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Fig.1 Sampling sites of Pengxi River
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1.2 hEepd g m e g S b

TR R SR AR - &R - R
TR oL % E Pb,Cu Cr Cd Zn
N A, 8P T 4 R 2 AR IBOR T R
Z: It 7] ( European Community Bureau of Reference,
BCR) 1y = SR BB AR RN R

(1) BRFEIS (P S B S TR PR ER 45 5 25 ) - B
ISR 5L 1,00 g TRILAE T, A 40 mL 0. 11
mol/L FEfR ,20°C 7% 16 h,7£ 3000 r/min 5{F F &
L 10 min, 35 3E,

(2) R s (B B AL 55 5 A5 « 16125 B
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(1) 5k i A 40 mL 0. 50 mol/L #h W2 ¥ i +
0. 05 mol/L 48 ,20°C TR 16 h,7E 3000 1/min 4%
F R B 10 min, 117,

(3) AT AL (ALY AL 455 75) < 10 46
E(2) Wk A 10 mL i3 E LA, 16 20°C i S
1hJ5, in#z 85°C (1 h) , #/mA 10 mL i %L,
AseAE 85°C T 1 h, ZJ5 A 50 mL ¥ 1 mol/L
MR B (pH =2) #ik3% 16 h, 7E 3000 v/min 5T &
> 10 min, 33

(4) FRit 25 LLE 5 DL b = aT 42 UGS B
=Y (=R o=

Joie i« AR 23 A L SR A S R P AR [R] 69 23 A
PP o3 A 25 0 RE AT RE DL B o W
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6 9, FoRiRin g, MR E SRS RITE 1,
(P AE G, A SO R T 1 S (E R = X+ 3
T4 1 75 5% (6 (2008 ) 17 Pb Jly 23. 88 mg/kg,
Cu “525.0 mg/kg, Cr >y 78. 03 mg/kg, Cd 24y 0. 134
mg/kg,Zn }7 69. 88 mg/kg,Ni 4y 29.47 mg/kg,
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) VA DUBUE SR & % Pb Cu Cr Cd Zn F0
Ni F £ #8 K 6.61% ., 36.00% , 28.05% . 34.01% |
25.00% F1122.76% , A Cu Fil Cd # K& NHE ., 1H
yRE e /KR il ) i PR, A2 Bk FK R
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XoF b A RIS o s A v, AR VR R R
iy Ly Cd i Qe ik, 58] T GB15618—1995
(EHEPRBE i A v ) W 2 AR EAE, Pb ., Cu Zn ¥3k
N FhREE, Cr A1 Ni ik 8 T ZbrifEfE. X EHK
YL A I G & i A 3 BT I Al
TR R e Cd A Ph R & TR
ViR, s T PO X I Cd AP ST
AL UL BRI R Cd A Ph 5 Ye A Ry g R
Cd % m FCRIEAREE Bt bn il ) 11 ZebrfEfa, H
BAEAES KR TG LS EL.,
2.2 RN LSl SR R

MR R L S m A A R (% 1) IR &
LR L HRFR RS RY TR 2,

TH#% 7 L4 Pb Cu Cr.Cd . Zn Ni ¥ I, fH5)
Wk 0.53 ~1.22, -0.61 ~0.45, -1.65 ~ —0.68,
1.44~2.21,-0.22 ~0.28 . —0.61 ~ —0.34, {11
L, F Y43 504 0.92, —0.05, - 1. 11 ,1.74 0. 04,
-0.48, XfLbif 7 3 Pb Cu Cr .Cd Zn Ni () I,
SEHE0.82, -0.52, —1.48 1.33 ., -0.28 . 0. 78, A
U, BT I R E A R S YRR A TG K
Horr Cd Wy T5 Y M, AR S B B T e g,
U Pb, IG5 Y B BET5 Y ; Cu Fl Zn BRFRIRAE
SORTCTG Y B BT YA, Hoax o T T5 G Il R
S Cr FI N CHICTS Y5 R, SRk R, AR5 Y
TR T MEIR M :Cd >Pb >7Zn > Cu > Ni > Cr,

