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Advances in the detection technology of polybrominated
diphenyl ethers in food

ZHAN Yong-Chao'?, XU Dun-Ming'*", YUAN Wen-Xuan®’, GUO Ze-Bin', ZHONG Ying-Ying’

(1. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Technical Center of
Xiamen Customs, Xiamen 361026, China; 3. Technical Center of Ningbo Customs, Ningbo 315048, China)

ABSTRACT: Polybrominated diphenyl ethers (PBDEs) are a class of persistent organic pollutants. Because of their
high hydrophobicity, PBDEs are widely used in the fire prevention of daily products. In addition, it has become a
major problem of human health and environment because of its potential carcinogenicity and anti degradation.
Polybrominated diphenyl ethers accumulated in organisms can be enriched in the human body through the food chain,
thus posing a threat to healthy diet and human longevity. This paper reviewed the types of common PBDEs,
extraction methods, decontamination methods, detection techniques, and the biohazard of PBDEs in recent years, and
discussed the existing disadvantages of various analysis and detection technologies. At present, there are testing
standards for polybrominated diphenyl ethers consumer products in China, but there is no relevant food matrix testing
standard. Due to the wide variety of substances in the matrix, there are great challenges in the testing technology. The
future development of detection technology was also prospected, so as to provide some support for the development
and research of detection technology of polybrominated diphenyl ether in food.
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% MW — 7 B (polybrominated diphenyl ethers,
PBDEs)fF hy 1 & BRI th i — 8 BLIR P e,  TH0A
BELR BRI, BT 12 A R R 7 8 L YERh ) i e 25 40 45
AP ah P, PBDEs HoAG BRI BRHVE, BAEAEY
N BB, IR BN A R RN, AT
EERANEYHEREZAME, RASAEEESR
GRS . 7E 1981 SRR a IR A T
PBDEs A 7ER), 1990 478 A2 Mg 5 41 21 vt A il 1 ;
1995 4, £ E R ER B IR =K (PBDEs [/ &
YN R WEAE M BUE Y, U HT L 1 2 A i AT B oK
fa PO IR A h AN A f B A £ BB 1 %, PBDESs
ZH] T 4% BN Y 20

WAk, TEREWAIY . AR EP LT
PBDEs 5% B4, S oh, 18 NSRRI 2 s % 3
T2 IR0 BRI R, AR AL SR A U B R Y
PBDEs ¥k IEfEZ# BT, 255 K2 AREA
PBDEs (Wi, PBDEs % F ANFMBEHA E RHE, 0
] b FRANAG I BE iy J& 75 5 F PBDEs J& 24 F 5T #45 «
ALER T ENSMNE LA & ST PBDEs (9Kl 4% A B
Rk, BT T4 B B, IR AR 1 & R
AR TR, LI AR 2R RS T 4 A A
HARPBEF 7T A SIS U S5

1 %R IRB R IR (LHHIE

PBDESs L7 5 CioH 0-0)Bri1-10/0, BAT 21835,

AR 78 FBU S B A B AR, 2 209 FllR 24,
FREEIANFR 1 BT7R, PBDEs & — S AMMA LTS e, 15
Wi w e, METREMIER S REM, (OKEE, G4
VIR B, S e E AR, XTURYREE R A

1.1 ZRIFEAIMZE
PBDEs A543, it A A=) BR8N A 84,
HI iz &S5 BARR W LR, HHT PBDEs HYR#f#
HAR FEA M AR EP ), AR B Y
B RAFRCR . 0T SEBAL A= 7 ) PBDEs A3 PUR — R |
TUIR IRRERI N IR R RS R, A R AR 1,
1.2 ZRIKEHNEM

i1} DARNERUD 345256 7] M1, PBDEs [A] 242 [i]
B2 B, AR RIS X P4 R G ™ R E
NI 2R k2 o i Lt B 7™ 1 7 P Ao o, T IR
TORBE S X SR AW B AR . RS SR 1 BOR AT
(4533 24 PBDESs X A28 A= i file B 1) JXUBS PR A S 57 78 8
YISess Ay, WA SO E AR 4180 . FLit Rk
KPR K FE4 PBDEs /), {H PBDEs 75 A
HfaEKFEZEZEBA2KER, B sEFRNAEER
RATHN, FAMAFR 2P SR L3 2,

