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Abstract: An integration pollutant index (IPI) evaluation method with proportional addition of toxicity pollution sub-index (TPD), persistence
pollution sub-index (PP, and bio-accumulation pollution sub-indexes ( BPI) for polychlorinated biphenyls (PCBs) pollution in soil was set up
for the first time by referring to the conception of IPI and introducing the standard value series of total PCBs employed by national guideline and
standards office; Canada. The relevant expressions for pollution indexes were defined; three transformation coefficients for PCBs toxicity ( T; ),
persistence ( P; ), and bio-accumulation ( B; ) pollution were apportioneds too. Then, by the application of the evaluation methods the IPIs for
PCBs pollution evaluations in 22 soil sample stations in the Yellow River Delta and a background sample were accomplished successfully, the
quantification results were in range of 1.1-531.7, the qualification result was that the Yellow River Delta was slightly polluted by PCBs. This
integrated evaluation model considered the characteristic differences between PCBs congeners and was more scientifical and comprehensive than
current method> and should be employed in evaluations of persistent organic pollutants (POPs) .

Key words: soil; integration pollutant index (TPD; polychlorinated biphenyls (PCBs): modern Yellow River delta

£ B BT R SRRSO BT HE SR ME fa o POPs VU T T B 1T £

IREE V5 Y3 iR G B A HE . A 20 2D 70 FEAR)
TFaf» AR 1] ] 47 5 45 M DX (1) AR R AL S 28 ik
B, B EBUMHEH T 2R 387G JR B0 25 v G
FRECPD A L3 & 25 S Fa b 55, H LAVP A A 855 1
HEEL RIS, VR IR 3 B S Y iR AR AL
gy H AT, P AT I 3 i AR AR 1995 AF AT
St )€ 35 5 FE AR D, bR ES N GB 15618-1995,
{EHIZARAE AT PCBs 1) - B R85 i e i Ao 92 [
BORFNE 2= K 96 [ 45 5 K 78 PCBs % T A4
BT IR LT T 5 7R R bt A S PR B
FUNARAGE FER) PCBs T3R5 i i 45 b, H PCBs it
RN HT 2 @R R R = B8 P A By
AMERA 4 BRUE 5 IR 54T g A7 AR AR K 1 22 S0
BRI, A PCBs S 3 48 B AN A& LLRAE PCBs ) FA 5

J& USEPA #LJE [ 16 Tl 2 2855 18 (155 F vk A1
L GRS HE TR AL A5 5 T2, 7 T8 16 Fh 2
I T7 R IR & T 47 5 OR N AR AR RPN 2 34 07
B W ) 25 B 09 RAR AR TR AR 2R, XA PR
R ) B PP 22 30 05 S IR R 5 i B
Rt

AWFFERA] 3 o315 G i i R B R AE PCBs [7]
R 3 A AE F 22 5, tH 5 PCBs R R Y
PE R AR A= SRR 3 b 437 YL dR 40, HE A
HMTHHATE] PCBs #5659 B4R B (IPD, Mg T LA
Y= B 83 2007-10-26; 1& 1T H #A: 2008-01-25
HEEWAE: [} K [ARR LG H (20577030)
VEB B X (1969 ~ ), £, W+, 3 0F 507 17 g R85 000 5 4>

BT 5 E-mail: liujingd9 @ sdu.. edu. cn
* IR R A, E-mail: cuijz@sdu. edu. cn



2900 7N 58

F} 2% 29 &

PCBs 1 IPL{E 4 VAT 4R AR ) 13 b PCBs 255
TIRAE AT T3 1%, DLW PP 2 SRR S5 R Ak
LG B (POPs) A5 B T 15 BRI A IR DF A b
HEAR R, ZTVE BN PCBs B FETEH PCBs P45
SR (PP 7D - B R A B

1 TEMERZRERES T RBITMREN
=y

254 7% 18 PCBs I =3 Ve VIR RE AT A AR
W BARE SRR 2, 2 RIS T PCBs 1R MR A
RECT) Fr A3 ZECPOFIEY) SR 4 &
OB, HIX 3 PhfE e ZEO -5 PCBs [F R
W SEMAE R A G 5 38 b PCBs A AR HE(H
FHEE, 23 43 3 PCBs 831 7375 L3R 2 CTPD R A
P55 G FR A CPPD FAE W) B AR 4375 G 48 2L (BPD, 3
a3y G Fi H0E 13 W T I BCE R AU ACE 3 15 3
PCBs Z5 45075 Y 3R B0CIPD) .3 P 43¥5 Yo dR BRI 42 51
Fefr i Ria LA D ~ (4.

