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Effects of Heavy Metal Contamination on Nematode Communities in Paddy Soils of an E-waste Recycling Area

WANG Ying-li'%, WANG Hong—hong?, LIAO Jin-ling?, XIE Qi-lai*

(1.School of Chemistry and Environment, Jiaying University, Meizhou 514015, China; 2.College of Resources and Environment, South China
Agricultural University, Guangzhou 510642, China )

Abstract:In order to investigate the influence of heavy metal contamination on nematode community structure in paddy—field polluted by
electronic waste (e—waste ), soil samples were collected from eight typical rice fields in e—waste recycling area of Guiyu Guangdong
Province. The contents of heavy metals(Cd, Cu, Ph, Zn) were determined by ICP-MS, and nematodes were separated by elutriation—sifting—
sugar solution centrifugation method and then identified. The results showed that 75% paddy—field samples were contaminated by Cd, Cu,
Ph, Zn, and significant positive correlations( P<0.05) were observed among Cu, Ph, Zn. Nematodes belonged to six orders, 19 families and 26
genera. The plant parasitic nematodes were dominant, and Hirschmanniella, Helicotylenchus were common dominant genera. With increas—
ing Cu in soil, ratio of plant parasitic nematodes to total nematodes dropped significantly. There was negative correlation between Pb con—
centrations and the plant—parasites maturation index( P<0.05). Compared with the unpolluted fields, amount of nematodes in paddy fields
with low—grade pollution increased slightly, whereas that in the other fields dropped significantly with the increase of pollution grades. The
nematode types of c—p2(r-strategists) and ¢—p3(k-strategists ) were dominant in soils contaminated by heavy metals from e—wastes. With
the increase of pollution levels, the proportion of ¢—p2 increased, but c—p3 groups showed an opposite trend. These results indicate that the
number of nematodes and its function structure respond to heavy metal contaminations, and could be served as an important indicator to e—
valuate the heavy metal contaminations in e—waste recycling areas.

Keywords: heavy metals; nematode; e-waste; diversity index; paddy field

Wris B HE:2015-01-14

EETE A4 [ RBA A H (S2013010013809 ) ; M iRk 51551 H ( 201 1KJ207)

YEE®IA: FF](1974—) , 20 IR F-ER N, s SR 000, 58 )5 10 A BT B 5 5iR 3. E-mail : livy@jyu.edu.cn
*BEEE Ak E-mail :xieql@scau.edu.cn



ERR, % b TR R T 4 V5 R R - R S 875

J7ARN K DR FR R R IRATR AR e SR TCTRT SO
Xt BT | I s A T E S R R
B AN E R A Yy A A7 T EL R i A 2
RGP EE BB A R A e 2 2
HETETE LSRR S AR Sh ), e T TREROE S e L e rh R
B TTYe ARE LAk BRI P F SRS e i A K
N R TR, A A 285 B B AR A W Bl 6 1 A
AN A IR AERRAR DL W SN LD AR S
PURH TR T, KINZ R ESREIGY, C
A SCHER I E E R M T LIERCE Y S S A S
ARBLCT AR L HELR 45 75 AR W)k AL 1 3 e B
ARBLEISCHR I JE A L o ASSCLL 432k AU ER /R 21
A AIE S L 3 A A < J o) e P - B2k A
VR HIREIR 487 BT BRI P Ok ) L R ER A R
B, RTINS Y i AR YR AR W R AT A
P, iz X LA RS W RPN SR A B AK A

1 #R5FE

HURERF ] 2011 AF7K A3 BEM], TAER A Bty
FAAESEAT AUARAT e e 25 A2 v 17 I AP A DX Sl B
KRS SRAEHD S DL 1, BRI HER PR A 2k
SRFELIS AN SRAE MR 3.0 mx3.0 m, F 25 /KA AR
#R 15 em APELA 20 emx20 em, RAERE K 0~15 cm,
TAEFE MR G S IO 205 B I 500 g, 8 T ok,
HI 3 U IFARZE TS T 4 COKFR TP IR A

