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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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Fig. 1 Structural formula of tetrabromobisphenol A.
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LC-MS/MS #lE L - 777 H1Z1%, Mightysil RP-18 GP (150 x 2.0 mm 1.D., KifE 3 um;
Kanto Chemical) Z ], BEVHIZIE, ZAEK (BE3ME A) KOXAZ /) —W/7k =
UL (41, v/v) (BEIFA B) Z VT, 77 Y= Mgk (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) Z 17\, 7l 0.2 mL/min I[ZXE, VT LEEIL 40°C IR TE L,
AWEBHI SuL EA, MSMS X, =L 27 b xFL—A A4k (ESI) X HT 4 7TE—F




T, Selected Reaction Monitoring (SRM) E— K (m/z 542.7—445.8) (2 K 2 HE & 1T -
72

B MM{ERTLER - & FIEICFBERA X ) — LVORARE M TRAG, WHERD
A H— ~ Y » 2T TBBPA ZHhith, SV VBTN T LTI V=0T v 7k, A
H ) — VIR LT LC/MS/MS IZHEA,

AL T D TBBPA R HE G O IR (S/N=3) 1L 7.2 pg/mL (FEA&EX7ZY 0.13
fmol) & ARD TEKE CTh o 7o, 72, RE LI VT TBBPA 0 (5~100 pg/g
serum) b MMEREIZRTLB L7 & EORIEIL, 80 %l LD TRI Th -7z,
I b, RiElcksiF 5 e MiiEH TBBPA O HRS (/N =3) 1%, 0.8 pg/g serum T
b, EERK (BIETZ 7 HEMOEY (n=10) + #BIET T 7 JIEME DI
72 (n=10) x10} 1%, 42 pg/gserum Th o7, 72, = b r—/ LI (6.3 pg/g serum)
L=z ha—/VimiEiz 5, 10, 50 T 100 pg/g serum & 72 % X 9 (2 TBBPA Z sl L
T 6 BRI MR LIE L7z & & OFFE (R IR R Z22) 13, Th £ 4 7.0, 9.9, 10.0,
6.5 K74 %Thole, KIEIFMO TEEKETHY, FLHBEMOLBRUFTHL Z L
5, b MILIETICHREICFEAET D TBBPA OJIEICHEATH L EE 2 bND, A%,
NS4 Lo iigIcmEM Lok R, 4T 7.4 pg/g serum @ TBBPA 73 H
Stz (Table 1), ZOfEIZTZNE TOHREIZH D GCIETHIE S fE (2.2~7.5 pg/g
serum) L K< —EH L T\,

Table 1 Concentrations of TBBPA in normal human serum

Sex” 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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KHAERICBOWCRERLVE VEIERAR DR D LV o eliE b H 5 P, 22T
WF5ETi, TBBPA DU &k Ok % DR NEREBMAFAT 217 5 72, LC-MS/MS #£& % M
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TBBPA I EORIE 21TV, S HIZ[ALEE %2 T TBBPA OR#W D FRIE 21T > 72,

[ 5i£]

B 7y FEEIC 3 HIMERE L C TBBPA ##%5- (5 150 mg/kg & 5-8F) L, %
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EIZOWTIE, KBS D 24 Bef%REICRILL T,
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Z v NEBE (0-0.5min, 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) Z 17\, Jiti# % 0.2 mL/min
IZREE, W7 HAEEF 40°C TR E L, #EHEL 10 uL ¥ EA, MS/MS (X ESI X HT 1 7
EF— FTHW, TBBPA OFE®& LK OCR#HOREIC, T L SRM £— F (m/z
542.7—445.8) K O Neutral loss scan E— K (m/z 176 & O 80) TiHlliE,
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JECHE &7z (Table 2), £7=, #5 L7 TBBPA ®IF & A Cid#EPICHE SN TR
D, EEDOK 70 %% H® Tz (Table 3), & 51T, Neutral loss scan & — K % FI| A



U CHFIS A i &2 I E L7245 5L, TBBPA ORI EEZ DN DT/ J V7 v v Bs
KEOE / BERAEIBRH Sz (Fig. 2 K0 3), AEBRTIX, BHatamTdd
VNI a VBRAERKROE ) SV e BT RBRAER P EBRHT LT T
RN TEN, F MBIAARIIEREE TICHEDO R WHE O TBBPA K#mTH v,