31

T-c.
TP = > ~% (D
=1 Co
3. pe
PPI = > % (2)
=1 Co
31
\ B,
BPI = >~ (3)
=1 Co
2 AR LR 15 B AL CIPD 2 SCUR -
IPI = Ky * TPL + K, * PPl + K, * BPL  (4)

X, o R HINEE KRB G245 H i 3% PCBs
6 5 A8 A A BT 5T R U5 R AT A 52 1 PCBs B A
(Arclor 1221), &5 & v [ PCBs 1Mk A= 7= A8 H 1%
MOV, IR Frame' R 1 Aroclor1221 1 31 Ff
JULR PCBs [ BT 545 21 31 Fh LAY pCBs 1K
FEFabR: ¢, A § Bl PCBs [ R - HEIREE b 1 52
WA Cngokg™" s T, P, B, 43 WA 5 i B PCBs [F]
R REE R R A R AR R AL B B
BREG KoK, A Ky 8 3 B v B4R 5OBCE R AL,
o IR BE R R RE N 43 11 0.5.0.3 F10.2.

I RIS AU e - R 7 K4 3
Tl AR : XA H T i, PCBs S S8 F2(E N 0.5
mg* kg™ s R fE AT/ 2 [ Ui, PCBs A 4R S {E N
1.3 mgekg "5 A Mk AT Tk FH 5 #, PCBs i &= 1§
SN 33 mgokg ™ AETT RAR BT EI, ¢ BULRMEH
HhTE S FR UE (500 ngekg ™D e 5 AF B 1 31 F i Y
PCBs IARE(E A 30 ngekg ™" .
1.1 31 P2 EIBK R R S /5T

AHFFORE PCBs K — BN 50 5% 50 A 5 e 4%
PCBs AHX) TCDDCPY AR =28 I g () #E bk Y &
D7 CTEFO! ™, o 25 1 24 5 K1 50.000 5117 PCBs
o IR vE R R AR 1, Hoe JE E DL PCBs 11
HE e 0 R A AR . A2 —IEE 2% pOBs 415%
(1 = BBV RN, R PR R Ay 0.01. 12 Bk
TREYESS PCBs M REPERL IR REALK 1.

F1 12METIERE PCBs B T, E%

Table 1 T value of 12 dioxin-like PCBs
TUPAC % % gk WHO/944 2] WHO/97h 13 A ARBCT)
PCB81 345-4 PU SR 0.000 0.000 1C4:59) 0.2
PCB77 34-34 DU SR 0.0005 0.000 1C4255) 0.2
PCB123 345-24 IR 0.000 1 0.000 1CEE59) 0.2
PCBL118 245-34 FLFUKAR 0.000 1 0.000 1C8:59) 0.2
PCB114 2345-4 SR 0.0005 0.000 5CHE 51D 1.0
PCBI05 234-34 SR 0.000 1 0.000 5CEL 8D 1.0
PCBI26 345-34 TR 0.1 0. 105D 200
PCB167 245-345 7N SR 0.000 01 0.000 01(55) 0.02
PCBI56 2345-34 7N SR 0.0005 0.000 5CEE 51D 1.0
PCB157 234-345 /N FIEAR 0.0005 0.000 5CH 51D 1.0
PCB169 345-345 N SRR 0.01 0.01(51) 20
PCB189 2345-345 LEUR 0.000 1 0.000 1C4:59) 0.2
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Table 2 P; and B; value of representative PCBs

