ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




;‘ % jé é ENVIRONMENTAL SCIENCE HBE H 105

( HUANJING KEXUE) 2012 £ 10 A 15 H
H e

ﬁm%ﬁ@g’%@ﬂ%ﬁﬁa&ﬁ%%%{ﬁﬂﬁﬁi ------------------------------------ AN RN EAAE,E K I (3301)

WAL BEAE A 52 8 i SR S SR UE R RS AR A T AT o eeeeeem e )%AH,?KIEW P HHE (3308)

IS AT R LRI BE O R A AR eeeeemeemeene s KB, HEE, REA, KA, 31%%(3314)

O T =5 TR ST K A SN [ 38 JB WA AT weeveeeee e ?ﬁél , HH ?7;7_7( 3323)

T K BB A B XS VT TG ZERIFTT v vverererrnrnreeen et
............................................................... %;H; ﬁ;&_&_’ H’ﬁ Ei;ﬂ ﬁ}[ﬁﬁjg, "*}F@:{/\ ?ﬁﬂﬂﬁ% %%&3@(3329)

T 221 Mk i TS Y e B (A b VS e ) e v *Iy“ﬂzﬁx .....................................................................
............................................................ HAES ZHT, TH0 28% Bl BRE BKE, 2 E%(3336)
AT TEALEUHEIEE AR PR AL - oveoee oo BRM, K, ERE,EHE, KL, THH(3344)
WRVEIR AT KRR K LR B | SRR R IR +veveveesevmnmn e F I8, 5, HAE A, B HE N (3352)
b 26 2 TR vh Bk AR Y T jtéﬂ!ﬁ ......................................................... Ttk R AL R T AR (3361)
W22 AL TR L I7 BT RS SR BRI TE o vveeveeeeenee REAE SR RAE K, SRR, T4, KB B IR (3368)
W 4 P T SRk VR IR 32 BT BORIATHT o vevevmeessesemssess st B8, T, 53 (3376)
UK R B KGR T B B TR AARTS L oveeeeeeeeeseeeeen KEE, HEE, 0K EWH, 2N (3382)
ik A 7] BT T R R B OB PH FBURL I v W, WA, UK, BAEA(3390)
U 3 T M PR A0 TR TR WEIIFAE v evseeeeeissmss s B d BRI, AE, TRA B B (3397)
PP X 5 M Bk o Se 76 R RATARAS B HUAE SR TAY +oevee oo KAL, B, EHM, EAF, R (3404)
TUREHDZEIK ARG <oeeerrrrmmmrmreeereemmniinn ettt EWI Ao FE HEM, BT L(3411)
PRI SR FEKIRER TE I ZS ARG worveeeeesemsene s W, ERE, KR, TAR, M4 (3417)
R HHEIEH XCR SZDURW 3 AVEA LTS e & AR S A AR oo PERE, KK, PR R MR R (3426)
ARACTT I TR b 22 GUBCOR I o017 ORI SRS PRy oo Bl RAE A X R, MR, 4 AT, %] T (3434)
KA LU TR 2 25 SO AU TR - veveeeoeeens BifGELE 0B R, P AR 1 (3443)
1A PO B AR YTU ) I S HUBR AL SEARAE oo eeememe oo 7575;% m%g,éi (3449)
SO L1 396 IE FOE 80 F A BRSNS oo BB, 7419 R, Bk, 3 A 5 (3457)
B I P T B B (Y YGRS AL RIFGT v veeree e ¥ = @( /%ijjﬁ 1] 3 3 @(3466)
Eﬁﬁ&%ﬁ ﬂﬁﬁ&i"ﬂllﬂf GAC 1}&4_:,{)6 HO fﬂ’”ﬂ%ﬁflv .............................. g&};"%/g’fff\,ﬂﬁ’ﬁi* Kﬁ‘? 7%71‘9 ?kﬁﬂg(3473)
Pd/CMK-3 0418 . 2 KXt T AR L LA E AR FGE +orovvveeooo oo APH, REH, BT, Tmt%b B%E PR (3479)
B/ R S I ALD TR oS 2 T V5 TR B A8 H] B EETIF ST v veevmemmemmemmemeemneiiiiit e ERE,BRE, ﬁ};fﬂ_ffp,ﬁ’—ﬂﬁ(g,z‘.gzl)

