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Pollution Characteristics and Exposure Risk Assessment of Polybrominated Diphenyl Ethers in Different Types
Agricultural Soils in Guiyu Area

HAO Di', YI Ru—han'*,WU Yu', LU Yun—feng', FANG Chuang-li'

(1.College of Environment, Jinan University, Guangzhou 510632, China; 2.Key Laboratory of Water/Soil Toxic Pollutants Control and Biore—
mediation,Department of Education of Guangdong Province,Guangzhou 510632, China)

Abstract: Extensive applications of polybrominated diphenyl ethers(PBDEs ) have caused the environmental pollution. In the present study,
131 agricultural topsoil samples were collected from different land uses within 128 square kilometer area surrounding Guiyu, and the con—
centrations of 41 PBDE congeners in each sample were determined. Results showed that the concentrations of 41 PBDE congeners varied
from 30 to 9400 ng-¢™', and those of deca—polybrominated diphenyl ether( BDE209 ) ranged from no detection to 9200 ng+¢™'. There were
18 PBDE congeners whose detection frequencies were higher than 90%, indicating the general presence of polybrominated diphenyl ethers
in different land use types of agricultural soils in e—waste recycling area. The concentrations of 40 polybrominated diphenyl ether congeners
except BDE209( X 40PBDEs ) were in order of paddy soils>orchard soils>other flooded soils>vegetable soils>wood field soils>waste field
soils, but that of BDE209 decreased in order of waste field soils>vegetable soils>other flooded soils > paddy rice soils>orchard soils>forest
soils. According to the " Technical Guidelines for Risk Assessment of Contaminated Sites " (HJ25.3—2014 ), exposure risk assessments of
PBDEs via skin contact, oral ingestion, and inhalation of soil particles were carried out for BDE47, BDE99, BDE153 and BDE209 that are
the priority control pollutants by US Environmental Protection Agency (USEPA ). The results indicated that all exposure levels of BDE47,
BDE99, BDE153 and BDE209 via these three pathways did not exceed the USEPA reference doses. However, it is critical to study the risk
of polybrominated diphenyl ethers in agricultural soils via food chain.
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Z IR B R ik ( Polybrominated diphenyl ethers, PB—
DEs )& 1R AR R AW, 8 1 Ry BELR B i 551 i A
PG RR M FIR A BRIIR S = o TRk, 2
I FHAELE 0, L AR A SRR SR, 2k
IRk R B TR B R ik (penta—BDE ) | /\JREK A
fit (octa—BDE) . T IREEAEREE (deca—BDE )2l PBDEs /&
NG, FHAB AR Z ]I o2 B A DR R 5
R BN PR v X A HE IR AR 5 HUIR R 3= A =
FEODR B Jt 22 e EL AT ARRL Y 40 T2 A8 =, P i AR
UL HURBRSR AR, HOR S S gm R W]
PBDEs HA7 HURMR BE1E P RGEdEE AP K B 5
PEET S W5 UE SR TSR IBE R ik 1 25 9 B 1 o B A
AR I E AL, HLA M4 v R EY, B 2L PBDES
AIRE LA SO PEY, BT AR |\ VIR ik R =7
PEESR O AE -0, 1M -SRI ik (BDE209) B4
AR, Tl PERELER , S M AE PBDEs b5
HR G, 7E A BRTE L P

r ] B VRO k(5 ) F2 22117 3, ORI
B R AL B . B E20 80 ARAR T i TR
T0%32 13 H [ b B, 57 3% 1 f B A L g T 7™ B A A
AVGYLE, I AR E N AhE B B HL I S A
fif% b 4% F 3R 55 A 5 b PBDEs JFJ& T 5%, 2005 4E
Wang SN 5 T SRUGHE B SRL T H AR 74T EDALIsE
FEHIIY) 19 4~ PBDEs L5 W), 7 vl 26~820 ng- g™,
{HAM %E BDE209 )75 5 ;2006 4 Leung 5% 515
3 AN S G 35 R oR 495 BDE209 fY 20 > PBDEs ik
FrE, SRHS A AT L3 3% PBDEs 7
ARk E] 1.1.1.2 mg-keg™, ZRVTHI F11% PBDEs
R 0.032 mg-kg™, 2012 4E X1 P SE0% B 72
km? JI%E T4 7% BDE209 7E 41 8 4~ PBDEs, BDE209
Py 40~720 ng- g, HiAth PBDEs £ Y [l nd~
83 ng-g', WLRATAIMEFE T2 T TR S AR
B AR 13 PBDESs 1Y & S PRR 2011 4E52
Jite P F L L 17 i IR Ak RS BRAS (51 ) F 2013 4
4 J A v ik 11 )52 SRRE AR O A S Y LUK , BURE
XFRS Y B T2V IR IR TG 2028 AN F
WA i A D7 S DG A5 R A, X AR R AR B Y
3141 ZEEMIMAZA T RIEE B EId. XT3
PREBFIEUNECR & 5 1Al 375 G Bk, U575 A
Je SIS SR . W5 L [RGB R R (128
kem?) AN A 332 BEAS ) - i R F O QA 5 R,
T DR FIZEE 2 | 427 BDE209 ZEN ) 41 4>
PBDEs, HAK R i 15 19 (05 Y 3 b XS P4 2 AR

