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Research on Determination of Polychlorinated Biphenyl, Organochlorine Pesticides
and Polybrominated Biphenyl Ether in Wheat
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Abstract: This study is objected to develop a gas chromatographic-tandem mass spectrometric method to
determine the contamination level of polychlorinated biphenyls, organochlorine pesticides and polybrominated
biphenyl ether in wheat. In this method, the hydrated wheat powder was extracted with ethyl acetate and
purified with acidic silica (44%). The gas chromatography-tandem mass spectrometry which operated on a
dynamic multiple reaction monitor (AMRM) acquisition mode was using for instrumental analysis. The
quantitation was carried out with internal standard method. The results demonstrated that all target analytes
have good quantitative linear range with excellent regression factor (R>>0.996), while highly brominated

biphenyl ethers were with quadratic regression. The recovery of method was between 57.9% to 118.6% with
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relative standard deviations of 1.6%~10.7%. The method detection limits were between 0.001 ng/g and

1.108 ng/g as the highly brominated biphenyl ether gave relatively poor detection limits. This method is

simple, rapid, accurate and low-cost, especially useful for the high-throughput analysis of trace persistent

organic pollutants in wheat.

Key words: polychlorinated biphenyl; organochlorine pesticides; polybrominated biphenyl ether; gas

chromatography-tandem mass spectrometry; wheat

FrAMA VTG G Y ( Persistent Organic
Pollutants, POPs ) J&— R BAKMIFEME, w7
PR, AW RPUE, RN, ATLLEE RS KF
EEN BT R, MBS AEY RS
FEH G EVER R RSN A A LIS et A
HLE A4 24 ( Organochlorinated Pesticides, OCPs ) ,
ZFH WK (Polychlorinated Biphenyl, PCBs ) , £
I BE K fi# ( Polybrominated Diphenyl Ethers,
PBDEs ) J&: St i N\ T AR APEA BLTS e,
T AET IS Z T, S YRR A YR
DR, WA EE AR,

WRAIETE, NEFA 90%IMHFF APEA LG L
Wi i 2 5 Y AL N TR A 3
WEEY, THERE X, NEREMTE
FEEHS A S ABERME . Kk, NEZhrhe
FETERR RFFAEA LI e, oA faFE AT
MR A 22 B, 77 BN R AT ARG U 23 A

HAT, X/NEFEmh i ablERsy, 280k
RN 22 R R Tk (1) 43 AT 32 2R SO B -
i 3k K M #5 ( Gas Chromatography-Electron
Capture Detector, GC-ECD ) SV 4 €33 - it i3
K% ( Gas Chromatography-Mass Spectrometry,
GC-MS) "' GC-ECD kil i 14 4 i i) —4~2
BOATENE, B2 AT, A5 IR R R
G5 o A G - BT 138 i B i 1 T
Brete, "L T 2450500 HRAMAES %
FIFEFTATPE, 52 ma HAG I B A PR . —
o PUAR AT # 8K Jf i ( Triple Quadrupole Tandem
Mass Spectrometry, MS/MS ) i i B 9 % 1 A
A BRI, AR T, e T
ST SE, A A AMEIE, BHTIRERA
PEA BTG YR oA AR Y SRR
HHEE- BB S (GC-MS/MS ) it 47 43 #r Xt
AR it T Ak 3 PSSR A A X AR

JINZZ R ot T A T B 5 2R AR B,

A A R TSy g AT R, A A R B
3% ( Gel Permeation Chromatography, GPC )%
TR Ve BUR A R AT ek, AR AR AR
K, B S, RIS, MR/ N

A FEA R AR 3% - = i DO RRAT By,
SENAE T R 2 EIOR, T FAHLEAR 2 13 Fif
IR AL 27 PRI AER LIS
GBI T IR B R B - [ A 2 BG4 Ak 1Y)
X /INAZRE S AT R AR B, AR A AL R
e, B 5 ik i g FH PR ARG 00 A, AT A R
INFE T i A AR R A
1 #R57%
1.1 XFE5KF

