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Impact of Wastewater Irrigation on Contents of Polychlorinated Biphenyls in Soils of Solid Waste’'s Dumping

and Unpacking Site of Eastern Zhejiang Province, China
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Abstract: In this paper, water, soil and crops were investigated and analyzed systematically in a typical solid waste’s dumping and unpacking
site of eastern Zhejiang Province, China. On the basis of the investigation, impact degree of wastewater irrigation on contents of polychlori—
nated biphenyls(PCBs) in soils was discussed deeply. The contents of PCBs in the soils of wastewater irrigation area were predicted through
a mathematical model built. The results showed that contents of PCBs in the soil, water, sediment and crops were all in a high level, which im—
paired ecological security. Based on the results of factor analysis and comparative analysis, the impact degree of wastewater irrigation on the
PCBs pollution of soil was significant, which contributed PCBs of 67.3% to the soil. If the current irrigation mode was constant, the PCBs con—
tents of soil in the wastewater irrigation area would increase drastically, whose contents would be doubled after fifty years.
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1 #REFZE

1.1 ARXER

WS AL FULAE ARFKMERX, HERY 42
km?, X T IE A K 70, IR K RN &4 &
B A HERRAKAE L, RO RE LUK RS 0 32, 338 K
REFHAREZTTMMERE, ZM X EIREFR KA
THBSEFYIREM, 5T, BRI X e
TR O B R B EaT 200 71 t, B TRITANE
B & B i Jrg A S, e EE
180127t

AR, TR E W5 4y, AR R X
PR A IR 175 G Ay SURIHS N, SBURM A
B T R, R RS T & T R, W T K s ™
A, FI AT KA H SO E A
12 HmEE
1.2.1 HHERERCREE

TEPR X 3 MR35I A (4 6 k), 24 1%
RHFERL 150 A AR s HTE R — H R Y 3~4 A4~
KR AR, REE 0~20 em HF)= 13, [RIAT R A5
GPS JEAL, It 5K sl JR Bl A AL

BRIGZ AN, AR A S B M R 5 e P ] T+
e ) H0TE , SR T AR E (0~120 cm) 1Y 134
o
1.2.2 KEEREE

DI HIFR X B KB B, SREEEB K
114, 7K, %ES: 3 d R KEBEENSEET,
HATBRETERAE R EME] B hsh KA. A 250 mL
PR IR CIRERUREURE , BURERT A R BUK R GRS 20 )
HFZET 3~5 K, RS HEBESHRTTA K H 30 cm AL
HEATHURE . HEBIRAT , I BT IR 3 S % 43T o

1.2.3 RAEYIFE TR

AP S A S A S A TR A 15 7
YEVI AT &S T B R SERE A AR S it o
KPS ZE T4 R LU S , BB 3E K 5 B3R b
R PR i , PRt A e 2 oAl i, HoRER
FAEWY 36 14, Hor B4 25 48, 838 5 14, KFREAR .
2 & 2
1.3 Hmik

A3HE T HIE AR VEY) H PCB 15.28.52.77.81,
101.,105.114.118.123.126.138.153.156.157..167 .
169,180,189 3£ 19 R {5 &, Wk T K&
PCB 15.28.52.101,118.,138.153.180 3t 8 Fp#5 71
PCBs HRE& &, 5] A EPA J5 EPA8080
Fr 8082A , AN H$R FH Y2 FL B % Varian Saturn 2100T
RIS B FBF GC/MS, Il e 1 ot &3 [l 45~650 u, Jit
BRI R 0.1 u, MER, AR FREE%KE
NIST B HUL AW R ER , X T Z A I ) PCBs BA{K
—— AT EME, 3] PCBs E MBI ER ) , R
VERE BT W (SIM ) 7 i T B . SIM 7=
DU R I RESCR , B BB A PCBs B - 4%
BH—NEILEEE T, HBR T 1 K RIEWH
IR S P B B R T4, AT BRI S (5 0, KE
#2755 PCBs { RAE , PCBs BKINFRARTE 0.5 ng-kg™
ITF o B, SRAZS B4HT SEATRRINE s e
TR TR RS, SRR, AR/
KRR, SFATREDNE S48 3R 100%, Jnbs EISCRTE
70.2%~111.2% , £ K% %1 100%

