
 
R5 R7  

 
 

 
 

 
    

      

 
 

 (GC-MS) 
GC-MS

GC-MS [a,h] [a]
[a] 3  (TBT) 

 (TPT) 4,6- -7-(2,4,5- )-2-
 (DTTB) 

GC-MS

2
DTTB

10 μg/g 3 μg/g
1 μg/g 1 g 30 μg

7 GC-MS
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A.  

1) 

21 13
 (GC-

MS)  (Table 1) 2) GC-MS

3,4)

GC-MS

GC-MS
 

3

[a,h] DahA
[a]  (BaA) [a]

 (BaP) 3

 
(TPT)  (TBT)

4,6-

-7-(2,4,5- )-2-
 

(DTTB) 7

 (LC) 

5
6 7

 
 
B.  
B1.  

DahA BaA BaP 3
 (PAHs) 10

TPT TBT
TPT TBT

DTTB

FF

2)  
 
B2.  

GC-MS
8890 5977B

99.9995% AIR TECH
NM plus

99.9995%  
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m/z 50-500
 (Selected ion monitoring, SIM) 

SIM

Table 2
 (Internal standard, IS) 
[a] -d12

[b] -d12 -d12

[a] -d12

-d15 (TPT-d15)
-d27 (TBT-d27) 
-d36 (TeBT-d36)  

 
B3.  

-
 (LC-MS/MS) -

 (LC-MS) 
 

(LC-PDA) LC
IS 4 4

Milli-Q 
Advantage A10

GC-MS  
 
B4. 

 
5

 
5

3 IS
 (Relative standard 

deviation, RSD) 5
3  ( ) 10 

 (Instrument 
Quantification Limit, IQL) 

 
 
B5.  

10
5 1 μg/g

 (OA OB
OC) 3 1.5 0.3 μg/g

 (WA WB WC) 
3  (n = 3)

 
TPT TBT

TPT
TBT 1.0 10 μg/g 2

5  (n 
= 5) 

TBT

 
1976

0.5 g (n = 2) 30 
μg/g

1975 1978

DTTB
10 GC-

MS LC-PDA LC-MS LC-MS/MS
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B6. GC 2) 
DB-

17ms m/z

Sigma-aldrich SLB-ILPAH ( 20 m×
0.18 mm, 0.05 μm) 

 

20 m

 
 

 
C.  
C1. GC-MS

 

 (Table 2) 

 

70 kPa 170 kPa
350 kPa 520 kPa 0.5 1

2 min

350 kPa 1 min
PAHs

IS 1/900 1/170

1/100 1/40
1.0 mL/min 0.8 mL/min

0.5 mL/min
1.0 

mL/min 0.5 
mL/min 350 kPa 2 min

2.79 6.35
0.5 mL/min

Fig. 1
Fig. 2  

 
C2. IQL 

10
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1000 ng/mL 10 20 1000 
ng/mL

0.9998 1.000
0.9999 1.000 0.9946 0.9999

0.994

 (RSD) 2.01 4.52%
0.765 3.15% 2.34 19.5%

20%
 (Table 3 ) IQL

1.85 4.74 ng/mL
0.791 3.13 ng/mL

15.0 98.4 ng/mL
3.4 35

 (Table 3 ) IQL

0.301 1.97 μg/g
0.150 0.984 μg/g  

(10 μg/g 3 μg/g) 1/5 1/3

3 BaA ILQ

1/10 BaP
DahA ILQ

1/10 1/5
 

 
0.01 2 mg/L 0.05

10 μg/g, 1/100 3
TBT

TPT 0.9972
1.0000 0.9958 0.9999

0.995

TBT 23.8%

RSD 0.886 5.40% 20%

0.2 mg/L
TBT TPT 12.5%
4.82% 20%  (Table 3 )

IQL 0.00396
0.0118 mg/L

TBT 0.191 mg/L TPT 0.101 mg/L
20

 (Table 3 )
IQL TBT

0.956 μg/g TPT 0.504 μg/g  
(3.25 μg/g 2.75 μg/g) 1/3

1/6  
 
C3.  

72.7 133% 71.4 124% 38.7 114%
66.0

169% 75.3 123% 55.4 111%
OC WC 1/10

LOQ
70

130%

 
1 μg/g

10 μg/g 2

TBT TPT
102 104% 84.6
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113% 98.3 105% 94.8
109%

5 RSD 1.81 6.28%
10% 1.0 

μg/g 10 μg/g 1/3
3

TBT

3

0.807 0.959 μg/g

3 RSD

 
 

C4.  
DB-17ms SLB-ILPAH

RSD IQL

0.995

10%
IQL

10 μg/g 3 μg/g
1/50 1/30

 (Table 3 )  

2) 20 m

0.2 mL/min 350 kPa
2 min

30 m

0.4 mL/min
20 m

0.995 10%
TBT TPT IQL

1/20 1/75
30 m

 (Table 4)  
 