DL 32 KA O B SRS S 22 LA 1 A B S 201 DR R o7 A B S AR HFRIEGE woeevvvvveeeesrnnnneeessnnsseeennnnsseeennnineeens
........................................................................ Eﬂfﬂ;% :J'L%Z{’J%*X i /;_? FiE R, %fo\m )ﬁg%ﬁ/\(?ﬂgg)
SIS T DOM AR LA AR RS JAEAE oo eeeeeeeessissni s SIS CE M KU E(3495)
S TR - SRS AL AE B e L ML IRITIEGY +oevvevrrrmmeresemnrem IME  tetE, B, EH T (3501)
CANON S BT A8 AT R M B BE My FUREIRL ceeevee e R, KA, W éé‘, # FAE(3507 )
MUCT T2 &R AL R R A AR N SR AL BRI L ooeveeeeee e Ok, EHR, 3&1/# iR, WAk (3513)
TS YA B (EPS ) (50 22014 B L R SRR AERFSE - evveeeesoesssvscmssessiscinns HAE TEA(3522)

ﬁ*ﬂﬁﬁ%{%xd—lﬁjgﬁﬁ%%m1@%&@%¢ﬂ%%ﬁ*ﬁ{?ﬁﬁ/}ﬁiﬂ@?—;ﬂﬁ .........................................................
................................................................................. Jﬁﬁ% }ﬂﬂ_ﬂ— r_];)ﬂk}}ﬂk E5 557]‘ 3&-’]‘%}1 ?5{%(3529)

RABIS IR ZS BN J1 2 G BAREPERFSY «ovreeerere e ﬁﬁi% 7%}% fﬁgfg}(?’syﬁ)
WE WEAE 5L OB A IR REIE KR 26 DOM XS IRBRE RN - ooooeememeeeeeeene s kER, é#@%‘i%é%% B (3542)
ST VT Ry e 28 [ T P 2 JEL TG B A T BTG weveveemmmm oo emmm e e e hlmE, BXF,AER, LH A (3547)
FARAEIL 5T + R A B8 00 A5 B H: STOMP ALY wevvvveeermmmmeeeennen BAR, B, KE, FRE,FE, B RE(3554)
%W%M%ﬂjﬂéﬁ%*ﬂ Eg,ﬂgf‘?ﬁ%@ﬂ;ﬁ;&*fﬁ{mtrm EE]j:i%g ':F%I?]E/Jéli%ﬁ)&r ................................................
................................................................................. E%ﬁﬁ, Ti??,ﬂiﬁﬁ,gﬁ'&/ﬁ,ﬁjﬁfx,XUT*%(3562)
T4k BRI S A A TR AL R R Ph, Cd weeeeeeeeeeeeeeeenenne R, KIE KT, Pfﬁﬁ,?&iﬂl ,5‘(077‘%5%5%( 3569 )
ST 308 4 6 ] 0425 -1 e BRI - L 7 20 T M — i B b ] oo AE AT, R, G EE(3577)
A 15 K R T 18 1 40 T T T 1R 1) B Ea&%&ﬁ%iﬁkwﬁ ------------------------ ﬁﬁm,éﬁi EFE fRp1-4u(3585)
TURRW v 22 0 05 X R A AL T BB L PR T LA AR [ RG] - vveveemeeeeeeeees FH PR, R EW, K, KEE, KRCH(3592)
BB F26 + (2 RAE A ) Xl ks DNA R & @ IERA N AR ERTIIE e JEER, = FH , kA (3598)
5 A S A 9 18R A 4 B9 ) 2 A B As (T ) W BRF AR woeveemmennneeieens S|4, 273, X AR B LA (3606)
LR M ZGKD2 W EH & B I HEALRIAT ST -eeeeeeeeeees KEF, BB EER, KE iJéyt,é?Z, ARE, AR (3613)
1 *;k 1 ,2_:%1%5%@*%‘5@%%‘&%%@%%@@% ............................................. E/J\%, [S, ;_j?_z , /i\/J\;Jg— , p;.’f ;\%ﬁ( 3620)
PCBs %ﬁg%ﬂ@ﬁﬁ%ﬁ&ﬁﬁ%%#ﬁﬁfﬁ% ........................................................................... }"iﬁﬁ% , ;g] //"l‘i , ﬁ :!:( 3627 )
T UK BB K R A0 TR S G5 AR LRI IIEGE o eveeeeeeeeeeeeeeinee WE AR, BB, e BB T UE(3634)
AT B AR/ NZ AL N, ox}ﬁéiﬁﬁﬂ’%ﬁ?{ ----------------------- %%W%, KIEE, gE, BAF, £2EH (3641)
E’ﬂﬂﬁ‘—?/‘?i’@,l_ﬂ’ﬁﬁ()\ﬂﬂm 1{5 FUNC i) EK, KM, BEIOE, B T, B, BH(3647)
L B LT e T - X E KL, RS X E B (3656 )
ey A I 1 T PPN ;qj,ﬁ% et kW] B EHE(3662)
KA O, WRPETH iR X 2 3k PR 2 7 58 MR R AR ( AMD) 4544 B BR B R B = AR I 32 W e EHRE, T A, L (3667)
ER A R AN A XA B AR EL B BT E AR G P S e e evemme e FTUHE EHE, 7R, BXIE(3675)
BTN R BEVE A BRI SRYG YL o evn e e MAME ZUrE F K (3680)