8890B L AH (L3 -7000D — T DU AT i, i
A MMI ZUIRERERE O 2 7693 A AZhBERESR : 56
[ ZHEAE A 7] 5 Practum213 i AE K F (HF
0.001 g) : MEEFEZFIHAF; N-EVAP112 AKX
% . Z£E Organomation 23 ) ; Rotavapor R-300 Jig
7 RAL: FL Buchi A5 5810 R ARG e &5
L. 75 Eppendorf /A Fl ; Fotector Plus H [
AHZERUL . BFFHAH; Laboratory Mill 3310 #3fi%
Bl BB v

ECkE. CRROHBE. ke (fFk%) : A
RBBHEABRAE; & Wbt (REEH ) . il
LAl LM (HPLC %% ) : {81 Merck 22 ;
WA (HPLC 2% ) : [ Fisher 24H]; Jo/KHAM
FNICKBRIREE (4rtral) . BIgRTH T A H]

T IE AR (60-200 mesh ) : fEE Merck A #],
44% IR IR LRERS . PR LS (CNW) @ Lifg
LGN,

7 B A BRI (S 98%,
100 g/mL T4t ): a-757575( Hexachlorocyclohexane,
HCH) , B-7NIN7N, p-757578, 0-7N7N7N, e-7578
7N, 2,4'-{%3% % ( Dichlorodiphenyltrichloroethane,
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DDT) , 4,4'-%H 5 7 Fds B 2 G R BlbR
WEVETE (M EHN 100 g/mL T 5%k ) . PCB28
(2,4,4'-=5E4 ), PCB52(2,2",5,5"- WU ),
PCB101( 2,2",4,5,5"- Bk 7K ), PCB118( 2,3",4,4,5
- ), PCB138 (2,2',3,4,4' 5" NEBE )
PCB153(2,2",4,4',5,5'- 758K ) , PCB180 (2,2,
3,4,4',5,5 LS ) 5 13 FdE B 22 5L OR ik P
ARG HER IR (HREEY R 50 g/mL T 5
Bt ) : BDE3 (4-JRHEX7N[E ) , BDELS (4,4"-—J%
A ) , BDE25 (2,3",4-=JREEZEHEE ) , BDE2S
(2,4,4'-=JRBEZEEE ) , BDE47 (2,2,4,4'-PUIREL
Z50k ), BDE99( 2,2',4,4" 5- i {RIE A ), BDE100
(2,2/,4,4",6- HIREARE ) , BDE153 (2,2',4,4'5,5'-
FNIRIEIEREE ) , BDE154(2,2',4,4',5,6'- /N TRBEAE )
BDE183 (2,2',3,4,4',5",6-- LR B 7 ik ) , BDE203
(2,2',3,4,4',5,5"6-/\ Ik ) , BDE206 (2,2',3,3,
4,4'5,5',6- JUIRBAEE ) , BDE209 (7B ) ;
ERNR: 2 FTURE SRR A (2R 98%,
10.0 /L FIEC%E) : PCB77-d6 (3,3',4,4"- PG BEA
-d6 ) , PCB156-d3 (2,3,3',4,4' 5- /N BEA-d3 ) ; 3F
FEWR: 2 PR & IBORIR SR (28 98%,
10 g/L FIEC %% ) : PCB28-d4( 2,4,4'- =5 Bk 7K-d4 ),
PCB114-d4 (23,44 5- HEBIE-d4) .
1.2 KWHE
1.2.1  AeifEs

KA 7 FAHLAARZ . 7 P2 &R
13 Fh Z RBRBE PR ER G TIR G S, R
oMk, Howh 7 MAPLEARZ, 7 Rk
7, 9 PP IECIEEEF ( BDE3, 15, 25, 28, 47,
99, 100, 153, 154) WYL N 2.0 pg/mL, 4
FhE BUC IR BE 75t ( BDE183, 203, 206, 209)
R U BE 4391 h 4.0, 6.0, 8.0, 10.0 g/mL IR
G RUERE S s A i AR FIHERE AR 43 31 D) S5
BEVEATRE RS, YIECE A 100.0 ng/mL A TAER