s s R I
PCB 81 345-4 PUSIKAR 9.21 0.37 4.8 0.48
PCB 77 34-34 PY SR 9.21 0.37 4.8 0.48
PCB 123 345-24 AR 9.21 0.37 12 1.2
PCB 118 245-34 TSR 9.21 0.37 12 1.2
PCB 114 2345-4 LSRR 9.21 0.37 12 1.2
PCB 105 234-34 TR 9.21 0.37 12 1.2
PCB 126 345-34 AR 9.21 0.37 12 1.2
PCB 167 245-345 N FIRR 18.01 0.72 48 4.8
PCB 156 2345-34 NFIFR 18.01 0.72 48 4.8
PCB 157 234-345 NFIER 18.01 0.72 48 4.8
PCB 169 345-345 SN FIKAR 18.01 0.72 48 4.8
PCB 189 2345-345 LA R 36.88 1.48 38 3.8
PCB45 236-2 PUSIAR 3 S4BT & 10.21 0.41 4.8 0.48
PCB84 236-23 HEIKAR 3 ANEBAT, SCHERN. 12.21 0.49 12 1.2
PCBI1 236-24 TSR 3 NRRAT 10.21 0.41 12 1.2
PCB95 236-25 TLEIEIR 3 NI4T 10.21 0.41 12 1.2
PCB88 2346-2 TR 3 NRRAT 10.21 0.41 12 1.2
PCB132 234-236 FNFUKAR 3 AR SCHERN. 21.01 0.49 48 4.8
PCBI35 235-236 /NFIEIR 3 ANRBAT 19.01 0.76 48 4.8
PCB136 236-236 /NS 4 ANRBAT 28.01 1.12 48 4.8
PCB149 236-245 NFITIR 3 ANRRAT 19.01 0.76 48 4.8
PCBI31 2346-23 NG 3 ANRRAL SRR, 21.01 0.49 48 4.8
PCB139 2346-24 FNFIRIR 3 ANRBAT 19.01 0.76 48 4.8
PCB144 2346-25 NG 3 ANRRAT 19.01 0.76 48 4.8
PCBI71 2346-234 LR 3 NEBAT 37.88 1.52 38 3.8
PCB175 2346-235 GEIEIR 3 ANRUAL SCHERION, 39.88 1.60 38 3.8
PCB174 2345-236 GEUEIR 3 ANRRAT SCHE RN, 39.88 1.60 38 3.8
PCB176 2346-236 LRI 4 AL 46.88 1.88 38 3.8
PCBI83 2346-245 GEIKIR 3 AL 39.88 1.60 38 3.8
PCB196 2345-2346 J\SUEIR 3 ANRRA SCHE RN, 39.88 1.60 60 6.0
PCB197 2346-2346 J\SIEZR 4 ANRRAT 46.88 1.88 60 6.0
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Table 3 Pollution grades of PCBs in soils
S IP1 {i
0~20 20 ~ 200 200 ~ 500 500 ~ 1 000 > 1000
1 I I} v V
B b e K h 7 ez
KI5 BT ChET R T (RO
n WA AR RERARE R 0y, R5H R
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Table 4  Concentrations of dioxin-like PCBs in upper soils for 23 sample stations (dry weigh) /ng*kg™!

