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Speciation and potential ecological risk of heavy metals in the soils and
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Abstract: Longtang Town is one of the E-waste recycling regions in Pearl River Delta. The
concentrations of five heavy metals (Cd, Cr, Cu, Zn, and Pb)in the soils and river sediments of
this region were determined with AAS method. The results showed that the concentrations of Cd in
the farm land soils nearby the region were nearly 20 times higher than the background value of soil in
Guangdong province, and 3 times higher than the Secondary Standard of National Soil Quality of
China. The concentrations of Cd in the soils of recycling region were 5.67 times higher than the
criteria, while Cd was 36.17 times higher than that of the background value of Guangdong Province
soil. The concentrations of Cd, Cr, Cu, Zn, and Pb in the 0—1500 m downstream of the river
sediments had an obvious increase and some metals were above the standard. The contents of Cd
decreased gradually in the depth of 0—40 cm but were above the standard. The concentrations of Cu
in sediment decreased sharply with the sampling depth and were above the standard in the depth of
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0—10 em. Cr, Zn and Pb were enriched in the surface soil at some sampling sites, but the other
sites the concentrations were similar to the background values. BCR (the Community Bureau of
Reference ) four-step sequential extraction method was used to examine the speciation of the heavy
metals in the sediments. The results show that Cd mainly exist in the acid extractable fraction and
reduced fractions; Cu mainly exist in the oxidized fraction; Cr mainly exist in the residual fraction;
Zn and Pb mainly exist in the reduced fraction. In particular, the content of the extraction fraction of
Cd was more than 60% of the total content, which have higher possibility to produce secondary
pollution. Evaluation on the potential of ecological risk of the river sediments indicate that the E; of
Cd is greater than 320 which shows considerably serious risk. The ecological risks of other heavy
metals are relatively low. The contribution of Cd to the whole Rl is over 88%, and is the greatest
among the tested heavy metals.

Keywords : E-waste, soils/sediments, heavy metals, speciation, ecological risk.
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Fig.1 The geographical location of sampling area
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Cr.Cu Zn 1 Pb % R H] TAS-986 HUA7 S50 1M 7 6O GRETT (AAS) AT I SE , I 2 1if T A A% it 2
H10.45 pm JEREHATIEUE , L7 38 T8 AR 1%

SRR A R e R Al sl oM 4L, S8 K SRR 4K S 06 AR R BT B S A R LA 34 109 i
FRIZ I 24 h DL b FF Al K veds ML DL& L AE S BORI 5 1 A rp | O R S 56 B0 i e 1 | 4
HERE RS 5 AE 3 UOEATIEE , 45 5 4 T8 2 B AR XS YRR AR 22 Y50/ T 10% s ARifEY) UG
[N Rl 89.7%—110. 3%.
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Table 1 References C, and toxic coefficient T, of different heavy metals
JLHR Cu Pb Zn Cd Cr
C, 15 20 65 0. 065 61
T, 5 5 1 30 2
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Table 2 Ecological risk coefficient, risk index and classification of risk intensity

E, RI AR fE HREE
<40 <150 B
40—80 150—300 g
80—160 300—600 R
160—320 = 600 R
= 320 LT

2 R 55

2.1 HEEPESIRGES KT

o} 275 T 0 S AR T B A SRR AS v B 4 S R AT 404 43 SR Cd LCr Cu \Zn I Ph 55 5 PP 4@ 4 ME
BB FAT /BT INE .t 3 v BAE v R 8 2 e I R P I A S DX LA EE R S DX ) - A
(EZ TR AE) —9bnifE , Cd S 45T 0. 30 mg-kg ™ BBRIEACE, Hirp e 1+ 3 rp Cd &5 b
3R AR L R 20 54 A PR IX 1 Cd bR R Ik 5.67 £, BT ARE LI
SR 36.17 4%, UL XM I B3O 232 2™ 1 Cd 15 4% PR X L8 Cu & iAo /s,
AR ST Cu & HEHRTE 5 - S i i e/ L N, LA 4@ 4N Cr Zn Fi1 Ph RTEC B K L i prifE) —
RARWEE SR & AVHEREAN BT RS DIERES R S, R X AR LT Cd Cu F1 Zn 3
i T S R T UL H 3R AN A B A TG R L (2 X ) 3R R A AR A R
BRI, Hodh Cd ¥5 YR B o M

