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Transfer and Fate of Polybrominated Diphenyl Ethers in an Electrical

Equipment Dismantling Area Using a Multimedia Fugacity Model
XUE Nan-dong', CHEN Xuan-yu®, YANG Bing', QIN Pu-feng’, LONG Yu'"

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. Hunan Research Academy of Environmental Sciences, Changsha 410007, China; 3. College of Resources
and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract; The multimedia fugacity model ( Il ) was used to simulate the distribution, transfer and fate of typical polybrominated
diphenyl ethers (PBDEs) in air, water, soil and sediment in an electrical equipment dismantling area in eastern China. The modeling
data were compared with monitored values in air, soil and sediment for validation purpose. Moreover, the transfer fluxes between
different compartments were analyzed in order to infer the main transfer process. Parameters of the model were tested and the key
parameters were identified using sensitivity analysis method for BDE47 and BDE209. The results of sensitivity analysis indicated that

vapor pressure, the 1gK

ow

value and half-life had significant influence on concentrations of PBDEs in different media. The results
showed that when the system reached equilibrium, most of the PBDEs would be accumulated in soil and sediment. The air advection
outflow and soil degradation were the major routes for PBDEs to disappear in the area. The results will provide the basis for the risk
management of PBDEs contamination.

Key words ; polybrominated diphenyl ethers( PBDEs) ; multimedia fugacity model; electrical equipment dismantlingarea; transfer; fate
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Table 1  Model parameters for multimedia in the study area

A RE/m ¥ /kgom 3 AU A/ g kg ™! SR KARARL FE AR
pal 2000 1.19 — 1 — 2x1071
7K 10 1000 — — 1 5%x107°
+ 1% 0.2 2 400 0.02 0.2 0.2 0.6
TR 0.1 1500 0.04 — 0.3 0.7
Uk — 1500 0.02 — — 1
®2 WESHNRAETHESH
Table 2 Transport parameters in multimedia fugacity model
S BE 24 ¥uE
i/ C 17 MR-+ R/ m-h ! 5
KE/km+h ! 9.72 KK -TORR Y A4 2B/ m-h ! 9.59 x10~°
FKF S km-h ! 3.6 K-+ T HEFE/m-h ! 1.0x107°
[ K HE /m-h ! 3.74 x107° + P IR A /m b ! 0.02
AT AL/ m? 4.15 x10° SR KEREEE/m-h ! 3
IKAR AL m? 4.2 x10° KNS -K RS A/ m-h ! 0.03
HUEHR/mh ! 200 000 TR # %/ m-h ! 5.00x107
TUREHE S /m-h ! 10. 8 U P BT % /m-h ™! 2.00x1077

DA [ 7 4 2 [ S A XM R 9 X
2 XSl B O IH AR R A . LA R AR, Al
XA R 4. 15 x 10° m® , &8 oA T AR FE 4. 15
10° m® 3155, PBDEs (HERCEARH 24 PR 1H H 2545

AEBEERE 250 7« AEE. 2003 4, 35 [ R BB A b X
FHARARAT T XF B R T ZIRIBOR IR B
A fE FHER 6, B2 PBDE B9 K A2 R 0. 1% , 1
JIFAIF 5 DX 34 i 14 2 1 H Pl 2 = BRI T RS [ R



4328 AN 5%

ARMEH H A Rt A5 v 2 TH HL % v ) PBDEs
FrRAE 0. 1% V1. AR X4 i oy 25 51,
RUEIHHL 25 PBDEs 32 %8 0. 04% ~0.44% ,
IR ENAE A SRS B0 b A 1 25 5, U R I
B3R 0. 04% Hil PBDEs HEscE:. i, A58 X
BN PBDEs My HERCRANE R 1 1. 534h,1990 4%
K, TIRIBOREE Y5 oK & 57 PBDEs BL77 R 19 81%
~83% , R N FOIRBEOR Tk 5 11% , HoAd = 5 A 7
B/ A, A #FSE T BDE209 . BDE99 . BDE47
R A 8: 1 TR LB 0.8, 0.1 F10. 1 t.