(BRI ETT JE 5 (3313) (Rl Y AL R fT U] (3322) = H(3328,3512,3561,3640)



4510 1 T
ENVIRONMENTAL SCIENCE

M LREBGTRITAR S RERERN D, RIEEX
(as Ry

B33 SR Sl i SO (| VARG 7 il =2 S 71 (1 Rl (| I i

(1 PEME K (L) R R A 5% AR, LT 100083 ; 2. Ff [ #b BT B 27 B i Bk 4 20 3R Ak =7 3 A5 BF 53 i,
JEYF  065000)

FE . NAEDIMETIR TR h 2 KA (PCBs) 23045 . R L5 Y8R, FIFH GC-ECD 1 GC-MS I 2 #2348 VLI ST AR
H PCBs & i, 192 13 E E SR ETEL (EPA) | I R U REE BT R UE (SQG ) A E AR AL HHRHOL (E,) MUY h
PCBs A= KA TPEMY. S5 R F W i DU 354 2 ~ 10 IR PCBs [RI R W gA Y ; ALV + PCBs & &4y
F0.83 ~125.53 ng-g ™', HHP Tl 0.83 ~4.44 ng-g ™' 5 THAFETL R 12.44 ~125.53 ng-g ™' MAFEVL TN 1.74 ~6.25
ngeg ™' VU PCBs & die i (MRS ZAAEYT., RBRIEFIRTTAR 0 510 | 4 BHEE Tl 5 A8 SC 5 YL Ui, g il
DU L SR £ PCBs FZERIR TRV, 3 7k (EPA | SQG, E,) RS T k7w 28 A AETTUTRR Y h i
PCBs T3k 3| 4E B HGRFERE I I5 4, H B i TR W) h Y PCBs B JoAE A8 KUK

KR LAWK JURY; 204 5 SRIE; KSITHr; FAETLE; WL

FESES. X131.2; X820.4 X#ktRIRED. A XEHS . 0250-3301(2012)10-3434-09

Vol. 33 ,No. 10
Oct. ,2012

Distribution, Sources and Ecological Risk Assessment of Polychlorinated

Biphenyl in Sediments from Songhua River Basin

NIE Hai-feng"”, ZHAO Chuan-dong®, LIU Ying-han®, PENG Min®, LI Kuo’, YANG Ke'”, LIU Fei'?
(1. School of Earth Sciences and Resources, China University of Geosciences ( Beijing), Beijing 100083, China; 2. Institute of
Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China)

Abstract: In order to find out the distribution, source and pollution situation of Polychlorinated Biphenyls (PCBs) in sediments of
Songhua River basin, GC-ECD and GC-MS were used to determine the PCBs contents in sediments of Songhua River basin. Regulations
of the United States Environmental Protection Agency (EPA), the Canadian Sediment Quality Guidelines (SQG) and the potential
ecological risk index (E,) were utilized to evaluate the ecological risk of PCBs in the sediments. The results showed that 2-10 PCBs
congeners were detected in the sediments. The total contents of PCBs varied from 0.83 ng:g™' to 125.53 ng+g™'in sediments of
Songhua river basin, 0. 83-4. 44 ng-g~" for Nen River, 12.44-125.53 ng-g~' for Second Songhua River, and 1. 74-6.25 ng-g~" for
the mainstream of Songhua River. The highest level of PCBs was detected in sediments of Second Songhua River, which mainly came
from pollution sources which are related with industrial products such as paint, insulation materials and the like, and were distributed
along the river. While in other rivers, the dominant PCB was Dichlorobiphenyl, which mainly came from the atmospheric deposition.
Risk assessment using three methods (EPA, SQG and E,) showed that PCBs in the sediment of the Second Songhua River has already
reached the medium to high level of contamination, and PCBs in sediments of other rivers has no ecological risks at the moment.