SN (HI25.3—2014 )06 b 4= 498704 7 et g XU 11
M, Ay LT By S R A T Y W s R R BRI T S

| RS

1.1 HIEEFRRE

DU AL A AR Sk T PH DXCPE S, AR S A e
PR A A VG 5 i A A, AL S Ak R /N
LA, B I 2RV 0 e X B B ] S B 2, b
AV R RE, B /NER A b R 431 S
o T HERE S RAR T LA St B o i R i 0l
8 MR DX S A5 A FH A8 o3 A T 00, B DR AT
RN R Google Earth #4A B il A 44 5 B
B FIERE S, I T R BT SRAE SRR+
8, DR 4 R A - 458, 27 B A ARl A S T
BRIZAIUE RAE Ao HEREE 131 3R )2 0~20 em R0L -
BB SRAE S GPS A T E L o ANUCRAE IR
128 km?, Horfe HRIF 5 90 km? DA | SRAEM £
HERE S BIE AR 2 A0 L 2 RS IS R B R, PR 25
FRARZEIL W), BT 400 C 4 A4 47 3 i 500 mL
T¥het b, ST R F AR KT JE AR T AR 4 i
WEfE I 20 H (<0.8 mm) 8 e b, T J5 -3 I & H
“PUAET B B 10 g KA — 2P R4, i 100 H
i, A VKFRORAT o RAFE ST WL 1
1.2 fREFESNEEKF

PBDEs FRUEFE i - IR A AR E W (BDE-AAP-A-
15X) £ 45 (mono-BDEs 1,2,3;di-BDEs 7,8,10, 11,
12,13,15;i-BDEs 17,25,28,30,32,33,35,37; tetra—
BDEs 47,49,66,71,75,77;penta —~BDEs 85,99,100,
116,118,119,126;hexa—-BDEs 138,153,154,155,166;
hepta—~BDEs 181,183,190 ), BAtR AL b BDE209, B
Fr FE i BDE196 , [ 15 #8458 /5 A MEAE i PCB209, Y
Frtfdl PC-PCB208, FiRbRyERE Sh 39N H 2L Accu—
Standard A ] . T AR @B BE IE O BEd AR iR
P, Zend TR E A RERER N A 4l (R Wiz 77
T SRR (100~200 H ) ; fEHZ (100~200 H ) F1
ToKRREN (R 4t) .
1.3 HEmsabE

FREL S g el Vo v T MR 398 K/ B i By i A
ELET A ENCRESE /R ) PCB209™, B 10 mL 1E
bt - G e (AR EE 1:1) TR A 7 5508 A AE B 20
min, BRI 2 W, AR IOR , e 78 & 2 1 mlL,
it AR - 2T AE (AR 1 em, K 35 em, FEN
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Figure 1 Map of sampling sites surrounding Guiyu area

HOR R F R R R 1 em TCKBEEREN, 6 cm FRTERE
JBE,2 em I PERERE S em BEMEAERE,2 em PR, 6
em VAR ) 60 mL iE & ki - S B IR I
T3)IRA VL, DENIR W45 2 0.3 mL, 2 FIA IR
AV WITE 42 100 pl, A NFR "C-PCB208 7,
#4171 GC-MS 43#r.