LC  
C.  
C1. LC-MS LC-MS/MS

 

 (Electrospray ionization; ESI) 
 (Atmospheric 

pressure chemical ionization; APCI) 

DTTB ESI APCI

ESI SIM
 (SRM) 

IS -
d10 Accucore RP-MS

0.1% 0.1%
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10 800 μg/L 2
160 μg/g; 1/15 5.3

LC-MS/MS
LC-MS 0.998

2
IQL Table 5

LC-MS/MS LC-MS
150 μg/L 15 μg/L 5%

IQL LC-MS
LC-MS/MS

1/10
 

 
C2. LC-PDA  

LC-PDA MS

3 LC-PDA
MS

FF
InertSustain C18

 (Fig. 3)  
(Table 6) 10 10,000 μg/L

2 2,000 μg/g; 1/15 67
DTTB

0.9999
DTTB

10% IQL 1/10

 (Table 5)  
  
C3.  

1976

102% 107%

LC

1975
1978

DTTB 10

LC-PDA
DTTB 4.93 142 μg/g

50
99% 200%  

 
D.  

DahA BaA BaP 3
TPT

TBT
DTTB 7

GC-MS

LC

LC-PDA
2

DTTB
LC-MS LC-MS/MS
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 5
GC-MS  2

LC-PDA
10 

μg/g 3 
μg/g 1 μg/g

1 g 30 μg

7 GC

 

5 7
5-7) 

8

2
GC
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dyes in commercial textile or leather 
products using helium alternative carrier 
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Table 1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GC-ECD:  
Gas Chromatography-Electron Capture Detector -  

GC-FID:  
Gas Chromatography-Flame Ionization Detector -  

GC-FPD: Gas Chromatograph-Flame Photometric Detector -  
 
 
  

GC-MS

 (a,h) GC-MS
 (a) GC-MS
 (a) GC-MS

GC-MS
GC-MS

GC-ECD  GC-MS
DTTB GC-ECD  GC-MS

GC-FID  GC-MS
GC-ECD  GC-MS
GC-ECD  GC-MS

TDBPP GC-FPD  GC-MS
BDBPP GC-FPD  GC-MS

APO GC-FPD
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Table 2

1)  

2) SRM  

Column DB-17MS, Agilent 
(30 m × 0.25 mm i.d., 0.15 μm)

Column temperature 100°C (0.5 min hold) 30°C/min 230°C
 2°C/min 310°C (5 min hold)

Injection volume 1 μL
Carrier gas Helium, Constant flow 1.0 mL/min 
Inlet temperature 300°C
MS transferline temperature 300°C
Ion source temperature 300°C
Ionization Electron Ionization, 70 eV

1 Benz[a]anthracene BaA 56-55-3 BaA-d 12 228 226

2 Chrysene CRY 218-01-9 BaA-d 12 228 226

3 Benzo[b]fluoranthene BbF 205-99-2 BbF-d 12 252 250

4 Benzo[k]fluoranthene BkF 207-08-9 BbF-d 12 252 250

5 Benzo[j]fluoranthene BjF 205-82-3 BbF-d 12 252 250

6 Benzo[e]pyrene BeP 192-97-2 BaP-d 12 252 250

7 Benzo[a]pyrene BaP 50-32-8 BaP-d 12 252 250

8 Indeno[1,2,3-cd]pyrene IcdP 193-39-5 BaP-d 12 276 274

9 Dibenz[a,h]anthracene DahA 53-70-3 BaP-d 12 278 139

10 Benzo[ghi]perylene BghiP 191-24-2 BaP-d 12 276 274

IS-1 Benz[a]anthracene-d 12 BaA-d 12 1718-53-2 240 236

IS-2 Chrysene-d 12 CRY-d 12 1719-03-5 240 236

IS-3 Benzo[b]fluoranthene-d 12 BbF-d 12 93951-98-5 264 260

IS-4 Benzo[a]pyrene-d 12 BaP-d 12 63466-71-7 264 260

IS
Quantitative

ion (m/z )
Qualification

ion (m/z )
PAHs

abbr.
CAS No.
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Table 2

  Column DB-5MS UI, Agilent 
(30 m × 0.25 mm i.d., 0.25 μm)

Column temperature 60°C (2 min hold) 20°C/min 130°C
10°C/min →210°C 5°C/min →260°C
10°C/min 300°C (5 min hold)

Injection volume 1 μL
Carrier gas Helium, Constant flow 1.0 mL/min 
Inlet temperature 270°C
MS transferline temperature 280°C
Ion source temperature 230°C
Ionization Electron Ionization, 70 eV
Quantitative ion (m/z ) TBT: 263, TPT: 351, 

TBT-d27: 318, TeBT-d36: 318, TPT-d15: 366
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Table 3 RSD IQL  
 

RSD IQL  
10 ng/mL 5 20 50 ng/mL 3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.02 mg/L 0.2 mg/L 5  
RSD IQL 

