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Table 1 HIEXRYE O

Compounds CAS No. M(;f:;lslar hgiiclﬁzr Supplier*®
1  o-Toluidine 95-53-4  107.16 C,HyN W
2 2,4-Dimethylaniline 95-68-1 121.18 CsH 1N T
3  2,6-Dimethylaniline 87-62-7 121.18 CsH 1N T
4  o-Anisidine 90-04-0 123.16 C,H,NO W
5 4-Chloroaniline 106-47-8  127.57 Ce¢HeCIN A
6 2-Methoxy-5-methylaniline 120-71-8 137.18 CgH,;NO A%
7  2,4,5-Trimethylaniline 137-17-7 135.21 CoH 5N A
8 4-Chloro-o-toluidine 95-69-2 141.60 C;HsCIN S
9 2,4-Diaminotoluene 95-80-7 122.17 C7H 9Ny T
10 2,4-Diaminoanisole 615-05-4 138.17 C,H,N;O W
11 2-Naphthylamine 91-59-8 143.18 CioHoN S
12 2-Methyl-5-nitroaniline 99-55-8 152.15 C;HgN,0, S
13 4-Aminobiphenyl 92-67-1 169.22 CioHi1N S
14 p-Phenylazoaniline 60-09-3 197.24 Ci2H11Ns F
15 4,4'-Diaminodiphenylether 101-80-4 200.24 Ci:2H12N,O S
16 4,4'-Methylenedianiline 101-77-9  198.27 CisH 14Ny W
17 Benzidine 92-87-5 184.24 C12H 15N, S
18 2-Methyl-4-(2-tolylazo)aniline 97-56-3 225.29 C14H5N; S
19 4,4'-Diamino-3,3'-dimethyldiphenylmethane 838-88-0 226.32 CisH1sN, S
20 3,3'-Dimethylbenzidine 119-93-7 212.29 C14H 6N, A
21 4,4'-Diaminodiphenyl sulfide 139-65-1 216.30 Ci2H19NoS W
22 3,3'-Dichloro-4,4'-diaminodiphenylmethane 101-14-4  267.15 Ci3H15CLN, S
23 3,3'-Dichlorobenzidine 91-94-1 253.13  C13HoClN, A
24 3,3'-Dimethoxybenzidine 119-90-4 244.29 C14H16N,0, W
14-1 Aniline 62-53-3 93.13 CeH-N '
14-2 1,4-Phenylenediamine 106-50-3 108.14 CeHsNs W

* W: Wako Pure Chemical Industries, Ltd., T: Tokyo Chemical Industry Co., Ltd.,
At AccuStandard Inc., S: Sigma-Aldrich, F: Fulka.
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Table 2

HEBRIEITR SN TWD GC-MS 25br 44t

Column

Column temperature

Carrier gas

Injection mode

Inlet temperature
Quantitative mode
SIM monitor ion (m/z)

35% Phenyl methyl polysiloxane

(30 m x 0.25 mm i.d., 0.25 mm)

55°C (5 min)—15°C/min—230°C —5°C/min
—290°C —20°C/min—310°C (5 min)

Helium

Splitless or Split

250°C

Selected ion monitoring (SIM)

