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Pollution of heavy metals and polychlorinated biphenyls by improper e—waste dismantling activities and its e—
cotoxicological effect
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Abstract : Longtang Town and Shijiao Town in Qingyuan City, Guangdong Province, South China, have been known for their improper e—
waste importing and recycling, and their crude recycling activities have led to serious contamination of the surrounding environment. In the
present work, enzyme activities and microbial communities of soil samples at the open burning site (OBS) and near the dismantling work—
shops (NDW ), as well as enzyme activities and microbial communities of samples of farmland soil (FS) around the dismantling workshops,
were analyzed. Results showed that different enzymes had different responses to pollution by heavy metals and PCBs. Significant negative

correlations between acid phosphatase activity and concentration of Pb, Cu, Zn, Cd, or PCBs in the soil samples were observed (P<0.01 or
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P<0.05). Acid phosphatase was the most sensitive indicator of the reactions of five different enzymes to soil contamination by heavy metals

and PCBs. Soil enzyme activities were not only influenced by pollutants, but also closely related to soil physical—chemical qualities such as

soil nutrients, pH, and so on. Results of polymerase chain reaction—denaturing gradient gel electrophoresis (PCR-DGGE ) experiments

demonstrated that the Shannon index varied from 1.946 to 2.485 at different sites, and the indices at OBS, NDW, and farmland around the

dismantling workshops were lower than those at farmland sites far away from the central dismantling area. A higher Shannon index indicates

a more diversified bacterial community, therefore, the above result partly implied the damage to local soil microorganisms by pollution from

improper e—waste dismantling activities. Proteobacteria was the most abundant bacterial lineage (60% ). Some PCR—-DGGE band se-

quences were highly similar with 16S rRNA genes from heavy metal—-resistant microorganisms and PCB— and PAH-degrading microorganisms.

Keywords: e-waste; soil enzyme; microbial diversity; PCR-DGGE
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Figure 1 Distribution outline of sampling sites in the e—waste dismantling area
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Table 1 Basic physical-chemical properties of soil samples
FEdh Sample pH AP Organic matter/g-kg™ 4 Total phosphorus/g-kg™ 4%, Total nitrogen/g-kg™
FS 5.50(4.45~6.40) 58.9(29.2~92.1) 0.432(0.076~0.883) 1.313(1.031~1.693)
NDW 7.40(6.99~7.87) 76.0(57.1~104.5) 0.966(0.602~1.378) 1.570(1.511~1.601)
OBS 6.41(0.22) 70.0(55.3) 0.081(0.008) 0.278(0.097)

T FS Fl NDW K I ER R AP E (FEF ) , OBS A IR AR B - (FriezE ) o FIR]o

Note : Values of parameters of samples in FS and NDW indicate the average values(range ), values of parameters of samples at OBS indicate the average

values(standard deviation ). The same below.
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T ISR AR L B I g O BB D R 4l A U
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Table 2 Contents of heavy metals and PCBs in soil samples

it Sample Pb/mg- kg™ Cd/mg-kg™ Cu/mg-kg™! Zn/mg kg™ Cr/mg- kg™ Ni/mg kg™ PCBs/pg kg™
FS 74.6 1.64 89.9 182.0 24.6 12.2 170.5
(23.83~169.7) (0.06~6.04 ) (10.6~359.3) (39.8~609.6) (10.2~68.4) (4.1~28.4) (2.1~1 335.8)
NDW 394.4 5.2 778.4 618.3 50.2 53.6 2 57621
(130.8~987.8) (2.0~104) (161.8~2 106.3) (189.1~1 486.3) (11.5~98.4) (15.4~113.8)  (263.6~7 023.4)
0BS 670.1(325.3) 1.5(0.78) 2922.5(3528.4) 1408.1(1987.6) 174.8(161.1) 164.2(240.1) 423.8(368.2)
3 BFHRIFRR T IEE RS
Table 3 Enzyme activities of soil samples in the e—waste dismantling area
B AL A HRERRT I - FRYETRA RN Rt
Sample Activity of c;}]talei.se/ Activity of SuiraS(-:/ Activity of acid p}g)sp}}atase/ Activity of alkaline Ehos.phatase/ Activity of urﬁt]ease./
mg H,0,+ g™ soil mg glucose-g™ soil mg phenol-g™ soil mg phenol - g™ soil mg NH;—N-g™ soil
FS 1.30(0.55~1.77) 6.94(ND~32.04) 1.39(0.77~1.87) 0.74(0.04~1.63) 0.112(0.012~0.372)
NDW 2.76(2.33~3.31) 13.68(ND~27.57) 0.94(0.26~1.43) 0.66(0.35~0.97) 0.372(0.165~0.657)
OBS 1.23(0.38) ND 0.19(0.18) 0.16(0.16) 0.027(0.018)

T :ND R ARG i

Note : ND means not detected.