W 27 FhRE AYEA B IR A bR i 2
SR BEMEA TR R, O 10 AR RS BE bR o 3R
S (MR 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0,
20.0. 50.0. 100.0 ng/mL, H:#" BDE183, 203, 206,
209 RYHEBE M 2 F5, 3£, 4 4%, SAE) , Hp
TNASE S WbR, HIRBEEYIN 10.0 ng/mL, T A fii %
WO TAERAE-18 °CFBEGIRTE

1.2.2 FEACREFITHAL ]

8 AN/NAERE MR BRI /INE VG, AR IR
T A BT o SREEHIX AR E /N 37
XM /NG P2 XA . LR . T
LR o B RAEHL X DA RAE SRR IR A R
—AFESL, R RAESUREE 0.5 kg FESL . UREER]
(/N R SR e =, HETTRR 2%, TE TR
WAL S, A XA BT . R LR R A
EYNISESE D AR i  ea
1.2.3  HEATHTAL

FREX 10.0 g /NAZ ¥ A 8 F 50 mL B0
A 100 L& WNbs, BRERGHS, mddomn
A 10 mL K5, FE4-R%E, A 15 mL 2/ L
PEATIREL, FEAREE 3 min 5, FTRA Y PRI
TA 3 g EALENAN 3 ¢ JTOKBRIREE, FEmnfes). I
PRV TR ELL 5min( 10 °C, 10 000 t/min ),
WA NUZ RS A 15 mL ZFR LR,
PR TR IRFEIR I, Z )5 M B 028 (10 °C,
10 000 rpm, 5 min) , B EZAHLZ5HTK L
WA It

W6 01 5 09 MLER BUR AE e 3 78 A F R &
KB LR OTRELE T, FARMRYHEM 1 mL
IECBEIA T, R R RE B A 2R T3 1k
ARl 5 g 44% MR PERESEE I, I 10 mL IEC
B/ AR BEIRAW (3/1, V/V) F1 10 mL IEC b
P AERE AT IR . Wb, BAEE, A 6 mL
IECKERT 15 mL 1E O bs/ S R iR AW (3/1, VIV)
WU TE, W LR IS 0 B A R VE W . TE e 25
RAL L ZR BB LRI TR EL 0.5 mL, A
I mL IE S ke/ W% (3/1, VIV) IREW, %
BEAREIEHRE T, AW T WRT, IA 900
L 5=ERE 1 100 L AR, IRSG R .
1.2.4  SAHERE- = EOHRFF S (GC-MS/MS )
a3 A

g A SR P FH R ( Programmed
Temperature Vaporizer, PTV ) JIEA 53 dEFE A5
Ko MR ORIIRIEE RN 150 °C, ££4F 0.1 min,
ZJG LA 600 °C/min Y FHE TR 2 310 °C; [F]
I, BRI 25 psi, fREF 1.2 min; 3
HAE 1.5 min J5 4T, AT 54 50 mL/min;
HERER 2 L, {4345 DB-5MS (15 mx0.25 mmx
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0.1m) ; #HA WA, WA 1.2 mL/min, RH]
FEFFFHRA, WA 90 °C, A5 °C/min F
%190 °C, FLA 20 °C/min FF & 320 °C, F{f4F
5 min, fRHIZIRE A 290 °C,

FIE A R OB R, B FIRIRE RN
300 °C; Q1, Q3 PUMAFIR AR R 200 °C; AR
HRHES, Wk 1.5 mL/min; S NEKRS, Wi
# 2.25 mL/min. BTig A IR FH 3025 22 5 4 DS
7 ( dynamic Multiple Reaction Monitoring ,
dMRM) , #HN BFREG P MRM S50 1,
H, T34 %% ( Channel Electron Multipliers, CEM )
W 15, HIRECh 5 WP,

1.2.5 /NEZSHFER

BT /NERE SR 1.2.3 ikt b B
Ja, M 1.2.4 #E1T GC-MS/MS Z3#r. M4
IMTEEIR, TR HAR TR TR H BR )/
HRESD 2 i TIR A, MR/ A IR
1.3 HESH