1 BRI P RS R A
Table 1 ~ Average content of heavy metals in soils of Pengxi river
RFE XK Wi H Ph Cu Cr Cd Zn Ni
L H (mg/kg) 45.00 ~82.51 16.74 ~37.57  30.57 ~55.01 0.42 ~0.57 73.85~101.11  21.93 ~29.69
WyEE R T EYE (mg/ke) 64.44 27.18 43.03 0.51 86.61 25.81
Bt FRUEZE (mg/kg) 13.20 7.84 9.60 0.05 8.64 2.24
An S R 20.48 28.83 22.30 10.33 9.97 8.70
EHETE (mg/kg) 51.61 ~83.16  24.49 ~51.12  37.19~72.82 0.55~0.93 89.81 ~127.51 28.79 ~35.02

TP SEMME(mg/ke) 68.70 36.96 55.10 0.68 108. 26 31.68
+ 15 PRUEZ (mg/kg) 11.76 8.19 10.63 0.13 12.10 2.58
An S R 17.12 22.16 19.30 19. 66 11.18 8.14

N I 9% (mg/kg) 35 35 90 0.2 100 40

RS p L 5 5
T b I 9% (mg/kg) 300 100 00 0.3 50 50
M % ( mg/kg) 500 400 300 1 500 200
-
iz:ﬂ?# HH(H (mg/kg) 28.2 24.5 76.7 0.269 90.7 34.8
ZREEX -
N +{H (mg/k 42.89 35.70 44.72 0.49 88.09 -
s 4] o {E (mg/kg)
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Table 2 Geo-accumulation index (1) of heavy metals in soils
Pb Cu Cr Cd Zn Ni
R EEAE | R T | WR I | W YRR | WYR W | IR T
o) 0. 88 0.98 -0.10 0.45 -1.56 -1.22 1.16 1.65 -0.33 0.13 -0.57 -0.34
IR 1.18 1.22 -0.06 0.23 -1.13 -0.93 1.50 2.21 -0.43 0.21 -0.74 -0.35
1o BH 0.33 0.53 -1.16 -0.61 -1.94 -0.68 1.30 2.07 -0.51 0.28 -0.82 -0.51
7k F i 1.20 1.21 -0.72 0.03 -1.44 -1.65 1.31 1.54 -0.30 -0.22 -1.01 -0.61
FREZK 0.66 0.74 0.00 0.01 -1.80 -1.00 1.40 1.44 -0.05 0.05 -0.80 -0.52
WA 0.60 0.68 -0.79 -0.32 -1.70 -1.26 1.07 1.59 -0.10 -0.01 -0.84 -0.57
B 0.99 1.10 -0.60 -0.19 -1.16 -1.20 1.47 1.80 -0.23 0.02 -0.69 -0.37
pbaign| 0.71 0.91 -0.71 -0.02 -1.09 -0.95 1.45 1.65 -0.30 -0.17 -0.78 -0.62
[gﬂﬂzﬂﬂﬁ 0.82 0.92 -0.52 -0.05 -1.48 -1.11 1.33 1.74 -0.28 0.04 -0.78 -0.48

2.3 RN RS RIBA S IR
B4 B TE I A AR AR S ek
L, AF T 4 i 7F - 458 b (9 A= ml R R AR S E
TR T IR AN, I BCR AR BUE +
FRIE A B BAFTE T Y dnts b P R, —
A AN AT AR ml R R AR S KU B /)N, TSR
BAESR S LRGSR, 5o B, HAE SR
KRR R R RIS A T EE X,

EATSTI e ob2 4 L g0 N T S R (T 1 S A
No AL IV LR P RS EE DR SN
F, HAP B E R A 55.29% , HRON AT IR 2, P 3
FEON 28.99% o Cu FREDIFRE S, P&
ik F| 63. 44% , IR A AN, FHEEHN
17.61% , +-3rf Cr FI Ni JTE 5B MFE , Cr FRIES
P& Rk R 83.05% , Ni BRI E &N
82.71% , Zn DIFRHE S AT RJF AN 3, P & &
Iy A E] 54.69% F123.44% , Cd FH LA IEJR A
Sy, HOE ok 44.99% | AR A 2 IRV % e 11
TREE IS T- 2 & F ik 3 28. 08% |, 5% i 245 2 S A1,
IbF9.57% ~16.24% 2z [a] ,SF-3MEH M 12.85%