Table below

Internal standard material Naphthalene-dg Benzidine-ds, Anthracene-d;,

Compounds m/z

Retention time

(Rt, min)
1 o-Toluidine 106 10-11
2 2,4-Dimethylaniline 121 11-12
3 2,6-Dimethylaniline 121 11-12
4 0-Anisidine 123 11.5-12.5
5 4-Chloroaniline 127 12-13
6 2-Methoxy-5-methylaniline 137 12.5-13.5
7 2,4,5-Trimethylaniline 120 12.5-13.5
8 4-Chloro-o-toluidine 141 13-14
9 2,4-Diaminotoluene 121 14-15
10 2,4-Diaminoanisole 123 15-16
11 2-Naphthylamine 115 15.5-16.5
12 2-Methyl-5-nitroaniline — —
13 4-Aminobiphenyl 169 17-18
14 p-Phenylazoaniline 197 21-22
15 4,4'-Diaminodiphenylether 200 22-23
16 4,4'-Methylenedianiline 198 22-23
17 Benzidine 184 22-23
18 2-Methyl-4-(2-tolylazo)aniline — —
19 4,4'-Diamino-3,3'-dimethyldiphenylmethane 226 24-25
20 3,3'-Dimethylbenzidine 212 24.5-25.5
21 4,4'-Diaminodiphenyl sulfide 216 26-27
22 3,3'-Dichloro-4,4'-diaminodiphenylmethane 266 26.5-27.5
23 3,3'-Dichlorobenzidine 252 26.5-27.5
24 3,3'-Dimethoxybenzidine 244 26.5-27.5
14-1 Aniline 93 9-10
14-2  1,4-Phenylenediamine 108 13-14
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Table 3 AAFZEIZI T H GC-MS 754

Instrument 8890 GC System, 5977B GC/MSD, Agilent
Column DB-35MS, Agilent
(30 m X 0.25 mm i.d., 0.25 mm)
Column temperature 55°C (5 min) —15°C/min—230°C —5°C/min
—290°C —20°C/min—310°C (5 min)
Carrier gas Helium, Constant flow 1 mL/min
Injection mode Pulsed splitless
Inlet temperature 250°C
MS transferline temperature 250°C
Ton source temperature 230°C
Tonization Electron Ionization, 70 eV
Scan range (1m/z) 60-300
Quantitative mode Selected ion monitoring (SIM)
SIM monitor ion (m/z) Table below
Compounds m/z Internal standard (IS)
1  o-Toluidine 106 Naphthalene-dg
2 2,4-Dimethylaniline 121 Naphthalene-ds
3 2,6-Dimethylaniline 121 Naphthalene-ds
4  o0-Anisidine 123 Naphthalene-ds
5 4-Chloroaniline 127 Naphthalene-dg
6 2-Methoxy-5-methylaniline 137 Naphthalene-dg
7  2,4,5-Trimethylaniline 120 Naphthalene-ds
8  4-Chloro-o-toluidine 141 Naphthalene-ds
9 2,4-Diaminotoluene 121 Naphthalene-dg
10 2,4-Diaminoanisole 123 Naphthalene-ds
11 2-Naphthylamine 115 Naphthalene-ds
12 2-Methyl-5-nitroaniline 152 Naphthalene-ds
13 4-Aminobiphenyl 169 Naphthalene-dg
14 p-Phenylazoaniline 197 Benzidine-dg
15 4,4'-Diaminodiphenylether 200 Benzidine-djg
16 4,4'-Methylenedianiline 198 Benzidine-djg
17 Benzidine 184 Benzidine-ds
18 2-Methyl-4-(2-tolylazo)aniline 225 Benzidine-dg
19 4,4'-Diamino-3,3'-dimethyldiphenylmethane 226 Benzidine-ds
20 3,3'-Dimethylbenzidine 212 Benzidine-djg
21 4,4'-Diaminodiphenyl sulfide 216 Benzidine-ds
22 3,3"-Dichloro-4,4'-diaminodiphenylmethane 266 Benzidine-dg
23 3,3'-Dichlorobenzidine 252 Benzidine-djg
24 3,3'-Dimethoxybenzidine 244 Benzidine-djg
14-1 Aniline 93 Naphthalene-ds
14-2 1,4-Phenylenediamine 108 Naphthalene-ds
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Table 4 FRERIERLS LOFKF ¥ U 7 H AT L Prfrie ] o Lok