 
 

RSDa)

(%)
IQLb)

(ng/mL)
RSD
(%)

IQL
(ng/mL)

Ratioc) RSD
(%)

IQL
(ng/mL)

Ratio

1 BaA 4.52 4.41 0.983 0.904 0.21 2.34 15.0 3.4
2 CRY 4.46 4.15 2.36 2.36 0.57 13.1 40.5 9.8
3 BbF 3.71 3.72 1.28 1.22 0.33 16.4 98.4 26
4 BkF 2.01 1.85 1.50 1.42 0.77 15.2 65.5 35
5 BjF 3.58 3.11 2.09 1.92 0.62 11.4 67.9 22
6 BeP 2.46 2.39 1.75 1.88 0.79 14.0 41.3 17
7 BaP 2.46 3.19 3.15 3.13 0.98 14.7 53.1 17
8 IcdP 3.40 3.73 2.19 2.21 0.59 8.22 59.1 16
9 DahA 2.54 2.58 1.69 1.48 0.57 19.5 44.1 17
10 BghiP 4.34 4.74 0.765 0.791 0.17 14.1 62.2 13
2d) CRY 1.92 2.39 2.74 4.08 1.71 5.65 9.96 4.2

a) RSD: Relative standard deviation (%)
b) IQL: Instrument Quantification Limit (μg/g)
c) Ratio of He IQL to 1
d) Results of analysis using SLB-ILPAH

PAHs
He H2 N2

RSDa) IQLb) RSD IQL Ratioc) RSD IQL Ratio

TBT 5.40 0.0118 1.68 0.00436 0.37 12.5 0.191 16

TPT 1.27 0.00471 0.886 0.00396 0.84 4.82 0.101 21

RSD: Relative standard deviation (n = 5, %)

QL: Instrument Quantification Limit (mg/L)
(RSD and IQL were calculated from repeat measurements 

of 0.02 mg/L for He and H2 and 0.2 mg/L for N2)

Ratio of He IQL to 1

He H2 N2
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Table 4 20 m  

RSD IQL

 

   

TBT TPT TBT TPT

0.133 0.907 6.60 2.66

0.000894 0.00432 0.0295 0.00863

Recovery c) 101 84.5 103 91.2

RSD 4.80 2.49 1.22 2.24

Recovery 98.9 101 99.0 84.0

RSD 4.15 3.54 0.782 6.85

a) RSD: Relative standard deviation (n = 5, %)
b) IQL: Instrument Quantification Limit (mg/L)

(RSD a) and IQLb) were calculated from repeat measurements of 0.02 mg/L)
C) Additive recovery test at two concentrations (n = 5, %)

1 μg/g

10 μg/g

H2 N2

RSD a)

IQLb)
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Table 5 DTTB IQL
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6

 

 
 
 
 
 
 
 
 
 
 
  

Instrument LC-20AD, SPD-M20A (Shimadzu)
Column InertSustain C18 (GL Sciences)
(I.D.× length, particle size) (2.1 mm× 150 mm, 3 μm)
Column temperature 40℃
Flow rate 0.2 mL/min
Mobile phase

B concentration 60% (1 min) (14 min) 95% (15 min hold)
Injection volume 10 μL
PDA wavelength range 200-700 nm
Wavelength for quantification DTTB: 265 nm, Dieldrin: 214 nm

MitinFF: 265 nm, Anthracene-d 10: 248 nm

A: 0.1% formic acid in water,
B: 0.1% formic acid in methanol

Concentration Method DTTB Dieldrin
High (150 μg/L) LC-MS/MS Ave. a) 158

RSD b) 3.85
LC-MS Ave. 149

RSD 1.74
LC-PDA Ave. 151 143

RSD 0.64 4.61
Low (15 μg/L ) LC-MS/MS Ave. 13.0

RSD 1.38

IQL d) 0.358
LC-MS Ave. 13.8

RSD 6.92
IQL 1.90

LC-PDA Ave. 16.2 12.5
RSD 2.45 6.83
IQL 0.79 1.71

a) Ave.: Average (μg/L, n = 5)
b) RSD: Relative standard deviation (%, n = 5)
c) : Not analyzed
d) IQL: Instrument quantification limit (μg/g)

 c)
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(a) 

(b) 

Fig. 1 PAHs  
(a) (b)  (c)  

TIC SIM Table 2  

(a)

(b)

Fi 1 PAH

He 

H2 
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(c) 

Fig. 1 PAHs  
 (a) (b)  (c)  

TIC SIM Table 2  

 

N2 
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(a) 

(b) 

Fig. 2 DB-5ms UI ( 30 m)  
TIC  

SIM  
1: TBT 2: TPT IS-1: TBT-d27 IS-2: TPT-d15 IS-3: TeBT-d36 

(a)

(b)
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Fig. 3 LC-PDA 3  
1: FF 2: 3: DTTB 

 

89



90


