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p-Ketoenamine-linked covalent organic framework coated solid-phase
microextraction fiber for the determination of polybrominated
diphenyl ethers in water

LI Yufan MA Pu TAO Qingwen FU Heyun ™
(School of Environment, State Key Laboratory of Pollution and Resource Reuse, Nanjing University, Nanjing, 210093, China)

Abstract In this study, a f-ketoenamine-linked covalent organic framework (TpBD) coating was
applied for the solid-phase microextraction (SPME) of polybrominated diphenyl ethers (PBDEs) in
water. The TpBD was prepared by the hydrothermal method and was coated on a stainless steel wire
by physical adhesion using silicone glue. The PBDE analysis method was established by coupling the
TpBD coated fiber with gas chromatography. The extraction conditions were optimized using the
orthogonal experiment. The TpBD coating not only had good thermal and chemical stabilities, but
also afforded high extraction efficiency for PBDEs (1.2 —39.5 times higher than commercial
coatings). The method based on TpBD coated fiber for PBDE determination exhibited relatively wide
linear ranges (2.00—50.00 ng-L™"), high sensitivity (detection limits of 0.16—0.45 ng-L™"), high
precision (intra-day relative standard deviations (RSD) < 14.7% and inter-day RSD < 13.5%), good
reproducibility (RSD < 13.1%), and good recoveries (81.1%—106.5%) in real water samples.
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Z IR K ik (PBDEs ) & —F )32 ff FH A LA BHBA ). 4t 11, #K & 2020 4F, 423k PBDEs 4 6" i
£ 352y 200 J3 i ".PBDEs Y K & A 7= FU T, it AN ] sk g0 g R i B R AR BR B R P K AR R
PBDEs 15 Y4 i) EEZIABEA 2 —, RERZEH X (KA, 22 pg JU 7, 296 PBDEs Kt /R0
4 BRI E ) PBDEs A= 77 [ W, 3% [ i I 75 7R (1) /K /A& PBDEs {5 4B %, B, & E 4 EdL, Er
Hi DX A 2 B0 L T VRS2 B TS [RI R 9 PBDESs 15 4%, A6 H S 0.007—43.000 ng-L'?. K
H1i¥) PBDEs ANMH AT HE A KA AW Y, 77 A 4 28 % 8 s MR N 40 I T P800, i B A3 v I A R
F5000.06) FAEYE RS, Alim st DS Bt A KR, a2 & B RERG . B T RE Z 4
g AL A0 S B AU 7 0. A1, PBDEs ) W45 X6 Ot i K I8 2 4 BT BB . & J'é 7K A& PBDEs Ay R
ORI Ty 4y b 2L

PBDESs 75 /K {4 Ho 14 A7 e 82 30 i A e B IR et /KO-, R s 7 ke R A G DN o) 75 B X i A T
LESERTALFE . FE AR SR I (SPME ) & — P B | S €0 (1) A it A BB R UL, 5 Y- AR T, 1 A A B S5 A%
ST AR, SPME BORTCT KA LA R, REEHE &, HARFE S4E. W45 . T —1&, f Kb
a7 Ak TR AL AR, ©AE 2R LTS Y i o A s i v S T U8 S e A U2 SPME 119 4 AR G
SEHIRZ. A (IR R 2 DA e 4 3L MU BB 22, TR 2 MRS 2 PE4RAIC, %F PBDES iX
Z b TG Y 0 BT REANEE. TR, mR T T AT AL R L BT =AU 4 PBDES (1) SPME IRJZ2

HMAHLELE(COF) &—JH C. N, O, H, B A AHLICR AN B G ng, BHA RIS 22 A 7
GURFLEE R 45 b Z LR A M. B 2005 45 1 IR BLRGE Ok, COF CL7E RN L Ak 120k m it
SR N L X RMR LR AR FLARTE I TE . B RE A IR M Rk e AR e e A, R
FEHY SPME 1 JZ A1 R,

A B 5T T F K s 4 8 1 R i %) COF 44 BH(TpBD) , FH i i st 266 B2 76 20 ol 1) 4N 22 26 i 1 15
SPME 13 )2, 3% Heidb 47 T 4549 R 4. BF 95 T TpBD 14 2%t PBDEs MY A BUMEBE, #4537 T A BURE | AEHL
BF R, $0 Pl RS | IR L A O A () A5 2 R X 2R G R R ). A4k T A AR 14, 57 T 55T TpBD IR
JZ 1% PBDESs 401 5 1%, F-7E SEBRACHRAE iy v 36 UF 1 4Gy 32 1 3 FH 1