2 ZRZABUESHSIERR

2.1 HmATLEREAR
2.1.1 ERRIGE

R PR T 2 ) 7 791 T 0 R o R B 4 5 A
—IKHERRER A BRI, BT DR BGCREw; h T ik A
FRERT K . REBGT B RMERB B R R BB, X
TiHE A FZE AR DB LUO 203 — G F e 70 P
YERFRIGH], $eILT Z 8t A i) PBDEs, SLikHd E
) R RS R AT BRI R ) R TR], £ ZH 409 PBDESs &% A
[7l. OLORUNTOBA 2B Ik g2 B 3745 + 1 th PBDEs,
UEBA 38 i (1 2R 2R ks e 2338 ) 7E NS 2R R AR Bl
HEANMMEE, NRCHRNYRBORAERR S, BifEE
N FHAE A+ 3855 [AARRE & o PBDEs 1932,

%1 PBDEs KRZEY
Table 1 Homologues of PBDEs

&= 327 AF=N TR AR ZFR 7 F O3 EEX7/Eie
1 —IR KRB C1,HyBrO 249.1 3
2 IR KRB C,HsBr,0 328.0 12
3 IR KRR C,H;Br;0 406.9 24
. z p ol | Al 4 PUIR R Rk C1:H¢Br,0 485.8 42
7 ‘ | X 5 Lk C1,H;Brs0 564.7 46
Br, —B
’¢\\ e LT 6 AN C12HiBrO 643.6 42
5 5 7 gt i Ci2H3Br,0 7225 24
8 IR Z 2K B C,H,Br0 801.4 12
9 JUR Kk C,HBr,O 880.3 3
10 IR C,Br;0 959.2 1
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%2 PBDEs RIS
Table 2 Toxicity test of PBDEs
SLEG A A faE Sk
AR 1k 24 h HZWR LAY S 2 BB E A T R AR BUE, s RIS [27-28]
PP ST & AT AT KT . M RG AR . A MEE LRI KV #5455 T [29-31]
AL ik e A L 3 A A A T
- K3 DNA $i1 LB TR 335 380 DNA J7 81 7K A 2022 38 A% R AR 1 08 55 S A T 46 [28.31]

— RINBIK

2,12 BEAFERE

[P R 45 B8 L R 0 VR A 9T o 1 A i A 7R, A P
HE BRI, FEHE BT R A A i, A A R
HFRY T, TS B AEBURA A B B o B IR AR AED e Sy
TEERL A BT G BRI vk, R 2R AR AE O TR
mb AR A 3 R A T, AR ST R AR S PR B A
2.86 ng/g, 5P A XK FE— IDFHREPF LK
rp ] ) R A A S - B IE TR I A DN K R
PBDEs #77ik, il bbby B ai A2 BUH
TERARE S A 2, nEEZLRNLTE 1 PBDEs fYAEHL
2,13 BEABfERE

5] P R A BB DA [ R 2 By BE ity 2 i 1) — T iy Ach 3
BAR, IFHAEREE . BEHL, Wee LA SR RE T — 1R TG
Ve FRURE AL POE R RBP4 10 mL KA A
15 mL [ A A UM, Ab B UERE 2 B i 1532 5 3k 0
BDE-47 F BDE-99 fy#; H BR 435 F 0.0008 ng/L F
0.0044 pg/L. 254 %5V A I e Pl 1 2 40 [ A
BUORZ, Ak SR EE KA 6 R it PBDESs 19 51,
1334 5 v PBDEs B4R PEE [y 1~1000 ng/L, Fir i BR A
0.08~2.29 ng/L. [HAAGIAEIEZ RE M, 3k M4ty
PR, BORRIZ T T2 B
2,14 RRFRE

VOIS R FE R ATR A 0 v 45 40 AR R R
PRSI, Tk ENRAY B B U, B R
TRRE S ORI L, ABGIA ZIEA eSS i, L 21
Wk, RBCRARFRE S ) PBDEs, & B AE BRI K 1
Fe;04 TR E T 20.8%~32.0%. feAE56 T, A kK5
KRGS 5 AR A= e N 52 A1m G+ PBDESs A
X ENBCR A 77.3%~106.7%, SEHG RN SC R RIF, &Ik
R R R, ERESARFIERES, e drE.
215 #MokFERE

Frlce A TR T e R 0 H I R AR 3 E
PRPITR TR, BRI . CAT S e IS )
FRA PR AR o P AR, R3] 200 IRk F £ o B ek
HIAEAE T4 . LLOMPART 2541 26 Fir AR focislz iy B A% B
PBDEs IYSEH, 15 1%k AL BUECE i HAER B . L