Key words : polychlorinated biphenyl (PCB) ; sediment; distribution; source; risk assessment; Songhua River Basin; Nen Rive
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Fig. 1 Sampling sites of sediments in the Songhua River
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Table 1 Standard sample of PCBs

PCBs #551% 21,

—& 1R CBs 1,2,3

AR CBs 4,5,6,7,8,9,10,12,13,14,15

=4% CBs 16,17,18,19,20/33,21,22,24 25,26 ,27/32,28 ,29 31,34 ,35 37

PY&AR CBs 40,41,42/59 ,44 45 46 47 48 .49 51,52 ,53,54,56,60,63 64,66 ,67,69,70,71,73 ,74 75,77 ,81

FHE M CBs 82,83,84,85,87,90/101,91,92,93,95,97,99,100,101,103,104,105,109/119,110,114,115/117 ,118 122,123,124
NA CBs 128,129,130,131/134,132/153,135,136,137,138 , 141,144 146,147,149 151,154,156 ,157,158 ,163 , 164,165,167 ,
£ &1C CBs 170,171,172,173 174,175,176 ,177,178,,179 180,183,185 187,189 ,190,191,193

JNEAR CBs 194,195 ,196,203 197,199 ,200,201 ,202 ,205

JLE AR CBs 206,207,208

+&1% CBs 209
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Fig. 2 Chemical analysis process of PCBs in sediments
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kg 225°C ; KM gRIELRE M 320°C 3 BERERE 1| wl, R
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15 REEFL 25 A (field blank) | 7745 4 ( method
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ST it P 0
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FAAETT TSR TR v PCBs 4% B 1 5 B fn
2 iR, AR TR D PCBs RN« 3 FiR.
TERAR I 137 Ff PCBs H  WAE VTR TR &=
LR 93 A PCBs LK, > PCBs &1 0. 83 ~
125.53 ng-g ™' A BUTAGINS] 29 Ff, > PCBs %
TN 0.83 ~4. 44 ng-g ™" ; B HMETTAEINE] 80 Filt,
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(RS AN AE VT AR T (2-5) B0 i 1yt
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PAETT IR R A th PCBs A6 1 (0 Bk s 2 | 25
I8 114 ) B PN AN [R) 52 3 30T B 3 1 25 SR, s
AEAT A0 S LS T ) 5 it Ak T AR O, T 2R
TAMEITI AL TR R KT 5 T OC T A IR
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Table 2 Concentration of PCBs monomers in sediments of Songhua River/ng-g ™!
g ik oz z-2 723 ik z-1 722 Z-3 RN Z-1 72 Z-3 Wik 7-1 22 Z-3
4/10  4.22  0.63 1.09 22 ND ND 0.0l 75 ND ND  0.03 118 ND ND 0.04
9/7  0.04 0.07 0.04 46 ND ND  0.03 115/136/117 ND ND  0.15 122/165 ND ND 0.03
15/13 ND” ND  0.03 73 ND ND  0.24 85 ND ND  0.02 114 ND ND 0.02
SCRMOT. 24 ND ND 0.02 69 ND ND  0.07 110 ND ND  0.07 203/196 ND0.00 ND
16 0.03 0.05 009 52 ND ND  0.03 154 ND ND 0.16 207 0.010.01 ND
32/27 0.12  0.05 0.12 48 ND ND 0.0l 151 ND ND  0.03 206  0.010.01 ND
26 ND ND 0.08 49 ND ND  0.09 149/123 ND ND  0.07 209  0.010.01 ND
VA= MK 7-4 7-5 7-6 GRS 7-4  7-5 7-6 ik 7-4 7-5 7-6 GERTN 7-4  7-5 7-6
4/10  0.87 1.35 1.43 59/42 ND 1.08 0.13 110 ND 3.34 0.99 178/163/129 ND 0.92 ND
9/7 0.38 0.10 0.07 71/35 ND 0.70 0.09 154 ND 0.46 ND 175 ND  0.33 0.01
5 8.43 ND ND 37 ND ND 0.52 151 ND 0.12 0.02 187 ND 0.17 0.01
17 ND 0.39 ND 64/41 ND ND 0.64 82/135 ND 4.83 1.25 183 ND ND 0.01
15/13  ND 0.68 ND 40/103 ND 1.24 0.12 144 ND ND 0.04 167/128 ND 0.25 ND
16 0.25 ND 0.06 100 ND 0.25 0.00 77/147 ND 1.70 ND 174 ND 0.05 ND
32/27 0.15 ND 0.16 67 ND 4.61 0.00 83 ND ND 0.41  202/185 ND  0.33 0.04
31753 0.30 1.42 0.00 93/163 ND 0.34 0.00 124 ND 1.86 0.57 177 ND 0.20 ND
28 ND 0.24 0.00 70 ND 11.96 3.06 149/123 0.47 2.51 0.86 201 ND 0.10 ND
YW~ 33/20/51 ND  0.64 0.00 95 ND 0.77 0.00 134/131 ND 2.18 0.69 171 ND 0.21 ND
FAAETT. 45 ND 0.12 0.00 91 ND 6.04 1.46 146 ND 0.35 ND 197/156 ND 0.25 ND
