ren sic  S c ience  In te r n a tio n a l,  27, 15 

(19 8 5 ).



T a b l e  I II . E x tra c tio n  E ffic iency  o f  A m in es  in to  
5 *  H C l

A m in e A d d e d  am ount 
( ^ g )

Recovery®^
CSS)

D E A 282 101
C H A 246 8 2 .8
M O R 294 100

a) Each amine was added to 25 ml of acetone-chloroform 
(1 :1 )  mixture and the solution was shaken three times 
with 5 ml of 5% HCl, at room temperature. Aiter neutraliz­
ing, the HCl layer was analysed to determine amines by 
NPD-GC.
b) All values are the mean of triplicate determination.

Wavelength (nm)

F ig . 3 . U V  A b so rp tio n  P a tte rn s  o f  M ercap to - 
b en zo th iazo le -T y p e  A cce le ra to rs  in  Me- 
th a n o l-W a te r  (95 : 5 )  by  H P L C

HPLC conditions: Nucleosil 5C18 column, 25cmx4.6mm
i.d. ; mobile phase, methanol-water (95:5), flow rate 0.8 
mi/min ; detection wavelength, 254, 275, 290, 310, 325 and 
310 nm.
Samples : l=2.mercaptobenzothiaiole(MBT) ! 2=methyl 
deriv. of MBT(MBT-Me) ; 3=diben20thia2yl disulfide 
(MBTS) : 4=^-cyclohexyl*2*ben20thiazolyI suHenamide 
(CBS) : 5=2-fflorpholinothiobenzothiazole(MMBT), 6=2-(N, 
^-diethylthiocarbamoylthiothiazole(D£TBT). 
Concentration(mmol/1) : MBT, 6.6 : MBT-Me, 0.91: MBTS, 
0.77 : CBS. 0.83 : MMBT, 0.82 ; DETBT, 1.06.

M e U V  K

2 7 5 n m  t f c .

H P L C  L - C J i  2 7 5 n m

2 -2 . H P L C  m < O m  

O  N ucleosil 5 C 18

(95 : 5 ) 0 ,8 m l /m in

-  M B T , M B T S , C B S, M M B T

D E T B T  H P L C  ^  p -r  h i?' 7 Lf c  i

MB T

hfc.
m e t  H PLC :5}-fffC

(F ig . 4 ) .

tu io ,  M B T -M e (Di C— V ^ ^ 7  A _h  M M B T

D E T B T  L A ‘ L ,  M M B T , D E T B T

2 -3 . f - 7

i S S d '  0 . 5 c m  U ± ( O m - ^  0 .0 4  a . u . f . s .)

M M B T ,

D E T B T  2 . 0 ^ g / g ,  M B T -M e, M B T S , C B S 2 .5  

ftg/g
3-

®ffi?̂ iLT:T'tby-̂ 'pp7l-wuA Cl : 1) jg ®

L X T - i i h ' y - f i

P P,-h/PA (1 : 1) 7 - b Y v ,  ^ ; J r / - /K 0 3 S
L*:.

t - r ,  s m
<r> M B T  (M B T , M B T S , C B S, M M B T ,

D E T B T )  250 ;<g 50 m l K M

S i a T 2 M S S i 5 L f c .  M B T ^ f t ^ i t ^

H P L C

fc. CBS W ^ 0 4 ^ ( t 7 - f e  h p p.+^/UA ( l : l )

C B S f i 7 - f e  h y - i f  p  p .+ ./i-A  ( 1 : 1 ) ®

i g X '( t iS t i2 0 % i f £ V '( H lW - e ^ .o f c .

~  h i ^ 0 . 5 g  ^ T - b  b y - ^ '  p  p .-h /U A  (1 : 1)

H i L X m - z m m i ’  c b s  c b s  ©

( T a b le  IV ) . L ^ ;A * -:3 T , C B S  tC 'O V '*C % , 

C B S

SS^"C ̂  t  i  ^  i  fc.
N o . 1 (D N B R  S U O n ’A - y -  h (M B T ,



DETBT

MMBT

MBT

CBS

MBTS MBT-Me

I-------
I ..............................
0 10 0 10 (min)

Retention time

F ig . 4. S ep a ra tio n  o f  M ercap to b en zo th iazo le -T y p e  A cce le ra to rs b y  H P L C

Conditions : Nucleoail 5C 16 column, 2ScmX4.6mm i.d. : mobile phase, methanol-water 
(9S : 5), flow late 0.8ml/min ; detection, UV 275nm.
Retention times(min) ; MBT, 4.5(tailing peak) ; MBT-Me, 5 .7; MMBT, 5 .4 ; DETBT, 
5.5 : CBS, 6.3 : MBTS, 9.3.
Concentralion(/«g/ml) : MBT, 1096 : MBT-ME, 164 : MMBT, 206 : DETBT, 150 I CBS, 219 ; 
MBTS, 254.