KB EIE M ] MassHunter WorkStation
HATEYEE AT AR AT, MRS D
PREAIHA], XTS5 B AR LA R A7 e 1 5 3
PoEmBE X, #HTER,

2 BREAH
2.1 ZEMNEFRIESHEHAL

TG AR I A5 . BREUR | Rl T S S B
e 53 A 1 R ABRE AR E PR . 2R IOR . AALER
2 1 22 PR R Tk S H: B R TE B B3 o 1 SR A R
HFFHERE R B WA 225 . ABFSEE 02
TR EE AL, #5300 °CHRI LIS
(R e VAR 22 IR kA T B 1k, RIS X 2 4
R FADLEAR G e o R E U,
Al BB 1 W VAR ORI 2 AN e 4, I
%, IR ml e TS Y e 1

K Z R I 7 =8 (MRM ), AR
ST . B e E B BRI AT 1,
PEFE A A T B AR M s PR e 1 1
W, BTG T (B 1) o Hp, PCBs [WFE
BTN M] TR R IR s A HLSURZG NS S
A SRR A 1) 32 % 04 A [M-H2C1] R [M-2H3Cl]
(TR 2R AR5 5 TR B Y 2 A SR AR I T s
A [M-C3CI] [l {3 Z£ 0455 ; %} F PBDEs, £%

T U — 5 A [M] R [M-2Br] 1 [R5 e %, (FLR
FIREF R38N, SEUY PBDEs i94rF 5 Tl
FasE, [MITWl/D, EEE g O [M-2Br] " 1 [F 7
RIEHE, e &/EmrdE s, MHEE T
G, R B I ) v R PR R T AR R T
HEEEEE (B 1), PCBs [WHEH B E%H
[M-2C1]"5 AN/S/S IR R 3222 [M-2H3C]'
TR T8 %) 32 B U i [M-C5C1]"; PBDEs M HE F
BT REAR MRS T, — 2K E 2Br,
COBr, CO2Br, CO3Br, CO4Br W& 1., #&/q,
XA B AR AT V0109 S - DR BB 2R A 7 A 4
fit ( Collision Energy, CE) fiifb, VA KibE 1
XTegmea B E (1) o B BER 7 2
WA (MRM ) T 1Y 85 X8 BokH B A UG il 8 fig
W 1o X THA B, L4 W 5 i iy
PR 5 XV S i 5 1 0 A 1 %, e,
M 7 5 - 5 —F- %k FH 8 o, i IO A 22 1 5 X
THiBE
2.2 BEEERK
221 A ESE

ZEWR . APILERZY) . ZIREEREEZ ] Y
PR 220 8K, TE [FIZEAG ) Z W SAETE TR O
S, B, AT EIE B, FEHE T AW
% &, XHETE B AT ARHRg H
BT WM DB-5SMS (Aigt:, 051k
30 m A% FE (30 mx0.32 mmx0.25 m) FIERHEL
WA (15 mx0.25 mmx0.1 m) . 453 B,
HHLEAZ, 2RI 5 B IR AR K
( BDE3, 15, 25, 28, 47, 99, 100, 183) fE¥i
MR A AR T AR AT ) e, {0 A B
2o B2, X TE oA Ju. HEARROR
fit ( BDE203, 206, 209) , nlgEh FH5 @
BRI G RN ER, KA FERAR, &
AT, B DR B A e A TG i i)
(K 2) ., 4, PCBI53 fil 4,4'-DDT i,
ToEEIE (K 2-1, B 2-2) , (HERERE IR
WEREAE Bk (K 3) , arRhitfre e,
HRYE T B BR 2 H 90 00 43 58 i R A5 00, ASHIFSE
i %855 19 DB-5SMS a3 4E 36474047 o
222 Rtk

