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Analysis of Polychlorinated Biphenylsand Polybrominated Biphenyl
Ethersin Riceand Their Risk Assessment
ZHANG Wei, YANG Yong-tanP<

(Institute of quality and safety of grain and oil, Academy of National Food and Strategic
Reserves Administration, Beijing 100037, China)

Abstract: The risk of polychlorinated biphenyls (PCBs) and polybrominated biphenyl ethers (PBDEs) in 45
rice samples was assessed. The rice samples were collected and ground, and all ground samples were treated
according to the direct extraction-acidic silica purification pretreatment method. The analysis of 7 indicator
of PCBs and 12 representative of PBDEs was performed with gas chromatography-tandem mass spectrometric
method. In these 45 rice samples, PCBs was detectable in 42% samples and the total amount was between
0~78 pg/g dw. The main congeners of PCBs in rice were PCB-28 and PCB-52, which was accordance with
the production profile of PCBs in China. PBDEs were detected only in one of the 45 samples with a
concentration of 41 pg/g dry weight. The concentrations of PCBs and PBDEs in rice was low and they had

no risk to human health as well.

Wi B 2022-08-01

E€WAB: TREAFHEIEARNLS LW &0 H (2X2012)

Supported by: Fundamental Research Funds of non-profit Central Institutes (No. ZX2012)

EE®AT: sk, B, 1978 A, WL, BUERBFSTR, BRSO mOAMGM BT %4 . E-mail: zw@ags.ac.cn.
BIEE: Bkiz, B, 1971 FW4E, Wit U0, U505 ool e 22 2 MPGHR . E-mail: yyt@ags.ac.cn.




REZ=

.
WAL

E3145 2023 F 1 H

Key words:. polychlorinated biphenyl; polybrominated biphenyl ether; rice; risk assessment

FrAMEA P54 ( Persistent Organic Pollutants,
POPs) e —FRINEAGKINLEAVE . SErE. 49
SRPE R R PR R IR A U A LTS By
Y, aTLGE SRR KRR A BT B B
T8, SHERBE R A e E e N Ak
Z ( Polychlorinated Biphenyl, PCBs ) Fl1Z /R Hx
7Kk ( Polybrominated Diphenyl Ethers, PBDEs )
WAV AEA LTS 4 . PCBs RN AL
Ea VYR SE i EA G2 11 I StaE 15| IR 2y T R 11 ER S
13/ I A5 1743 I =1 Y| AN 0 Y 4 e B X
12, PBDESs J& R S A A IR BAC BHIA ]
£ 20 theg 70 AR A IR, TTIZHT
B, b &6, 2180, Al R EFZ2
B BEE A% PCBs Ml PBDEs 9 T fi#, &I
XS R EA w2 m e . FEEE, SRS
PN oy R, A g A, T HL AT RE T BUR
JEW, R, iS4 EAE4R I IE PCBs il PBDEs
A7, 2004 4F, PCBs #iFI A “HifliaF /R EE LS
297 1 A RIHBRA . ZJF, 2009 41 2017 4E,
FOIRIEOREE /PRI ik DL B TSI 2R Tk th AH 4
WIIA A KL, B EA PRI

WHEICH, FREALE 1965—1974 4 [a] ¥ 457 1
J 4%l PCBs, Hif1 9 000 t g =&BE, FEH
FHAMRTN, H4 1 000 220 52k f 55k
R, HF MR e, gt oA
NG A T HEHME PCBs, B4R PCBs Al
PBDEs C.#Zk L4, B THd LA EE
K, FEAE AR PO BE T 20 R RS i L
Hoy FasasE , TEREEN Iz KINAAAE, JF
I e AR TR, e A A
K. AfEXS PCBs 1 PBDEs [t & B B R iR 12 W
AR (29 90% ) PO Rk, %t dhd PCBs Al
PBDEs I /0 M AR PP Ay — 32 21 561
IR RN 25 ) T KA X R PCBs
() B e BR A EAT T RLE , (R R R R R 5
YIS R 2011 45 RS 5 AL ) P 2R A5
S ILE 45 78 8 PCBs (26 PCBs ) i i FR
f (0.8 ng/g) FFLEEHFRbrifE GB2762—2017"