L4 {XEEHHT

K F Agilent 6890N/5975 , 11 Ak, 2% B, 55 (NCI) U5,
{8,354 % DB-5MS (30 mx0.25 mmx0.25 pm, J&W
Scientific )N IRIRIBRRE , 2T AT . K E
BAbAb, ML R 1.5 mLemin™, A
1718 kV , JERE TR 280 °C, B F-IRIRE 230 °C, Aux
R 290 °C,MS PURAFIEEE 150 °C. HEPIGRTEREE 180
°C, %45 1 min, LI 10 C-min™ J}Z 320 °C, {£I& 5
min, —F-EEREHE S m/z 79 81,161,

K 835 K DB-5SHT (15 mx0.25 mmx0.1 wm,
J&W Scientific )il £ BDE196 .BDE209, ¥l J51%:2 18
XHk[16], BDE196 4 m/z 79 .81, BDE209 } m/z 79 .
81.487.489, [Mlit % PCB209 4 m/z 498 500, N 474
BC—PCB208 4 m/z 476 478,

1.5 RERIESES
REAE A BTRE S (15 )7 1428 LR, DA &

Al R A 2R O TR RE o 9 A8 IR IR AAG I H
PR A 1 A28 FRE SR RN 21 BDE209, % &K F 0.5
ng- g B 15 ANFESIEIN 1~2 A4 TR ARIED RS
TR , 36 10 A TRURE , A 7 RURE ] A AR X fi
ZYINT 25%; 4 15 AFEG 380 2 44 BDE209
H LR IATAE . DL BDE209 HE4 73 B i [m] i 54t
55, BDE209 (W fints B2y 88%~110%, AHXTAR1E
W2ZH 14% , 754 EPA1614"h BDE209 (123K ([a]
WK 3 | 509%~200% , RSD /T 40% ) ; PCB209 [E]1]i
K 76%~103%, HAFA EPA1668A J5 i PCB209
FiaE (e Fl 81%~106% , RSD /INF 20% )" AH
KELR , —FE 1A HBR A 0.01~0.33 ng- g™ ,BDE196
K R 7 0.4 ng- g™, BDE209 5 HBR 7 0.5 ng- g™,
1.6 EHRGIT A

MASE A SPSS18.0 HEAT20HT, FEARE
K—S A6 56325 56 UE & 75 MM 1E 2543 A s % B30 245 0 A
(B MEAKFE 0.01 ), FfAR 4 Ak DA 25 56 B8 i 141
FFHAA- BB U B s AL g R ™, 1 7
WE EOE o SR P FEAS ¢ R g0 164 700 (i Pk
AKAEE 0.05), JeibfT FAGES, FARGIPIAEANE J02E
5o H Google Earth 25 E 4 BDE209 F1H Al fir fy
) PBDEs 43-4ii €l .
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2 HR5iTR

2.1 *iErh PBDEs & 205 ITHHE

22 1B A K-S K367 30 1E , 17 4~ B4R PBDEs
FEAEEAS I AT BE 25 0 A (257K -1 0.01 ),
18 /I HL{A PBDEs #A %4 FHR KT ERE 2854341 (i
FAEAKFIC0.01) R BGET, IR IEZS 7341 oo £
TEZS S 1 X 2R T UART P B KR Y E, A IR X
BOES 0 R R R ECk Fon Y, 3 1 13
PBDEs & 5 ST HRHIEAS AL, ZEFT A 131 /4> 3 5,
Hi,41 /> B4 PBDEs 145 30 Fj £t 63K 2] 80%
DL b, 18 FhE# Rk 90%, UEHH 204 30 FfH bR
Z IR MOR T O 28 ) I AR AE T oe 0 S LR i 128 km?
T ARl -3 e oA 18 A0 AR S 0K AF A
—Z R F) S PBDEs “F- Yk BEYEH A 3~230 ng- g™,
X FHA~ PBDEs (1 [FIZE4) K15, BDE209 ¥ i 2 f 5
[ s BRI S = 1Y BDE47 . BDE99 BDE183 [ & 484k
JL 4352 Nd~300 ng- g™ \Nd~300 ng- g™ \Nd~16 ng-
g, BDE196 # 1%k 100%.,