1 g@?@%ﬁﬁj\(]ﬂxperimental section )

1.1 Ak

2,4,4"- =R ik (BDE-28, 97.9%) . 2,2',4,4"- YR XA fik (BDE-47, 100.0%) | 2,2',4,4",5- FHIREK A
fit (BDE-99, 99.1%) . 2,2',4,4,6- TLIR BX 4 i (BDE-100, 100.0%) . 2,2°.3,4,4°,5- /< 1R BX 4 ¥ (BDE-138,
97.9%) . 2,2°,4,4°,5,5-7 1R B 2K ik (BDE-153, 98.6%) 411y [ & [& AccuStandard 2% &), H: 34k 4 5 4n
# 1 /R0 6 F PBDEs R G bl i W IC 61 T 5 I BE(99.8%, 3% [F Tedia) Y, T 4 C EEGIRTE. BEOK
Jie (98.0%) F1 1,3,5- = H K (98.0% ) WA FH _F- 15 Bl T A= AL B4 e 4 A BR 28 W] — 8 S [A] 2K = 193 (97.0%)
F1,4- 4N F0(99.5%) W A 112 SERA AR R A BR A Al LR (99.5% ) W H R 5 Ak 221 R A FR A ).
rh PR R P S I ) B DA LR AR BR A R FRAR(99.5%) 1 b v e A~ 500 A BR 3 ).

% 1 PBDEs MBI
Table 1 Physico-chemical properties of PBDEs.

[EES ¥ lg Koy FEAE/(Pa, 25 °C) KIS/ (mg L, 25 °C) EENELLY
Congeners  Molecular formula Vapor pressure Aqueous solubility Molecular diameter
BDE-28 C,H;Br;0 5.94 2.19x107° 0.070 0.989
BDE-47 C,H¢Br,O 6.55 2.50x10™* 0.002 0.998
BDE-100 C,H;BrsO 6.86 2.86x107° 0.040 1.078
BDE-99 C,HsBrs;O 7.13 6.82x107° 0.009 0.995
BDE-153 C,H BrsO 7.62 5.80x10°° 0.001 1.078
BDE-138 C,H4BrsO 791 1.58x10°° 0.001 0.995

IR EE- K L R4 P Gauss View 5.011 5.

* n-octanol-water partition coefficient; ° calculated by GaussView 5.0.
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1.2 TpBD &2
1.2.1 WRIZFENCAT PiAb

AHI 5T NS B 224 2 AL il SPME £F 4k 1) 1R 2 3R . AN F ML BAL B B AN T« 8 BN
0.15 mm. KW 10 cm M AFEI LR UOR M A SRR . I EE . 4K P75 20 min, BT, L3R & LK
DR S
122 TpBD ¥R %

TpBD (145 771 2 2% Sk [17]. 43 SIFRE 63.0 mg =B 5L 7] 28 = 5y 1 82.8 mg BEAE L, 1A T =
HOR/L4-Z S IR G (11, vey), B FE N 1.50 mL PR (9.00 mol-L™) . #7455 min
i, ¥ ERIR G W 2 RSN R IR AR, T 120 C KRS 72 h W SE iU, 08 W
5 21 €[4, I LADRTR R 5 500 6 AR EA T 12 h 3 ERHREHR, BR 20 R LIE 3% B I s ). S5, B A L
F 60 °C B2 T4 12 h, BIF5 TpBD #3 K.

123 TpBD &2l 45

Vo TLALL 35 P AS 5 B0 2247 A FR R o 1 e T e VA R A R 22, i ROR, AR 22 3R 1HTE
BIS Rk M e 2. FHUR AR 25 RE TR I 2 3R 11 2 RIS W5, #4225 T TpBD BioR Tliéht, BT 120 °C HEA
H 4R 20 min, FRISIR B Y50 TpBD 4 2. )5, FHEAE KEHE 1 em.

1.3 TpBD IRJZMFRIE

X F D8 ADVANCE #! X &t £k i1 4F 1% ( XRD, f# [ Bruker) il %2 i JZ # Bl () XRD & 3% . | H
QUANTA FEG 250 37 & 5t ¥ 5% $1 4 #f 1 & 530 5% (SEM, 32 [E FED) W22 )2 O OB 51, R F ASAP
2020 Y B 2 1 AR A FL AR I 2 A3 (5 [ Micromeritics ) I 52 14 J2 A4 B9 FLAR 20 A FOFLAAFR . 1@ 1 Pyrisl
DSC #43r H1 4L (TGA, 3 [F] Perkinelmer) X #4 #Hi#E 47 # 5 73 Hr. F H] Nicolet 6700 AU 37 it 21 4P 34X
(FTIR, 3% [ Thermo) Il & #4 4+ 1Y FTIR Yiik.