A 7k s 25 L 4 JB X IR SR B R AR AN
B bR, HA RIS HUS 4 8 =2 AT A2 e 25 Filhik
FRERZE G AN IR ER 45 5 A E A B X pH (A4
B AR pH B A5 R A 5 B ™ o il ik
JRAS 4B F LS G T A A, X AL IR i H
SRR AR A AR ED AT R S 4R
FEGE G TAIY MG, A VLY 32 A A5 il 75
SR ESRE . BHORE, BiEh Cd EE L
EFRIE BT S BARE , 2B R AW AT
FFE, i Cr A1 NiE S RRE
2.4 RN RS RIS RAIE

QET ST A BT 0T R B R T PR T
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Ja A LR R SR S A AR A TR
e o3 BT B 4y J 4 AR O i R A A R B R
U, LI T 1 1 o 0 IR TS IR 3T
S8R E S SR IE, i SRS SR
AR B R IE P 9 o B, B O P e
4 A A LA B X i o TR, AR 3.

3 HFAN D RS H BRI D B R GOk
Table 3 The contribution of different fractions to the increased

amount of heavy metals in WFLZ soils

HRIRA LA FLE R i ST EL (% )

I
Pb Cu Cr Cd 7n Ni
FRELECES  23.07 18.17  7.15  47.53  34.75 15.12
ARJEA 82.06 16.19 22.00 24.42 16.78 22.56
WAL -3.52 31.95  5.60 27.98 16.00 10.33
RS -1.62 33.69  65.25 0.08  32.48 51.99

T R AP R IR W 25 R AT LU 2 kD i)

Hi1 3 W1, %F Ph i &, W]k A K o
ARG TR R 82.06% o Xf Cu 1 5, 5%
BT A Co & 3G B 5ok, X S i 3
KA DT#k 75135 8 33.69% F131.95% . Cr 1 Ni 5%
AR DTk B OK, 43 IR B 62.25% F1 51.99%
Cd Fl Zn BRARICEHG 5 AL, X ket A8 1k 5 ik 43
BSEE) 47.53% F134.75% . fEAT L, K TE A XA
[F 4@ R SIS KA DT E A = Tl A D)
R E AR EEWA TARRIE S 456 7159, 1 H
SRRV TE 48 T EAFE T okl A . Al R
TH7EH L8 ag Pb Cu Cr Cd . Zn F1 Ni S35
W (R HIS RO IE A ZE R BT Co Al
Ni [ 53R o B FRIE A, 454 Ui BREFE 50y
Mrivgie, Cr Al Ni J& Joi5 Je ), AN HA NN T5 5
TR PERFAE , HE 0 3 v 45 T2 BUS 3 iy Cr A1 N
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Fig.2  Chemical forms of heavy metals in soils
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E T HOR IR 2 e A Kk K B3R A
SRUE, T Cd \Pb Zn 34304y E 2R AESRIE S, &
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7 IR B IS T T AR B , 038 8 0] gt - 3
BRSO BURE A A AL
A HERK, HILERGE ZMESREWA MK T
RN IENE SR
2.5 WBEN LD RSB SRE T

A S A TR R R 25 5 B 4 8 &8 T 55 R B
BT, HA Y T A FYE S 2 R R R A5 b TR
R FREE S B8 e B A A KUK o AR AR XU PR A
HEN] (RAC) PEAS AT 32 e 5 AR BR ER 45 & 8 o a1
B ESEM RAC(H, X TR R L
B P E SRR SRS A TR,
HAr P, Cu Ml Zn [y RAC F-¥{EH 43508 6.20% |
6.80% F15.45% , K Z 44 TR , #5340 F rh
SRS, Cr 1 Ni iy RAC {EITE 10% LAF, T fi R
FE R Cr A1 Ni ZEFARXUSE S0, TE A5 Fe e M de i
Cd ) RAC {4t F 11.00% ~31.61% z [a), -
4 20. 62% ,F 5340 T i KU 23], K 22 BOR A A
Cd Ak rpr 25 AU G 31, 3 2 W vl b Cd 1Y
BT E R 25, [A) I AT A2 460 28 AR FR £h 25 5 &
Cd 7 ¥ 5 0 0.19 mg/kg, 46 %5 & 7 B KT
GB15618—1995( - e A 85 ot A vl ) 19 1T S i
i, Bl T Cd 23w, HEBE SERER R
Wi R A & AR AL, RO Cd B TE LR RS XU 4K

