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Comparlslon ‘of Ecological Rlsk Assessment Based on the Total Amount and
Spec1at10n Dlstrlbutlon of HeavyMetals in Soil ; A" Case Study for Longyan Clty 1

Fujian PrOVlnce ; / f b B,
WANG Rui'l, CHEN Ming', CHEN Na ‘LIUJ’Guan nan' | ZHANG, Ersxi’ , [LIU Xiao-duan®, ZHANG Jia-wen'
(1. l\pnlstry of Land “and Resources Key Laboratory of Metalloveny and Mineral Aq%es%ment Institute of Mineral Resources Chinese
Acadeémy “of | Geological Scwmes, Beijing 100037 ,#*China’; EnVlronmentdl Development Centre of Ministry of Environmental
Prote(.ztion?"]éeijir‘lg 100029, China; 3. College of Manager"né-ri;Science, Chengdu University of Technology, Chengdu 610059, China;
4. National Research Center for Geoanalysis, Beijing 100037, China)

Abstract: A total of 110 topsoil samples and 61 crop samples along the Lantian-Yangdong Villages were collected in Shizhong,

Longyan City. The total amount and speciation of heavy metals(Pb, Cd, As) in soil and crops were determined. The characteristics of
the absorption of heavy metals by specific crops in the study area were analyzed, and a new method of risk assessment based on the
heavy metal speciation and its bioavailability was established by statistical analysis. This new method was used to evaluate the soil
ecological risk and to compare it with the traditional method of potential ecological risk index (RI). The results indicated that the
Lantian-Yangdong Villages were located in an area where Pb, Cd, and As mainly originate from the natural soil parent material with
weak human disturbance. There was no significant Pb or As pollution in the whole region. Cd was the main pollutant with low pollution
intensity. Four types of biological components except for the residual form followed the order of Cd(53.28% ) > Ph(43.28% ) > As
(30.71% ). Correlation and regression analyses of total metal concentrations, heavy metal speciation, and crop uptake in the study
area showed that the correlations between the total amount of heavy metals and the ion exchange state, carbonate state, and other active
forms were low; the results even showed nonlinear relationships between those variables. The ion exchange state had the greatest effect
on the absorption of Pb, Cd, and As by coix seed and rice. From the perspective of bioavailability, the new method based on the heavy
metal speciation was more accurate than the traditional method based on the total amount of heavy metals.

Key words : heavy metals; soil; ecological risk assessment; total amount; speciation
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Table 1  Descriptive statistics of speciation distribution of heavy metals Pb, Cd, As in surface soil
. e BAME ERKE AEE JURIE bRk A 5 . e i S .
LE BE ke /mgkg-! /mgke-! /mgkgsl BE BE/% i HE KSER S
E 0.29 29.91 2.41 1. 80 2.97 123.23 7.45 68.28  XTHUES  0.897
C 0.46 23.43 2.61 2.19 2.33 89.27 6.75 59.14  STHUEZS 0. 607
Pb F 0.39 48. 47 5.02 4.30 4.59 91.43 7.93 74.98  XFEUES 0.300
0 1.55 95.13 12.97 11.19 9.64 74.32 6.01 49.08  XTEUER  0.086
R 3.51 181.98 28.53 24.96 18. 84 66. 03 5.27 40.79  XPHUES 0.131
E 0.01 0.07 0. 02 0.01 0.01 50. 00 1.73 6.59  XEUES  0.400
C 0.01 0.11 0. 02 0. 02 0.01 50. 00 2.37 13. 62 IE 0.575
cd F 0.01 0.24 0. 06 0.05 0.03 50. 00 1.79 7.05 E 0.254
0 0.01 0. 46 0.14 0.11 0.08 57.14 1.15 2.61 ER 0. 105
R 0.01 0.61 0.19 0.16 0.11 57.89 1.14 2.04  XHUEFE  0.077
E 0.04 0.34 0.15 0.15 0.03 20. 00 2.44 20. 33 JEIER 0. 000
C 0. 04 0.16 0. 06 0. 06 0.02 33.33 2.10 9.12 EES 0. 002
As F 0.27 1.92 0. 82 0.79 0.24 29.26 1. 60 5.30  XHEOES 0.220
0 0. 62 8.39 3.26 2.93 1.51 46. 31 0.98 0.92 IE 0. 121
R 2.07 24. 12 8.87 7.99 4.35 49. 04 1.54 2.86  XEUEZ 0.817
DE, C, F, 0, RFRILEM S MBS B TFHES | IR AS | BEA MY EES . AIEES . BEA, TH
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Fig. 2 Distribution of various fractions of heavy metals

Pb, Cd, As in surface soil
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uﬂ% TAEXHHEZ HIEESJE Ph, Cd, As B

ZEAS () TGS ESRE, 72 1) IEsiSES B 2 B0 55 s .
F2 BHEELEELE Pb, Cd, As!