AR A b 1 FH R R A B AR R ) 4 o ] 43 Ty
2, X 5 AR R LR o Al - 440z BE A b ) 2R AR
17825, Bk BDE209 LIAMP) 40 A~ 2RI R ik 2 Fl (LA
% % X 40PBDEs ) &z BDE209 7% f& (ng-g™) i) W il
S5 ULFE 2, A AUK 3R M £ BDE209 &5 A i, WK
+ BDE209 & & HAIK, /KAEH X 40PBDEs & & fi iy,
&5 X 40PBDEs & it fil. ANE] LR ACF
> 40PBDEs il BDE209 5 & 8 4 5 BAH S (1) #a
Y 40PBDEs S /K > el 4->HAth K H 4= >3 Hb 1>
AR A > 2 37 H 4 B 43, BDE209 5% 37 4t + > 3¢
> HoAt K B A > KR 4= > S bl > Bk 4 Ea 3 %)
Y 40PBDEs AEASHEL 7B N7 AR AR ¢ K56 oA (B
IR 0.05), 4387 15 4, 45 SR FBH/K H 4 5 Bk S i 1
Hh 4 FhRH - MAEA I B P22 5% (P>0.05) , R 57
oA 5 A K A KR SRS A B R
(P>0.05) , HAR P PIAEAS 14 TG ik 25 25 55 5 %) BDE209
FEA JEAT W0 2E 00 <7 FEAS ¢« K636 20 (138 1 K O
0.05), 4347 15 41, 45 L R W T A 1 M 2R RURE AR [1] 3
Tl

BDE209 Jy £2y5 0y, 1EARFEWFRIE T, &
SR A 22 S ARIR R B E KO L S 2 Ry B benk
YR R A S, DR AT e 2 A5 H At - A
Ll % 3l 1 g v i 0 s ARV E ) Y - T RE
i FAE X BDE209 A REfgAER, 398 E TR

F 1 REATEPSRBERBEENSITISFE(ng ¢")
Table 1 Statistical characteristics of concentrations of

polybrominated diphenyl ethers in soil samples(ng-g™)

i eaoe Sl Rt AT G o
Max Min mean/Median SD LOD
mono-Br  BDEIL 2.3 Nd 0.29 0.12  0.07
BDE2 3.7 Nd 0.59# 0.82  0.02
BDE3 9.9 Nd 2.4# 3.4 0.02
di-Br BDE7 50 Nd 0.72 1.9 0.09
BDE8+11 11 Nd 1.4# 3.7 0.09
BDE10 52 Nd 0.19 49 0.03
BDEI2+13 17 Nd 2.4# 3.6 0.09
BDEI1S5 25 Nd 2.3# 43 0.09
tri-Br  BDE17+25 13 Nd 1.5# 4.9 0.12
BDE28+33 30 Nd 3.0# 16 0.07
BDE30 35 Nd 0.35 52 0.09
BDE32 56 Nd 0.71 2.4 0.03
BDE35 69 Nd 1.9 8.7 0.12
BDE37 19 Nd 1.0 19 0.18
tetra-Br ~ BDE47 30 Nd 0.63 8.9 0.12
BDE49+75 16 Nd 2.7# 32 0.18
BDE66 28 Nd 0.17 16 0.06
BDE71 12 Nd 35 5.6 0.06
BDE77 62 Nd 0.29 55 0.12
penta—Br  BDES8S 58 Nd 1.3# 8.4 0.15
BDE99 45 Nd 2.64# 35 0.33
BDE100 76 Nd 4.1# 8.0 0.03
BDE116 72 Nd 3.6# 6.7 0.12
BDE118 180 Nd 0.21 7.8 0.03
BDE119 58 Nd 2.1 5.7 0.18
hexa-Br BDE126+155 31 Nd 2.9# 8.4 0.24
BDE138 4.3 Nd 4.3# 14 0.06
BDE153 12 Nd 4.1 19 0.06
BDE154 77 Nd 0.61 6.9 0.03
BDE166 56 Nd 0.39 046  0.07
hepta—Br  BDE181 69 Nd 1.5 3.7 0.03
BDE183 16 Nd 5.3# 43 0.09
BDE190 52 Nd 5.8# 4.2 0.15
nona-Br  BDE196 100 Nd 22# 8.3 0.40
deca-Br  BDE209 9200 Nd 220 30 0.50

TE = LB 8 3 — 91, B R 5 B FROR A
MRS BEZS I35, R U398, o5 Bl # Som REAR RS 010
BB S A A, TR R 8Ros B (™

Note: In the "geometric mean / median" column,numbers without any
mark are geometric means indicating a lognormal distribution of samples;
numbers with # mark are medians indicating that the samples distributed

neither normally nor lognormally"”.
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Table 2 Concentrations of PBDEs in soil samples under different land use patterns reported in literature

