
 
R7  

 
 

 
 

 
    

      
 

 

 (GC) 

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

-  (LC-MS/MS) LC-
MS -  (LC-PDA) 

LC-PDA DTTB LC-PDA LC-
MS LC-MS/MS

DTTB
LC

DTTB
GC LC

1970 DTTB
LC-PDA

DTTB 4.93 142 g/g 9.37 273 g/g
50 DTTB

50
 

A.  1-3) 

21 15
 (GC) 
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GC

4,5)

GC

 

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

 (DTTB) 

2) DTTB

1982

1978

30 ppm 1 g
30 μg 2)

-  (GC-
MS) 3,6,7)  

 (HPLC) 

8-12) 1980

HPLC
30 g/g 8) 1982

HPLC
1.0 g/g

DTTB 9)

2020
HPLC (LC-PDA) 

50 g/L 10 g/g
1/3

10)

-  
(LC-MS/MS) LC-MS LC-PDA
LC

DTTB

GC

1970
DTTB

 
 
B.  
B1.  

Dr. Ehrenstorfer GmbH
DTTB

 
(Internal Standard, IS) 
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-
d10 -d10 -
d12

CDN Isotopes
-d3

PCB 300
Sigma-Aldrich

PCB 300

PCB 300

Sigma-
Aldrich FF  

GC-MS

 (Phenyltrimethylammonium 
Hydroxide, PTAH) 0.2 mol

Bond Elut PRS 1 g
 

 
B2.  

AFR-5
BUCHI Rotavapor R-210
TAITEC Recipro shaker SR-1  

LC-MS
Vanquish

TSQ Fortis Plus LC-PDA

LC-20AD SPD-M20A
GC-MS

TRACE1310
ISQ7000  

 
B3.  
B3.1  

DTTB 10 
mg
10 mL

 1:1
 

LC IS IS 10 mg
10 

mL 100
10 mg/mL

0.1% 0.1%
 (1:1) 0.1% 0.1%

 (1:1) 5 mM
5 mM

 (1:1) 5 mM
5 mM
 (1:1) 4  

GC IS -d10

-d12 10 mg
10 mL
1000

1 mg/mL  
 
B3.2  

3) 

 
0.5 g

50 mL 100 L

30
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10 mL
2 mL 50 mL

10%
10 mL 4 mL

10 3000 rpm
10 1 
mL  
5 mL 10 mL

4 mL
10

 (1/1 
v/v) 5 mL

 (1/1 v/v) 5 mL
 

 
B3.3  

LC
0.5 mL

-d10, 10 mg/L, 0.1%
0.1% 1:1 0.5 mL

 
GC

1 mL
50 L PTAH 10

 
 
B4.  

LC
Accucore 

RP-MS 2.1 mm× 100 mm, 
2.6 m
Inertsil ODS-P 4.6 mm× 150 

mm, 5 m InertSustain C18

2.1 mm× 150 mm, 3 m
InertSustain C8 2.1 mm× 100 mm, 

2 m 4
A: 0.1% B: 0.1%

 
GC-MS

DB-5MS 30 m× 0.25 mm, 
m Table 1 (a) 

 
 

B5.  
IS

15 
g/L (3 g/g; 1/10) 150 
g/L (30 g/g; ) 5

IS  
(Relative standard deviation, RSD) 

15 g/L (3 g/g; 
1/10) 5

 ( ) 10  
(Instrument Quantification Limit, IQL) 

 
 
B6.  

1976

0.5 g (n = 
2) 30 g/g

 
 
B7.  

1975 1978

DTTB
10  

(C1 10) 
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GC-MS LC-PDA LC-MS LC-
MS/MS GC-MS
DTTB N-

 
 
C.  
C1. LC-MS LC-MS/MS 
C1.1

 
 

(Electrospray ionization; ESI) 
 (Atmospheric pressure 

chemical ionization; APCI) 

 
DTTB ESI APCI

ESI
 (SIM) 

 (SRM) 
LC IS 9) 

-d12

-d10 DTTB

-d3

4

-d12

DTTB
-d3

-

d10

0.1% 0.1%
 (1:1) 0.1%

0.1%  (1:1) 5 mM
5 mM

 (1:1) 5 mM
5 mM

 (1:1) 4
0.1% 0.1%

 
 

