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Abstract 

Recently, environmental contaminants have attracted attention to people in the world 

because they may cause certain toxicities for environment including human beings. Therefore, 

it is necessary that their residue levels in environmental fields are measured accurately by 

means of the appropriate methods. Many environmental contaminants, such as non-polar 

and/or volatile compounds, can be determined in a highly sensitive manner by gas 

chromatography (GC) with mass spectrometry (MS), although polar and/or non-volatile 

compounds were very difficult to determine by GC method. Recently, liquid chromatography 

(LC) with MS or tandem MS (MS/MS) has been developed for the purpose of the 

determination of unamenable compounds for GC methods. In this study, the analytical 

methods for the environmental contaminants, which are tetrabromobisphenol A, 

organophosphorus pesticides, and dithiocarbamate pesticides, were developed utilizing 

LC-MS/MS system. After the optimization of analytical procedures, the developed methods 

were applied to actual environmental samples in order to confirm the applicability of them. 

 

Key Words: environmental contaminants, liquid chromatography, tandem mass spectrometry, 

determination. 
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1. LC-MS/MS A  

 

BFRs

BFRs

BFRs

A TBBPA Fig. 1 18)

19)20)

TBBPA GC  

 

 

 

LC-MS/MS TBBPA  

 

TBBPA 

 

 

 

LC-MS/MS Mightysil RP-18 GP 150 × 2.0 mm I.D., 3 µm; 

Kanto Chemical A /

4:1, v/v B 0 – 0.5 min, 40% B; 0.5 – 2.5 

min, linear change from 40% to 95% B; 2.5 – 10 min, 95% B; 10 – 10.1 min, linear change 

from 95% to 40% B 0.2 mL/min 40C

5 µL MS/MS ESI

H3C CH3

OHHO

Br

Br

Br

Br

Fig. 1 Structural formula of tetrabromobisphenol A. 
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Selected Reaction Monitoring SRM m/z 542.7 445.8

 

TBBPA

LC/MS/MS  

 

 

TBBPA S/N = 3 7.2 pg/mL 0.13 

fmol TBBPA 5 100 pg/g 

serum 80 %

TBBPA S/N = 3 0.8 pg/g serum

n = 10 + 

n = 10  × 10 4.2 pg/g serum 6.3 pg/g serum

5 10 50 100 pg/g serum TBBPA

6 7.0 9.9 10.0

6.5 7.4 %

TBBPA

5 7.4 pg/g serum TBBPA

Table 1 GC 2.2 7.5 pg/g 

serum 21)22)  

 

Table 1 Concentrations of TBBPA in normal human serum 

Sexa) TBBPA (pg/g serum) 

M 6.7 

M 6.2 

M 8.3 

M 7.1 

M 8.7 

Mean 7.40 

S.D. 1.06 

a) M, male. 
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2. LC-MS/MS A  

TBBPA logKow = 4.7 5.3

TBBPA 18)

LD50 = 5000 mg/kg
23) 24)

TBBPA LC-MS/MS

TBBPA

TBBPA TBBPA  

 

 

3 TBBPA 5 50 mg/kg

24

24  

10 mM / 1:4, v/v

LC-MS/MS

LC-MS/MS

NH2

LC-MS/MS  

ODS TBBPA

10 mM / 20/80, v/v

10 mM / /

0 – 0.5 min, 40% B; 0.5 – 2.5 min, linear change from 40% to 95% B; 2.5 – 

10 min, 95% B; 10 – 10.1 min, linear change from 95% to 40% B 0.2 mL/min

40C 10 µL MS/MS ESI

TBBPA SRM m/z 

542.7 445.8 Neutral loss scan m/z 176 80  

 

 

LC-MS/MS TBBPA

TBBPA

Table 2 TBBPA

70 % Table 3 Neutral loss scan
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TBBPA

Fig. 2 3
25)

TBBPA

LC-MS/MS  

 

Table 2 Concentrations of TBBPA in serum, fat tissue, liver, lung and kidney of rats given 