29 Type Y PBDEs/ng- g BDE209/ng- g™ SCHik Reference
PR S (n=6 ) E-waste recycling sites 660 2300 Gao,2011%
F b7 3% [t F 571 [X 35 (n=23 ) Areas surrounding e—waste recycling sites 75 32 Gao, 20112
JKFEH (n=4)Rice fields 480 37 Leung AO,20072"
fi2{2 3 (n=2)Acid leaching fields 3600 1300 Leung AO,20072"
ERIALE 3% (n=3 ) Printer roller dump sites 1400 51 Leung AO,20072"
J& FIX (n=33 )Residential area 8600 14 000 X1J,201202
JKFEH (n=15)Rice fields 11 000 520 X1],20120
JKJE X (n=4 )Reservoir area 6000 4700 X1,20121
PR (n=4 )Forests 22% 170* AT
HAthk B (n=28 )Other flooded fields 36% 230% A
JKFEH (n=40)Rice fields 130% 210 A3
3 (n=46 )Vegetable fields 26 300 AR
SRbEl (n=7)Orchard 52% 190 ASC
AV JEFiHb (n=6 ) Agricultural waste land 19% 320% AL

VE : CHik[20] X PBDEs fu 4§ BDE-17,-28,-47,-66,-71,-85,-99,-100,-138,-153,-154,-183,-196,-197,-203,-206, 207, -208 ; 3C{ik[21]
> PBDEs fu}§ BDE-3,-7,-15,-28/33,-47,-49,-66,-71,-77,-85,-99,-100,-119,-126,-138,-153,-154,-183,-190,-197,-203,-207; 3CHik[12]
Y PBDEs {4 BDE-29,-47,-99,-100,-153,-154,-154; A3 ¥ PBDEs fu§% BDE1,2,3,7,8,10,11,12,13,15,17,25,28,30,32,33,35,37,47,49,
66,71,75,77,85,99,100,116,118,119,126,138,153,154,155,166, 181,183,190, 1965 £2 i 2.3 5l , 7 FARAREEST S 10 2R REAS B MG
&I RV, 87 Bty JORFEAR NN IE I3, R SR, 807 Bty # ORFEAR IS0 A SO EOE A3 A B A IR, SR Hl e
PR RBIEY.

Note: 1.In reference[20], X PBDEs included BDE-17,-28,-47,-66, -71,-85,-99,-100,-138,-153,-154,-183,-196,-197,-203,-206,-207,
-208;in reference[21], X PBDEs included BDE-3,-7,-15,-28/33,-47,-49,-66,-71,-77,-85,-99,-100,-119,-126,-138,-153,-154,-183,-190,
-197,-203,-207;in reference[12], ¥ PBDEs included BDE-29,-47,-99,-100,-153,-154,-154;and in present study, > PBDEs included BDE1,2,3,7,
8, 10,11,12,13,15,17,25,28,30,32,33,35,37,47,49,66,71,75,77,85,99,100,116,118,119,126,138,153,154,155,166,181,183,190,196; 2.
In the second and third column, numbers signed with * mark are arithmetic means showing a normal distribution of samples; Numbers with # mark are geomet—
ric means indicating lognormal distribution of samples; and numbers without any marks are medians expressing a non—normal or non-lognormal distribution of

samples'”.

Hbu T X 40PBDEs (1% 5, BRHEAC IR i R 2 22 Ak, 1
YIRS L A LT A IR BT G A
FERCRR FLE P, FIRE I, A FHARE Bt 55 R R X 2%
PBDEs (IR I 843 B L2210, A HE WK H 1
FOKAE 5 5e R AR A K Y
HRBR - AR A AL S AT, [ A A FE B AE Y
PR i TG PERRAS R, DRSS 1 s 8 25 T X
T PBDEs [ 1% 00 1% 22 25 A TCAEY | i 15 08 5%
4 55+ oK KRS A 2= 5 E R
ANTA], HXT PBDEs [ fiff 6 7 FAR B2 A W] ™), 7K A 4
5KH LR RAAEE B GRIAAREES .
gk SE PR AR R, TEAE W) - 138 R G ] B R
BDE209, F¥fiRfe )1 IS >V a7 > £ oKk> B &
RS 1A > NG BRI AT BDE7 .BDE28
BDE47 .BDE154 .BDE153 .BDE156 .BDE138 .BDE99 ,
BDES5 . /& A BDEI183 .BDE191 .BDE197 .BDE196 .