1.4 PBDEs ) SPME 43 #1id #2

£ 40.00 mL HA7 R DU 5 £ I 8 R 19 3% 35 4% 5 i (3& [ Supeleo) A 30.00 mL /) PBDEs ¥ ¥,
5 SPME ¥ JZ 4 AW R A 26 B 2% IR EE R84 8 B2 Pl im0 1 2% (58 [ Scilogex) #5212
BUSE i, B8 2 B TS A3 (GC, 6890N, 3 [F Agilent) HERE LT HEFT PRI, I ) FH 14 2RAG T 2
(ECD) il 2 PBDEs ¥ . GC-ECD HARKG I B U - 23 B (iAo TG-5SMS B414EH: (30 mx0.32 mmx
0.25 um, 3% [F Thermo); <M 1.60 mL-min" = 2% (>99.999%, F§ 5 KFEAAA PR A 5 HEIRP) 1A I
Ji 4 80 °C, f44% 1 min, L 20 C-min™ T} & 280 °C, {#4F 5 min, /)5 LA 2 C-min”' 7} & 300 °C, {54
2 min; R 2SR A 310 CMY.

2 ZEE 54718 (Result and Discussion)

2.1 TpBD IR)Z MRS,

& 124 TpBD ¥ 2 M kLB R AE LS R 78 XRD El g (& 1a), 20=3.42°(100) 4b %) 58 23 W (R 3 T
TpBD 1Y = 45 i 5 20=26.35°(001) &k Y 55 I K P T TpBD H % B 45 44 Y m-m HEFLT 2L FTIR &35 (&
1b) L BT TpBD HYHRAE g, 404555 F C=C 7E 1573 cm™ il 1450 cm™ Kb IR sh14%, L) K C—N 7
1284 o™ Kb AR BN, AU TR BT B- T i 326 132 1) -1 B 235 R 121, 280 R B - o 5 U e 0 e 285 2R (14 1)
R, G ARG BET HR AU 695.56 m*g !, FLIABUN 0.50 cm® g !, FZFLAR /A (E 0.54—2.34 nm
Z 6], 5 SCHR I 9 TpBD FL45# — 37, DL 45 FAIE5E TpBD /) IE 8 & . TGA Kl £ W (& 1d),
TpBD # BHHE 30—360 °C i il N JC I & 26 35 (fIK T 10%) , ¥iFH TpBD B A7 RA4F e e v, i H T
PBDEs 4 = Wl V5 Y M1 i 23 At

&l 2 2 TpBD ¥y K S ik /219 SEM [E.TpBD BRI Bk (K] 2a Al b), ELARTE 10 pm AN, 5 3CHRHR
T BB — B 2¢ F d 7, 7E TpBD IRJ2 1, TpBD ¥y KB 5) 53 A TR W 2 LR R 1, 1R 2 &
FEZ1h 50 pm.
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B 1 TpBD A (a) XRD [l (b)FTIR &, (c) &M B -Hit B 25 il 2 FifL A= 43417 1€ Fil (d) TGA &
Fig.1 (a) XRD pattern, (b) FTIR spectrum, (¢) nitrogen adsorption-desorption isotherms and pore size distribution, and (d)

TGA results of TpBD.

Fig.2 SEM images of (a), (b) TpBD powder and (c), (d) TpBD coating

2.2 TpBD REHERLMHPLL

FIFH IE 22 5236 (L (4%) ), % TpBD ¥ /2 %5 B PBDEs 14 4% 4 #E 47 1.4k 22, I rfr PBDEs A7k iy
50.00 ng-L™", FIr % 53 U451 PR 25 A0 4% A U (30, 45, 60, 75 °C) . ZEHUITE] (30, 45, 60, 75 min) .
Pt FF R (0, 400, 800, 1200 r-min™) . fi# W& 7L & (270, 280, 290, 300 °C ) Flfig W i+ [A] (1.0, 2.5, 4.0,
5.5 min), DA R BN /KOF T AE L PBDES 11404 11 FR SRR Ay 1F 58 52 56 45 SR 1 g 1y i (121 3) 1221,