3 4k

SERORY AU ARIEFA HITE 28 GON DAL S TN RE
18 R I o0 A S AR AT I, SR AR
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Cd 75 Qe85 e, 1 35 o L3 E PR g Bl A ofe) 11 4%
PRIFE(EL, S A b 52 B P B2 95 e A8 45 Ph D JE i e 2l
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Speciation and Translocation Characteristics of Soil Heavy Metals in the
Water Level Fluctuating Zone of Pengxi River in Three Gorges Reservoir
Area

WANG Tu-jin, PAN Jin, LIU Xue-lian
(School of River and Ocean Engineering, Chongqing Jiaotong University, Chongging 400074, China)

Highlights
* Heavy metals gradually transferred to the soils of the water level fluctuating zone and accumulated in the Three
Gorge Reservoir area.

* The soil was mainly contaminated with Cd and Pb.

* Cd has the poorest morphological stability and was mainly found in the reducible and acid extractable fraction,
demonstrating potential environmental pollution.

Abstract: The water level fluctuating zone ( WLFZ) is a
transition belt between the water area and the terrestrial
habitat that plays an indispensable role in the water
environment. Pengxi River basin with the largest WLFZ area
was chosen as the study area. The soils in the WLFZ and
the coastal soil samples were collected to analyze the
speciation characteristics of heavy metals. Besides, we have

evaluated the pollution degree of such metal contaminants as

well as the levels of the potential ecological risks with the
methods of geo-accumulation index and the risk assessment
code (RAC). The average contents of Pb, Cu, Cr, Cd, Zn and Ni in the soils of WLFZ were 68.70, 36.96, 55.
10, 0.68, 108.26 and 31.68 mg/kg, respectively. The pollution degree is in the order of Cd >Pb >Zn > Cu > Ni
> Cr, among which Cd and Pb pollution were prominent, generally higher than that in soils of mainstream of the
Yangtze River and much higher than that in soils of Chongqing area. The RAC value of Cd was 20.62% , showed
moderate pollution, and was mainly found in exchangeable and carbonates fraction. The RAC value of Pb, Cu, Cr,
Zn and Ni were 5.45% —10.0% , showed low pollution, and were mainly found in residual fraction, accounting
for 54.69% - 83.05% in the total amount. Compared with the coastal soils, the content of heavy metals was
increased in WLFZ soil, but the increased amount of each heavy metal was different. According to fractionation
studies, residual fraction was the main part of the increased Cr and Ni. Nevertheless, the main part of the
increased Cd, Pb and Zn were found in non-residual fractions. The results of our investigation indicated that under
the effect of the terrestrial and aquatic pollution sources, the heavy metals contaminants in the Pengxi River basin
were translocated from the coastal soil to the WLFZ, then deposited and enriched.

Key words: water-level-fluctuating zone; soils; heavy metals; geo-accumulation index; ecological risk assessment

ARSI A ERI, W, XS =R O RN & b G R I S A 5 I B R E TS
L)) A ,2016,35(4 ) 425 -432.
WANG Tu-jin, PAN Jin, LIU Xue-lian. Speciation and Translocation Characteristics of Soil
Heavy Metals in the Water Level Fluctuating Zone of Pengxi River in Three Gorges Reservoir Area
[J]. Rock and Mineral Analysis,2016,35(4) :425 —432. DOI; 10. 15898/]. cnki. 11 —2131/1td.
2016.04.015.

— 432 —