PRI CB81 CB77 CB105 CB114  CBI118 CB123 CBI126 CB167 CBI156 CB157 CB169 CB189 2 PCBs
1 18.3 691.8 ND 114.5 364.3 5.2 30.5 29.3 96.1 ND 30.3 ND 1380.4
2 ND 18.8 8.4 65.3 53.4 9.9 94.3 101.8 4.5 74.1 38.2 ND  469.0
3 2.2 42.5 21.1 53.4 31.2 ND ND ND ND 5.4 ND ND  179.7
4 17.8 13.0 ND 57.6 143.7 26.9 39.4 ND 72.4 33.1 ND 18.7 422.6
5 12.2 13.7 ND 24.5 2.4 10.8 17.9 2.4 13.1 11.5 ND ND  108.7
6 40.9 23.9 11.3 13.8 117.7 ND ND ND 6.3 11.0 ND ND  225.1
7 9.0 ND ND 5.4 3.6 ND ND 110.4 8.8 28.2 ND ND  166.4
8 174.5 71.5 ND 189.8 156.3 52.2 ND 29.9 25.1 9.2 170.2 ND  884.7
9 59.2 197.4 19.7 54.6 1687 ND 32.7 12.4 11.0 13.3 50.9 14.6 2152.7
10 33.9 ND 6.3 38.0 92.7 ND 47.3 20.1 28.0 73.2 8.5 ND  349.1
11 1061.9 91.9 ND 40.2 26.4 247.9 ND ND ND 226.1 84.4 ND 1778.9
12 ND 64.4 6.4 33.6 330.1 ND ND ND ND 21.1 ND ND  455.8
13 9.6 218.2 ND 69.6 230.8 38.4 ND 3.1 93.1 17.7 78.6 ND  759.4
14 12.5 13.3 ND 9.1 8.6 11.2 ND ND 30.1 28.5 ND 4.7 118.0
15 35.4 7.5 ND 137.6  1243.3 3.8 67.1 4.9 48.2 20.2 61.9 ND 1629.9
16 ND 27.3 34.2 46.8 1863.2 17.0 ND ND 59.1 20.1 ND ND 2067.6
17 30.8 48.8 6.6 22.9 1264.3 7.5 76.5 40.5 2.2 58.4 339.9 ND 1898.5
18 631.2 108.5 4.2 34.7 29.6 46.5 69.7 ND 3.0 ND 385.9 ND 1351.9
19 43.7 ND 47.0 200.9 249 ND ND 4.6 ND 5.8 ND ND  551.0
20 20.1 13.9 ND 55.9 92.6 ND 8.9 ND 24.9 22.0 ND 12.2 250.5
21 19.2 29.2 ND 30.9 18.2 7.9 4.3 ND 14.1 7.6 ND ND  134.2
22 9.4 13.5 ND 4.5 215 5.4 8.3 6.7 ND 32.0 ND 14.3  349.0
B1 ND 24.0 ND 20.6 13.3 2.0 4.1 4.7 15.2 4.1 3.8 4.1 92.9

1) ND: AK H SR TG BR s B1: )6 5 A
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Table 5 Concentrations of atropisomer PCBs in upper soils for 23 sample stations (dry weigh) /ng*kg™"

4 - CB45 CB95+ CB88 (BI32 CB149 CB131 + CBI39 CBl144 CB175 CB176 CBI83 CBI19%

. +36 CB8 - CBol 9B+66 +121 +168 CBI33 CBI36 +139122+142 +123 +124 CBI7L +166 CBi +130 +162 +203 CB1o7 Z} ¢
1 ND 10.2 30.3 339 ND ND 169 279 ND 258 ND ND ND ND ND ND ND ND 57.8 202.9
2 14.2 40.7 ND 34 22 48 53 56 ND ND 98 46 ND ND ND 659 3.4 ND 2.1 162.1
3 ND 46.7 8.3 ND 30.8 11.2 ND ND ND 15.1 94 ND 3.2 ND ND 7.8 6.6 3.4 63.5 280.9
4 ND ND %44 ND ND 122 ND ND ND 24.1 9.1 8.2 ND 13.9 ND ND ND 3.9 29.8 209.6
5 ND 184 182 ND ND ND ND ND 176 ND ND ND ND ND ND ND ND ND 159 70.0
6 ND ND 226 42 ND ND 41 ND ND ND ND ND ND ND ND ND ND ND 16.0 46.8
7 ND 55 589 ND 46 ND ND 339 ND 56 ND ND ND ND ND ND 299 21.9 23.7 18.1
8 ND 49.1 61.9 ND 13.8 48.1 76.4 ND ND 93.5 ND ND ND ND ND 128.5 ND 38.6 109.6 619.3
9 ND ND 62.2 ND 135 ND 82 ND ND ND ND ND ND ND ND 2.3 ND ND 98.8 185.1
10 97 ND ND 11.5 6.7 40 3.6 ND ND ND 3.2 ND 11.0 ND 2.2 8.8 ND 4.9 257 167.2
11 9.0 21.0 ND 3.4 9.4 23.7 48.7 10.1 47.3 ND ND 10.1 ND ND 6.6 ND ND 4.2 2.1 195.7
12 ND ND 351 ND 870 ND 159 ND ND ND ND ND 2.6 2.2 ND ND ND 4.28283.5 357.3
13 ND 494 430 ND 23 ND ND ND ND 157 ND ND ND 8.6 72.8 ND 21.0 2.4 42.9 258.0
14 ND 17.3 51.0 ND 10.0 ND ND ND ND 120 ND ND 39 ND ND ND ND 12.3 37.9 14.2
15 2.6 10.6 22.2 ND 46.3 259 46.4 7.3 ND 4.8 ND 40.2 8.4 2.3 61.1 37.1 23.7 6.3 53.4 479.4
16 ND 48.0181.9 ND ND ND 49.8 ND ND 256 ND ND ND ND 10.3 ND 9.0 ND 78.1 402.7