Rt (min)
Compounds fficial
’ Metnod Mo Hi N
1 o-Toluidine 10-11 10.77 9.75 10.66
2 2,4-Dimethylaniline 11-12 11.83 10.83 11.70
3 2,6-Dimethylaniline 11-12 11.88 10.87 11.76
4  o0-Anisidine 11.5-12.5 12.13 11.13 12.01
5 4-Chloroaniline 12-13 12.50 11.49 12.37
6 2-Methoxy-5-methylaniline 12.5-13.56 13.09 12.09 12.96
7  2,4,5-Trimethylaniline 12.5-13.5 13.14 12.13 13.02
8 4-Chloro-o-toluidine 13-14 13.49 12.48 13.38
9 2,4-Diaminotoluene 14-15 14.68 13.66  14.57
10 2,4-Diaminoanisole 15-16 15.54 14.51 15.43
11 2-Naphthylamine 15.5-16.56 16.19 15.13 16.06
12 2-Methyl-5-nitroaniline - 16.67 15.63 16.57
13 4-Aminobiphenyl 17-18 17.83 16.69 17.71
14 p-Phenylazoaniline 21-22 21.58 19.91 21.43
15 4,4'-Diaminodiphenylether 22-23 22.41 20.65  22.24
16 4,4'-Methylenedianiline 22-23 22.54 20.76  22.37
17 Benzidine 22-23 22.66 20.86 22.49
18 2-Methyl-4-(2-tolylazo)aniline — 23.67 21.78  23.49
19 4,4'-Diamino-3,3'-dimethyldiphenylmethane  24-25 24.67 22,72  24.49
20 3,3'-Dimethylbenzidine 24.5-25.5 25.08 23.08 24.90
21 4,4'-Diaminodiphenyl sulfide 26-27 26.58 24.45  26.40
22 3,3"-Dichloro-4,4'-diaminodiphenylmethane 26.5-27.5 27.16 25.02 26.98
23 3,3'-Dichlorobenzidine 26.5-27.5 27.17 25.02  26.99
24 3,3'-Dimethoxybenzidine 26.5-27.5 27.34 2524  27.16
14-1 Aniline 9-10 9.48 8.38 9.34
14-2 1,4-Phenylenediamine 13-14 13.46 12.45 13.35
IS-1 Naphthalene-ds — 11.98 10.94 11.86
IS-2 Benzidine-dg — 22.61 20.81 22.45
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Table 5 #FX ¥ UTHRIBITD o bV AT, 24T I MU BRI UV

® 3 mg/L, TD SN .

v — 7 mfEd XL O — 7 mifE b o i

Compounds (Hll{izl) S/N ratio Pea(ll; P&:)rea PA ratio

He 10.78 96625 304195 1.0

1 o-Toluidine H, 9.74 42723 586283 1.9
N, 10.65 170 2372 0.0078

He 14.68 101317 376632 1.0

9 2,4-Diaminotoluene H, 13.66 25099 344427 0.91
N, 14.56 83 1134 0.0030

He 22.65 233038 866287 1.0

17 Benzidine H, 20.85 44435 517310 0.60
Ny, 22.49 179 2497 0.0029
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Table 7 ZERDOAAMBELEFIZHD (8) 47 rE-0 LA T,
13)4-73I /77 =LB IO (20 33-UAFALNRL VDD
10 mg/L T?® S/N kb, v'— 7 [HifEE L OV — 7 [ o Heil

Flow rate Rt Peak area

Compounds (mL/min)  (min) S/N ratio (PA) PA ratio
1.0 13.38 3475 26770 1.0
8 4-Chloro-o-toluidine 0.8 13.69 6641 29485 1.1
0.5 14.41 2876 10142 0.38
1.0 17.71 892 6875 1.0
13 4-Aminobiphenyl 0.8 18.11 2251 9992 1.5
0.5 19.02 3452 12172 1.8
1.0 24.90 1883 14505 1.0
20 3,3'-Dimethylbenzidine 0.8 25.60 4151 18431 1.3
0.5 27.03 7886 27810 1.9
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Table 8 SEFE D E EfE R D Ll