C1.2  
0.1%

0.1%
4

Accucore RP-MS
DTTB

-d10 16.89
14.36 LC-MS/MS 

(SRM) LC-MS (SIM) 
Table 1 (b)  

10 800 g/L 2
160 g/g; 1/15 5.3

LC-
MS/MS LC-MS
0.998  (Fig. 1) g/L 

g/L 2 5
IQL Table 

2 LC-MS/MS
LC-MS 5%

IQL LC-MS
LC-MS/MS

1/10

500 g/L
LC-MS/MS LC-MS

57



11) DTTB

 
 
C2. LC-PDA  

LC-PDA IS MS
-d10 LC-PDA MS

3
LC-PDA MS

FF

ODS-P InertSustain 
C8 FF -
d10 5.9 6.2

InertSustain 
C18 DTTB
FF -d10 3

13.6 11.7 9.6 11.0

Table 1 (c) InertSustain C8
InertSustain C18 3

Fig. 2  
10 10,000 g/L

2 2,000 g/g; 1/15 333
DTTB

0.9999
 (Fig. 3) DTTB

10% IQL
1/10

 (Table 2)  
 
 

C3  
1970 1976

LC-MS/MS LC-
MS DTTB LC-PDA

102% 107%
 (Table 2)

LC

 
 
C4  

DTTB
1982 1978

1981

1970
1975

1978
DTTB

DTTB

10 GC-
MS LC-PDA LC-MS LC-MS/MS

 (Table 3)
DTTB

UV  (Fig. 3)  
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1950 1970

50
LC-PDA DTTB

4.93 g/g 9.37
g/g

9,13-16)

DTTB 1.0 69.5 g/g
0.310 175 g/g

100
300 g/g DTTB 250 g/g

14)

50
99% 200%

16)

 
 
D.  

DTTB

LC

LC-PDA DTTB

DTTB
GC-MS LC-PDA LC-MS

LC-MS/MS

1970
DTTB 50

 
 
E.  
E1.  

 
E2.  
1) 

: qNMR

6:2FTOH , 33
4 , 

, 2025 7 15  
2) 

: 
PFAS 19F-qNMR , 

7 NMR , , 
2025 11 5  

3) 
: 

, 62
, , 2025 11 6  
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F.  
1  

 
2  

 
3  

 
G.  
1) : 

 
2) : 

1 1
 

3)  
: 

, 0328 5
4 3 28  

4) : , 
, 22, 185-190, 2012. 

5) : 
, 2019 ISSP

, https://yamashita.issp.u-
tokyo.ac.jp/ISSPWS191106/pp191106/ko
izumipp.pdf 

6) , , , , 
, : 

DTTB , 
YAKUGAKU ZASSHI, 140(6), 809-818, 
2020. 

7) , , , 
, , , : 

. YAKUGAKU 
ZASSHI, 141(8), 1031-1040, 2021. 

8) , , , 
: 

5
 (II). 

, 31(1), 77-81, 1980. 
9) , , , 

, : 

4,6-Dichloro-7-(2,4,5-
trichlorophenoxy)-2-
trifluoromethylbenzimidazole (DTTB) 

. , 28(3), 155-159, 1982. 
https://www.jstage.jst.go.jp/article/jhs1956
/28/3/28_3_155/_pdf/-char/ja 

10) , , : 

. 
, 50, 15-20, 2020. 

11) , , , 
, , : 

4 6- -7-(2 4 5-
)-2-

 (DTTB) 
. 17 , 8, 21-26, 

2006. 
12) , , , 

: 
4,6-

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

 (DTTB) . , 
39(3), 640-646, 1984. 
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13) , , , 
, : 10. 

U-33 . 
, 7, 112-115, 1980.  

https://www.city.sapporo.jp/eiken/annual/n
o7/documents/80study10.pdf 

14) , , , 
, , : 

7
 ( ). 

, 33, 105-109, 1982.  

15) , , , 
, , , : 

. , 12, 
103-106, 1983. 