2R KRR AR, kT R YA Pt —

R, AT A BRI RERERF ST
2.1.6 #RFKRFRE

P IR A UG A P I A S R R 7 2 P SR B S AR,

R G 5132 AT R B, M AT AR B O ik,
J2 55 S AC HRE AR 5 PBDEs., SONG 8198137 1l 2
ANZEIMiEH 4 F PBDEs I 4 M2 M ik, RAHAS
VPRI (B OE S 1 [ 14 5% # vh PBDES, 45 5258 ATk
K 79.1%~89.9%., SMIELOWSKA 2147 gwi ABF5Y %
HE RN, AL REE 5 09 PBDESs A9 [ 5% K I
PRy o A U AR B P e — R A A s LA TS
A 330 BNRE S B BRI A0URE, 2050 S REFEA G .
217 AilEFARERE

R I SR 3 R A RO 8 2 BGR A Ak, (HL S0 3R B
V4TI R 350 1 I B ) — b A RS . TR AAR B
B P A TOE HARSSy, DLy Es. RODIL 25 i s
PRI SE T IR A R YR b PBDEs, HSCI0 7k
B RIFIIRE | BT T 10 pg/g. XTU 20500 % 515 & i1
F, B B v 2 R R AR R, o R I A R R A
45 L LR FGRT] 91.3%~98.8%. ZIEHA 55617
L ERE R, EBAXASARAS 5 S s H
2.1.8 QuECHERS

QuEChERS (quick, easy, cheap, effective, rugged, safe)
J&: ANASTASSIADES 501G iy h: dh pir b B 05 322, A0
W B0 5 it e 0 % O A ELAE B 2 T DA T ik 1
Ay 589 B #Y . FERNANDES Z552g8 57 7 — b sk ) sk
B 12 FhBRAL BRI B9 7k o AR R 2% ol ) QUEChERS
KT TN T S A PR A, KBRS 1.4~9.3 ng/kg,
JbR BN A 66%~104%, FEFALN A 0.58~2.18, R
LR AIAAE 3 MR PR 20 FhZ K,
PBDEs & & A2 [FICE A 70.5%~18.9% ., QUEChERS i
B K AR B BR 7 5 o = R A e A AR UK R HAR HL it
PRI K o A KT e Ty i (3 1k o A
2.1.9 AmikigH| ER ik

oS ) A6 T P £ 5 SE IR A IR R AR g, A
A BLI I ZEBCE AR IR 4 7354 A= R DR i ek i
FIAEHR, 2250 Wi BE s F PBDEs fE AR, TEmA &1
F, PBDEs RYZRTEMISERECH 0.9988~0.9995, i KR A
0.22~0.59 pg/kg, “FHIEIBEERN 71%~126%. ZHANG %16
S FH e n T I AAZE BUEE 70 °CZEHL 14 il PBDESs, Jy:
Xt 2B T EICRAR 5, (AR R 22T 20%. 1%
DEFBE R . ZEBGR LS, (HXHUERER ™8, ik
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2.1.10 BR#RAbiE

PR P R 5 B BRI, T S R ™
AR N A 250, R R o SRR A SR A A
PR (R AP R A T VA, (2 B E AR 20 i 5 i 5
B2k BERR I . SHELEPCHIKOV 2507 FH M B R 50 14— 48
kR aifh, SER2E R B8 PBDEs M BICR KT 75%. %
D R A ST S BRACR AT, R R AR g, 1Y
KT LR, EFTRESE AR E . EF TR
i iR % PBDEs, fi5YsliskZ—; ANH 505080 % 3
TEM X I 2 Fita 26 PBDEs HOME &, AJSmibhy
4% A PBDEs F RS 1o ILEE S IR H FRY) B i
1B AP, AT 4R O AR EE A B AR 4
2,111 53R E AR FE B An s IR AL F AL %

3 5 11 A A B AR S 1 K A B, B 750 4 PR A
FIREECR AR, R PR R 6 77 25 Bt i o i oAb AR B BRI TR,
JE— R RS P RR T . B . A RAFEARP, ik Rk
Ve fb At 2 MR B 0y 5 A e M % R AS T 0 O
FERNANDES %1900 55 255 254 iy i JR it PBDEs #EF 14047,
T HZREIR R 1 > 0.99, AR EICRAE 65%~141%LAPY, A
YRR 22 /NF 20%, WF5YERLA TRl 7= i e B R
i