3 2 RIEAT S B 22 0 M A 2243 A S . nT LR Y, AR IR A X TpBD 1 2 B9 A
BUSCR BA B 255200 (P<0.05) . A HUEL R A4 751 7T LASR /=) PBDEs (947 HIGH 28, 15 17 $12 2 25 BUSCR.
& 3a i, 2428 BUREE 1 30 °C FHZE 75 °C B, TpBD 14 2 1Y 28 BUSCR 2238 w5 (18] 3a), #U 75 °C N
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e 0 AR IR T 3b SRy it P 0 B X A5 BORCR (A5 ). Bl e 1o 5 19 32 /=, PBDESs A8 UM, 1R )2
(A& IR AR &, BRIEE$E 1200 r-min ' S S L E £33 B2 K] 3c—e S B PR 28X 2 BGRE FR () 52 1) 25
B R RUSCR R AT 1, B A A B ] Ay 45 min, f# W% ] 4 1.0 min, ## IR A 290 °C.

N ) (b) © (d) ©)

90 -

e

30

Means of total area( X 10%)

0 ] ] 1 1 ] ] ] I I 1 ] ] 1 1 1 1 ] 1 1 1 |
30 45 60 75 0 400 800 1200 30 45 60 75 10 25 40 55 270 280 290 300

Extraction Stirring rate/ E)_gtracti(_)n Desorption Desorption
temperature/'C (r-min™") time/min time/min temperature/"C

B3 () %PURE. (0)BEFEEEE ., (o) FEUE  (d) M 8] A0 (e) fif I IR X PBDEs 5 BURL R (1) 5% 1
Fig.3 Effects of (a) extraction temperature, (b) stirring rate, (¢) extraction time, (d) desorption time, and (e) desorption

temperature on the mean value of total peak area obtained in the range analysis of orthogonal array.

®2 RSB S H N5 22 00 i R

Table 2 Results of range analysis and analysis of variance (ANOVA) for the orthogonal experiments.

Ji 2550t
s Analysis of variance (ANOVA )
7 3 4 [ i 4 Rr
Conditions Ll (x10%) FER(x10") /1) R EE HN A HE
. . Degree of freedom  Degree of freedom F P
Polar distance Sum of variance .
between groups within the group
IR/ C 4.722 5.656 3 44 4011 0.013"
AL [B] /min 2.479 6.812 3 44 0.842 0.478
P EE B/ (r-min ™) 8.462 2.541 3 44 26.911 0.000"
fEMR IR E/ °C 2.110 6.928 3 44 0.582 0.630
fA I F5F (] /min 2.096 6.960 3 44 0.513 0.676
" P<0.05.

2.3 TpBD iR)= M A Bk fE
T E% %8 T TpBD k)= X PBDEs WA U, Gnl&l 4 i, TpBD W J2 Al =5 20 % UK H1 i) PBDES,
HXFFFIAE 6 Bh PBDEs BY B SE /550 ik 1970—3820( 3) . ZEAH R A BS54 T, TpBD 14 )2 M A BURL
&R H] 100 pm PDMS(ZR = H BE ik 40 08 ) IR 2 09 1.2—2.0 1%, 85 um PACR N MG IR IR ) TR )2 1Y
1.8—10.7 £, 65 um PDMS/DVB (3 —H BerE bt/ — L3R IR Z 1 3.2—11.9 £i%, 50/30 um DVB/CAR/
PDMS( . M 3 TR AR B/ — H LRk S be ) 12 A 6.0—39.5 /5. TpBD )2 A4 i3 A BUSCR — 7 i i T
S v ) L 2 T R RN A 5 1 2 1T K M, AT A g K /R R W B PBDES™. 5 A — B, S50 K IR
BDE-28 Z 4}, H:4% 5 # PBDEs 1 TpBD IR )2 LY & A% (3 3) BEH B K M (R 1) ISR K. 53
#ﬁﬁ TpBD & &% % & 454 (Il XRD 1 FTIR FAEZ5R ), N ILEE S PBDEs MU k4 n-n #H B AEH,
PETT 58 X PBDEs B & 4. Li %21 Fl Gao %529 (R 55 48 ), m-m A0 HAE I J& TpBD W BFF XL A, 1Y
TRAUEY A %555 ey Je ) i T B HLHI . A1, TpBD BA & Ay FLIE 450, Hoh FLARAE 1.00—1.36 nm
Z AL L FE (E 1e). X FLIE 9 R SF5 PBDEs 43 F A9 K /N(1.00 nm Z247, 26 1) #230E, B
A3 LI FE R0 5 | A W B e &, ik — 2D TpBD k)2 % PBDEs fY & #72,
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10 - [_]TpBD
[ 1pDMS
f I PA