2 GHRESH

2.1 RETE PCBs REFF R

MFE 1A AR, IR X RZE 3 19 #f PCBs
i 6B AR LY R 0.55~412.54 ng g™, FHE N
28.58 ng- g, —ELHISEBTRHE AN , TR P X R 57 2]
PCBs H¥ET5 QL iy - h 4 Il 1 i PCBs &5 &
0.625~3.501 ng-g 3, B 5 TTfy PCBs 1 40.554~
1.637 ng+ g FBLEGIRA & B A 2.3~332 ng g, 35
E M & R 4.6~8.2 ng-g™, AT, PR IXRE T+
e PCBs 2 K113 1 T HoAth 1 52 A [y HoAth o,
X o WITLAE AR ™ it 7 3B i B4 2 E(DB33/
T 558—2005 ) #L.5E i PCBs AIFR HI{E A 0.05 mg kg™,
B X —FpifE, RAH 12.7% 8RR AR, %8
B AR RAFSE PCBs BB Z(LLL 19 R K E 21, H
I, BT X BRI PCBs 15 44 /KSR 2 e g 8
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Table 1 Descriptive statistics of soil PCBs congeners

JH BEASL SFIE PR TRRE RKRE R/ME K /%
PCB15 150 1.20 0.08 0.07 21.53 — 42.0
PCB28 150 8.56 2.99 0.35 78.24 — 99.3
PCB52 150 2.29 0.04 0.02 46.43 — 60.7
PCB101 150 3.46 0.09 0.03 59.32 — 67.3
PCBS81 150 — — — — 0
PCB77 150 0.57 0.10 0.18 14.94 — 20.0
PCB123 150 0.27 0.10 0.37 7.72 — 4.7
PCB118 150 4.14 0.28 0.07 55.09 — 67.3
PCB114 150 0.26 0.07 0.27 1.00 — 13
PCB153 150 2.89 0.07 0.02 44.97 — 61.3
PCB105 150 2.11 0.12 0.06 32.70 — 49.3
PCB138 150 2.74 0.06 0.02 37.05 — 58.0
PCB126 150 — — — — 0
PCB167 150 0.31 0.14 0.45 14.03 — 2.7
PCB156 150 0.35 0.04 0.11 11.32 — 9.3
PCB157 150 0.27 0.07 0.26 0.75 — 33
PCB180 150 1.29 0.04 0.03 35.02 — 30.0
PCB169 150 — — — — 0
PCB189 150 — — — — 0

PCB B 150 28.58 3.64 0.13 412.54 0.55 100

¥ PCBs AR ng-g!, “— RN E TR R,
MREXFELEPKE T PCB 15.28.52.77,
101.105.114.118.123,138.153.156.157.167.180.
189 3t 16 Fh ik (3 1), H ,PCB 28.52.101.118,
153,138 SRR AR H SRR 50% - 3% JLFf (A
BAY 2R BA, PCB118 iF B M E i
R T HEDE PCBs, AT AR X 13 PCBs XA &30 5%

PCBs f&/ng-g?
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Figure 1 Vertical variation patterns of PCBs in typical soil profile
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BN, TEVEAS X SR KRS H 38, B TR B B3
ZRABPFEERLB TR, RE 23 em U ERBTR
FE , X g0 R E R 4 e — 30,
2.3 7Kk PCBs S E45 =

WL b 5 8 2 B 43 I AE 2004 421 2008 4E P
YO 2 DX K R BURE A3 BT, 38 PRI BSO8R LK
2004 4F 8 AL i ZEBKAR (PCBs ) HA — {4k i,
1M 2008 4F 11 {4HE 5 H G 2R E ik 54.55%(6 14) , Ui
Bk e PCBs RIS R IR . 5 E N A X
JKFEH PCBs Fr& L, A7 X7k H PCBs ¥ E
H 10~20 £%, i FAHE AR E(FR 2)09, i FARR E#
(2008 4F ) B B PCB 15.28.52,101.118.138.153
1180 & 8 Fdg R~ PCBs {4 E B/, TS H 1
R il B — A2 FH BE 22 1) PCBs SR & B 1Y, X 2k
T SE R 75 YL R B T RB 2 LU R PEA A S DL
PR