ZEWOR . AHPLEARY) . ZIRPOREE R 53
Brist, BTN EAG G P SRR ) 23— R P 22 5
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Table 1 GC-MS/MS parameters of 27 target POPs, internal standards and syringe standards

wEY Rt (RT/min ) MRBEF/ (m/z) FEYE T (m/z) CE/eV BT XA Lh il
a-HCH* 9.35 218.8 [M-H2CI1]* 183 [M-2H3CI] 5 1
a-HCH 9.35 216.8 [M-H2CI1]* 181 [M-2H3CI]* 5 0.96
BDE3* 9.51 249.7 [M]* 141.2 [M-COBr]" 20 1
BDE3 9.51 247.8 M]* 141.1 [M-COBr]* 20 0.96
B-HCH* 10.43 218.8 [M-H2CI1]* 183 [M-2H3CI] 5 1
B-HCH 10.43 216.8 [M-H2CI]" 181 [M-2H3CI]* 10 0.97
y-HCH* 10.61 218.8 [M-H2CI1]* 183 [M-2H3CI]* 5 1
y-HCH 10.61 216.8 [M-H2CI1]* 180.9 [M-2H3CI]* 5 0.83
S-HCH* 11.89 218.8 [M-H2CI]* 183 [M-2H3CI]* 5 1
J-HCH 11.89 216.8 [M-H2CI]" 180.9 [M-2H3CI] 10 0.89
e-HCH* 12.15 218.8 [M-H2CI1]* 183 [M-2H3CI1]* 5 1
&-HCH 12.15 216.8 [M-H2CI1]* 181 [M-2H3CI] 5 0.97
PCB28* 12.95 257.7 [M]* 186.1 M-2c17 30 1
PCB28 12.95 255.7 M]* 186.1 [M-2C17* 30 0.63
PCB52* 14.30 291.7 [M]* 220 [M-2C17* 30 1
PCB52 14.30 289.7 [M]* 220 [M-2C1]* 30 0.64
BDE15%* 15.43 327.7 [M]* 168.1 [M-2Br]" 20 1
BDE15 15.43 327.7 [M]* 139.1 [M-CO2Br]” 55 0.88
PCBI101* 17.38 327.7 [M]* 256 [M-2¢17 30 1
PCB101 17.38 323.6 [M]* 253.9 [M-2CI1]* 35 0.9
BDE25* 19.08 247.8 [M-2Br]+ 139.1 [M-CO3Br]" 40 1
BDE25 19.08 245.8 [M-2Br]+ 139.1 [M-CO3Br]* 40 0.82
PCB118* 19.49 325.6 [M]* 256 M-2c17 35 1
PCB118 19.49 323.6 [M]* 254 M-2C17* 35 0.94
BDE28* 19.60 247.8 [M-2Br]+ 139.1 [M-CO3Br]” 35 1
BDE28 19.60 245.8 [M-2Br]+ 139.1 [M-CO3Br]" 35 0.98
2,4-DDT* 19.89 236.7 [M-C3Cl]+ 165.2 [M-C5C17? 30 1
2,4-DDT 19.89 234.8 [M-C3Cl]+ 165.1 [M-C5C17* 30 0.32
PCB138* 20.30 359.6 [M]* 289.9 M-2¢17 35 1
PCB138 20.30 357.6 [M]* 287.9 [M-2CI1]* 35 0.83
PCB153* 21.04 359.6 M]* 289.9 [M-2C17* 35 1
PCB153 21.04 357.6 [M]* 287.9 [M-2C17* 35 0.99
4,4 -DDT* 21.08 236.8 [M-C3Cl]+ 165.1 [M-C5C1]* 30 1
4,4'-DDT 21.08 234.8 [M-C3Cl]+ 165.2 [M-C5CI 30 0.68
PCB180* 22.37 395.6 [M]* 323.9 [M-2C17* 35 1
PCB180 22.37 393.6 [M]* 323.9 M-2C17 35 0.69
BDE47* 22.42 325.6 [M-2Br]+ 219.1 [M-CO3Br]" 35 1
BDE47 22.42 325.6 [M-2Br]+ 138.1 [M-CO3Br]" 55 0.60
BDE100* 23.53 565.7 [M]* 405.9 [M-2Br]* 25 1
BDE100 23.53 563.7 [M]* 403.9 [M-2Br]" 30 0.99
BDE99* 23.84 565.7 [M]* 405.9 [M-2Br]" 25 1
BDE99 23.84 563.7 [M]* 403.9 [M-2Br]* 25 0.96
BDE154% 24.53 643.7 [M]* 483.8 [M-2Br]* 30 1
BDE154 24.53 483.6 [M-2Br]+ 374.6 [M-3Br]" 40 0.67
BDE153* 24.89 643.7 [M]* 483.7 [M-2Br]" 20 1
BDE153 24.89 483.6 [M-2Br]+ 323.7 [M-3Br]* 45 0.98
BDE183* 25.76 563.7 [M-2Br]+ 454.6 [M-CO3Br]" 45 1
BDE183 25.76 561.7 [M-2Br]+ 4547 [M-CO3Br]" 50 0.88
BDE203* 26.86 643.7 [M-2Br]+ 534.6 [M-CO3Br]” 50 1
BDE203 26.86 639.6 [M-2Br]+ 532.6 [M-CO3Br]* 50 0.79
BDE206* 28.19 721.7 [M-2Br]+ 561.7 [M-4Br]" 50 1
BDE206 28.19 719.7 [M-2Br]+ 559.6 [M-4Br]* 55 0.87
BDE209* 29.81 801.6 [M-2Br]+ 641.6 [M-4Br]* 55 1
BDE209 29.81 799.6 [M-2Br]+ 641.6 [M-4Br]" 50 0.77
PCB156-d3* # 22.07 362.6 [M]* 292.9 M-2C17* 35 1
PCB156-d3# 22.07 360.6 [M]* 290.9 [M-2C17* 35 0.75
PCB28-d3* X 12.93 261.7 [M]* 190.1 [M-2C17 30 1
PCB28-d3 % 12.93 259.7 M]* 190.1 M-2¢17* 30 0.70