LC-MS/MS # I\ 5 Z & CTlRIEMNA[EETH o 7=,

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
Fat tissue Lung Kidney
Control <LOD <LOD
238+ 99.4 42.3+16.9 70.8 £33.5
5 mg/kg 13.8+9.3 (0.05) 0.07)”
1690 + 660 386 £271 541 £ 415
50 mg/kg 222 + 160 (0.45) (0.53)
a) LOD, limit of detection.
b) Absolute amount (png).
Table 3 Concentrations of TBBPA in feces of rats given TBBPA”
Concentration (ng/g) Total amount
Dose % of dose
(mg)
Control — _
5 mg/kg 8.96 70.0
50 mg/kg 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. BIAMHAEERAZ v~ 97 4 — /X2 T HIEESHICII2EHBEAHY R
BIEE O 5T
[AY]
aY AT T —PHEMEHEZ L OAHY > REHEE (OPPs) *1%, #ZhAIE LT
IRKEAINTEBY, B 2502 0PI LTHEOHEMEEZRT I, H
WAL ZRIDOT LIT LI OISR L 7> T\ b, F1iC, &% A9 % OPPs (Fig. 4)
1%, KFBA~VEHT 2 A BEMERE D CTEW =8, IEOKE A D 5 VI KB T
DIGYFERZ EMEICHE L TR R IER bRy, fEkk 0, BREPICHIT 5 &M
P OPPs DT IZ1E GC #EH DV LW LC ENFIH STV D28, THETLLEE S FE M |
B RERE) Z0HANG, B OPPs O U AR EHELE LTHY ST\ 5
EIEMLTLHE R R,

[0} (0} 0 CH,
CH;0 |l I CH;0_ || \
P P —NHCOCH; CH,0— ‘P — SCH, P — O— C= CH— CONHCH;,
/
CH,S NH, CH,0
Acephate Methamidophos Monocrotophos
CAS No. : 30560-19-1 CAS No. : 10265-92-6 CAS No. : 6923-22-4
Molecular weight : 183.16 Molecular weight : 141.13 Molecular weight : 223.16
logK,,, : —0.89 logK,,, :—0.8 logK,, : —0.22
(0] [0} o [0} CH,
CHO || CHO\ | I CHO\_| \
P —S — CH,— CONHCH, P—S —CH,CH, — S—C,H; P —S — CH,CH, — S— CH— CONHCH,
CH,0 7 CH,0 4 CH,0 7
Omethoate Oxydemeton-methyl Vamidothion
CAS No. : 1113-02-6 CAS No. : 301-12-2 CAS No. : 2275-23-2
Molecular weight : 213.19 Molecular weight : 246.29 Molecular weight : 287.35
logK,, :—0.74 logK,, :—0.74 logK,,, : 0.12

Fig. 4 Properties of polar organophosphorus pesticides.

BAKMEMREER 7 v~ 75 7 4 — (HILIC) 27X, Wit CI3MRE U<, JIEME T
IRFLTED X9 eEmtEolbad (7 8k, <7F FEOAEKRS) OnEEs
HE LCREEINTZLDOTHD, HILIC 1X, YU B FNERX—2L LEEEME L
L, BEHELTAYZ ) =T b= N AVEOMBERELA#HEHAT 208 — KT
Ho, ZORWHIEFZIEMRAROZN EIFIZFREHETH D, HILIC TiX, AHIEELRO
WS TEBEEMERFET DR ARETH D720, WHSEEE— N E ik L
T, MS XU*MS/MS iz B W TR GO EREL LH SE 52 LR L
%, & TARBIETIX, HILIC XU MS/MS Z#lAAbE T, @it OPPs O & & E
WEEORIEEIToTe, SHIT, WEERD T A X DATAEEZ A DY T, RE
KAFIZE T D EmIE OPPs O & & FE Il E & 5 A 72
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HILIC-MS/MS I ZE S+ 71 7 L1213 Waters 8¢ Atlantis HILIC Silica (2.1x150 mm L.D.,
KifE 5 um), BEIMICIZ 02 %XBaE5ie7 v h=bFVY/A YT aR ) —)LKDIER
AHNT, TAY 277 4 v 7 F— T, MS/MS 1%, ESIARY T 4 7 — R T
AL, SRME— K (Table4) (Z&VHIE,

AKEREIATALEL « KEREN S0 mL &2, YOI T 4 v a=r T 2T iGER T T A
(GL-Pak {&VEER Jr., 400 mg, GL %A = > ) (23K, {EPER T T 5% 7K 10 mL T
%, mODEEIC XV KRy ERE, RWT, REHEKFTROWNS, T k=Y /A
Y7 — VORI SmL &t L, OPPs #¥&H, £ ® 955 10 uL % HILIC/MS/MS IZ
E A

