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Chemical Approach to Contact Dermatitis Caused by Household Products. IV.
Analysis of Mercaptobenzothiazole-Type Accelerators in
Commercial Rubber Products and Incidence of Positive

Reactions in Patch Testing
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A method for the determination of mercaptobenzothiazole-type accelerators (MBTs) was studied
by reversed-phase high performance liquid chromatography (HPLC) with Nucleosil 5C 18 column by
using methanol-water (95 :5) as a mobile phase.

After extraction of rubber samples by shaking with an acetone-chloroform (1 ; 1) mixture at room
temperature, MBTs were analyzed by HPLC with ultraviolet (UV) detector at 275nm before and
after methylating with diazomethane.

Two kinds of rubber sheets for medical use and 9 kinds of commercial rubber footwears (2 kinds
of rubber boots and 7 kinds of shoes with rubber soles) were analyzed by the proposed method.

Consequently, only 2-mercaptobenzothiazole (MET) and/or dibenzothiazyl disulfide (MBTS) were
found in all rubber samples. The ranges of contents were as follows : MET, 21.7—1190 ~g/g ; METS,
27.3-392//glg.

Patch testing to MBTs was also studied in 40 patients with allergic contact dermatitis from rubber
or poly vinyl chloride (PVC) materials (rubber group or PVC group), who were the same subjects

in the previous papers. Generally speaking, rubber group reacted to MBTs in higher incidence than
PVC group.

Keywords------- mercaptobenzothiazole-type accelerator determination; commercia.l rubber footwears;

2-mercaptobenzothiazole; dibenzothiazyl disulfide; patch testing; positive reaction incidence
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Fig. 1. Thermal Decomposition of Mercaptobenzothlazole-Type Accelerators in Rubber

Vulcanization Process
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T able I. Analytical Data of Mercaptobenzothiaiole-Type Accelerators in Rubber Products
Content (~g/g)
No. Brand Manufacturer Use Sampling part
MBT MBTS CHA
Rubber sheet 1, =
1 e medical use 1190 76.2 -
2 wE* HrE medical use 230 ft) 117
Footwears
3 xEx Tukihoshi Kasei rubber boots for ladies boot-leg®”" 1145 180 -
4 xxx Tukihoshi Kasei rubber boots for men boot-leg*’ 22.7 27.3 -
5 Tubame Seahorse Hiroshima Kasei rubber shoes for children upper®’ - 173 -
inner cushion"*" 804 202 -
6 Achilles Lux Achilles sneakers inner cushion 308 126 -
7 Panther Sekaicho sneakers inner cushion 134 101 -
8 E.T. Sekaicho canvus shoes inner cushion 380 259 -
9 x*x Yonex shoes for badminton inner cushion 366 215 -
10 *«* e shoes for basketball irmer cushion 21.7 173 -
11 &> canvus shoes inner cushion 911 392 -
a) ***: unknown names of brands oi manufacturers,
ft) -: not detected,
c) Rubber sheet.
Foam rubber.
«) Manufactured by foreign manufacturers
Table Il. Accelerators and Amines used in the Experiment
Compound Abbreviation Trade name®’
Mercaptobenzothiazole-type accelerator
2-Mercaptobenzothiazole MBT Nocceler M
Dibenzothiazyl disulfide MBTS Nocceler DM
~A-Cyclohexyl-2-benzothiazolyl sulfenamide CBS Nocceler CZ-P
2-Morpholinothiobenzothiazole MMBT Nocceler MSA-G
2-(W,N'*diethylthiocarbamoylthio)benzothiaxole DETBT Nocceler 64
Zinc salt of 2-mercaptobenzothiazoie ZMBT Nocceler MZ
Amine®’
Diethylamine DEA
Cyclohexylamine CHA
Morpholine MOR
a) “Nocceler”. by Ouchi Shinko Chemical Ind. Co..
b) Purchased from Tokyo Kasei Co., Ltd..
icBALX, MBT MBT 275nm.
ofc. B /-i-y~xT.h Table 11 5
MBT MBT, CBS, MMBT tcoi>-C, IUS*"*’
J MET *
fprnr'/-C 1ml
KA A7 viL, 2.5 ft] HPLC 30«.
igis fc J: 3 U«tr, 574:SttS
HPLC :* 9 A, Nucleosil 5C18 (iKcS 5 /ttm, ttu-Cl'fc.