A B C D E
e
B
Eq1]
il B
Aok
e e
A 2,4-Diamino Benzidine Benzidine Benzidine o-'Toluidine
3 nglg -toluene
PLEREH He: 340 860 1400 110 270
) H,: 390 900 1200 150 240
[wﬂ N, 400 580 860 120 380
Helg
2,4-Diamino 4-Amino 4-Amino 3,3"-Dimethyl  3,3'-Dimethyl
-anisole -biphenyl -biphenyl -benzidine -benzidine
He: 85 6.1 26 14 51
Hy: 110 3.9 26 14 45
Ny 72 3.7 22 16 40
o Toluidine 2,4'D@amino 3,3'-Din}e1.:hoxy
-anisole -benzidine
ongetili Her 16 4.5 - 25 -
ps e L Hot 8.7 2.2% 22
sEE N 17 4.9 28
BE o
2,4-D ..
30 nglg o tolfitano Benzidine Benzidine Benzidine o-Toluidine
LL A i
N 3,3"-Dimethyl
3 ngle 2’%3&23;“0 3,3-Dimethyl  4-Amino -benzidine B
DL A o Toluidine -benzidine -biphenyl  3,3"-Dimethoxy
-benzidine
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(a)

MY L7 N 0gE N EEEIIEVES

2mLAZ J—NVEMZ S

T0°C D 7 = BEEER T |

(pH=6.0) 15 mLI1 % %

70+ 2°C T304 EIAnig

BT AUEEF R U LAKBEREZ3ImLINZ 5

70+ 2°C T304 RRIE

(W]
o
P
mj
Y
)
gm
e
4
Er;:
W
o
P
N
%)

KEEET R U 7 LKBREZ02mLIIZ 5

EELI T LIEZEIGERESED

MTBE % 10 mLX & A28 A1,
165 BICREFRE LI T L
EEHA~BL., BHEEED S

X 5 ZMTBE 10 mL T RS ESE
ERELEERELD T LIZES

MTBE 60 mLEEE+ 5 7 LIZES

BHERZBEEL, 2~10mLIZEAR LT
%, GC-MSIZ THIE

Fig. 1 (2) ##ERMB IO () ERGED O O TR
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(b)

1 mm>¥FFLLTFICAHE L7-8E.0gE D EEEIZEV HED

rFH0mLE AN, BERAESRTS | ®E0BE
70C D 7 — BB EE (pH=6.0) Z1TmLiN % % | ETilE |

70+ 2°C T25%5y BIANIE
EVFAVERT ) U LKEIRELSmLINZ S
70+ 2°C T104>RHNiE
EVFAVERT ) U LKEIRELSmLINZ S

70+ 2°C T104 MANE
SRIBHRERE THRE 25HRN)

EELNT NIETISERESED |
MTBE%5mLE X 1 mLOKEELF R U b - 2% 7 — |
BRI BEEIIAN. BE DBICEEREL D 7 LITES

15 mLOMTBE % RIGEZ2IZ ATV BT & HEE X 2%
L. BET T LIRS, BHREZED D

20 mLOMTBE % RSB EZRIZAIVRNBIR & 3
BIEXEEL, BEL T HZES
MTBE 40 mLEEE+H 7 AZES

________________________________________________________________________________________________________

BHERZBEL, 2~10mLIZER L%, GC-MSIZTHEIE

Fig. 1 (fix) (a) #HERGIS IO (b) EELE D ORI TR
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(a)

CH; CH,
NH, NH,

2-Methyl-5-nitroaniline - 5 2,4-Diaminotoluene

NO, NH,

CH, CH, CH,

O s O

2-Methyl-4-(2-tolylazo)aniline o'Toluidine

(b)

oSt D) o

p-Phenylazoaniline Aniline 1,4-Phenylenediamine

Fig. 2 7 Vt&1 3 FOE LA X b F UG
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Count (%)
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Flow rate: 1.0 mL/min
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1004