BDE207 .BDE208 .BDE206, V6L (5 4> Fhde s . A
A ) — BRI SRR XS /R LI T 5E o [R]LA
AR TE T ICRRH Ee R R 2 (R R 4K
o X—4FIE T RE SRR f# BDE209 484 5%,

AWFFTMAREI A % 57 1+ X 40BDEs it T
Gao 2P0 ity B, 1~ 57 3% (W1 Aesnly J& 31X 3 5 045 640 7K A 1
BDE209 & KT Leung S5 ) 480 ng- g™, 3 i
FXVEFEHZTE ) 11 ng-g™'5 MAF 9 BDE209 7% 5L
FXEERFI K A 1 1Y 520 ng- g™, [l X 5 F Leung
SRR KRG A 37 ng-g s

PRSI 25 S th BDE209 F1 Y 40PBDESs )9k J 15
T 100 ng-g™' LA 1Y RPERIRTER 2, 7] UL BDE209 ¥
JEE 5 v o B DU L, T T R B
BDE209 8- A% , W B f5e o ) s O R BRAE 43 %50 7
P R BN, 53] 1 mg-kg™! DA_E AN S
FER SRR 1521 5005 A HRE (5 42 S5,
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[ f

% . et <d

-7 .. e ;
TR LT 9 BDE209, 3 (5 X 40PBDES,

o A A

PRI LR I A B H AT SR Y L SO B3 AR 4 i

RN S AU A - i 43 BDE209 9000 ng- g™, Y 40PBDEs4000 ng-¢™', &5 79 BDE209 5800 ng-¢™, 4 102 BDE209 47 2100 ng-¢™',
4,125 BDE209 9200 ng- g™, #4126 BDE209 6400 ng- g™, 55127 BDE209 >4 2100 ng- g™, 5 131 BDE209 ¥ J& 3400 ng- g™
Red bars express the concentrations of BDE209, and yellow bars the concentrations of Y, 40PBDEs. Those bars with white double slash show the sites
where the concentrations were too high to be expressed. These sites are No. 42: BDE209 9000 ng-g™', > 40PBDEs4000 ng-g™';
No. 79:BDE209 5800 ng-g™'; No. 102: BDE209 2100 ng-g™'; No. 125:BDE209 9200 ng-g™'; No. 126: BDE209 6400 ng-g™';
No. 127:BDE209 2100 ng- g™, and No. 131:BDE209 3400 ng-g™.

[E 2 =5 PBDEs i FE [ I8 43 7 [&]

Figure 2 Geographic distribution map of PBDEs concentrations in Guiyu area

iK% 2 mg-kg! DA EAOMUFE SIS (55 102,127 54
R0, R%) 3 mg-kg™ UL AW FE RS (5 131 40
J),IRA%] 5 me ke UL AR A (58 43 S0
S BRIEHE (28 79 S50 MBI HL (55 125,126 5
B8 o TRIRAY B B8 i 23T 200 ng-g™', H 3240
ATTE SIS FH A AR PRIy 1) ko BR T HT By AR
S aT e A HEOR s R A 2 50, i ] e R IR
DR Tk 1o KT Ik, A R 2 A T
Fir WA 2 ARIIDOR K F] RBHCZS 5 ) Sl AL
A6 AR A R HARIE AT i — T .
WkF, 1ol H3Ed ) PBDEs S 3 84 rh 7 sl
B AN g, — T B R I IR AL )
FHERC T, K 5 Y TS0 5 — i Tz X AT
(9 320 2 A2 - L G RN R} 4 4R, R 33
BN FL T B At 0 i 5 55058 PBDEs V5 L™ &1,
BN ) BUE N GO <N
22 TEPEREABREEITM

MR s 5 G bt XURS EA AR S 000 ) (HJ25.3—
2014)6 Fify ¢ HHER R, RS DA L5
B RRAZ fih 1 58 W ORI A FE A SOk B
K2 BN RY WA EINEORA N2 LT
TG RAENZ SR A T2 RIENAETS
e, MRS RCR B 3R)2 58, I 25 100N

e+ 456 PBDES (19 3 R BR1EAL .
2.2.1 U LRV TTIED

X T E— 5 YW R BURROY. , 25 IR L
NI FE A1 E & DR AR TR
F R A

OISERca =[(OSIRe xEDc xEFc)/BWe +(0OSIRa x
EDaxEFa)/BWa]xABSox10%/ATca (1)