Nagel itSS). 25cm X4.6 mm i.d., )

Afiy - /1I'-* (95 -.S"); mm, 0.8ml/min ;



rubber sample 1 g

shake with 10 ml of acetone-chloroform(l:1) five times
at room temperature

extract

divide Into two equal parts

shake with 5 ml of 5X HCI

three times
HCl layer

neutralize with NaHCO™
NPD-GC

amipack 124 column

determination of amines
(DEA, CHA, MOR)
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Retention time

Fig. 2. Separation of Authentic Amines by

NPD-GC

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, Sml/min ; detection, NPD, hydrogen 3ml/min, air SO
ml/min.

Amines : DEA, from DETBT ; MOR, from MMBT 5CHA,
from CBS. Each concentration was 10//a/mh Retention
time (min) : DEA. 3.40 : MOR, 8.40 : CHA, 8.90.
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Table Ill. Extraction Efficiency of Amines into
5* HCI
. Added amount Recovery®”
Amine
("9) (&)
DEA 282 101
CHA 246 82.8
MOR 294 100

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

b) AIll values are the mean of triplicate determination.

Wavelength (nm)

Fig. 3. UV Absorption Patterns of Mercapto-
benzothiazole-Type Accelerators in Me-
thanol-W ater (95 : 5) by HPLC

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 : I=2.mercaptobenzothiaiole(MBT) !2=methyl

deriv. of MBT(MBT-Me) ; 3=diben20thia2yl disulfide

(MBTS) : 4="-cyclohexyl*2*ben20thiazolyl suHenamide

(CBS) : 5=2-fflorpholinothiobenzothiazole(MMBT), 6=2-(N,

A-diethylthiocarbamoylthiothiazole(DETBT).

Concentration(mmol/1) : MBT, 6.6 : MBT-Me, 0.91: MBTS,

0.77 : CBS. 0.83 : MMBT, 0.82 ; DETBT, 1.06.
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DETBT

MBT

Fig. 4.
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0

Retention time

MBT-Me
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Separation of Mercaptobenzothiazole-Type Accelerators by HPLC

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 | CBS, 219;

MBTS, 254.

Table IV.

Standard solution”

a)
b)
<)

d)

MBT

MBTS

CBS

CBS + rubber extractd
MMBT

DETBT

iber product®’

Rubber sheet (No. 1)

Rubber boots(No. 3)

MBT
MBTS
MBT
MBTS

Recovery of Mercaptobenzothiazole-Type Accelerators

Recovery

Acetone-Chloroform
1:1

91.2
106
19.8
70.3
102
96.2

100
100
100
100

Shaken with 50ml of each solvent at roomtemperature for 2h.

Added amount is about 250/g.

AcetOQe-chloroform (1: 1) extract of a natural rubber sheet containing no mercaptobenzothiazole-type accelerators

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

Acetone

90.2
110
74.2
66.3
104
97.5

95.6
100

25.5
118

Methanol

67.6
80.9
97.5
47.5
93.9
97.0

11.7
75.3

1.9
27.3
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Fig. 5. Analysis of Rubber Boots for Ladies

Sample: No.3 in Table 1.

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 data: MBT, 1145Ag/g *MBTS, 180 MS/e-

Table V. |Incidence of Positive Reactions to Mercaptobenzothiazole-Type Accelerators in Thirty

Patients with Contact Dermatitis from Rubber Materials (Rubber Group) and Fourteen
Patients with Contact Dermatitis from Poly (Vinyl Chloride) Materials (PVC Group)

Incidence of positive reactions (%)

48 h 72h
10X 1% 0.1% 105 1% 0.1%
+ 4 + H o+ H ot ot
i) In rubber group
MBT 0 9 0 4 0 9 9 4 4 0
CBS 0 18 0 4 0 9 0 4 0
MMBT 9 9 7 1 0 9 9 11 0 0 9
ii) In PVC group
MBT 0 0 0 0 0 0
CBS 0 0 0 0 0 0
MMBT 0 0 20 0 0 0 10 0
MBTS ~-~tr) W m No. 3
(MBT. MBTS ~-Atf)
MBT Lfc (Table IV).
h P (1 :D«»:iJ:5}4tH
(X~ 1+11
ZU<ONUO ift'tiT'-fe bv-i? p p;h>»u Table |
A (1:1) MBT, MBTS
Lfc.

CBS MBT MBT, MBTS
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