*, SE T XF, quantitation transition; #: E i bR, internal standard; 3: #FFENFR, injection standard,
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Table 3 Linear equations, correlation coefficients (R?) of 27 persistent organic pollutants
waEw LM [l /(ng/mL) ety R
a-HCH 0.1~20.0 y=0.763 005x+0.002 335 0.999
p-HCH 0.1~20.0 y=0.478 961x+8.092 950E-004 0.998
y-HCH 0.1~20.0 y=0.508 539x+0.003 860 0.999
0-HCH 0.1~20.0 y=0.443 300x+0.002 064 0.999
e-HCH 0.1~20.0 y=0.275 803x+0.001 099 0.999
2,4'-DDT 0.1~20.0 y=1.474 115x+0.010 228 0.999
4,4'-DDT 0.1~20.0 y=1.217 712x+0.002 376 0.998
PCB28 0.1~20.0 »=3.828 036x+0.006 736 0.999
PCB52 0.1~20.0 y=2.179 420x+0.003 465 0.999
PCB101 0.1~20.0 y=1.281 677x+0.001 197 0.999
PCBI1138 0.1~20.0 y=1.526 285x+0.002 291 0.999
PCB138 0.1~20.0 y=1.109 068x+8.697 985E-004 0.998
PCBI153 0.1~20.0 y=0.922 712x+0.001 376 0.999
PCB180 0.1~20.0 y=0.814 044x+0.001 457 0.999
BDE3 0.1~20.0 y=0.594 208x—1.717 682E-004 0.998
BDE15 0.1~20.0 y=0.352 709x+9.110 165E-004 0.999
BDE25 0.1~20.0 y=0.712 556x+0.002 405 0.999
BDE28 0.1~20.0 y=0.497 087x+0.002 674 0.999
BDE47 0.1~20.0 y=0.267 470x+9.405 552E-004 0.999
BDE100 0.2~50.0 y=0.137 268x+4.118 459E-004 0.998
BDE99 0.2~50.0 y=0.115 846x—7.710 480E-004 0.996
BDE154 0.5~100.0 y=0.063 957x+4.515 710E-004 0.997
BDE153 0.5~100.0 y=0.048 142x+2.091 013E-004 0.996
BDE183 0.6~200.0 ¥=2.679 939E-004x°+0.023 93 1x+6.849 637E-004 0.999
BDE203 4.0~300.0 =9.606 126E-005x>+0.008 195x+1.739 110E-004 0.999
BDE206 6.0~400.0 y=7.666 028E-005x7+0.003 839x+3.849 402E-004 0.999
BDE209 25.0~500.0 =2.829 774E-005x’+0.001 188x—7.678 776E-004 0.999
R4 DEPTHBEAMEVNSEOOMREEER, FEEQHRMEER
Table 4 Recovery, method limit of detection and limit of quantitation of 27 POPs in wheat
0.04 ng/g 0.40 ng/g 1.00 ng/g 2.00 ng/g KR ERR
wEw (LOD) (LOQ)
/% RSD/%  [lfe/%  RSD/%  [lWa/% RSD/% /%  RSD/%  /(ng/g) /(ng/g)
a-HCH 82.5 43 71.5 4.9 57.9 3.1 59.5 5.5 0.002 0.007
p-HCH 83.6 4.1 79.0 4.7 67.4 3.9 71.6 5.1 0.003 0.009
y-HCH 66.3 7.3 71.7 5.8 74.9 3.5 65.3 52 0.004 0.013