AR 1:100 000

JRAE

Wk X

I IRk RHESHE
Figure 1 Distribution of sampling sites in Shantou of

Guangdong Province

L1 B UIRIREE
T KRR A RE TR E ;1% pH (ECR

DI Rk ( i B 44 W), pHS=-3C PRJZ T )l 7€ 5

AU S & AN SEANE ESHH L B

(hgefefbsr i)™, +EE G R & mfi M LIfocR

3 A0 B 5 AT T A, O AT B S A T

& G5 (ICP-AES, 32 [F LEEMAN A w] ) #47

JE o IR AR H SR FH R M LA 1145 DN 2 A o

PIAERR T, PTARESR A 3 A A AR R 4 i 2 A

R,

12 ZHSBMEE
FASLAERASIFRE 100 g, SR AVEVE—1L 0 - R

BRI, 60 CHUKIBERIEL RS,

109 TP (FA) [ E W 8 B ASRAS P, 7ERE

8% (Motic, SMZ140) 314k, H-4r 5 ak 100 g T+

LMW E; Y BB (Nikon80i OLYM-

PUSCX21F51) T Z: B v [ L S sl W A6 2% P61 58 ) 45

2R BN R, I AR A 4 R R S P R T R

TERI A3 R 4 AEFRAHE . 40T ZE 2L (Bacterivores,

BF) . & . [# £k H (Fungivores, FF) A %) 2F 4= 26

(Plant —parasites , PP ) F14# & - Z% & £& 11 (Omnivore -

predators, OP )",

1.3 TESHEHRERERSFRENITER Z
KNG E 255 15 I BERR Tis Y e,
P.=C./m;

P\ Lsppalp:

Py WM R R G T5 QAR5 P oS 3 o 1Y 5

TS Y380 C 15 Yy S B s ms g5 eI iPAR

B0 3 P N5 YLY) P, (1) IRARL; € R 15 B 55

WA RE s n S5 G M8
TG Py <1.0, Ri5Y4;1.0<P (y <2.0, 52T

Ye12.0<P ,, <3.0, FIRETEIL  3.0<P 5, <5.0 T YL,
ASCH A ] - 35875 YR E AR TE A )P4 4 [2008]

39 530 IR BT RENARE(E (m)) , L3R 1.

A MIRBCR A Z FEE TR BORE IS S A5 5L
()AL Z HEAEFEE(Shannon—Wiener )™
H'==%2 f.(Inf)
S gk MR EAEf N5 | RO TRIE IR
F 1 TERETMNAREE(pH<6.5)

Table 1 Soil quality evaluation standard

F4JEI0E Metal element Cu Pb 7n Cr Cd Ni
FHEE YA mimg-kg? 50 80 200 200 03 40




876

R S Y 4 EESH

Hu G FEHZR EE HL
(2)Margalef -5 BEFE 4™
SR=(S-1)/InNu

Ao Nu 2 8 .

(3) R A% (Simpson's diversity index !9,
D=1-3f"

()28 A F5 50 ( Maturity index !,

MI=3, th,

eV WE i MY e—p L (c—p {HJE Bongers Hidfi

2 BN TR A 1% s SR LA ROGS ] FETPR I T ) A

FERIN 530 FASE SR o—p 1 ASRHEACEETE I ]

B TR 50 R I RERGHUE 2 LRI 2 32 S e

p2 ARFRMAC S A )5, DR 2, B PR T 5 c—p3

PR AR I s AR, XTI TR U e—p4 AR

FAAC BRI, PR TS YL U e—pS5 AR

SRS, P OB/ TS YA A A Sh AU )
FRIEAS [R5 IR IERE 230 B R A T R s £

(MD) fEyar B RS ER (PPD LSS B (MM
(5)HIEFEEL:

NCR=BF/( BF+FF )"