22 ND 0.08 0.02 92 ND 9.58 1.97 122/165 0.58 1.66 0.45 157 ND  0.08 0.02
46 ND 0.59 0.03 60/56 ND 10.40 1.72 114 ND 0.27 0.02 180 ND  0.02 0.01
73 ND 0.73 0.45 101/90 ND 13.58 3.86 153 ND 1.22 ND 191 ND 0.13 ND
69 0.33 ND 0.00 99 ND 4.14 1.13 132 ND ND 0.42  199/170 ND 0.03 ND
52 0.55 1.36 0.17 119/109 ND 4.61 1.10 179 ND 0.10 0.04 207 ND 0.02 ND
48 ND 2.08 0.00 97 ND 6.12 1.34 137 ND 0.44 ND 194 0.01 0.00 ND
49 ND 4.16 0.21 87 ND 4.11 1.04 176 ND 0.13 ND 205 0.01 0.02 ND
104/47 ND ND 0.24 115/136/117/81 ND 2.54 1.16 130 ND 0.52 0.17 206 0.02 0.02 0.01
44 ND 1.48 0.23 85 ND 2.03 0.54 164 ND 0.63 0.12 209 0.11 0.27 0.05
(VA= ¥k G-1 G2 G3 G-3 ik G-1 G2 G3 G3 GERTN G-1 G2 G3 G3
4/10  2.84 2,98 1.22 2.27 84 ND 0.04 0.00 0.00 149/123 0.03 ND ND 0.11
9/7 0.05 0.04 0.08 0.07 115/136/117/81 0.05 0.12 ND  0.48 118 0.02 ND ND 0.00
18 ND ND 0.24 201 85 0.03 0.03 ND 0.05 134/131 ND 0.03 ND 0.08
BT 17 ND ND 0.09 0.41 110 0.03 0.03 ND 0.14 146 ND 0.01 ND ND
s 24 ND ND ND  0.09 154 0.05 ND ND ND 122/165 0.01 ND ND ND
16 0.08 0.04 0.04 026 151 0.02 0.01 ND 0.0l 114 0.02 ND ND ND
32/27 0.08 0.03 0.04 0.00 82/135 ND 0.04 ND 0.09 207 ND 0.01 ND ND
60/56  ND  0.06 0.00 0.00 83 ND 0.02 ND 0.04 206 ND 0.0l 0.01 0.01
101,90 ND  0.11 0.00 0.00 124 0.02 0.03 ND 0.07 209 ND 0.02 0.02 0.06
1) “ND” FmAf i, T
x3 WREIRMYH PCBs EERBHERREE/ng-g !
Table 3 Detection rate and concentration of PCBs congeners in sediments of Songhua River/ng+g !
- SO S MBI T AAETL )
PCBs FI%4 Z-1 7-2 7-3 7-4 7-5 7-6 G-1 G-2 G-3 G-4 Rt /%
—%L CBs NDV ND ND ND ND ND ND ND ND ND 0
—4AR CBs 4.26 0.70 1.16 9.67 2.13 1.50 2.88 3.02 1.30 2.34 100
=54% CBs 0.16 0.10 0.35 0. 69 2.76 0.76 0.15 0.07 0.42 2.77 100
PUSEAL CBs ND ND 0. 51 0.89 39.27 6.73 ND 0.07 ND ND 50
SR CBs ND ND 0.63 0.58 67.32 17. 64 0.18 0.42 ND 0.86 70
NEALE CBs ND ND 0.26 0.47 11.38 2.34 0.10 0.05 ND 0.21 70
L£41L CBs ND ND ND ND 1.34 0.07 ND ND ND ND 20
VA CBs ND 0.01 ND 0.01 0.73 0.05 ND ND ND ND 40
LA CBs 0.02 0.02 ND 0.02 0. 04 0. 01 ND 0. 01 0. 01 0. 01 80
548 CBs 0.01 0.01 ND 0.11 0.27 0.05 ND 0.02 0.02 0.06 80
> PCBs 4.44 0. 83 2.91 12.44  125.53  29.13 3.32 3.65 1.74 6.25 100
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Table 4 Comparison of PCBs concentrations in sediments from different areas
i 2 NY H/ng-g ™! SCHik i 2 N H/ng-g ! ik
BRVT = ff1 I i S5k 128 10. 16 ~485. 45 [7] Houston channel ( 3%[%) 18 0.5~1418.0 [24]
KT -2 1.02 ~153. 13 (8] Mersey River ( 5&[H) 7 36 ~ 1409 [25]
KRS 19 44.3 ~153.7 [9] Hangang Estuary (5[E) —  0.99 ~580 [26]
Y 2 F W — 3.2 ~81 [10] Osaka Bay( HA%) — 63 ~240 [27]
k] 12 1.81 ~78.4 [11] Venice lagoon (& K F]) —  4.05~239.15  [28]
TR BT 18 7.8 ~64.2 [12] Busan Bay ( i [®) 22 5.7 ~199.0 [29]
[i&] YT, 11 21 15.13 ~57.93 [13] Humber Estuary ( ¥[E ) — ND ~ 84 [30]
Capibes — 0.598 ~32. 563 [8] Erie Lake (3 [, il& k) — 43 [31]
BRYL(T M) — 31.52 [14)] Baltic Sea( ZR1LEK) — 40 [32]
K% 12 0. 85 ~27.37 [15] demnn — 2.4 ~39 [33]
P E AR R 14 10.5 ~22.5 [16] Liverpool Bay( 2[E) —  0.08~38 [34]
e B 9 25 3.1~18.1 [17] Hugli Estuary ( E[JJi) 13 0.31~2.33 [35]
B AN I 10 ND¥ ~14.9 [18] FAAETT T (4EUR ~ B Z B, 2007 4F) 57 0.30~3.25 [36]
i 56 1.35~13.8 [19] 55 T RAETT (1982 ~ 1984 4F) 0.12 ~1.04 [37]
KT = 23 0.92 ~9.69 [20] 25 T HMETT.(2005 4F) 85 3.15 ~85.94 [5]
3 2] 12 0.78 ~8.47 [21] FAAEIT T (2006 ) 85 0.40 ~16.70 [5]
KT — 7.1 [22] T 29 0.83~4.44 AR
B R — ND ~5.98 [23] BB 80  12.44 ~125.53  AWFHK
PN iSRS 19 1.0~5.9 [9] AT 27 1.74 ~6.25 AR5
TR 19 0.8 ~4.4 [9] FAAETT I 3R 114 0.83~125.53 A5