0-HCH 74.8 5.5 78.2 3.9 75.7 2.6 78.4 5.0 0.004 0.013
e-HCH 76.1 8.4 76.6 4.4 74.4 2.7 70.0 4.9 0.006 0.018
2,4'-DDT 102.8 6.5 101.8 3.7 113.9 3.5 104.1 8.7 0.005 0.017
4,4'-DDT 115.8 52 111.1 4.4 108.4 10.7 110.3 9.2 0.004 0.014
PCB28 98.9 8.9 91.4 5.9 94.0 3.7 62.3 7.5 0.003 0.011
PCB52 90.3 6.1 87.8 5.1 98.0 4.8 76.1 6.5 0.003 0.010
PCBI101 108.4 4.5 94.1 4.8 100.2 3.7 86.9 6.0 0.003 0.010
PCBI118 110.6 4.8 99.0 5.6 101.8 5.8 89.6 6.2 0.001 0.003
PCB138 110.4 4.7 98.9 5.5 102.5 3.9 96.2 5.3 0.002 0.007
PCBI153 111.7 53 100.3 5.0 83.3 2.9 97.7 52 0.003 0.010
PCB180 108.6 4.7 100.2 4.9 85.5 4.5 103.5 43 0.001 0.003
BDE15 95.1 7.2 93.1 4.1 93.2 4.6 61.3 6.9 0.007 0.023
BDE25 107.5 1.6 104.2 5.4 104.4 2.3 88.8 6.4 0.002 0.007
BDE28 113.8 7.6 103.8 6.0 106.8 2.7 87.9 5.7 0.005 0.017
BDE47 109.7 8.2 109.9 5.7 112.3 2.7 108.5 4.9 0.005 0.017
BDE99 <LOQ <LOQ 99.1 4.9 113.7 2.2 109.3 5.4 0.016 0.052
BDE100 109.4 3.3 103.9 4.9 115.9 2.8 111.5 5.1 0.007 0.024
BDE153 <LOQ <LOQ 101.5 6.1 118.6 3.6 115.1 4.8 0.028 0.091
BDE154 <LOQ <LOQ 91.6 7.5 110.4 3.9 104.5 6.4 0.027 0.089
BDE183 86.5 4.8 101.6 8.1 110.2 3.1 112.1 5.5 0.021 0.070
BDE203 <LOQ <LOQ 89.9 5.1 96.4 3.0 101.8 8.3 0.260 0.859
BDE206 <LOQ <LOQ 82.3 3.7 93.2 3.2 95.0 4.1 0.336 1.108
BDE209 <LOQ <LOQ <LOQ <LOQ 84.3 7.2 84.3 4.9 1.108 3.657
BDE3 28.7 9.5 32.7 27.9 36.0 36.8 8.0 39.5
PCB156-d3 55.9 9.4 59.3 8.5 57.2 6.2 68.3 5.0
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18 AbA PRI R AR R, R BRAE
0.001~0.007 ng/g Z [f]; 5 Rt ( BDE99,
100, 153, 154, 183) MWk HiBRF 2%, M 0.007~
0.028 ng/g Z[Al; T /\JREX A BDE203, JLIREL
ik BDE206, {RIBCAE BDE209 T 52 3 [A]
BLZR RN, MRM A 5 20 LA SR e PR 52, A6
S BRARXT RS, 43314 0.260., 0.336 F1 1.108 ng/g.
M FE bRk GB 2762—2017 FPilsE ) /N 4 4%
P 4 BSOS oS S AR R Y PR AR AR vE R
0.05 mg/kg, 4 P i i 2 24 B i 1 BR 5 B oy
0.1 mg/kg, 4% J5 12 56 4=l 2 I 5K PR Al i 25K
ok, EZARME GB 5009.190—2014 i fgi <,
A TE-FE (GC-MS ) A A 3% -2 7 k- 51 X
i (GC-MS) %t ZHEBARIEITRH, RARIK
FEU, AR E &, riknE IRy 0.5 g/kg.
75 [ ZARME GB 5009.19—200824 0 | ffi FIS A 5,