PDMS/DVB
B DVB/CAR/PDMS

X

&
»S P & &
; ; 'Y N pY

Q;QQ) Q’Q Q;QQ) Q)QQ»
B 4 TpBD k2 HEL IR ZEXT PBDEs (14 R
PBDEs #JE 4 10.00 ng-L™", ZHUELEE 75 °C, BEHEHEE 1200 r-min™', ZEHFA] 45 min, fEWAT] 1 min, % IRE 290 C

Fig.4 Comparison of extraction efficiency of PBDEs between TpBD coated fiber and commercial fibers.

PBDE:s concentrations of 10.00 ng-L ™, extraction temperature of 75 °C, stirring rate of 1200 r-min"', extraction time of 45 min, desorption time

of 1 min, desorption temperature of 290 C.

%3 T TpBD /2% SPME-GC/ECD J5 %% PBDEs (143 H 1k g
Table 3 Analytical performance of the SPME-GC/ECD method based on TpBD coated fiber

AT R HNFERESE HEFERESZ faEErE

\ AP HCRY WY
GESY) A HRRE oNm) (SN=10) HEG=S)m  HEG=3)%  (n=3)/% i
(ng'L")  Regressioncoeff o . . Enhancement

Congeners Linear rance cient (ng'L™") (ng'L™") Intra-day Inter-day Fiber-to-fiber factor

8 LOD LOQ repeatability  repeatability  reproducibility

BDE-28 1.00—50.00 0.999 0.16 0.52 14.7 8.7 8.0 2990

BDE-47 1.00—50.00 0.998 0.20 0.66 14.1 11.3 7.6 2750

BDE-100 1.00—50.00 0.992 0.30 1.00 13.4 12.0 7.2 1970

BDE-99 1.00—50.00 0.996 0.24 0.80 8.2 9.1 9.7 2560

BDE-153 1.00—50.00 0.995 0.40 1.34 10.3 12.9 6.3 2790

BDE-138 2.00—50.00 0.994 0.45 1.50 13.9 13.5 13.1 3820

B A B R A1, e PR SPME ¥k J2 19 B 21 BE 2 40 . TpBD 7£ 360 °C A i #48 A R 10%

(K 1d), R B A 0GR E P it — 2R 58 TpBD IR )= 191k 22 g 1k, # K

AR A

0.10 mol-L™" R (pH 1) . 0.01 mol- L™ S EALENIE I (pH 12) . AR50 B B AR A P35 700 1E 2 e o,
rHNR B 12 W2, X} IR B AL BT IS 1R 2 X PBDEs (A< BUSUR. 11Kl 5 Jfs, 4300 B A BT TpBD 74
JZ R FERUPE RE AT 0 52, AL BRRT S R 2 2 UG A A AR HER 22 (RSD) A 1.0%—14.6%.

20 [ ] AAbEE Untreated
EhER YA HCI solution
- (] S ALY W NaOH solution
- I 1E 45 n-hexane
151 | [ ' 77 Methanol
£ ]
X
T 10
g I
% i
L
&
SH
0 N
¥
&
S

B 5 1. BAEFILL BN TpBD 1% 2 A BUER 1 5
PBDEs #¢% 4y 10.00 ng-L™!, ZXBGEE 75 °C, BEFEHE 1200 romin!, ZEHUE] 45 min, A7 HE] 1 min, fF05REE

290 C

Fig.5 Effect of acid/base or solvent treatments on extraction efficiency of PBDEs by TpBD coated fiber

PBDEs concentrations of 10.00 ng-L™", extraction temperature of 75 °C, stirring rate of 1200 r'min”', extraction time of 45 min, desorption time

of 1 min, desorption temperature of 290 C.
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5 2, TpBD IR JZ7E3 5 19 pH i Bl (1—12) BAT R A7 AR 0E 1, HOGAR 1 A AR 14 A L
T ELAT 558 v TR 32 k. e A, AR M SE 56 0, TpBD IR)Z 76 M 100 R 2 J5 2 BUSCR A I ik [
%, UEHHEA B A1
2.4 F£F TpBD I3 JZ ) SPME/GC-ECD J7 %%} PBDEs 1)/ M Bk