HRLE 7K 77 il 14 B ]y PCBs (27 PCBs )
FREPRE (0.5 mg/kg), EAREKSEFMR A IR
S A G I BR S o

RS E MRS h i 2R a1,
FEOK () 0T 1 2 4 00 R B ATT B M fid Fe F At 2 82
JE o KRR T EYEERIKE, HIESHENFE
FH, #E3h5% B A9 PCBs A1 PBDEs J figil i i &
W a2 SRR T = AK RS, IE(G 3 B R A 7
R ARSI E X 45 DREREES Y 7 FhE
AN 2 IR RN 12 R YE PBDESs 1975 447K
HEATRIN , TEAG RN Y S R £ 5 o i XU
DI R 3 2 R AP BT G s etk
FURBS: PEAl B2 a3 A S A 2= e
1 #MRER=E
1.1 iRFIESR

ECkE. CMROTER. R¥ke (KRR ): AR
BRHE AR AR ; P B (TR ), 44%Hi 1R
ik (mvm) fERE: bR A T JoARKEEN
ToKBRRREE (hral ). gk T/AH] .

7 FhE R A 2 IR AR A (RS
100 pg/mL, T 55 ): PCB-28 (2,4,4'-=
SAIKTE ), PCB-52(2,2',5,5"-PU%IEHE ). PCB-101
(2,2,4,55- 1B ), PCB-118 (2,3',4,4",5- 11
SR ). PCB-138 (2,273,445 -8 @A ).
PCB-153 ( 2,2',4,4".5,5'-7X @ B % ). PCB-180
(2,2',3,4,4',5,5-LRAWA ):  FIFLIEAF],

12 " PBDEs MM brifEiA e (WY R
50 pg/mL T %¢ ): BDE-15( 4,4"- " JREEAREE ),
BDE-25 (2,3",4- = {REX Kk ). BDE-28 ( 2,4,4"-
ZIREZEEE ). BDE-47 (2,2',4,4"-PUIREEZERE ),
BDE-99 ( 2,2",4,4',5- fi J& % 7% ik ) . BDE-100
(2,2,4,4",6- B KR ). BDE-153 (2, 2,44,
5,5 -7NIREEZERE ). BDE-154(2,2',4,4',5,6'- 7N IR BE
750k ). BDE-183 (2,2',3,4,4',5",6--LIRBEZE B ).
BDE-203( 2,2",3,4,4",5,5",6-/\Ji I 4 i ) . BDE-206
(2,2',3,3",4,4',5,5",6- JLIRBK K% ). BDE-209 (
TR ): A R BB A RA A
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FERWNAR: PCB-156-d3 (2,3,3",4,4',5- /N 5%
Z5-d3) (4l 98%, 10.0 ug/mL FiEcC ke ): b
S /NI
11T bR i v I o) s o it 2k

Ay KSR EL 7 A PCBs A1 12 # PBDEs fY
PR IRIR G, ISRt i fe, BehlhiR e
Frififi &, Hod PCBs fil BDE-3, 15, 25, 28,
47,99, 100, 153, 154 W R E R 2 pg/mL,
BDE-183., 203, 206. 209 fY Fi & B 4> 5K 4.
6. 8. 10 pg/mL. & i NFR UL ELEdEf T B
Jc B R R EE S 100 ng/mL B9 TAEWR . BT A Bk
BN TAERAE-18 °C R BEGIRAT o

19 FhEEAMA WL G TR G ARt & U
SRR, I INAE NP TR, B
B 10 A B BE bR HE I W, R R 0.1,
0.2, 0.5. 1.0, 2.0, 5.0, 10.0. 20.0. 50.0. 100.0
ng/mL ( H ' BDE-183 24 2 fi5 . BDE-203 2y 3 £i% .
BDE-206 4 4 5 . BDE-209 4 5 £i% ); PCB-156-d3
W A 10 ng/mL,