1) “ N7 FAE ) BAR L 8 5 2) «—" R REE

2.2 PRI PCBs BRI

WHP Y PCBs EE K H T3 3 Aie™ . @
BRI PCB K ; QISR Bert PCB 78k 5
@F PCB M Tk kB iw. REEZAW
PCBs, DL = SR 5 HE IRy 3, Hoh = SR
FEH T IS REA, Hd s T
Aroclor] 242 ; Tiij FL AR W VR TR | 48 %61 )55
Tl AU Aroclor1 254 FHITE™ . 5 4MA
£ #84y PCBs >k H T E A itk 1, 4 rf R 30 T i
FIAR il P & 4 = 19 PCBs. [AlB i F A b A
% PCBs MEE LA k4.

FAAE YT BT AR 4 v PCBs 1Y AR X 32 3 %6 1
(B 3) 58 TR AT R (2-5) DL RGOS0
HIAL(Z-6) , LR PCBs 14 = 13 i i 0 2
FEAR, BN DL IR Ry F2 1 15 YR i X HE
I PCBs Tolk &40 Aroclor 72 i 77 PCBs [A) 1A 1
ESRFEP(E3), mMHE PCBs 3k [ T A 1 A Bk
R ALY Aroclor1254 75 Y 3= Bk J5 T 5 AR TiT
R DRI T PR T R WA S AT H S e . 4%
AR Tl A AT Y. BRES AT, 3L
BB R SRR B e, S5 AR 3
PAAETT R4S S RE A rh = B 0 o i Lo, ey
2R/, M 0.69 ~9.68 ng-g ™', FH A BEIK
TCHA 0 SR A S Ah B E ST SR TR