Table 4 SRM parameter of polar organophosphorus pesticides

Compound Precursor ion (m/z) Product ion (m/z) CIDY (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
’Hg-acephate” 190 98 23

a) CID, collision induced dissociation energy

b) Internal standard

CEE I AOECE =)

HILIC # H\W 5 Z & C, WM BEE — R CIXREE LEE @ik OPPs & + 43 IR FF S
BHZENAETH-7- (Fig. 5), £7- MS/MS Ml LA bLEDL Z LT, mimtE
OPPs Z & CHERIEEICHET D2 Z LN HREThH o 7= (MHBRK (S/N=3) = EAREY
720 0.13~1.0 pgl, SHIZ, HMRY T X DM EZRMAT 22 LT, KRB
O EfEPE OPPs % il AoV IZ 32 2 &N T&, ERBI~ M) v 7 A0 BE %
T2 ER<KHEST DL BAIRETH -7, RIEX, &BPE OPPs O HIE IR D THZ)
THY, KEKEHLVFHKERSRE LEET=FY) 7 HoFAT 52 LRk
ThiHrEEZDLND, RiEZ, @R KTTIROZE OWEAN ST L 72
AKSHEBHZEHA L7c, ZOFEER, —HMORE 2T BT =2 — FD&HD 0.006~0.089 pg/L
OFPE TR S, o EmdE OPPs 1T & 72 )y~ 7= (Table 5),
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Fig. 5 SRM chromatograms of the standard solution of polar OPPs.

(each 1 pg/L except “Hg-acephate).

Table 5 Determination of polar OPPs in river water sample

Concentration (pg/L)

Compound

Location®

A

B C D

E

Acephate 0.089
Methamidophos N.D.
Monocrotophos N.D.
Omethoate N.D.
Oxydemeton-methyl N.D.
Vamidothion N.D.

0.049 0.006 N.D.
N.D. N.D. N.D.
N.D. N.D. N.D.
N.D. N.D. N.D.
N.D. N.D. N.D.
N.D. N.D. N.D.

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

a) Samples were collected from five different locations of Chikugo River in Kurume.
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RYB—=NRA—=FE, TFLUERTF A=A — s RZEREHA (P77, ¥
TR A2 TE) LRV AFNVIT A =N A= NREEA (T LLK0F T T A
F) LRROVF AT — "k — FRFEEH (DTCs) & LTHEINTEY, H<2bH
FoHt, B EORENRAE LA HEHRINTWS, DTCs X, BEHICI VTN
KoM, ALk O la= i 5<, ZOEERY TCOLZF L FF U LT
DR, BRAME, BREMEOFEEZ T LEORVESHD P RY I — "X — |
X, FAk 16 4F 4 A OKEREOLEIZE, ZTREMxET2HA & LTED bILZK
EEMHAEREED OEREE (101 ) o—o L LTETLATEY, AEME LT
30 pg/L AR E SN TV 50, RETHE, BEEITEIE LTHEMD 1/100 £ THIE
THEOIDHEEINTNDED, KU B — "X — DAL, 0.3 pg/L £ TOHRIERBE N
FERINTWD, RUBT—NA— P E2ELF L EATTF A=A — N REEA
X, KXIZIFEAEORBRECRERTHD-D, TNOHEZEENET L2 41X
TERY, WEOKRELT, 7AW GEBAECLIMEEZATFNMLLTRIET ST
EREON TS D0 L L s, ATLEBRIEI R THEMETH 213220 Tidie
BRI SR TWD HPLC/UV MHETIE F R REBRERE LNV E WS ERER H 5,
Z 2 CTARBFZETIE, AKREIFICEIT DAY B — A — bk O o m R E O B
Baitole, RIND—NRA—=LET VDIV GRLTATNUET D E, VAFALITF A
NS UEAF IV (DMDC-methyl) MO F L EATF A HNANI BEY ATF L
(EBDC-dimethyl) 234k 415 (Fig. 6),

S S S
[ [ S [
CH,NH —C~8~Zn=S-C—N(CH,), Alkaline cleavage - CH,NH -C-S§~
| —————% (CH),N-C-§8  + | :
CH,NH *(H:*S*Zn* S*(H:*N (CHy), CH,NH —E*S
S S S
Polycarbamate Dimethyldithiocarbamic acid Ethylenebisdithiocarbamic acid
(DMDC) (EBDC)
S
S I
S-Methylation CH,NH —C—SCH;
|

Il
(CHy),N-C~SCH, +
CH,NH ~C—SCH,

S
Methyl dimethyldithiocarbamate Dimethyl ethylenebisdithiocarbamate
(DMDC-methyl) (EBDC-dimethyl)

Fig. 6 Analytical scheme of polycarbamate.