CO=CxOISERca (2)
3 : OISERca RN 48 1 H A 1 3 72 5% kg 135 -
ke {AT -d™; OSIRe R LA HEEA 3 mg-d™;
OSIRa E£/R B H A T3, mg-d™'; EDe %R L
AT, a;EDa 2R AR FE Y, as EFe o8 )L
g MA, d-a”;EFa FOR AR EEA ,d-a™;BWe
FORILHARTE  kg; BWa FORBAMATE  kg; ABSo FIR
28 LR AMISCBCR IR 5, Joi 4 ; ATea KR BUR RN
SFEIEEE], A C KR T P YT R E S rh S i,
mg-kg™;CO TR MR ARE FI5 4 H AL,
mg 13 -kg A -d .
22.2 R AR AN

X T BI5GB RN, 75 FE AR ) L 340
NI 2 FE A A E | 2 e R os i TR R
RN AR

DCSERca=SAEcxSSARcxEFexEDexEvxABSdx



R S Y 4 EESH

888
10°%/(BWexATca )+SAEaxSSARaxEFaxEDaxEvx
ABSdx10%(BWaxATca) (3)
SAEc=239xHc™""xBWc™""xSERc (4)
SAEa=239xHa"*"xBWa™""xSERa (5)
CD=CxDCSERca (6)

1 : DCSERca 7 B R i A2 ) e R o5 it L kg
A3 kg MR -d ™ SAEC KR L R R B RAR TR,
em’; SAEa R8I % 87 B2 R R TH AR, em?; SSARe 4
7N U Bz IR T 3R B R %0, mg - em?;SSARa 327K
TSN B R 1T SRS B 288K, mg - em 25 ABSd 758 B
JRFZ Sl OARER IR -, Teit 4 s By 3R B H R kA fi
STERAE R . K +d ' EFe EDe . BWe ATca EFa EDa.
BWa I C & LA (1) s He RoR LB B,
em;Ha /R -1 B8, em; SERe 71 JL# 2 57
BRI 5 2R AR L, o 4 s SERa 27 il N\ 2 e Bk
Jir o5 AR L, JCHEA 5 CD 20 B kA i L ke H
WIS ey, mg 1398 - kg™ IAEE - d
2.2.3 WA SRR A

X T EUE TG, 25 TR R LB A s 2
FE A S WA IR R A i 1 R
JEZE & FH BN, R AT )

PISERca=PM;:xDAIRc xEDc xPIAF x(fspi XxEFIc +
fspoxEFOca )/(BWaxATca)x10°+PM;;:xDAIRaxEDax
PIAFX(fspixEFIa+fsp0><EFOa )/(BWaxATeca)x10° (7)

Cp=CsxPISER (8)
P : PISERca /s W A 338 0K 1Y) - 18 7 g 1t
kg T4 - kg M - A P 2RI 2 P AT I A SR

B, mg-m~; DAIRa o iR H 23 S it
m’-d™; DAIRe FR JLESRE H 28 SIF R, m*-d ™' PIAF
PR A HEBURL Y LA S 7 B8 EL B, TG4 5 fspi
FORE NSk A LI PRI T S ], e
90, B 0.8;fspo Frn Aok H L3 R
JIr o b, Jo i 4, HRUE 0.5; EFle Ko JL#E % N 2 5
B d-a™; EFla RN E NZFEIE  d-a”; EFOc
TR L E MR EFOa 3278 BN 2 4P R 5247
% ;EDc . BWc EDa .BWa ATca Fl C 1 & SL LA =
(1);Cp FrRM A+ HEUR M 1845 H Wy Ye ) i
mg + 3 -kg! (RFE-d ',

JIT A A o AU T Ay I o % (1) B 52 S 50 S IR
HJ25.3—201475 Y373 1 XU PFA H A S0 )

2.2.4 ZRERNESPEAL S

IR S B (R R BRI A R AR R ) 43
N 6 AR oK KRS SR R RO
Fedth o AT R R AR A 48 TGRS Bl 11
WUk W A 42~ BDE47 .BDE99 .BDE153 .BDE209
AR B 25 R 03 3,

WA, SRR T, kRS2 1
WASPE - HEFR IR, R R s A R R
g KBS TR . 2 1 36 [ PR SR bR i), BDEAT 199
153,209 1] 5] 0wk 2817 A 8500 B 3 o 77 5 50
0.000 1.0.000 1.,0.0002.0.000 7 mg-kg™-d", e
5 H =R AR 4 4515 G i fe RAE 1K
FRERESHME . BRINT EPA bR, (Hi F
PBDEs UL 48] V2 43 A Pz X iAol 38, anfR i