1.1.2 e py s Bk

FEATFE i 22 ST i BUREK IS, HIRY WAL B B
BOH A H B RS R IR B OGO . HERR AR
BURE KA 10.0 ¢ (KERIE 0.1 g), BT 50 mL %
RIS, WA 100 L E =N, %S5
KCE 2 h; A 10 mL /K, Fe4M R KAE)E,
A 15mL LR OTER, FERFE 3 min; KIKINA 3 ¢
FALENTN 3 g TOAKBRRREE, PR FE/3#5%) 3 min;
BHRAWTE 10 °CF, 10 000 r/min B.L> 5 min;
W EEADZ; MBS P HIIMA 15mL &
i CHE , £ PRFE 1 min, FKE L 5 min( 10 °C,
10 000 r/min ), B L2HHZE, HIFHEHHREUL,
(SREX A

WAL BORTE IR, 28 LA FZ8 %08+,
AR L) 1 mL ECOBEIRE, RN
FEI AR A AR e fE . AR S g 44% (m:m)
PR PR e T G, 5] 10 mL iE 2 e/ — 5
eI AT (3/1, VIV) Fil 10 mL 1E 2 ek R ik vk
EREE, B 6 mL IE S BEAT 20 mL IEC
b/ AW IRAW (3/1, VIV) -7k, diide
RS A R UE . RS IR DR VR TR T e 25 R

I EBRERFBMEFZEL 0.5 mL, HHEE2 mL
BT, A 1 mL IS ke E F BE(3/1, VIV)
RA WSO, IFSRESEIF. BEHEA
SWMR TG, BAYHIMA 1.0 mL S¥ELeiR A5
RS BASAHBERE R P AR AT

12 XFEHEE

8890B S A {2 i} -7000D = H U M AT i 1%
(GC-MS/MS ), DB-5MS FEZ4 A%k (15 mx
0.25 mmx0.1 m), B MMI Z JjRE#FE 11 K&
7693A A hitrE : 56 E ZHER A F ; Practum213
KGR (RSB 0.001 g ): fBE FEZ A H
N-EVAP112 HMAL: EE Organomation 723 ;
Rotavapor R-300 Jig#4 7€ & 1% : -t BUCHI /2 A ;
5810R ikt =y 2 2500 HL . 125 Eppendorf A H];
Fotector Plus [ 3l & A ZE B AL . & FF A # ;
Laboratory Mill 3310 ##¢4L: Bl i 27 .

1.3 SHEGIE-=ZENRFEBRREESHES

SRS WAL SO & # W
U2 ek . DB-SMS E4145 (i (15 mx
0.25 mmx0.1 pm); < : A, Wik : 1.2 mL/min;
PERETT 0 BT THEIN AR A, SRR )
GIEE 150 °C, f£4F 0.1 min, LA 600 °C/min (¥
FHEH R TR 310 CHAREF BT 250 ; MhkE
HMEJ): 25 psi, fRFF 1.2 min; #FFEE: 2 pL;
HEEARTHEAR Y « ¥R 90 °C, #4F 0.5 min,
L5 °C/min J}FZE 190 °C, FLL 20 °C/min I &
320 °C, f&%F 5 min,

B B B URIEE: 300 °C;
JEREEHZRIREE . 290 °C; Q1. Q3 MUMATIRE .
200 °C; MEFEA: AR, WA 1.5 mL/min; ¥
KX G5, WE N 2.25 mL/min; Fii%R IS
Z N K I #E 2 ( dynamic multiple reaction
monitoring, dMRM ), MRM i 554 L3R 1; H
TGRS . 15; e 5 s,

1.4 SWAENREEF

BEGIHTET, 50T 15 ANEER, I 1 AR
25 VWA | ANV IR R DA B 2 AU T 6 R JC 5k
. RHNPRE#TER. 7 MMERE PCBs
12 4~ PBDEs W& U, FEREAKHTH 75 %k
R BRI BB L3 2,
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& 1 PCBs#1 PBDEsH) GC-MS/IMS&#
Tablel GC-MS/MS parameters of the target PCBs,
PBDEs and theinternal standard

o PREAR R HiRERE et Tlf fi
" Bl/min  TA(mMz) B/eV TFX(Wz) fEE/ev

=

PCB-28 12.95 257.7/186.1 30 255.7/186.1 30
PCB-52 1430 291.7/220.0 30 289.7/220.0 30
BDE-15 15.43  327.7/168.1 20 327.7/139.1 55
PCB-101 17.38  327.7/256.0 30 323.6/253.9 35
BDE-25 19.08 247.8/139.1 40 245.8/139.1 40
PCB-118 19.49  325.6/256.0 35 323.6/254.0 35
BDE-28 19.60 247.8/139.1 35 245.8/139.1 35