TBBPA (mean ± S.D., n = 4) 

Concentration (ng/g) 
Dose 

Serum Fat tissue Liver Lung Kidney 

Control < LODa) < LOD < LOD < LOD < LOD 

5 mg/kg 19.6 ± 7.4 13.8 ± 9.3 238 ± 99.4 
(2.69)b) 

42.3 ± 16.9 
(0.05)b) 

70.8 ± 33.5 
(0.07)b) 

50 mg/kg 319 ± 176 222 ± 160 1690 ± 660 
(18.2)b) 

386 ± 271 
(0.45)b) 

541 ± 415 
(0.53)b) 

a) LOD, limit of detection. 

b) Absolute amount (µg). 

 

Table 3 Concentrations of TBBPA in feces of rats given TBBPAa) 

Concentration (ng/g) 
Dose 

day 1 day 2 day 3 

Total amount 

(mg) 
% of dose 

Control < LOD < LOD < LOD   

5 mg/kg 138 
(2.75)b) 

151 
(3.52)b) 

137 
(2.69)b) 8.96 70.0 

50 mg/kg 1350 
(27.7)b) 

1230 
(29.5)b) 

1760 
(30.9)b) 88.0 68.2 

a) Feces of 4 rats were pooled at 24 h after administration for each day. 

b) Absolute amount (mg). 
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3. /

 

 

OPPs 26)

OPPs Fig. 4

OPPs GC LC

OPPs

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HILIC 27)28)

HILIC

HILIC

MS MS/MS

HILIC MS/MS OPPs

OPPs  

CH3O

CH3S
P

O

NHCOCH3

CH3O

CH3S
P

O

NHCOCH3

Acephate
CAS No. : 30560–19–1
Molecular weight : 183.16
logKow : – 0.89

CH3O P

O

SCH3

NH2

CH3O P

O

SCH3

NH2

Methamidophos
CAS No. : 10265–92–6
Molecular weight : 141.13
logKow : – 0.8

CH3O

CH3O
P

O

O C

CH3

CH CONHCH3

CH3O

CH3O
P

O

O C

CH3

CH CONHCH3

Monocrotophos
CAS No. : 6923–22–4
Molecular weight : 223.16
logKow : – 0.22

CH3O

CH3O
P

O

S CH2 CH2 S C2H5

O
CH3O

CH3O
P

O

S CH2 CH2 S C2H5

O

Oxydemeton-methyl
CAS No. : 301–12–2
Molecular weight : 246.29
logKow : – 0.74

CH3O

CH3O
P

O

S CONHCH3CH2

CH3O

CH3O
P

O

S CONHCH3CH2

Omethoate
CAS No. : 1113–02–6
Molecular weight : 213.19
logKow : – 0.74

CH3O

CH3O
P

O

S CONHCH3CH2 CH2 S CH

CH3CH3O

CH3O
P

O

S CONHCH3CH2 CH2 S CH

CH3

Vamidothion
CAS No. : 2275–23–2
Molecular weight : 287.35
logKow : 0.12

Fig. 4 Properties of polar organophosphorus pesticides. 
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HILIC-MS/MS Waters Atlantis HILIC Silica 2.1×150 mm I.D., 

5 µm 0.2 % / /

MS/MS ESI

SRM Table 4  

50 mL

GL-Pak Jr., 400 mg, GL 10 mL

/

5 mL OPPs 10 µL HILIC/MS/MS

 

 

Table 4 SRM parameter of polar organophosphorus pesticides 

Compound Precursor ion (m/z) Product ion (m/z) CIDa) (V) 

Acephate 184 95 23 

Methamidophos 142 94 20 

Monocrotophos 224 127 24 

Omethoate 214 183 16 

Oxydemeton-methyl 247 169 20 

Vamidothion 288 146 18 
2H6-acephateb) 190 98 23 

a) CID, collision induced dissociation energy 

b) Internal standard 

 

 

HILIC OPPs

Fig. 5 MS/MS

OPPs S/N = 3 = 

0.13 1.0 pg

OPPs

OPPs

5 0.006 0.089 µg/L

OPPs Table 5  
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Table 5 Determination of polar OPPs in river water sample 

Concentration (µg/L) 

Locationa) Compound 

A B C D E 

Acephate 0.089 0.049 0.006 N.D. N.D. 