T 2 55 Bt JC 8 TE Ak i, BB AR M AS TRl B 4
JRAR AU BRI . 8 R ER AR R T A, BRYERE
JREHE PR I 2 AT R P i R M A 5 S A o
FH o A2 O2E 3 Py v IE e A 4 P B TR A 25 B

PBDEs, &Mt rERckEtl, 455 Y EIMAKTH 0.1,
0.4, 1.0 F1 10.0 ug/kg I 8 Fl' PBDEs [ F-44 B Ny
66.0%~146.7%, HIXTFRMEN 2 2.8%~11.4% . 43 HIL I AHAE
URRERC AT Ak, B8R L A e SRS, B
SRU T 15 BT R ZH80RE i A A 0, AFTE 52 2 AR it gl
AREEI R Ur4h
2,112 BREE Sk

BB 15 (O 75 I DA 22 FLBE I o 1 52 A, e 114
23 TIAANE, 43 K B0 /NG e 6 M T 8 3] 43 ) 12:10%),
WA KT Y/ IR ER S . 2R RS T A R
27 ' PBDEs Wb FI 8T 7k, AN R ) Bt R PR
JiE 5 3 i, 18145 HAR Y BERR s v it 2k . 52
455K B, PBDEs £ HFRK 0.01~74.00 pg/g, # A
WS IAR IR g 80%~120% 1M ¥: A2 SRR S ML K,
Jo7 K ot

DL EMESG U T HREGRE 5L PBDEs WO LT EE, 7
TR ELS T35 3
22 ZRITEBAVNERAR

= BOkAE &gk

O W M % 3% (high  performance  liquid
chromatography, HPLC)X} 2% — ik ih I b 5 40 4
Bras AN 5, RS0 M RRR e PR 2, A D4 R SR AN
AR €T v I ARG DU R AR O IRR A HPLC B
AEAE— 5 BRI, 3 A A AR B

2.2.1

=3 BIRIBSEE

Table 3 Comparison of pre-processing methods

AR FEG B ot 51 F Sk
R, RS SRR, AR, Tl G, A, R [(32.34]
o IR, SN L, A
N o S5 PR, T A T4 A2 e
A a e e M%;ii, fﬁ}f,,umﬁ [35-36]
2, U 5
FURBOE RS HERR iR B S, R T 5 AR, SR @RCTHT )
Ab R
BORAE U, AL FEGATIRAL, VOB, REER —  BMERIN, SORRIME KA [40.41]
L sl ype ik S
BTk B RREmEAE, ememmy ol T gj{‘wi"’ T o
ARk AR RRAE, TRIET  BERE, Dok, BOTRAN [45-47]
(038 5%, BRSO KE, R WOALBRA o6, AEUN AT, 4RI
11| R L T v e 3 ’ ’ ’ ’ .
Pl TR TRE NS 7S R . R T [48-50]
“ o IR RSB, BRI, Merk, R, JEH, AR AT,
QuEChERS #: AR EHE T, ek [51-53]
e s g T ?,\% +" Sl 3%
P A K K RESL BB R e, (i 6 PAMRIRER, FAGCEIE oy s
P
RERH 1L ik SRR LRIy, RSt S KT, R [57-58]
, peme
o ﬁm*ﬁgfﬁ”ﬁ’m A 3 S L N A T B WAL e [59-62]
A 2R FH DI B, R o
S 1 L PO, Tk Fevs e, ik [63-64]

ik
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LI %I} HPLC 43#iK#Eh PBDEs, 76 5. 10 Al
50 ng/mL KT, HRAK. BIKFIB SR 23 oK
Tk 14 R [T A3 43 50 89.7%~107.6% . 114.3%~119.1%1
87.7%~90.9%. TUAKIBZECTEST T HPLC 3L ikl 12
F PBDEs ()57, FEAHTE 5~500 mg/L [ P PBDEs [f]
2R R R1F(r=0.9999), Kt BRH 0.07 ~ 0.2 mg/L, X}
PRUEMR 22/ T 2.0%. PENG SV S50 K 230 nm T, 75
HE R R P e PR BRSNS R T g . FEAR
R EE T, 7 I S I AR — AU Ak b 0 T A ] AR T 3R
M TR o IG5 VR SR AR S B BT R i B —, H DL
TOKARRE T, ST 5 oA DG IE TR SR D
222 &HECRADEEHIEA A

o ROHURE (v DA ISR AT, 5 B B A
R, 5% 2% HA, B JT 3% 15 (electrospray ionization tandem mass
spectrometry, ESI-MS) . K %A B 4 5574 (atmospheric
pressure photoionization ionization tandem mass spectrometry,
APPI-MS/MS)., KA EAb2-H & T3 (atmospheric pressure
chemical ionization tandem mass spectrometry, APCI-MS/MS)
45U %% . MASCOLO Z%%f ESI. APPI Fil APCI #HT T .