Count (%)
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CH = ] ] ]
3 2 50) 50, 80,
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16 | (1) e Toluidine .
12
2 r
=8
&~
o
4 -
Range: 0.01-10 mg/L
«° r=1.00
o e
0 5
Concentration (mg/L)
g | (4) oAnisidine e
6
2
;g 4
2
. 0.01-10
0 0.999
0o o
0 5 10
Concentration (mg/L)
(7) 2,4,5-Trimethylaniline e
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k] »”
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0 2 4
Concentration (mg/L)
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8
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10
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2
= 0.01-10
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0
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Concentration (mg/L)
(11) 2-Naphthylamine
8
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2
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2
0.01-10
“-"' 0.998
0

5
Concentration (mg/L)
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12
10
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w
"o
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oo
0 5 10
Concentration (mg/L)
(6) 2-Methoxy-5-methylaniline .
8
6 .
o
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£ 4
s
5 .
0.01-10
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0o
0 5 10
Concentration (mg/L)
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o
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2 Y
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0.998
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Concentration (mg/L)
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1
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0.998
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Concentration (mg/L)
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20 | (13) 4-Aminobiphenyl -
15
® K
2 :
£ 10
o
o’
5 g
_ 0.01-10
) 0.996
0 e°
0 5 10
Concentration (mg/L)
(16) 4,4-Methylenedianiline ~ ®
12 :
10
8
g -
=6
4
o
2 0.01-10
o® 0.999
o &
0 5 10
Concentration (mg/L)
8 | (19 4,4"-Diamino-3,3"-dimethyl .~ ®
-diphenylmethane g
6
2 e
W 4 ’
o
2 .
=i 0.01-6
P 0.997
o e
0 2 4
Concentration (mg/L)
: (22) 3,3'-Dichloro-4,4"-diamino ‘
-diphenylmethane ’
6
5 .
o
.E 4
o
=
3
*
2
1 o 0.01-10
'3 0.999
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0 10
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Concentration (mg/L)
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96

10

10
8 5
2 e
= 6
4
1
.»'.
o 0.01-10
hg 0.997
0
0 5 10
Concentration (mg/L)
(18) 2-Methyl .
10 -4-(2-tolylazo)aniline
8
2 Y
£ 6
&
4
.
2 0.01-10
@ 0.999
0
0 5 10
Concentration (mg/L)
(21) 4,4-Diaminodiphenyl .
12 sulfide )
10
8 [
2 -
=6
4 =y
2 . 0.01-10
o 0.999
oo
0 2 4 6
Concentration (mg/L)
(24) 3,3-Dimethoxybenzidine .- ®
2
10
..
8
.8
26
4 -
2 0.01-10
S 0.996
0
0 5 10

& 12 | (15) 4,4"Diaminodiphenylether @

5
Concentration (mg/L)

YT L AERFHCER T D 24 WE OB (K513 Table 1 & *fJK)



12 | (1) o Toluidine .
e 7
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8 5
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S g4
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4
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= ‘_4-- Range: 0.01-6 mg/l. 1
o r=0.993
od
0 2 4
Concentration (mg/L)
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2 . <
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‘-;., 0016 2
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3 0.999
o e® 0
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Concentration (mg/L)
(10) 2,4-Diaminoanisole ol
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=] °
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Concentration (mg/L)

Fig. 9
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d
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0 2 4
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Concentration (mg/L)
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(3) 2,6-Dimethylaniline
8
6
.8 e.
oy
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2 s )
s
» .
0 &
4] 2 4
Concentration (mg/L)
(6) 2-Methoxy-5-methylaniline ®
5
4
23
& o
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0 e
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Concentration (mg/L)
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Concentration (mg/L)
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(13) 4-Aminobiphenyl . (14) p-Phenylazoaniline e
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