DMDC-methyl & O EBDC-dimethyl (%, Lt DTCs 6 8 EBL LR ER SN D729,
AU A—=NA—= b E2RETLIHEGE, O 2WEEZFRMICERT DS EBLEE L,
AW TIE, ATAE L OFHEERILO TRZ@ET 5720, R T—"A—FDT L
BV IRAER &, BREEY AT IRV KEIRP CHEEATF AT DL L, &
512, LC-MS/MS #@EAFIH LTl A FAALEREZRE L, KEREBFIZBT 2RI D
—NRRA—= NDOERERALT,

[ 7]

BiAVER : k3B 5mL (2, 744 UM EDTA 8K (15 w/v% EDTA + 2Na & T8 10 w/v%
L- A7 A VEWKIZ, 2 M NaOH Z 2 pH fE% 10 (T30 IZ#%) 2 mL 2% T=RE T
60 7y AE, Z OWIRIC2 M2 T pHEEZ 7 TICHHTE L%, MEEY 2T
V10 pL Z M x CTHARM L, =BT 15 okE, SKzE, THarsgva=v
7 % AT 7= (Oasis HLB, 60 mg/3 mL, Waters) (ZEff, [EAHZFERIK 2 mL T
Fik, 7 b=FU 1.5 mL THH, BHIEICHERKZMAT 25 mL IZEAL,
LC-MS/MS #2711,

LC-MS/MS HIE 2t : /7 F A 1Z1%, Phenomenex LUNA C18 (2) (150 x 4.6 mm 1.D., i
Z3um) ZMEH, 17 MEEIT40°CICREL, BEIfHE LTK/A X 2 —b (2:3,v/v)
Z VT, it 0.7 mL/min TEHR L, #0EHT 50 uL 27 A, MS/MS 1, K&JELFEA
FUAER YT 47— R CTHA L, SRM E— K (Table 6) (2 &Y HI7E,

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

AEC LY, RY I —3%— |55 DMDC-methyl & (Y EBDC-dimethyl % & 55 12 42 %
EHDLZENARETHY, EHICLC-MS/MS 2RI 252 LT, 205 % &R A
ETHIENARETH -7 (Fig. 7). RIEBZBITF2KRAEHFHRY H— 12— hDER
RS (S/N=10) 1%, DMDC-methyl }2 08 EBDC-dimethyl & L CZ#LZ 4 0.20 pg/L & Y
0.11 ug/L TH VY, KEIEIZBWTER I N TWDRERKE (0.3 pg/L) %+ e 3
LT ENTE, £, KEOFERBEICHTL2H8DMEELRT 2D, NY I—R
— NAERIN L 72 AGEAK R OV NKEREBHI AR E A A Lic, £ O/ES, REKEEHE [F
BICUHE L CELNERBRELERELS —HLTEY, 2O ENLARENEREBHCH LT



MO THZTH D Z LRI NTe, AIEZPIK 8 BN MM L7zih R, 4 5080 b
& DMDC-methyl 23 & 417223, DMDC-methyl £ Y & &% @ E > EBDC-dimethyl
DNTHNORENL bR SN olclcd, R D—"A—=FHEEKRDO LD TIEZ2N
EEZHND (Table 7).

NL: 4.02E3

TICF: +c sid=-10.00
SRM ms2
136.10@-16.00 [

RT: 5.47 87.70-88.70] MS
AA:39298 Genesis

AH: 2815 aDW_Rtest 06

Relative Abundance

RT: 6.51 NL:5.71E2
AA: 6936 TICF: +c¢ sid=-10.00
AH: 566 SRM ms2

(B) 100 241.08@-10.00 [
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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 pg/L added). Peaks: 1, cystein methyl
ester; 2, DMDC-methyl; 3, EBDC-dimethyl.



Table 7 Concentrations of polycarbamate in river water samples.

Polycarbamate amount (pg/L)

Sample®
Calculate for DMDC-methyl®  Calculate for EBDC-dimethyl®
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.

¢) Polycarbamate amount was determined in the form of EBDC-dimethyl.
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ABFZECTlE, BREAMEEWE & LT UIE LIEMEE S0 2 BER A I OV 3R
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URA7 M ~DERICEBRTE 2D TH D,

B EE
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