[P BF A EMEE I FF B RREL I,
(6) L R B FH8 4 ( Wasilewska index ),
WI=(BF+FF)/PP

K PPt af A e AT
110 56 B0 48 % F Microsoft Excel 2003 F1 SASSS.0

AT 1A

2 ERESH

2.1 TIREERTRRAR
BIFFEAE I 4 L SFe et A~ P T A o 4 e 5 i DL

2, S HFEHbI R ERYE, AHLIE A 6.80~24.8 g-
ke, AT 0.83%~1.33%, Wiillny 6 FheE & )m 5
FEIAGOAP IR R ATHIIR K [2008139 5 3+ 5875 Y
FEMEA L, Cr Ni B PG Y8 804/ N T 1 7 -3
LAWSIFEEPY, 1 Cd.Cu Pb.Zn ¥4 2 R [ F
MRS, PR 3280 B 12.5% .62.5% 50%
M1 37.5% . 8# FEHLCu 117 1 =ik 382 mg-kg ' (15 YL 1F
WA 7.65 £%),Zn (5 5k 276 mg-kg™ (5 4L PEHr
% 1.38 £%),Pb ik # 205 mg kg™ (V5 YL PFA-
() 2.57 £5) , & A 9 B i (5 Cd B die i 1
& 2# FEHb, O 2.26 mg kg (TS YL PEMELIN 1.37 %),
NF G R A DG 43 BT 2R W1, Cu (Pb I Zn 3 2 AHOC
(P<0.05), LB EATATRER A Fl—I5 48, FWFIERE:
i F 22 Cu P Cd Zn {54%, DT & S g
FlvE 4 J o - e 2k i A I o DU ER 4 1) P A 25
BIVGYARE(P o) W3R 2,4 P o558y, 8 Bt ot
W 25% 9 1 L 37.5% G Y O R
TG R 12.5%
22 BB TIERLRHERBTEHB KT
M8 AL 2 B IE S5 854 SR, A3 T
6 H 19 Bl 26 J& , 5 FE 2 HUBEIE B0 5 7R 250
IIATER RIS K 25 . IR BUR R R, T
2k BRI 168 45+100 ¢ T+, iR TS YL
(A 2k H R AR A 1A, TR 1) 202 45-100 g7 F 4, &N
MEVETEREHBER TR 120%, PR TS YepfA rh 2R s
M EREA T T 39.0%(P<0.05), T J3 K 28 s
YUREA S BIM 25 F R T 64.4%F1 79.0% (P<0.01).,
AN TR E 4 J8 75 YL R AR 2 B HES I Sl 2
BT Y > T A > v B2 V5 A > TR VS A
> EE S YR, FEAS RIS YL SR IR AR b A £

R2 PR TEEMUFEREEERSMMEY

Table 2 The soil property and concentration of heavy metals in different sites

FEH 25 (Sites ) 1# 2# 3# 44 S# 6# T# 8#

pH 5.78+0.01 5.16+0.01 5.93+0.02 5.78+0.02 5.61+0.02 5.18+0.02 4.54+0.02 6.38+0.03
AP Organic matter/g-kg™  24.8+0.12 14.2+0.02 23.4+0.09 15.4+0.03 22.3+0.02 15.9+0.02 6.8+0.02 12.2+0.05
S Total nitrogen/% 1.05+0.08 0.94+0.06 1.33+0.10 1.02+0.08 0.96+0.04 0.89+0.06 0.83+0.03 1.01+0.08
P, 0.13+0.02 0.35+0.08 0.29+0.06 0.33+0.05 0.27+0.06 0.26+0.07 0.45+0.07 0.29+0.01
Py; 0.17+0.02 0.09+0.00 0.35+0.03 0.56+0.07 0.91+0.02 0.56+0.08 1.44+0.09 0.52+0.08
Py 0.03+0.00 0.86+0.05 0.10+0.00 1.37+0.18 0.50+0.00 0.27+0.00 0.20+0.00 0.20+0.00
P, 1.10+0.04 0.40+0.03 0.90+0.07 0.89+0.01 2.52+0.07 2.77+0.12 4.88+0.17 7.65+0.25
Pp, 0.82+0.02 0.68+0.05 1.25+0.04 1.06+0.00 1.29+0.02 0.93+0.02 0.95+0.06 2.57+0.18
Py, 0.53+0.03 0.44+0.08 1.08+0.04 0.58+0.08 0.83+0.06 0.57+0.03 1.13+0.05 1.38+0.03

Py 0.89 0.74 1.06 1.19 1.93 2.12 3.68 5.80

[ i Kk B B Bl HE T U

1Py Cu Cd .Pb . Zn PHEE L5 G5 Y4851
Note: P j: Nemerow pollution index of Cu,Cd,Pb,and Zn.
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Table 3 Soil nematodes abundance in the plots of different pollution levels

FE 4 Site c—p CK L M H HS
e MBS -100 ¢ T 168+10AB 203+14A 103+8BC 59.7+5C 35.2+4C
BN R Bacterivores/%
B3 & Eucephalobus 2 0.0 2.1 0.0 0.0 6.9