AR 45 220, # PBDEs [ APCI (1) & B3 = T APPI,
K pUSE AL A FIPUIR UG A F e fE P62 ESI, F 3
ZEOIF ESI-MS/MSS il E T AL 5 il PBDEs., Ff i i 4
B, A an At B A, EHLAR IS A5 07 5k R N
(76.2£14)%~(97.8+5.7)%, & 1 R K 1.0~2.0 ngg .
LAGALANTE 27U ] LC-NI-APPI/MS/MS J5 B4} 28 Y K
AHHYITR 8 F PBDEs [ EMAT T /04T, FIiR Ny
92.7%~113% o JRAH S B3 1 BL 7 I ANEE G H B0 SR fige )
T FA S8 i ) A2 B 422 A 49 B A Bk i s v AL R
Bk =L, YRR A AR BRI PBDEs BERAF
LR R B R R WAL 2, B DA 6 5% A2 B Al 3230
i) PBDEs K77 4:
223 AMEiEk

A M (gas chromatography, GC)E SRR AR A Z,
R 2% PBDEs HY 9 B FAT = dE R 1Y B A ARAS:
%% (electron capture detector, ECD), KOMOLAFE £
GC-ECD ikl /K ik e i 2 1R — Kk (BDE28 . 47, 99,
100, 153, 154, 183 Fl 200 FEFRILEY, Tk bR A
0.6~11 ng/L. ZJ7ILRENS FIET AT IR~ S R Kk [R) = 4,
AT T H M GC-MS Jr ik H A MA# 35 . BERTON
Ut A7 RE L TR ) PBDEs BHATIRAR . TROMRAE FINGRR, R
S A M (3 B TR (GC-ECD)JEA I AE o TRl 4%
B, FEEAMXARI, BEEES, BilkE)
68%~70%, FHiFR 0.05 ~ 0.5 ng/g. OLORUNTOBA %517
T2 BRI 35 7 a7 3 Ak B A e ] Pl v X 3 4 V5 2R A T
T PBDEs i, {11 GC-ECD #arill T PUR — A8 mk 3| IR —
ARk R R R Y. XSEHE PBDEs St 7E Wi LA N
262.3~313.4 ng/g, Wit 49.1~81.5 ng/g.

GC-ECD 7E46:il] PBDEs B 755 2 B WAL &5 V5%
M), A i P9 R A B AN B BT, X Rl
K, LRI THRAER B A e
224 AAMNEHEIRA RS E

e I 43 AR PBDES 19 5 v 2 SR (i Ik F AR
[Al & F 8 B, Bl HF B R % 25 (electron
ionization mass spectrometry, EI-MS), i fb2#H 5 gk
(negative chemical ionization-mass spectrometry, NCI-MS) .
Ak, 2% H1 B 57 3% 35 (chemical ionization mass spectrometry,
CI-MS) . HLJERHE A 5 & 7 14 5T 3% 7% (inductively coupled
plasma mass spectrometry, ICP-MS). Hi,F Ff, B = 70 HE R i
&1k (electron ionization high resolution mass spectrometry,
EI-HRMS)Z B HHE AR .

LIN Z35R F — 4 fL ik WOR SR B PBDEs, GC Bk
EI-MS/MS 437 10 Fh 2298 — B A6 1 R )y 3~145 pg/mL,
BOTIEWERREE R 88%~118%, JF H.C Bk AL FHAE A ML
I R R 2 ORI R . YU U
GC-NCI-MS W, i FRA 0.252 ng/L, finds BN
71.8%~114.4%, FIFEKAK byl ARG 0 KB 5
UE T 325 R M, UERA R A A A R
WANG 1857 T GC-APCI-MS/MS 4 A Ifiid 8 Fif
PBDEs (7575, A MLV AR AN 83.4%~118%, K th
Ml 0.04~30 pg/mL, AT AMZEFHH GC-NCI-MS =
GC-EI-MS/MS iy #i th FR A% 2= /> — 4> Bk g, W Wl
GC-APCI-MS/MS H H 2 % .