17 42.7 74.7 10.0 13.2 6.6 4.3 ND 203 ND ND ND 163 ND ND 12.8 ND 10.9 6.8 11.4 270.1

18 ND 52.3 12.8 169 ND 2.5 ND 4.3 ND ND 11.4 20.2 ND 34.1 ND 114.7 28.4 ND 2.34 299.9
9 ND ND 570 ND 27 62 ND ND ND 11.5 4.4 5.1 32 ND 2.4 ND ND 3.9 58.1 154.7
20 ND 8.1 3.8 ND 54 ND ND ND ND 104 ND ND ND 6.1 ND ND 2.1 ND 57.8 126.7
2. ND ND 46.0 ND 38 ND ND ND ND 7.6 ND ND ND ND 2.8 ND ND ND 72.4 132.6
2 ND 5.1 68.6 5.6 ND ND ND 4.0 ND ND ND ND ND ND ND ND ND 5.8 27.5 154.6
Bl 94.6 ND ND 137 10.6 ND 151 ND ND ND 142 ND 4.6 84 64 ND ND ND 2.0 169.5
1OND: A B TR s BL: ) 587 5 JL il A W B 5% Lulek 20945 B0 B4
3.1 LRV RS BT 4 R #6 DKETZAMLE LR PCBs 5 RITHITN L
%U i zlgﬁﬁ %@j {EZ i%: + 1 EF‘ PCBs [1 Vo % 2/%_: Table 6 Evaluation results of PCBs in soils by IPI method
GV T, XS 20 31 B PCBs Bl dtAT A 2L, 15 KR TPL PPI BPI PL SRV 4R
BT 22 A EHERRE LA ST = A M X -3 R A B
S o s o I 2446 285 8.7 166.4 R
PCBs 25675 G4 B CIPDAE A 1358 V5 Je i 45 3 2 659.6 14.6  60.6 448.5 i
YIF 2R 6. IWH AT LA HY, B9 = A i b X 1 3 3 22 136 3.9 1.5 i
(g i 56 FL 2 ] T I 4 272.7 15.5 63.1 185.4 S
PCBs 19 PPT U VS I 7E 1.1 ~ 531.7 Z[A) H 5 s o as a4 o a
SRS G AR B T VE VY, IR TR ] = A Y Hb X 6 50 5.3 144 35 1
T 6 4k 7 10 4 R S R G 7o e od e b e
. P o o 8 124.7  40.5 143.3  84.8 51
B2 54547 — b R« 227 BAC 3 I = £ 91 9 311.3  41.0 116.1 211.7 i
X A 33 AR A b Hb, Y AT R A2 B S b AE 10 3281 154 498 223.1 ;:
X . 11 81.0  30.2 106.7  55.1
¥ ~ A ok BRI = N
PPIAL{EL Y 2% 4 200 soo.ﬁimém%jzm/\ﬁ Agb b s 406 7 85 it
ABAR, DRI, BAR T8 V) = ff i b X - 58 7 PCBs 1075 13 67.1 237 763 45.7 B
e SRR JEVE Yy 14 2.9 8.2 27.1 2.0 7
A 15  533.8  43.5  142.5  363.0 h
3.2 PCBs ST 45 16 6.2 41.5 130.9  45.0 B
76 4 0,22 AR ANK TSk peBs U 8L B3 1514 s %
18 730.1 343 1153  496.5 it
24 B e RE 5 R - ko, A4 )
SR R Dy 108.7 ~ 21527 ng*kg ok o 105 153 o1 71 f
N 800.5 ngekg™'s 4% AW 5T Ok Y AR AT A E K 0 647 121 22 4.0 B
PCBs 7 i CArclor 12210, 521 [E pCBs Tl 4 7= Fil 20308 12 247 210 i
2 64.3  11.1 35.8 43.8 R

{EH] 15 55 1 2, 4% B Frame™ " FR I8 M Aroclor1221
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1953 HERE SHEAR 254 30 -0.72 0.291 28 -0.57
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