% 2 RAEHKKHEES PCBs IREEHIILE

Table 2 Contents of PCBs in waters in different areas

KRR XA A, PCBs/ng-L? 28 PCBs f2k &

RIVEH 2.7 Aroclor1242,1254  3CHR[16]
RILS B 070-3.96  Aroclor 1242,1254  3CHR[16]
LR S b 560.0 9 F PCBs ik 3CHk[16]
LR S b 44.1 8 F PCBs Bifk  ABFFIHOR
R EIMESR 20 Aroclor SCHR[16]
1016,1242,1254,1221
LEFER 14 1232,1248,126 SCHR[16]

2.4 [KieH PCBs S B A

B R VHHIA R JZ PCBs [ FEAYFEZ 10,
— BN, BT PCBs B2 —F Bk MG, B K
S ULk, T HETS TR K vh R 2 & 1R 2k A K AR
PCBs, K#B4T-HR I & FER TR BRI, I &K R
LR/ — 8 W B EEUTR B Ve 25, BRI VR 1Y)
PCBs & B —BEEKEP S ESETTIZEA R
AWFFTUESE T 53X — A5 IR EM PRV i
535i%%) 492 ng-g” 1 104 ng- g, ¥inm TKAEE &
K, R TR LS &,

AR T PR R, 5 13854, PCBs TEJIE
PP EEBREME, 5 TREEE AT E 50em 405
BIUEERER 6.0%,TZE 100 cm UCHERER 4.1%,
2.5 RIEHH PCBs B4 =

Sof A A 4 22 B (PCBs ) B 6 H 176 0 A T
gGiit, RURIEYE ZEURNFRE MG, FER
AEANT

(1) 35 P Vo ) BELACRS: HE Ry o MUY 19 Fifi
A T PCB 15.28.52.101.118.126.138.153,
156.157.169.180.189 3t 13 Fiff, oA 4 BRI
BEEMRE A PCB101,180,189 %5 BAMAK H R 5 o

(2)B3EH PCBs Kt F ik 80%, Al w382k
BaARK . Eih, KERSERE, N 8.87 ng-g™;
2, R 401 ng-g s A FEAK, N 1.72 ng g7

(3)7KAEHF 2K 2 20% , PCBs &5 & X [A] 2y
0.52~21.49 ng-g”, {HIF—IRMRZ, KRG 03K PCBs
AR, MEAIAKS, HEHENREYH PCBs
ok B 3, ook A RS DT,

3 itig

3.1 {SKEEBEXS 138 PCBs 5t B N2 E 24T

BERFIE X 150 > - HERAE 5 1) 19 Fi PCBs HLffk
APTIRRBIE S A SPSS13.0 4k, 2 F43#7 , 153
2AERETF, EHEFRRHEE X7 25T T3 3.
MHAT LB Y, ST X PCBs & & STik i Ry 2382
HWFA 24, whRiia 2 fREinibgfsisif,
Wi £ 7 E A X PCBs 15 44 #4975 22 Tk R 43 51 0
61.8%.33.3% , ZFRTTERF L 95% LA I, HAB K 1Y
75 22 TTRREE AT DL 2L W

R 3 HHEES ERHE

Table 3 Results of factor analysis

ERT  FE HETEE% BB ETERE%
F1 92.7 61.8 61.8
F2 49.9 333 95.1

FIF 7 ZWRIEE RIS & RS R A T
AT, I BEA F1 1 F2 R F 00 R 5 (8
BORTF 0.7)F575 H, 25 PCBs y5 4 75 R I (&
2). Z5E 1 2 FNSEhREEE R BR, RS X+ g h Bk
REER 3K — IR §Y, IIERFE S
%, 58] 67.3%, 154+ F1 EEFEH, LGS E .4
SRHE S PCBs Bk HEEA—B, M 1 FpE] 10 Ff
N BIRK HR AR (K 3); TS EBRESTEY
WA, SFIME R 1.7 ng- g Z5EEFSMEZE LI, H
ICEE T ARE YR S HES A9 PCBs ¥5 Yiil /K HE47 HE 1%
s U RIS i, PCBs KA IR KIE BT/,
TREIRIEY, WIERFE AL A F 29.3%, % F2
Tl BTV SR IR AR R AR K AR
HEE rfE Fbe HEE S, EEE R TR S 50
14808 s Yuikl s 2 PCBs B H B B —
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Figure 2 Pollution modes of soil PCBs
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Figure 3 The detection of soil PCBs congeners of different pollution modes