IR — /AU S 750 m 1Y PCBs HY 28 R %
B A AR PCB B SR E A S R &
KA. Wk o A R ik B AR R Rk, Wl
PR FHORIR T 19850 vh PCBs W45 K B R 52405
BRI PCB Z& & B = KA P, TR THRT
R i ] M 3R | PR b A8 IV AT v, 355 22T
IAE T U
2.3 OB PCBs A SR ITANY

ORI 2 A HILTS G0 0 A7 37 P, [] It 2
IR, BA 2 B PRS00, (B TR 0975 G A
Syt AN TR B SR B KR VR T K R
I, WA T — LU Y RUBS: I e 2%
TATERE LA W4 5501 ( bioavailability ) 54 4 F 22
( bioaccumulation ) A FER (1), {H JLFR AR HE 4545 ) i,
NPT R E ORI, i, e, AT
EPA ¥ | SQG ¥ | ARG FARECE (E,) 730
PAAETTIRIRGTER A PCBs 15 JARBLITA .
2.3.1 EPAL

EPA 3 X Y 2 [E 35 55 45 37 28 ¥ ( environmental
protection agency) , & Long 25" M3 4f5 It 56 ¥ 15 Ay
BRIRAS7/ PN e €75e VA as IS RECR I 2E 7/ L
15 LWy i AU D M8, B A 45 XU DA IR fE ERL
(effects range-low ) Fl XU ¥ o {H ERM ( effects
range-median ). H4TTFRYH PCBs &% =K T ERL 1§
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Z-2 Z-4 Z-5

RIXF=E /%
N W A
T

1

242 1248

1254 1260

Aroclorj= i

B3 #HM Arocdor FRHASRFENEENH

Fig. 3  Distribution of PCBs congeners in sediments and Aroclor Products

(ERL =22.7 ng-g "), #5/n H A BEPERON HER <
10% ; JUTFYH PCBs % &= T ERM {H ( ERM =
180.0 ng-g ") , 48/~ H AW # MOV M > 50% 5
PRI PCBs & A T ERL {H A1 ERM fHZ[H],
PR A YU MR R 10% ~50% .

P EPA B, LG 5506 /R T R EB(Z-1) |
R BARFBL(Z-2) BT H F(Z-3) 55 A AETT.
TR BURBE(Z-4) , AMETL TR B IR BV B (G-
1) | BRI LIFBE(G-2) MR FFB (G-
3), BEEB(G-4) VLY PCBs ¥ AR AL T
I1SQG, =Y EE MRV MR < 10% , J& T35 4L,
S5 TAMEVLE AR N B (2-5) FZ s B (Z-
6) VU L PCBs & i/ T ERL A1 ERM Z 8], JC
HAEMT R iEB(Z-5) , Ui PCBs & it & ERL
fHAS. S A (AN 4). W] B, 55 A 4BV AR
iR Rz DU PCBs XA P 8 Ak
NILRAF 10% ~50% , B/R 2 H R, by
R AR AT Y.

2.3.2 SQG ¥

SQG % (sediment quality guideline ) /2 il & KT
TR BT AR AN J7 05, 45 T IRK R W I Bsf
it i E 1SQG (interim sediment quality/guidelines
values ) {H Fl 7] & R4 Wi 7K *F PEL ( probable effect
level)fH'*). 24 PCBs ¥ A% T 1SQG (1SQG = 34. 1
ng-g '), PCBs WAL WA () B 55 1t AT 4532 /b5

277 ....................... <;\7: ..............................................................................
PEL|

‘Qb 180 ....................................................................... \}; .....................

2 ERM

a (15Q¢]

f\-] 35 [oo e,

20 ........................................................................ \\ERL ...................

— — |_| . r— o [

Z-l1 72 Z7Z3 Z4 Z5 Z6 G1 G2 G3 G4

4 EPA 70 SQG X i# & PCBs £ARKITH
Fig. 4 Ecological risk assessment for PCBs in

sediment by EPA and SQG

AW ; 24 PCBs AT 1SQG Fll PEL( PEL
=277 ng-g ') ZIA], PCBs X £F ¥y 1A ) 5% 55 A5 W 1
B, T RE 25 R AE W N ; 24 PCBs YR = T
PEL, X AE YR BB ™ E sk B2y, 24
g R A AN AR