OYMT L 4 R AR R X S AR R A LA LR, — i e RS T oo h s A
Kt E 4R Cd Cu Bl Zn, 7E N THFME JERLEFEH 2 S0 |, 75 4 8 Bl A KR R 38 — 2 e 4 )R
PR AR P UEIR TR AR R ) & Cd | Cu JE7K, HEB B KA b 23 35 Y T 3 i Bl 9 4 1, ZE R VR
HOR SR B AR, IR AR AR ™ i ) it B A s — R i@ b an Cd 3B RS e & AR 5 ZE K AR L 3 rp
BRI RN IR 5E rh A ) T W SCHE N B8 | 3 U 4 R R RIS e BRGNS R
A E N fEFE . AR R R AL B A R ERER], X Cd %5 4% 25 W R a8 i =
THABG PIAR A LT T /N A DR R 5 R 55 1] 5 42 45 6 T8 AR e i 28 50, DA I
i Cd R 3EPES) | DRI AT 25 5 1) 37 95 Y gk it TG LB SR FAR Cd (0TS S5 Ak G Pk 2 B 4507 i i
IEAH L, T3 S AR 6 M 42 )8 Cd . Cr.Cu . Zn 1 Pb I %E AYSE 2 & 50 51 & 10.3.6.3 1851, 1016,
1715 mg-kg™' , GZA L, ABFRAR R0 4 8 & AR, (HE 48 0 & R R A — 3, IOZ R L+
B A e ile b 7 4 a5t U | A A B i TR A JE R - b 4 R (TR RS AL A AR i
G A A DB v vk B R AT RS DORE SR I A IR, 5 AR R R OC R T B ).

F£3 +HEPSHELBETELENM (mgkg™")
Table 3 The total concentration of five heavy metals in soils( mg-kg™")

WFFEIX. cd Cr Cu Zn Pb
] % - e o PR B AR 0. 30 150 50 200 250
JTHRAE LS SR S 0. 047 36.34 15.81 53.07 36.34

A 1* 0. 90 20.33 15.28 33.76 11.61
e A< 2% 1.07 18.03 13.02 36.58 17.38

Prfix 17 1.70 25.55 65.43 74.67 32.57

PrffIx 2% 1.27 23.24 45.92 80. 57 28.77

T IRI SN RERE(AR) DS )R S U

22 JEKETESENSES M
X ¥ 275 T SR A DX ) BBl T 3 e 3] | rp R R TR A T HURE BT, M RE Cd L Cr . Cu \Zn 1 Pb 5
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Fig.2 The distribution of five heavy metals in different depths of sediments

&2
,1000 m At 0—40 cm HE

547 At B B /m

.

]

=}

K A)

FETEE M T Cd TTE KDL, 7E 500 m 1000 m A K%z 1500 m SRAE S AL, Ho a5 7E 0—40 cm ¥F

JEE LS I A AR Bt B i R R A 8, (L5 i) S 8 oo L 90 I 6 J 79 S AHL TG R Cr MU7E 500 m 4k