T a b le  IV . R e covery  o f  M ercap to b en zo th iazo le -T y p e  A cce le ra to rs

R ecovery

A ce to ne-C h lo ro fo rm
(1:1) A cetone M ethano l

S ta n d a rd  so lu tio n ^
M B T 9 1 .2 9 0 .2 67 .6
M B T S 106 110 8 0 .9
CBS 19.8 7 4 .2 97 .5
C B S +  ru b b e r  e x tra c t‘d’ 7 0 .3 6 6 .3 4 7 .5
M M B T 102 104 93 .9
D E T B T 9 6 .2 9 7 .5 9 7 .0

iber p roduct^ ’
R u b b e r  sh ee t (N o . 1) M B T 100 9 5 .6 11.7

M B T S 100 100 7 5 .3
R u b b e r b o o ts(N o . 3) M B T 100 25 .5 1 .9

M B T S 100 118 2 7 .3

a) Shaken with 50 ml of each solvent at roomtemperature for 2 h. 
b") Added amount is about 250 ̂ g.
c) AcetOQe-chloroform (1: 1) extract of a natural rubber sheet containing no mercaptobenzothiazole-type accelerators 

was added to CBS standard solution.
d) Sampling amount is about 1 g. Analytical data of the rubber sheet and the rubber boots were shown in Table I.



(b)

MBT-Me

10

Retention tif

\--------t •
0
(min)

MBTS

10 Wavelength (nm)

F ig . 5 . A n a ly s is  o f  R u b b e r  B oo ts fo r  L ad ie s
Sample: No.3 in Table I.
HPLC conditions were the same as those in Fig. 4.
HPLC chromatograms : (a) before roetbylation with diasomethaae, (b) after mecbylation. UV absorption patterns 
of peak 1 and 2 in (a) were shown in (c).
Analytical d a ta : MBT, 1145 Ag/g '• MBTS, 180 MS/e-

T a b le  V . In c id en ce  o f  P o sitiv e  R e ac tio n s to  M erca p to b e n zo th ia zo le -T y p e  A cce le ra to rs  in  T h ir ty  
P a tie n ts  w ith  C o n ta c t D e rm a titis  fro m  R u b b e r  M a te ria ls  (R u b b e r  G ro u p )  a n d  F o u rte e n  
P a tie n ts  w ith  C o n ta c t D e rm a titis  fro m  P o ly  (V in y l C h lo rid e )  M a te ria ls  (P V C  G ro u p )

In c id en ce  o f  p o sitiv e  reac tio n s  (%)

48 h 72 h

10 X 1% 0. 1% 10 ?5 1% 0.1%

+ 4t- + -H- + -H- + •+

i  )  In  ru b b e r  g ro u p
M B T 0 9 0 4 0 9  9 4 4 0
C B S 0 18 0 4 0 9 0 4 0 0
M M B T 9 9 7 11 0 9  9 11 0 0 9

i i )  In  P V C  g ro u p
M B T 0 0 0 0 0 0
C B S 0 0 0 0 0 0
M M B T 0 0 20 0 0 0 10 0

M B T S  ^ - ^ t r )  W m  N o . 3 

(M B T . M B T S  ^ - ^ t f )

M B T  L f c  (T a b le  IV ) .

h P (1 : l)« » :iJ :5 } 4 tH

Z U < O ^ U O  i f t ' t i T '- f e  b v - i ?  p p;h>»u 

A (1 : 1 )  M B T , M B T S

CBS

(X ^ 1+11
T a b le  I  s-

Lfc.
M B T  M B T , M B T S



M B T  2 1 .7 - 1 1 9 0 ^ g /g ,  M B T S  2 7 . 3 - 3 9 2 / /g /g  

f c .  C B S , M M B T , D E T B T
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