FIH TpBD & )2, TE AL 19 ZE B4 44 N &Sz 1 Ir ik 6 B PBDEs 11 43 B J5 15 . i 77 & W &
PBDEs #r#ERE i (9 (LG AN 151 6 iR, J7 ik R PR B L A B L RS % B2 . SRS i S 8000 T35 3.
45 20, BDE-28. BDE-47, BDE-100, BDE-99 il BDE-153 7£ 1.00—50.00 ng-L "', BDE-138 7£ 2.00—
50.00 ng-L ™" yE I N EA RAFA 4t (R > 0.992). J7%:%F PBDEs Bz H R4 0.16—0.45 ng-L™', fE 3¢
B B 19 e B 6l SPME IR 2, W0 A 550 1 I -BE IS IR )2 (0.2—5.3 ng-L™) PO il 21 A9 N 85 4N 22
(0.2—0.6 ng-L™") ™ FIJE T PU A Ak = BRAK KL IR 2 AT IR £F 48 (0.25—0.62 ng-L ™) P HeAh, 1% %
W HA R E S, FHCRIEIE BN Z R ZE U RSD 4 8.2%—14.7%(n=5), H [8] £ K & B
RSD 4 8.7%—13.5%(n=3); 3 LI IRJZ 2 I RSD K 7.2%—13.1%.

12 ~ BDE-28

BDE-100

°T| BDE47
BDE-99
BDE-153 BDE-138
SPME
(10 ng-L™! PBDEs)
3k
L—I-L—M HiZ##EDirect injection
0 50 pg-L ! PBDEs
14 16 g Cowe )

12

Intensity/a.u.
[o
1

C

t/min
6 3T TpBD 122 SPME-GC/ECD 77 ¥ 46l PBDEs (1 (4 i 4]
Fig.6 Chromatogram obtained by the SPME-GC/ECD method based on TpBD coated fiber

Y SR i N7 5k i S B TR, SR O ¥R 3 AT T R TH H A A S G S e R K P
PBDEs ¥¢ J& . W13 4 FT/R, 7852 bR 75 4K B Kt T 4 #f PBDEs( BDE-100. BDE-99, BDE-153 il
BDE-138), ¥ £ { Fil oy 0.25—4.26 ng L' H'& 2 PBDEs MK FEAIR TA 7 V4G H BR. JRAT T 9E— 20 JF
J& T SE PR KRR B AAR [R1 SE B ORBE 34, inds eI 5.00 ng- L), 45 [M1EC% 2 81.1%—106.5%, RSD %
T 12.5%(n=3). BSLE AN, JE T TpBD 12 9 SPME/GC-ECD J7 2 I JH T+ H6 0 56 R B B o 1
PBDEs.

%4 JLT TpBD IRJ21 SPME-GC/ECD Ji k% 5 b K BE i PBDES (953 H74%

Table 4 Analytical results for the determination of PBDEs in real water samples

Ciziijrs WOKEE  2KEE KRR amKRE SHKEE  ewkEE s eﬁiii? e
BDE-28 ND* ND ND ND ND ND 97.6+8.1
BDE-47 ND ND ND ND ND ND 90.8+9.8
BDE-100 093 032 ND ND ND ND 1065+ 11.8
BDE-99 245 071 038 025 ND 0.31 963+ 10.6
BDE-153 220 0.64 ND ND ND ND 83.7+ 122
BDE-138 426 105 054 ND ND ND 81.1+125

7 KA. @ not detected.

3 4518 (Conclusion)

AW 1 K %5 i TpBD B COF, LA 85 H9 22 Sy KL 5E, 1 4 B 285 125 1 #4456 T TpBD A1k
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() SPME ¥ )2, Jf- ¥ H: 07 FH F A& RS I 7K 44 7 () PBDEs. #fF 7% 4% 3 . 7%, TpBD & )2 A7 # i
PBDEs # HUM:fE, H2E BUSCR 2 B IR 209 1.2—39.5 4%, 332 K24 TpBD LA % 5 14 L 3 i ARURI 6 1f
BiKPE, I8 AT 5 PBDEs 77 4E n-n A LI 78 4E H, fig s 20 4 /KK b 9 PBDESs. ik, TpBD iR J2i8
HA B REE E MR fa g vk, i B ar i K. 52T )2 i PBDESs i 7wk £6 ME 0 FRl 45 58 .
R RRAIG L KGR A B 4T, A6 SCPRIAEE KAL) 2 v oA R AT B N FH v .
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