2, EAREE SR 6 B 13 F 46 H B AR T Ry 4
H(E3), TIEZRRE SRR, P EIL 634
ng-g! HREAKEBETE, B W54, IR
FERANLE, LT R IETS YL ATH IR T Yo 1 38 SUHHT
15432 F1 1 F2 B 1 H A (RS0 7E 0.6 fi
0.7 Z[8]), BV A s 0I5 Je PR R, SO T IR TS
AR, PCBs BBE-FHMEN 322 ng g™, A0 T RIS
JURTEIRTS Qe ) LIRS B EKE

25 PRk, AF 67.3%K) 13 PCBs J5 YL R 15

IKHEBET R, T5 K HE BB ST X £ 4% PCBs 155 £
29730
3.2 TEX 1% PCBs FEKFI
NI T4 15K HEBEXT £ 3 PCBs {5 2K
FTHEN M BR AR, S FA R, X T4
Jii -3 PCBs & /K HITIR
TRV ST RTRAE -
(DAYAEY X% B I5 K HEBEF PCBs 7E + 3
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(2)fBE BLA A& HRE A X (W 7 XA &=
EF)RE,

P SCHRR BT, PCBs & F 7K AT FH DA T A R
AT .

C,=CK+PQK(1-K")/W (1-K)

K :n M C, 13 PCBs 7E n fE 5 1 & &,
ng-g™; Co N+ 3EH PCBs MR IRVEE ,ng-g;K H+
H#Erh PCBs fY4FFR AR, % 99%118 ;P NHERE K
PCBs ¥R, pg- L5 Q 4 667 m® B i Y- 2447 3
K& L, # 359 500 L i1 (581 5% X BT 7E oK 1) =
2008 4EFEKBHRARGTEL) ; W A1 667 m® $H 20
cm WREM TR kg, 11136068 kg (HIEARTE N
1.02 grcm?),

e B8 b SCHfA E TS K EERR X, Pkt AR Y 1 4
PCBs $§#fi , F_ LAY 1138 T V5K #EBE X 0~50 2 +
2 PCBs & 210 : 1Ak PCBs & 22 A3 Ik
P47 IR f% PCB 28.52.101.118.153.138.180 3 7
Fie AR BRTE R ), L3R 4. WHATLIEH,
REE B RS, 5 HE X 1380 PCBs ST B2 HL FTt
B, FRTHHEMN AT 11.8 ng-g? #EfNE] 50 a J5
168 ng-g?, FH/NEEHMYHT 2.17 ng-g™ 3 /NF) 50 a
J& 11.0ng-g",50 a JG S BN LRI 2 5,

£ 4 SKEBRX L PCBs SETU TR (ng-g™)
Table 4 Predicted contents of PCBs in soils in wastewater

irrigation area(ng-g™)

PCBs Oa 10 a 20 a 30a 40 a 50a
SEXE 11.8 13.0 14.1 15.1 16.0 16.8
RKE 756 70.7 66.3 62.3 58.7 55.4
B/ME 217 431 6.23 7.98 9.56 11.0

SRR 1.00 1.24 1.45 1.64 1.82 1.98
4 it

AT X 138 KR RV ZEARAEY SR H A
29K PCBs, XFHFSY X (4 A AR I T N AA{ERR 1)
PRECFITETER R

G T oA IR L A3 HT R B, V5 /K FE WX 43875
PR B E, 44 67.3%%) 11 PCBs {5+ 25
KHEEBS I, &5 SIS YA, 25 Hansk
RHE R PCBs B RE A 3 K & B IF AR (Bl
Xf + 58 PCBs & /K A& B, 2B AR H HE WA
KRFFAZIBLT 15X Y 13 PCBs S RK 2
BT ETHEE T 50 a J5 HA BRI 1 £,

AL, 5K HEREXT TS X A3 R ROV A S8
B, Wik, #im 35 g S BEIT A H L HBTIE,
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