TEREF 20 em A0 & B4
20 cm iﬁéﬁﬁ:‘/\%



2 A e R B P B IR AR X SRRt 8 H 8 S WA 25 B A 2 AU 259

U RE, 76 1500 m AR 5 1 S E A 22 A8 K. Ph 7E 500 m, 1000 m Ll & 1500 m R Af 5 AR
0—10 em7EF N R L Z 10 em LU HEA R E TR BE B3 0z s b B G RS Je TR BE g, i 1 0%
8 A AT X AN (1) 453 iR 85— P W B e 0 AN AR TR) (45 3 4 i 22 TA] S 3 O R — B S B8 A AL AL
XA I RAE s KA 1) pH {EAE 5.5—6.0 Z (8], 11 Cd JCER TE IR Z5 4 T A T HoAh 43 8 2 3
IERSBE I TSR FE[RIRE A BB AR LT Zn AT Ph AR R P RS TR A U3 , 32 TR pH B A& T
SHEZM HOR CA™ 5e G i s A, Cd> 19— oK i & Bk /)y, (5 1585 Cd A4 W B sk 2D, A I I 25 2
[ Cd 3, AR A R 4 2F T /9 Zn™ A1 P> KR AR T Cd™ 055 20 RSk U, A JLFRh R 4 i 7R i D8
W EEAETRE 0—20 om WL, AR & T 20 em DUF G, L E 2 0y 1R R 20 N AR
VEAES BN K it v o 2 v o 4 0 PR T RS i) RIS e TERR R AR E T, 1 4 T X KA s R
PRl PR 3 B A fs R
2.3 Rl E A B IR A S A R A A S S B

ANEITE 25 0 2 4 Ja A AE TR 20 AR AR AR (V8 70 18 AR BE R [R] AR BCR PO AL U 1, 43 R 59 1R
WA (F1) R (F2) AL (F3) AIARIEZS (F4) 55 4 FIEZ, ook F1LUF2 F3 45 3 FIESS0R
AT BRI, AT AR B AE S BT o LR R B B MRS D rh R B ke T A W B R LA A AL
PR T BRA AE TRR E , ARMER AR W I AR X AT 5 i /N AR AR SIS A S A A U e T AR AT 3
AN[A IR R FE A Cd \Cr Cu Zn A1 Pb 5 5 M E & B A MIESM & &0, 45 R K 3 s,
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Fig.3 Speciation of heavy metals in different depths of sediments
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&L 3 WAL R R G R AR RS R s B o A i O[], [ AR IR DC R AE 3 RS
e A 2 50 FERFIE X P, AR I Cd JE R AR R — »SR [RIGREE A9 T HHUS Mt 60% , 32 %2 LA
RV SRR RS A Ui Cd JCR 7R X A R KA LK, 1R 2 5 M UUR ) v« i
W WOk, RIS A M, AT K AR AR MO R | S A N B W f T N R RR. Cr ST R AR X A
TR S G B N H 352 DLk SR AFETE (47.6%—89.2% ) , A0 & 1E TR R A= 0 Wy RN IR A Rk R 26
Ty As T MR E AR  RAE  T RI T 428 Cu B LA LS A2 TR TE R Z VIR )
FE Bl A DT R R LR R, R RSB A7 AR A A A 55O T Zn A1 P DU DA RT 38 SR 2 S = | 8 0 3 ek W B
HTEE BB TR MR UUR AL T IRE M T 55 Kb i BGRB8 K A gl 7k A
AR, f 3 A S EREE . ARG, 45 8 Cd  Cu Zn Fl Pb (A= M)A SR v, 245 5 B 0 BT B 34 5 v
SR WRIG Y T Cr (AR08 ROCPE AR, X6F ] BI85 110 P 70 A 25 XURS: S M 48 /).

2.4 EEJRAESKE IS

SR 2 DX 35 T 4 S o 224 i 14 AR AR B P A W R A, SR Hakanson #8 H AW 76 AR 5 /8

FEBOE AT AR S PEA AR 2 (1) T AR KSR P 4R B E A RIAE, 45 1403 4 FiR.

F4 ARFEEREBIRYTELER £ RLE

Table 4 E' and RI values of heavy metals in different depths of sediments

SRR E
BEEs TR cd Cr Cu Zn Pb i
0 em 115.38 0.67 9.52 0.85 10. 16 136.59
10 em 87.69 0. 86 10. 05 0.93 10. 32 109.85
e 20 cm 96.92 0. 61 13.18 0.75 11.38 122.83
30 cm 83.08 0.82 10. 09 0.56 9.81 104.37
40 cm 64.62 0.78 8.50 0.53 7.95 82.37
0 cm 886.15 1.33 26.19 2.69 28.02 944.38
10 cm 581.54 0. 67 17.53 0.90 20. 46 621.11
500 m 20 cm 480. 00 1.11 14.84 0.42 10.99 507.36
30 em 489.23 0.55 7.26 0.61 12.67 510.33
40 em 383.08 0.62 7.78 0.53 8.92 400. 93
0 cm 360. 00 0. 86 18.05 1.89 16.43 397.23
10 em 392.31 0.75 15.79 0.82 30. 82 440. 49
1000 m 20 em 433.85 0.55 8.24 0.50 6.91 450. 04
30 em 373.85 0.56 8.65 0.49 7.23 390. 78
40 cm 364.62 0. 44 8.19 0. 40 6.55 380. 21
0 cm 373.85 0.79 31.00 0.61 16.76 423.01
10 em 323.08 0.92 17.83 0.52 16.04 358.38
1500 m 20 cm 286.15 1.30 10. 24 0.47 8.35 306.51
30 cm 189.23 0.82 4.71 0.45 7.13 202.34
40 cm 226.15 0.76 4.76 0.54 7.46 239.67