T - FEL A R 8 X A LR 2 R AT 40T, SR
FLEPRE, R AaEREL, NSO IR FRAE
0.075~0.284 g/kg , i i B 1Y KL R 7E 0.029~
0.032 g/kgo AHFFE T @SN IEXT ZHBOK, A
BLSEAR 25 A A B S 4 (A s BR A =B, HL
T AL BB AR T 5
2.5 SEERERSHT

SR FTEEST B BT 7 X SRR 1Y 8 0 /NZZ AR i
PEATREI AT SR (RS, B6) , 75 6 7
INZERE AR R i 2 WK OR PCB28, 7E 4 {3
kR EAHLERZY o-HCH Ak, 78 1 MRS
R B E VR BE 1Y) 4,4-DDT, & &i43 0.150 ng/g,
FEXANFE S rp ks R R Y 2,4-DDT, {H HCH
FIDDT PR /N a4 Z bRl GB2762
FOBR R P, AN, AE 1 ANER L TR R
Mk BDE209, o5 oK ik 3y o bR o

x5 PMEERPHAEENSEUNTRRL (pg/g TE')
Table 5 The contamination of target POPs in wheat samples (pg/g d.w.")

wl w2 w3 w4 w5 w6 w7 w8
a-HCH ND* Pos™ Pos ND ND ND Pos Pos
p-HCH ND ND ND ND ND ND ND ND
y-HCH ND ND ND ND ND ND ND ND
0-HCH ND ND ND ND ND ND ND ND
e-HCH ND ND ND ND ND ND ND ND
2,4'-DDT ND ND ND ND ND ND ND Pos
4,4'-DDT ND ND ND ND ND ND ND 150
PCB28 ND Pos Pos Pos Pos ND Pos Pos
PCB52 ND ND ND ND ND ND ND ND
PCB101 ND ND ND ND ND ND ND ND
PCBI118 ND ND ND ND ND ND ND ND
PCB138 ND ND ND ND ND ND ND ND
PCBI153 ND ND ND ND ND ND ND ND
PCB180 ND ND ND ND ND ND ND ND
BDEI1S ND ND ND ND ND ND ND ND
BDE25 ND ND ND ND ND ND ND ND
BDE28 ND ND ND ND ND ND ND ND
BDE47 ND ND ND ND ND ND ND ND
BDE100 ND ND ND ND ND ND ND ND
BDE99 ND ND ND ND ND ND ND ND
BDEI154 ND ND ND ND ND ND ND ND
BDEI153 ND ND ND ND ND ND ND ND
BDE183 ND ND ND ND ND ND ND ND
BDE203 ND ND ND ND ND ND ND ND
BDE206 ND ND ND ND ND ND ND ND
BDE209 ND ND ND Pos ND ND ND ND

¥ *:dow.: dry weight, T8 ; #: ND: not detected, AKiiti; 3: Pos: positive(<LOQ), FHPE(<EEIR),
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