PCB-138 20.30
PCB-153 21.04
PCB-180 22.37

359.6/289.9 35
359.6/289.9 35
395.6/323.9 35

357.6/287.9 35
357.6/287.9 35
393.6/323.9 35

BDE-47 22.42  325.6/219.1 35 325.6/138.1 55
BDE-100 23.53 565.7/405.9 25 563.7/403.9 30
BDE-99 23.84 565.7/4059 25 563.7/403.9 40

BDE-154 24.53
BDE-153 24.89
BDE-183 25.76
BDE-203 26.86
BDE-206 28.19
BDE-209 29.81
PCB-156-d3" 22.07

643.7/483.8 30
643.7/483.7 20
563.7/454.6 45
643.7/534.6 50
721.7/561.7 50
801.6/641.6 55
362.6/292.9 35

483.6/374.6 40
483.6/373.7 45
561.7/454.7 50
639.6/532.6 50
719.7/559.6 55
799.6/641.6 50
360.6/290.9 35

A . EDI Jly PCBs 5{ PBDEs f{)%5 H 5 A it

( pg/kg bw ); C AFEA I YL & & ( pg/kg dw );

1 MR AFEKREEAGE (g/d, DL 200 g/d i1 ); BW K
BT 2 H B E R E (60 kg) Y,

£ 2 F{kKh 7 #iERE PCBs I 12 7 PBDEs & 14
EAFRE. RHRMESR
Table2 Linear equations, LODsand LOQsof 7
indicative PCBsand 12 PBDEsin rice

2k Y5 L/ — WEFR LOD/ LOQ/

I\
EY (ng/mL) (@ (nglg) (nglg)

T E RN

Note: *Quantitative internal standard.

15 HRMERZH
GC-MS/MS 43 Bt &5 & Rk | MassHunter
Quantitative #F17ALBRAIVR BT . SR N FRiETT
IR A IE , 22 S5 AR BBORE B TS50 i v B IR B
ZORBEATIZEARERL XS, SRR PCBs A
PBDEs Rk FEAEAH N J7 i E B R (LOQ) AL
AORE SR, SRATEOE MR T &5 THRS /AT ik
ERFRUIT BREA, QRGMEAE 2 DU B, HIWh
PEERESS , IR ke i BR (LOD ) itk B,
1.6 BREEZENKITH
1.6.1 fEEYEHREEHATAS
HRAIE Pl A% K f PCBs il PBDEs Y 7 &, 4%
A B R G AE S VORI [ R RS e R
W B, AR R ARDR B AR, TR i
KA HBAWTE YA & ( Estimated Daily Intake,
EDI), IHRAH:
Cxl
BW

EDI =

PCB-28 0.1~20.0 Y=3.828X+0.006 7 0.999 0.003 0.011
PCB-52  0.1~20.0  Y=2.179X+0.003 5 0.999 0.002 0.007
PCB-101 0.1~20.0 Y=1.282X+0.001 2 0.999 0.002 0.007
PCB-118 0.1~20.0  Y=1.526X+0.002 3 0.999 0.004 0.012
PCB-138 0.1~20.0 Y=1.109X+0.00087  0.998 0.002 0.006
PCB-153 0.1~20.0 Y=0.923X+0.001 4 0.999 0.005 0.018
PCB-180 0.1~20.0 Y=0.814X+0.001 5 0.999 0.002 0.007
BDE-15 0.1~20.0  Y=0.353X+0.000 91 0.999 0.004 0.013
BDE-25 0.1~20.0 Y=0.713X+0.002 4 0.999 0.005 0.017
BDE-28 0.1~20.0  Y=0.497X+0.002 7 0.999 0.003 0.010
BDE-47 0.1~20.0 Y=0.267X+0.00094  0.999 0.008 0.026
BDE-99 0.2~50.0 Y=0.116X-0.000 77 0.996 0.009 0.029
BDE-100 0.2~50.0  Y=0.137X+0.000 41 0.998 0.010 0.035
BDE-153 0.5~100.0 Y=0.048X+0.00021  0.996 0.026 0.087
BDE-154 0.5~100.0 Y=0.065X+0.000 45 0.997 0.028 0.093