Methamidophos N.D. N.D. N.D. N.D. N.D. 

Monocrotophos N.D. N.D. N.D. N.D. N.D. 

Omethoate N.D. N.D. N.D. N.D. N.D. 

Oxydemeton-methyl N.D. N.D. N.D. N.D. N.D. 

Vamidothion N.D. N.D. N.D. N.D. N.D. 

a) Samples were collected from five different locations of Chikugo River in Kurume. 

Fig. 5 SRM chromatograms of the standard solution of polar OPPs. 

(each 1 µg/L except 2H6-acephate). 
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AA: 10046
SN: 35

RT: 3.78
AA: 1040393
SN: 355

RT: 4.95
AA: 1983842
SN: 454

NL: 2.94E5
TIC F: + c sid=-10.00  
SRM ms2 
288.00@-18.00 [ 
145.60-146.60]  MS  
Genesis QC_09

NL: 6.38E4
TIC F: + c sid=-10.00  
SRM ms2 
224.00@-24.00 [ 
126.60-127.60]  MS  
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(A) Vamidothion 

(B) Monocrotophos 

(C) Acephate 

(D) 2H6-acephate 

(E) Methamidophos 
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(G) Oxydemeton-methyl 
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4. LC-MS/MS  

 

DTCs

DTCs

29)

16 4

101

30 µg/L 30) 1/100

0.3 µg/L

31)-33)

HPLC/UV

DMDC-methyl

EBDC-dimethyl Fig. 6  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Analytical scheme of polycarbamate. 
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DMDC-methyl EBDC-dimethyl DTCs

2

LC-MS/MS

 

 

 

5 mL EDTA 15 w/v% EDTA 2Na 10 w/v% 

L- 2 M NaOH pH 10 2 mL

60 2 M pH 7

10 µL 15

Oasis HLB 60 mg/3 mL Waters 2 mL

1.5 mL 2.5 mL

LC-MS/MS  

LC-MS/MS Phenomenex LUNA C18 2 150 × 4.6 mm I.D., 

3 µm 40C / 2:3, v/v

0.7 mL/min 50 µL MS/MS

SRM Table 6  

 

Table 6 SRM parameter of DMDC-methyl and EBDC-dimethyl 

Compound Precursor ion (m/z) Product ion (m/z) CID (V) 

DMDC-methyl 136 88 16 

EBDC-dimethyl 241 193 10 

 

 

DMDC-methyl EBDC-dimethyl

LC-MS/MS

Fig. 7

S/N = 10 DMDC-methyl EBDC-dimethyl 0.20 µg/L

0.11 µg/L 0.3 µg/L
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8 4

DMDC-methyl DMDC-methyl EBDC-dimethyl

Table 7  
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Fig. 7 SRM chromatograms of (A) DMDC-methyl and (B) EBDC-dimethyl obtained with 

polycarbamate-spiked distilled water samples (0.25 µg/L added). Peaks: 1, cystein methyl 

ester; 2, DMDC-methyl; 3, EBDC-dimethyl. 



− 97 −

Table 7 Concentrations of polycarbamate in river water samples.  

Polycarbamate amount (µg/L) 
Samplea) 

Calculate for DMDC-methylb) Calculate for EBDC-dimethylc  

1 N.D. N.D. 

2 0.144 N.D. 

3 N.D. N.D. 

4 N.D. N.D. 

5 N.D. N.D. 

6 0.453 N.D. 

7 0.256 N.D. 

8 0.197 N.D. 

a) Samples were collected from eight different locations of Chikugo River in Kurume. 

b) Polycarbamate amount was determined in the form of DMDC-methyl. 

c) Polycarbamate amount was determined in the form of EBDC-dimethyl. 
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