CECHOVA %815 57 T GC/EI-HRMS i BEFL 78 Fif
BHLIEYY), HrP {35 PBDEs, 2R T 94%~96%[ TR
fg, ZBOMHTIECERS 65%~121%. %75 5 I s fE T
A 2 R A AR R APEAL B, L AE R I DU E o
225 #OLRIRL AR F B TR EE

O il H R A 88 B F IR I % (laser  ablation
inductively coupled plasma mass spectrometry, LA-ICP-MS)J&
B BB B AR B 9: (ICP-MS) 5 O IBOR: i B2 T8 ALY
ZILE AR 1ZG1 4 OLR ] LA-ICP-MS %31k}
H Z2 PR A BELRASR) Hh A VROC 2R BEA T AGI, AGHI H VR AL A
HBUCR AR 106%~115%. DE %R LA-ICP-MS %}
BT, R 12CES1E R NAR, @Rl 100 pe/g.
HHRRIC R AHBT PBDESs (471 . LA-ICP-MS 5 HAth— 2k
X IR TR L, HHA S m ) RO, (B %
B ot, I TR, AT N ISR s R 5 T
gD, B A R S A A 2 082
22,6 XHAH&RFAAEE

X HFek9¢ 6638 ¥ (X-ray fluorescence spectroscopy,
XRF)JEF e X Sk sl S 238 i bopHRUR Hh 1Y
WSk X PR AIYI B . GALLEN 2535 XRE 50 T 1Y
TR A FI/\JR 8 0E, R BT 75%. SRty
MR L, FmgE PG 2 PBDEs f9 %5 it Bl 5
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WPESLE Z MO R R, 7 AN AT AT PBDES 1)
KT, i FLAT I . ALDRIAN 251549% FHF- 4+ XRF %
BP0 E R IH B SR 73 25 HH 9 PBDEs 7 4, il T
F#30 XRF 1 GC-MS BSLIa 45 R0 He, Btk 175550 XRF
HIAR . XRF RE—Frbesise il . Jofi =N ik, A
JRIBRPER, HERITTRML X FHmxELL 5.

227 ¥k

$r S G 2 B W B 2 A8 R LAY B T AL
7L 5 e A S A A [ O R AT R S R A
BorFaRsh . FeahmifE e, RABR TN —
Fv vk o JIANG %5 OV R 3¢ 1 14 9 7 2 w5 Ok i
(surface-enhanced Raman spectroscopy, SERS)H A& X ¥
/K PBDEs 177 SERS 7P 5E f 4Gl . 5 PBDEs ¥4
PR AR R, PO T AS R K ot s B v 22 1R O i
SERS il (s, MR 1.2x10% pg/L, 45 %81
SERS AT LAAE e il 22 18 — 2=k 1 — Rl 28005
228 RIRFIERE AT &

WA ZE B R T 43 M 3 3% (liquid  extraction  surface
analysis-mass spectrometry, LESA-MS) /5 Bl AR #5715 F HY
Ak HLIBE 555 DR A5 4SBT 0 — S
LESA-MS AvFxd B BT E BRI 4T, REfeR
Il PBDEs. PAINE 7l f ik ik, S iiAe#al
RIS, SERER] T AR m/z 542.8 b A R0 fR L
A 4 NIRRT S RRHERA R 040, RER g
HP B s . B, Paine 3G BAIERA T %3 AR HF
Y2 HABR A, B HERI PBDESs 46/b-A& 4 3 W 3R A4 H
FIFEA A o T T DR 2 5 rh B U0 B AR L& 9,
i EE PR TOTHHATHE LSO B R, B H THAE
MERE BRI AR R B, B AT N b X i R IE R
) PBDEs #H G SCHk# D

FiRFE T PBDEs UM HAR, TEAEARXT YT

F 4,

AhFESL R PBDEs (ARG, ph T AR AT HLIE
B A%, R R R MR W 0 4 TR DU B R
LA-ICP-MS. XRF, SERS Il LESA-MS J5 ¥k i TAL #8445
S22 LA [, FLAS I SR AN O 5,k LA R ol Ak filE
Flo HPLC JoykMg kil 1 IK7% PBDEs, H ail##4:fg
F GC mksiigs, 5 TR A W B S BRI kA
GC HrltEREMH L, R, Rl & 5 AF7ER PBDEs, GC
I e, HA GC-NCI-MS 2048 # W .

3 WRSRE

ZIR T RBHE A AR B A TR IRIE I, (B e [
JRZESE R, — P IARETERIR PBDEs 2047 B R 474k
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