Y=0.000 27EX*+0.023
BDE-183 0.6~200.0 9X10.000 69 0.999 0.056 0.185

Y=0.000 096X™+0.008
BDE-203 4~300 20X+0.000 17 0.999 0.330 1.090

Y=0.000 077X%*+0.003

BDE-206 6~400 8X+0.000 38 0.999 0.488 1.609
Y=0.000 028X*+0.001
BDE-209 25~500 19X.0.000 77 0.999 1.543 5.091

1.6.2 15 F Y2 82 K IEAG
2% EIMESR (U.S. Environmental Protection
Agency, EPA ) HEFEMME B IFM AR, 38
H T X F8 80 ( Expose Risk Index, ERI) fhi%
Wik A PCBs il PBDEs fy2 5% K", 11514
ﬁj‘j:
EDI

ERI=—+
ADI

Krf: ADI BfaFYW R H A A R (WHO
FINK A ## PCBs % H R VF e KEEA TR} 10 ng/kg
bw!'®ls 36 [ A 7 W M B0k ( ASTDR )
# PBDEs £ H iR R AT 0.06 mg/kgbw!' "),
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ERI BUE N 78/ T 1 IA R TC 2 58 XU ; ERI>1
I 2 i T AR A 18 MEREAE F XU 5 ERI
P 1 (RFEZET 0.9) B AR,
2 ZHREWMR
2.1 % h PCBs#1 PBDEs # H1§%

FE KRR 7R PCBs il PBDEs A&l 2% 55 Il 3¢ 3
MR 4. 42%FKFE S EHHH PCBs; PCBs i
K& (X7 PCBs) 7E 0~78 pg/g Z 0], FI{E K
5.6 pg/g. TE 1 DA HHEINE] PDBEs, S& &

(=12 PBDEs) #4741 pg/g.

HRYEAS HH B ) 43 4, PCB-28 BAMARAKS HH f

. N A42%; Hrp, 4 ASEEE Y PCB-28 S i
KF (11~23 pg/g) g Tk sl HARMH
PERE S AT . 16% A0 FE S P S . PCB-52
Bk, HEA L ARERER (12 pg/g) WEET
Jrkag R, AR AR R I e 1 T Ty
PFHPEFEAG TR B . i R PCB-52 (UL 3
[FIB A PCB-28, 7E— M FEMh Ktk irf Hw
PCBs HL{A, 25 BUpAVR B2 Y40 = T AH I 7 A
B 5 e R IR AT 4G 4 4~ PBDEs A, 43518
BDE-15., 25, 28, 47, H:th BDE-15. 28 #l 47
K (11~23 pg/g) B T AR ik E w bR,
BDE-25 % it M Al

F3 WAESRT 7 MIERE PCBsiTLRRMR
Table3 The contamination level and risk of 7 indicative PCBsin rice

PCB-28 PCB-52 PCB-101 PCB-118 PCB-138 PCB-153 PCB-180 27 PCBs
PR A 2 19 7 1 1 1 1 1 19
PR G 4325/ % 42 16 2 2 2 2 2 42
KM/ (pe/g) 23 12 10 11 10 5 7 78
e/ ME /(pe/g) 0 0 0 0 0 0 0 0
M (pg/g) 3.9 0.8 0.2 0.2 0.2 0.1 0.2 5.6
EDIs7 pens/(pg/kg bw) 18.6
ERIy pess " 0.002
FE: FE; PCBs 43 0 RV AR ADI L WHO FIBRS H#IE 10 ng/kg bw 5.
Note: ‘Dry weight; “Calculated on ADI of PCBs of ASTDR suggestion.
®4 TEAERTR 12 7 PBDEs HIIFRR R
Table4 The contamination level and risk of 12 PBDEsin rice
BDE- BDE- BDE- BDE- BDE- BDE- BDE- BDE- BDE- BDE- BDE- BDE- $12 PBDEs
15 25 28 47 99 100 153 154 183 203 206 209
PR 1 1 1 1 0 0 0 0 0 0 0 0
PR 0/ % 2 2 2 2 0 0 0 0 0 0 0 0
E(pg/g) 15 5 12 9 0 0 0 0 0 0 0 0 41
EDIs 15 pppes/(pg/kg bw) 136.6
ERIs2 papps 0.002

VE: *T#; “PBDEs ff H aiF# A% (ADI) Lk ASTDR #:iS{H 0.06 mg/kg bw 1144,
Note: *Dry weighti; “Calculated on ADI of PBDEs of ASTDR suggestion.