P SQG 2, NIE 4 AT LU . BT i 3k 55 55 vy
IR FUWRBL(Z-1) | R BRI B (Z2-2) AT
F(Z-3) 58 ZAMETE A AR LB (Z-4) AT
TR BV (G-1) | M/REN BB (G-
2) . MREETT FHFBN(G-3) . BEREE(G-4) Ui
Y PCBs ¥k FE#AL T 1SQG, # /b 5 R i iy A= 25 16
Fy O AT MR R B (Z2-5) DU b
PCBs R 4 T 1SQG F1 PEL 2 [f] , & 1 %30
BLtA h PCBs %A= 1y A 1) 5 58 A3 TS A8 )iy, 7T
RESg R AW AR, X —PEH 45 A EPA 45
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B 3B

HH—EL.
2.3.3 EEAESEEROE

T A 25 16 45 B0 (potential ecological risk
index ) F& 1 B BB} 24 5 Hakanson'* F 1980 4F4& H

(. TR A SE T AR BOE AU R T 53— E P58
H B A S G R R T EL L R e T 2 RS e
RGN, ZINE Rl NSRS E(E, ) K
RS KRR (R 5).

R5 BEESSEREGEMRILIRETRY S PCBs 5 LEMER"

Table 5 Results of pollution assessment for PCBs in sediment of Songhua River using the potential ecological risk index

Hakanson TETE KU S8k E, <40 40<E, <80 80<E, <160 160<E, <320 E, =320
PP TETE AU 55 4 B &g i R 5k Wik
FEih S Z-1 7-2 7-3 Z-5 7-6 G-1 G-2 G-3 G-4
Ry TTE U 28 17.8 3.3 11.6 49.8 501.0 116. 5 13.3 14.6 7.0 250
G T 2% LD B LS 4 S i LS EEES B B

DE, =Tx (c+c,), 2P E, BN SEG TATEMRZE(40) 5 ¢ FTMREE; o, HRIRTAALHTIIRRY T PCBs 274k (10 ng-g™")

FH W 7 AR 25 5 5 18 B0 % PCBs (13Tt 26 B
HNMEIT(Z-5) . (Z-6) TUERW i PCBs 15 YLk
e JCHOR AR R (2-5)  WAE XRS5 A0A
I RASAEFEME(RS).

WIEAS B FR LS EPA 8 SQG HEXf
L, 3 Ty AR RE — BOH e WO (2-1 | Z2-2 | Z-
3) MMETT T (G-1, G-2., G-3, G-4) fEE 5
Yo ORTRIP R , AR AR A AR B0 R Y AU A5 4
(R0 B R PREN , AR X5 A AETT IR (2-4 |, Z-
5. 7-6) BIFM AR EPA &M SQG 325 T/, Hise
AER TSR EPA ¥ SQG 12575 Y 25 9 ML g K1) 4>
MFNTE. Z54 3 FhPEM 7 ik, 5 M AT AFFE P A%
BN 558 10 AR A5 5 F, b S B R 1 75 G oK P
(F5).

o

® A%

© MZEL
N
zs REEG
S TR .
SRS Y @,
; Bz 0 o Y

5 HMEITITARY S PCBs iSHRIHEFE
Fig. 5 Distribution of PCBs pollution in the sediments

of Songhua River

(D) TEAMETLI B TUAR Y T A I ) PCBs A 93
Fhof A PRI I D PCBs Sy 0.83 ~ 125.53

ng-g ' GBI RS ZAAEIT > PCBs i
I3HM0.83 ~4.44 ng-g™' | 2.44 ~125.53 ng-g '
T D PCBs N 1.74 ~6.25 ng-g .

(2) AERMMETL ISR TTAR Y T, PCBs & i 1Y
JEER MBI e R DR
F, FEORIEFEH AT T 8T 5imE . 4
Goph RN Tl i SCrTs Ye il Joe Bt A
(4 PCBs 2H 43 LA @R A0 &, SR IR T R EE
SRR 8

(3)FH EPA ¥ | SQG ¥, WEAES e HE R EuE:
XA AETT TR PCBs HEAT 1 A 25 KU PEHr
T PSS IX REE —AMETT AN, K s DU b i)
PCBs fEAERRIHT5 Y2, PCBs Xif A1 4 (14 75 455 1 A =%
<10% /D51 R A Y TN 5 55— AMAETEUI
H1 PCBs {75 Y i Ry ™, A W 75 PR RO BE R A T
10% ~50% , X A= W ARAELEVETE () UM, Ry v 4 B4
SR S L.

B RBTHTIR I 5 A T E A SRR S
BT REMIE ST JHEN TR 2R E W 18
LR 0 1 JER )
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