&3 BABTEEREM ZO8N BEEFR RN EERY E REERESE (ng-kg'-d™)

Table 3 Concentrations of polybrominated diphenyl ethers absorbed by adult through three different pathways : skin absorption,

oral intake and soil particle inhalation(mg-kg™+d™")

+ A 2 TR n=4 HAb/KH n=28  /KF& n=40 St n=46 S n=7 Al % 774t n=6

Land use type Forests Other flooded fields  Rice fields Vegetable fields Orchard soils Agricultural waste land

ZYNE PN BDE47 1.1E-09~2.5E-07  Nd~7.0E-07 Nd~1.7E-08 Nd~1.5E-08 Nd~1.9E-09 Nd~1.8E-08

Oral intake BDE99 1.6E-08~1.8E-08 4.6E-11~1.0E-07 Nd~5.6E-08 Nd~1.7E-08 1.8E~10~3.1E-08 Nd~1.9E-08

BDE153  Nd~2.9E-08 Nd~5.0E-07 Nd~7.8E-08 Nd~6.7E-08 Nd~5.9E-08 Nd~9.7E-08

BDE209 1.6E-07~59E-07  Nd~2.1E-05 Nd~1.5E-05  3.0E-10~2.1E-05  1.7E-07~1.3E-06 Nd~1.2E-06

BRI BDE47 2.1E-09~4.7E-09  Nd~1.3E-06 Nd~3.2E-08 Nd~2.8E-08 Nd~3.6E-09 Nd~3.4E-08

Skin absorption g9 3 0E-08~3.4E-08 8.8E-11~2.0E-07 Nd~1.1E-07 Nd~3.3E-08 3.5E-10~5.8E-08 Nd~3.6E-08

BDE153  Nd~5.6E-08 Nd~9.6E-07 Nd~1.5E-07 Nd~1.3E-07 Nd~1.3E-07 Nd~1.8E-07

BDE209 3.1E-07~1.1E-06  Nd~4.0E-05 Nd~2.9E-05  5.7E-10~4.1E-05  3.3E-07~2.6E-06 Nd~2.3E-06

B BRI IR A BDE47  47E-12~1.1E-09  Nd~3.0E-09 Nd~7.3E-11 Nd~6.5E~11 Nd~8.2E~12 Nd~7.6E-11

I“hala‘i‘?“ of soil  BPEGY  6.8E-11~7.6E-06 2.0E-13-4.6E-10 Nd~2.4E-10 Nd~7.5E-11 8.0E-13~1.3E-10 Nd~1.6E-11

particles BDE153  Nd~1.3E-10 Nd~2.2E-09 Nd~3.4E-10 Nd~2.9E-10 Nd~2.6E-10 Nd~4.2E-10

BDE209 7.1E-10~2.6E-09  Nd~9.1E-08 Nd~6.5E-08  1.3E-12~9.2E-08 7.4E-10~5.8E-09 Nd~5.2E-09
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TR A5 + b PBDEs AWR B RR2e Tt ,
% DX IO AR 77 PR N B3R T I B A 114 4
28 KR 28 TN R BB R 2 i XU s HL
KA 24l 14, PBDEs 3 il AR W) & TR W) 553k
NI RS B 1 — 2B A5

3 #ig

(1) 52058 J S Al £ 358 41 A~ Z2 IROR Bk 55
YL 30~9400 ng-g™', H:th BDE209 Jyffrm (Nd~
9200 ng-g™) . Ktk 90% LA A 18 N IREK
ik [] 224 . PBDEs T 28383 43 A 78 FEL b AR X A
M3, Hrpdi@m . 0. FREE . STl
BDE209 £l Y, 40PBDEs &5 45 15 o

(2)AN[] 1A F 75 =X, BDE209 1 X 40PBDEs
DR IR S, X 40PBDEs S HUKFE >R
fel > HoAh K >3 b A SRR > R 57 A 19
3 BDE209 S BLK 57 b 4 >3 M £ > HAth /K H £ >7K
i >R Bl b SBEAR L i

(3) BelGFE AR Al 1 45 1 b 27U BDEAT
BDE99 .BDE153 . BDE209 i i + 38 2 f i A2 3 AN
AR T R EIMAE S &, Rl o i
T TR, O S O A BRI A .
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