AR R I 9 R, R 5 DX i b DL i
SRS PBDEs ¥ R 1861.2 pgem 7, _E iR
t PBDEs A6 7, PRI, B R SO A
PBDEs € B €l 1861.2 pg-m ™, K& i g A
PBDEs [N 0 ng- L.

2 HFR5ITE

2.1 BERVEHIE

(1) ML S S5 iE

3 I A S A A T 4 S L Aok IR A
Y] D2 A R AR — R 2 N R
SER LB, W) T BEXH AT A 252 [ 1 m[ I,
WFFE I K, 4 DI 3 B PBDEs [F R4
WP R S S 30 AL ) A BE A, AT
' BDE47 5 BDE99 114 ¥ B #5540 (B W 55 T S IR,
EAE— B0 ) A B LA

(2) ZHRE

R T B T N S B R R T R R BT 1Y
B SER U Fa BT S8 1500 1 28 sl o0 31 i A1k
75 HH BRI 25 S i A X AR b i 5 S B A X AR i
FO AN

S = [(Y, =Y)/YV 1/L(X,, - X)/X,]
K, S, H—SHORERZEG Y, BRI ES
B X AN

WESHAEN + 10% A HRAHERLES,. S,
>2, FRASHOHRERI RPUEWR B ,2=S, > 1,
FRSEI BRI R TR B ,1=S5,20.95, 3%
NS HOGR) RGE B3, S, <0.95, FRSHT
B R A Y X BDE47 Hl BDE209 #541)
1) R B RBOLER 3.

MR 3 ATLUE 4 S 506 BDEAT 1 R B2
/T BDE209. [AH, AR T, 45 S 8O0 TR
P RBE &K, K 7SR K, | FENES
B REE B T 85 DL F. S H Rk ik

B 37 &

2.4

(a) BDE47 4
22
F 3
2.0 © o rs
.
18 L
&
£ 16 ¢ .
=]
14 ° . o ik
12 L ® |1
& B
10} hd
B ge il Pz L7 O
2.6
(b) BDE99 Py
24
22 P
L ]

20 © "
™ - Py
% 1.8 . . N

16

s

14 L

12 s

I{] L Iv 1 'l 1 L

SRl e BB 9aW B

4.5

(c) BDE209 L

40 | &

r

35t . f
2 ° 3
f‘;ﬁ 30+ &

&

251 ® * #

[ ]
. A

20 | ¢ : s

gl L 9 L1 O
E 1 PBDEs &K E 5 Sk ERIXT b
Fig. 1 Comparsion between the calculated and the

observed concentrations of PBDEs
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Table 3 Sensitivity analysis of parameters

PT— BDE47 BDE209
Sy Sk Sy S Sk Sy

K -0.037 9.25 -1.92 5.72 0.03 85.02
lgK,. 0 0.12 17. 60 14. 40 0.05 85.15
RS SR 1 0.02 4.57 7.23 0.03 85.05
PR 2 1 0 0.02 5. 60 7.23 0.05 92.16
e -0.89 0.02 4.57 -0.71 0 0
R -5.4 -0.02 -8.42 -0.71 0 0
DU 0 0.02 -1.87 -0.71 0 -1.74
DU R B -5 0. 02 -8.56 0 0 -0.91
- S i A A AR -0.89 0 4.57 -0.71 0 0

IR ALY TR NN AT 0 0.02 -1.03 -0.71 0 -0.91
ORI AR FR A HL 0 0.02 4.26 0 0.03 -0.49
TR A LT 0 0 5.63 0 0 0.41
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Table 4  Contents of three congeners of PBDEs and proportions in environmental media according to the model

i/ kg (L% )
PubEs x5 T R
BDE47 0.054 3(0.124) 0.103(0.235) 41.8(95.5) 1.82(4.15)
BDE99 0.0517(0.113) 0.104(0.225) 42.9(93.3) 2.94(6.39)
BDE209 0.370(0.395) 0.812(0.866) 69.5(74.2) 23.0(24.6)
MIREE A i AS 6] PBDEs [R] 3 90 11 43 4 ok &
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Fig. 2 Mass distributions of PBDEs in air,

water, soil and sediment
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Fig. 3 Estimated rates of movement and transformation of PBDEs in multimedia
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