B v T O 4 T 0 T 5 S5 B B S 895

PR, R T AN Y by A i T e I A ik e
Pk o ZRAE 1A 2 AT S R PRl BR TG 12 5 Pb .Cu 1
Zn FEAE P<0.01 /K- b 2 7 AHE, 5 Cd F1 PCBs
THETE P<0.05 7KV F R E ARG, BT S5
WA AL TS Y RIS H AR 4%, R BRI T A BE
1 2 42 J& A PCBs J2 52 M (U E Wi v i E 2 &
HNGET 50 Hr 45 58K F , Pb .Cu. Zn .Cd 1 PCBs V54
AT 2SR 2R o BRYEREIR B VR I4 5 138 pH (E
1E P<0.01 K- ARG, Ui EAbPE it 2 e
Mo SR P BN R 2 — o o E AL A IR A
TR T I T A [ 8 1 Wl 1R il — o 2 L i o 4 s
PCBs Wt B T i M i 25 B R AR, ARG 3 Pl
TEHE 42 J& F PCBs 5 Yu i i 0 o () A F VR D7 B i 3R
A I P T A T YRR B A B R Ak H A
o, 2k T A G R SR B SR A SR T 1
Cd &1 PCBs & & 7E P<0.05 /K F I i & 1F A
Ko A, S E AL A ERE MES 5E pH B2 i
7E P<0.01 7KF b 5 25 TEARDG,  FR-UCUE B 1 SR BT
AR 52 W 1 ARl IR T35 G W B s ), ik 5 4
$5 H 3554y  pH (EAE N B L RS E e RV,
i A E DT R Gl AR —,
R N A R R A Y i AR, B
RER ISR A E IR R T, o A b SRS PR DA —
FERRRE T e S )5 Yy X IR A B I B o RS 5
R IR B L R B A X IR , PCBs 15 Y ™ X
B, g AR Al S M AT P L S
TEPE S PCBs A7 7E P<0.05 KSF | I 2 F A, 51
HREER ., BT AL ERREYES Cd SEZE
IR IEARDCOC R, AT g 5 F B 3% el i i gl
PP E 4 S HE O A A A Bt IS e (i
PCBs | Z VR AR IESE) A K .

TR IS A 2 i T B R 5 e X e, 4
J& I PCBs %575 ek A 385 , XA W i 1 i T
e F LR IAE R B, Bl I A] A HERS , AR A Ak
TP S R PR PR A B i A T U A ), BB
- R 7 400 R A L A T, T IR AR
ifiE - 1T 4 JR F1 PCBs & T4 M, - 480
AU DR B A EE IS MO s TR IR . &
Z BT HREMET B PR i X5 e LA
KRG RIEAAE, Fn L pH, 15857
O3 TG A RO RS R B S P R AR
PRTE A Z ik SR AR U IR T AR O T 05 2 B 4
J& 1 PCBs & L3 i e (%) St XA it — 2P 00T

2.4 EL£E PCBs 54X HIERA Y SR

TEWE5E 8 42 J& A PCBs 75 YL Xf + HE A= ) 20
P BRAE R L 3 ASEATRE SR, N 4 D
FEAEDT BT S AR BENLERIE 1 A1 4 5 SR VRN
Je IR AR E DR AR S . R, B R
B e b W AR AR DT A TR IR A AN
B HEWISEAT R, BT LABENLIE IR A B G 1,
612 5 g AR A BE B 4 A O XU A A FH AR 3R
FE G, B AR 2.3.15.16 .17 .19 S R4 AR
YE M HE B PR AR o0 XL i A AR AR &, LA 5%
15 YR RSN L AR MRV S5 AL AR
2.4.1 M DGGE EE4yHr

AFREEAL B BT RIS DNA, 48 PCR 4144551
A R—mAE X B DNA P804, @it DGGE
REFEaEE, il 2 s ASERE S B DGGE Bl
TEZRAIECEL . 8 ST FIAAE—E 26 5% ,3.6.
7.8 11,12 SR E R RS A I, R TS
PLAREE IR, 6 25 55T I SE T BT R 5 1 5 S5 7E
ST FN S2 A S B ;2 5 254 7E S1~S4 A B
4.5 14 S50 UFE S3 MR IR L5915 S5 45 T
SO~S14 FEM T IR ;10 B 44 7 S1~S4 il S6~S8 #f
fn B 5 13 5 4515 7E S3.54 .56 1 S8 A i H PR .
14 MUKEHR BRI 6 255500, MU Z A TG
YRR AR R, T E AR R E AR A
PCBs AT —E M 321, X FREEAR A A 50 A 3 1
o X 6 SRR TEANFIKGE Y52 BE AN TR], e B AR
AR A e — e 225, BIanFE i
SO~S14 FrfE VKB i F5ty Bl AR 2 58, U BT AR
FEAMTE AR RN, 1.2.4.5 f1 14 5% 6 &
42 J8 A1 PCBs 75 YL 2 85 3¢ 1 1 46 b 30 b, R i 1 B
BT i R (S1~S4) HE B, 150 BH 3¢ BE 53 A 4 2 o)
W B 43 )8 I PCBs A3 8RR 321 5 9 A 15 54541
AAE B PR v 0 DX a4 as g A 398 H (S9~S14) 1
B, VA LA SR A TRl 2R W S IR o 4 A
PCBs A — & YT 527 510 Fl 13 5 550 7R TR 40 3K 4%
I, A A 7 B 3 R0 A TR A VR 7 ik H
FE b [E s R B, R LR AR A G2 ) 2 X PR v
H 4@ PCBs % it A 3R M IE B IE . X SERHEf A
Y B AT AR A T S R R i X A 392 vk BV
[ 8545 J& F1 PCBs W6 048 7R 1 -

T AR IALLE - 343 (UPGMA B3 M H 2K 4
HrE (& 3), U B GAE D e i [T . RT3 AT LA
BT 14 A RHERE S T R TR S A 1 25 S 4



896

YIEINCR RS Y £ 36 5% 5 H

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13 514

S1.82.83 Sy Bk beil s 14 5S4 85 U/ E L MEE 445
S6.S7.S8 Syl ERAR O K ISAE (194 -4 5
S9~S14 S BE B HRAR 0 DI AR H LA
S1,S2 and S3 represented samples at open burning site; S4 and S5
represented samples nearby the dismantling workshops;S6,S7 and S8
represented farmland samples around the central dismantling area; S9~S14

represented samples far away from the central dismantling area
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Figure 2 DGGE fingerprint of surface soil samples
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Figure 3 Clustering analysis of soil samples
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Figure 4 Shannon diversity index of bacteria in different samples
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