22 AEBER#TMY PCBs#1 PBDEs HEEANE
T4k £ 28 58 XUBG 1 4k
DIFEAKH PCBs SR BIH TR HEEA G
( EDIypeps ) M 18.6 pg/kg bw, W 225 X615
# (ERIg; peps) N 0.002 (£ 3), Rk HA—
SRR PBDES, LL £12 PBDEs & iETTE
NHEH 4 A (EDI 512 pepESs )» N 136.6 pg/kg bw,
HH N 2 7% XU FE %0 (ERT) 4 0.002 (% 4),

2.3 itig

ARWFFREE R o, FiKrh PCBs 1 PBDEs 1Y
TR, SHEEZMREERILE, AR
FirASAE K PCBs (81 5 H AR pygpape02 |
KA A 4 SR A TR R KR, A T
I L H P PIRg K f PCBs (& &, Ak
PBDEs &t 5 PG 8F 5 PORIE 22 PTG i o 45 S 45
F, T ERGEPR K PBDEs ik, HN
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EF X} K rh PCBs il PBDEs 15 44 /K - (97 5
B v 22 75 Yl DXORE KR S s e B I oy
B8 AT BT A5 A 4t R 4 6 A T 1 L X A
KRS PCBs 5 PBDEs f & i, 5K %75 L H
DX R K TS e 4 5 AR 2400,

TEAHEGEH , FE K o 222 PCBs HfkHy 2,4,4'-
— @K (PCB-28 ) f12,2",5,5'"- UGB ( PCB-
52), HBARZH A& K753 [E PCBs 427 i
SRR S E A AT, BLBIREK T ) PCBs
N R F A 7= 1Y) PCBs 7R H 5 o3 Hh 1R 7% P
Yy, WA, FRE ARG SR
PBDEs, {HAY A 1R A, , K427 H & PBDEs
Tl &, ARWFFEALAE 1 ASFES P IR & BDE-
15, 25, 28, 47 PUBMIREAC IR B Lk, R4
A IRICR BE BDE-209 1 FH iZRE & i 76 1L 85 4
FIRERZ B F B R BT . RERR SRR
%% PBDEs {7544,

WHO 5 Wi [ K @R H PCBs £ A = FR
{89 10 ng/kg bw!'®; 36 4 754 A B0 b
( ASTDR ) "7t i8 A H % = IRHUL PBDEs AYFR
H{EHHN 0.06 mg/kg, MIEAMTLEER, PCBs il
FEAK B A H 8 A E( 7 PCBs )ZJh 18.6 pg/kg bw,
AL T WHO 5 R E @) PCBs 8 A 5
Fi{H . PBDEs i fE KA AB HEEA R (212
PBDEs ) 4 136.6 pg/kg bw, Lk T ASTDR
() a BR B {F . AFoKh PCBs il PBDEs it %% 2 X
K840 (ERD) Y5 /T 1, FIHHXT AR TG ik
AU o

3 #it

xR E 45 fyFEok e PCBs Al PBDEs 15
YK BRI, FRATT R AR 42%RE KA fh 1Y
frth PCBs, 1 fpFfda hA i PDBEs, {H & PCBs
#1 PBDEs TEAEK H Y5 KP4 LA, PCBs
SRS (7 PCBs) £ 0~78 pg/g Z[A], “F-¥{H
4 5.6 pg/g,PBDEs i {%#( £12 PBDEs )i 41 pg/g.
Zoad B KBS EAL oA & BUARE K v I R A 1
A PTG G0 N ARG B i 8 KUK o 78 )5 2e bt
FE, BB RIS e BARYE R, (R
B AT KA R S M DORIRE S 8kt , AT HE

ST BB XT AR TR A A HILTS G4 BEAT
A HL, JoPRBEM R TR Ay, HESP R AR
A RS A

SE 3K
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