7% EAHINZR 1 ARERT, Cd A9 AR 2 a3 RUBS A5 B 76 I 9 DX S8R A 1 500 m T 1000 m &b J& F 4%
SR (E,>320) , 763 B 5 W] AN RIREE oA BT 22 5, (B XU $5 50 £ (AT &8 T 45, 7 3% A DT 3 F Ui
1500 mAbEPR TR Cd XU 5 5070 il 189.23—373.85 , 16 35 KUK T 85 70 AR S AR 0 =2 6], Ui B IZ IX
BRI UURAERE m Ak ) AR E 42 B E A Cd 15 3, B IR ) A 3 1 XU v RE; &8
Cr.Cu.Zn Fl Pb f& % X8 T2 (E,<40) , o Cu A1 Pb RFSFEEUE £ I T Cr Bl Zn W& LA
ZICRIGTEA S KR RUSEA TP, 35 328 6 5 L ik DX Tl RS Ve DORR ) vh o 4 T A= 28 XU 78 T Jie
1000 m 315l 8 Tom s AR 98 A8 I 1500 m 4k 0—20 em NATYJE T3, 20—40 cm RJE NG ERE R T
WA A AR T, BT SRR R DUBY T Cd & KO T R Sl H Cd s R R 2L
T AR LR 42 8 BOHX RI B A STk R, B 88% , PRI AT S0 11 0 B A5 s X Cd y5 YL i BA , 4
AV ) P R TS A KU | DT P > bt Joee 8 %) 5. LA 4% RAE O [RITR BE 1Y R (BT, A Bl
UREERBG N, RIECZ HT R, U8 B RS UE i 1 B 4 i AE R OB G R vy, o 4 Jid ™ A 1) 2 2850 JRUIRS: 3% T g
1%, R B R W bl /).
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(1) 5 CEK ST by ) —bn A LL T 28 T 3 Hh a0 A X D 1) SRR R 2 %
Z N EA Cd V55, ik - 8h Cd AR 3 5484, Mad) AR LI A 20 F5 24 BRIRIX
T3 Cd Ei AR IR 5.67 A, 2 AR LI RABM 36.17 £ 5 53 S RAE U BRAS B AR Cu AR,
HoAR H 4 Jm R .

(2) Prf IX R UHM RV T AYE 428 Cd .Cr Cu Zn Fl Ph #£ 0—1500 m PSR ETRFAE , Cd 7E 0—
40 em PN B EVASE TR, (ELC R 3 SR, Cu 7 B R AR TR BE PN 38 R A 0 1 35 ELAE 0—10 em A& &
bR, Cr Zn Fl Pb BRIESr s ER BRI 250, HAR 58 SEAA 2K HAR R,

(3) Frfit X NN IR Ve H Cd B LASS RRVE AR Al iR S AR AE , Cu EE DI S SR, Cr R %
LABRIE ZSAFAE  Zn I Ph LTRSS 35 Herh Cd BT IBGE FE G148 25 (>60% ) , Bt —uis ™

(4) WEAEA S 25 SRR i X R IR e L 22 2 E A R i e, & & m A S F b
Cd f& F & TR (E,>320) ,Cr Cu Zn F1 Pb &3 XU E TR (E,<40) ;& )& Cd X R TE
He SRS ER RT STBRME AR (>88% ) , W B A s Xt Cd 154 iy B 4.
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