SeJ&@ Cephalobus 2 12 0.0 15.9 0.0 0.0

JINFEJE Rhabditis 1 0.0 0.4 2.9 0.0 0.0
HFEE Mesorhabditis 1 0.0 0.0 0.0 20.8 0.0
% 15 J& Chronogaster 2 1.5 0.0 0.0 1.9 6.9
FFIRJE Rhabdolaimus 3 0.0 0.0 0.0 0.0 17.3

B E L H Fungivores/%
L J1)E Aphelenchus 2 0.5 2.1 4.4 0.0 6.9
1 91J8 Aphelenchoides 2 0.0 2.1 0.0 113 10.4
HiH 27428 11 Plant—parasites/%
2R I)F Filenchus 2 0.4 0.0 0.0 13.8
E12% )@ Basiria 2 0.0 2.1 0.0 5.7 0.0

Z£J& Ditylenchus 2 0.0 0.0 26.1 0.0 0.0
L& Rotylenchulus 3 0.0 0.0 0.0 0.0 13.8
BRE Rotylenchulus 3 9.3 10.4 0.0 0.0 0.0

12ié 8 Helicotylenchus 3 32 21.6 0.0 56.6 0.0
SAKJE Pratylenchus 3 0 0.7 0.0 0.0 0.0
VR E Hirschmanniella 3 11.5 25.8 478 1.9 0.0
WAL Tylenchorhynchus 2 4.3 14.5 0.0 0.0 0.0
/NFRJE Criconemoides 3 22 2.8 0.0 0.0 0.0
S8 Hemicrionemoides 3 24.8 0.0 0.0 0.0 0.0
SIJ& Xiphinema 5 3.4 0.0 0.0 0.0 0.0
22 )@ Oxydirus 5 0 42 0.0 0.0 0.0
T -Zu 282k . Predators—omnivores/%

T k)@ Dorylaimus 4 6.8 9.5 2.9 0.0 24.2
BALJE Eudorylaimus 5 7.6 0.0 0.0 1.9 0.0
thoFJ& Mesodorylaimus 5 0.0 0.4 0.0 0.0 0.0

FLUHJE Aporcelaimus 5 1.5 0.0 0.0 0.0 0.0

A B Tobrilus 4 226 1.1 0.0 0.0 0.0

TE: CK ARG YerE s TR BTG Y s MO Y5 e s H O B TS 4 1S S s e . AR P RN 22 Rl 35 (P<0.01),
Note: CK: Uncontaminated plot;L: Light pollution plot; M: Moderate pollution plot; H: Heavy pollution plot; HS:Serious pollution plot. Means with the

same letter are not significantly different(P<0.01).
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Table 4 The index of soil nematode assemblages in the soil samples

R )3 A= 2 LML FARERIEE FERSHEIREC ORI RIS A E KL BIB=E T
Site IR B (PPI) (MMT) (H") (D) (WI) (S) (NCR)
CK 1.7a 3.2a 1.51b 0.69b 0.02d 13b 1.0a

L 2.2a 2.8ab 1.53b 0.72h 0.15de 17a 0.4b
M 2.0a 2.5b 1.34b 0.67hc 0.31c 8c 0.8ab
H 1.9a 2.4h 1.44b 0.62¢ 0.53b 8c 0.7ab
HS 0.7b 2.8ab 1.98a 0.85a 1.75a 9¢ 0.6ab

T AT B4R 22 57 .35 (P<0.05)

Note: Means with the different letters are significantly difference(P<0.05).
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Table 5 The relationships between metals pollution and ecologic index of soil nematode communities(n=8 )

I H PPI MMI H' wi SR S NCR Nu D
Cd 0.564 0.506 -0.202 -0.605 -0.127 0.974%* -0.321 0.955 0.047
Cu -0.803 -0.408 0.698 0.949%* 0.746 -0.590 -0.276 -0.913* -0.537
Pb -0.875% 0.027 0.945% 0.948%* 0.899%* -0.138 -0.452 -0.552 -0.918%*
Zn -0.661 -0.350 0.724 0.853 0.900%* -0.260 -0.548 -0.703 0.519
Py -0.815% -0.381 0.727 0.957* 0.777 -0.551 -0.306 -0.891* 0.565
TN 0.424 0.376 -0.114 -0.209 -0.184 0.851 -0.447 0.618 0.597
oM 0.307 0.666 0.030 -0.435 0.051 0.971%* -0.298 0.863 0.113

TN B OM A ML ; ##P<0.01 ;#P<0.05,

Note: TN : Total nitrogen; OM : organic matter.
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