16) Mikiya Ohto, Shuji Kodama, Yukio Saito, 
Atushi Yamamoto: Determination of 
dieldrin in wool products by gas 
chromatography with microwave-assisted 
extraction. J. Sep. Sci., 29, 2759-2764, 
2006.
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Table 1  (a) GC-MS (b) LC-MS/MS LC-MS (c) LC-PDA 

 
(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Instrument TRACE 1310 + ISQ7000 (Thermo Scientific)
Column DB-5MS UI, Agilent 

Column temperature 100°C (1 min hold) 10°C/min 240°C
 5°C/min 280°C (7 min hold)

Carrier gas Helium, Constant flow 0.6 mL/min 
Inlet temperature 240°C
MS transferline temperature 280°C
Ion source temperature 300°C
Ionization Electron Ionization, 70 eV
Scan range (m/z ) 50-500
Quantitative mode Selected ion monitoring (SIM)
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Table 1  (a) GC-MS (b) LC-MS/MS LC-MS (c) LC-PDA 

 
(b) 

 
 
  

Instrument Vanquish TSQ Fortis Plus (Thermo Scientific)
Column Accucore RP-MS (Thermo Scientific)
(I.D.× length, particle size)
Column temperature 40
Flow rate 0.3 mL/min
Mobile phase

B concentration 30% (1 min) (14 min) 95% (15 min hold)
Injection volume 5 
Scan range (m/z ) 50-500 
Polarity Positive, 3500 V
Sheath gas 50 (arbitrary units)
Aux gas 10 (arbitrary units)
Sweep gas 1 (arbitrary units)
Ion transfer tube temperature 325
Vaporizer temperature 350

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

MS
Quantifier
ion (m/z )

Precusor
ion (m/z )

Product
ion (m/z )

Collision
energy (V)

Tube lens
(V)

DTTB 451 451 269 27.77 115
Anthracene-d 10 188 188 160 36.79 86

MS/MS
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Table 1  (a) GC-MS (b) LC-MS/MS LC-MS (c) LC-PDA 

 
(c) 

 
  Instrument LC-20AD, SPD-M20A (Shimadzu)

Column InertSustain C18 (GL Sciences)
(I.D.× length, particle size)
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 
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
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Table 2 DTTB IQL  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Concentration Method DTTB Dieldrin
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
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

 e) LC-MS/MS 102
LC-MS 103
LC-PDA 107 82.3

a) Ave.: Average ( g/L, n = 5)
b) RSD: Relative standard deviation (%, n = 5)
c) : Not analyzed
d) IQL: Instrument quantification limit ( g/g)
e) RT: Recovery test (%, n  = 2 average)

 c)
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Table 3 1970  

  

50 years
ago

GC-MS LC-PDA LC-MS LC-MS/MS
50 years

ago
GC-MS LC-PDA

C1 163 282 284 236 260 - - -
C2 225 251 222 236 251 - - -
C3 167 189 173 190 187 - - -
C4 116 142 148 124 138 - - -
C5 119 132 137 125 122 - - -
C6 99 119 132 111 131 - - -
C7 72.1 103 93.3 99.9 113 - - -
C8 24.2 28.0 30.7 26.7 29.3 15.3 8.69 18.7
C9 - 12.6 9.86 10.87 10.58 328 347 400

C10 - - - - - 176 300 352
: Not detected

Sample
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 DTTB  (a) SIM  (b) SRM  
: 10 800 g/L (2 160 g/g)  

r = 0.999 

r = 0.998 
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 (a) InertSustain C8  (b) InertSustain C18 3  
1: FF 2: 3: DTTB 
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(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 LC-PDA  (a) DTTB  (b)  
: 10 10,000 g/L (2 2,000 g/g) 

  

r = 0.9999 

r = 0.9999
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(a-1) DTTB  (a-2) C1 DTTB  
 
 
 
 
 
 
 
 
 
 
 
 
 

(b-1) DTTB UV  (b-2) C1 DTTB UV  
 
 
 
 
 
 
 
 
 

(c-1) UV  (c-2) C9 UV  
 
 
 
 
 
 
 
 
 
 

Fig. 4 MS UV  
1: 2:  (a)  (b) C1 (c) C9  

: (a)  (b): DTTB (c)  
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