Table 2 Corelation matrix of the total heavy metals Pb, Cd, As and their five forms in surface soil

e

JE B RS, () HaAAHE RS

AR, MR, A8 G Jm SR R X,

RESHS MBS

SEREX AR

H4 R A
WEEEE Pb cd As
Pearson ¢ R4 TiAHIC Z 28 Pearson FHC R %L i AH & R 5L Pearson *HEQ?*@I LB ¥ i
E 0.857** 0.711 0.822"* 0. 106 0.305 " 0. 048
C 0.928 " * 0. 604 0.916 " * 0. 496 0.816" * -0.076
F 0.950 " * 0. 545 0.862" " 0. 825 0.683" " 0. 160
[0} 0.983 " * 0.789 0.965 " * 0. 894 0.966 " * 0. 832
R 0.988 * * 0.956 0.976 " * 0.957 0.994 " * 0. 964

1) # % /R P <0.01 BFHEAKT; n=110

2.3 RIEYTHESEITCE LN
ﬁﬁ%%ﬁ%%,ﬁl%&ﬁ@ﬂ,%ﬁ%ﬁ
KR RKFE, SERELSBEENNERELR. 414
KFPRAREA S, A 1 RS P BAR 1.07 5. 2 4
FERL Cd BRBARRT R Bk 1.27 A1 05 5. A 1
BAERTE 20 AR FEFFRFEA T Cd AR 144947
T4 As TERAKFRLAUK BRI P R AR, A
%%ﬁﬁﬁ%%%é%hﬁ%%,eﬁﬂkzﬁﬁ
*%%ﬁ@?ﬁQ%%ﬁ T 0.7~ 1 Z i) A

-

Bk BREARBN 4.87% , RREEESER(HEETE
JUAREN T 1 ~2 Z[0)) FEAREL S ol 2. 43% 5 7K
FEAF R S 2 B B AR A B LR 5. 00%. (R
I, WRIEMZETEMEERE, mgﬁﬁﬁri%
T4 7 G S
2.4 k%%%i%*ﬁ%@m%%%ﬁ%ﬁ#%
e#ﬂmmeME E%MEi%#m¢m
3ﬁiéﬁm%m>m_mﬁuiﬂﬂﬁmm%r
2 4 B R AT )

%3 ii%#iﬁ%ﬁ%f’b cd, Asﬁz'ﬁ’**@&%zﬁ’]*ﬁ?&lﬁ”

= ¥ Table 3 Cofrelation matrix of heavy ‘metals Pb, Cd, As in surfdge soil and @vixseed 4
el ATR AR OGS T e/ af E ge % 0 R 4
~ Z ‘'
v T 0884 1" 1 7 e
"3 E 00889 % Tog 1
By c 0.852°* 0.98"*  0.986°* 1
' F 0.867**  0.987**  0.982**  0.989** 1
0 0.888"*  0.992**  0.992**  0.981"* 0.976* * 1
R 0.887°*  0.997**  0.989**  0.973%* 0.978**  0.983** 1
7 1
T 0.621** 1
E 0.816**  0.908** 1
cd C 0.653**  0.943**  0.929** 1
F 0.564**  0.961**  0.839**  0.924** 1
0 0.546**  0.974**  0.858**  0.889** 0.907 * * 1
R 0.649"*  0.986**  0.907**  0.914** 0.929**  0.947%* 1
Z 1
T 0.174 1
E 0.609**  0.228 1
As C 0.283 0.944**  0.384* 1
F 0.219 0.887 " * 0.278 0.883 " * 1
0 0.018 0.955**  0.153 0.856 " * 0.825** 1
R 0.208 0.996**  0.240 0.950 * * 0.885"*  0.929*%* 1
D) Z AERRIES R &, TR HIEPES R LR, FFE; « o+ « 535138 P <0.05 F1 P <0.01 BIFHIKF; n =41

FT3ME4 BN, 7ETAEXKHFERE P &
KW Ph il Cd ES HIEE S B ILE S ZH

YR BN 53 09 E A6 R L M6 R M

0.88 f10.62. 5 Pb & TEE & w MM & RZECK

5 A
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EEIL R

FARKR. As UGB T | B A4
BRI R FIEM KRR, xR 000

0.53 #10. 49.

BB R E IR, MR 0.61. KK
Wk Pb 5 - Ph RIS IE S Z AR BN )
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RN 5 K.

®4 TERESLETEPb, Cd, As FERSKBERKEHHERXE

Table 4  Correlation matrix of heavy metals Pb, Cd, As in surface soil and rice

EYIRINTE 48 A2 MOCHEdE R VA T E C F 0 R
Z 1
T 0.794"* 1
E 0.874** 0.953** 1
Pb C 0.823**  0.945**  0.931** 1
F 0.819°*  0.956**  0.944**  0.902%* 1
0 0.821** 0.973** 0.960 * * 0.973** 0.940 * * 1
R 0.758**  0.990**  0.933**  0.923** 0.925**  0.945°* -
Z 1 ‘ -
T 0.251 1 | =/ i
E 0.813** r0.496 * 1 h -
cd c 0.562°° [470.8477 "  o0.7467" | [ ' Ve o
F 0.211 0.959**  0.457° 0.783* | 1l i A
0 “0114 0.964*  0.35%9 077437 0/905°° 1 N
R 0. 247 079854 " 0.443 | 0.808"" L 009651 0.940° " | g
J | 207 & 5L 4 —
: =l E 07sa6” /" o565 1 { o
asfe T c 0.409 062 0.794%f {( a e
2 F p',’485 | ¥ Josas 0.401° | 0.357 i F
¢ |/ 2 0 L0478 [ 0.9817" 4 0.59577 4 0.713"" 0.460 " 1
| W 5 I~ R 0.191 |4 '0-9805%F " 0.592%* 0.671** 0.537* 0.978** 1
1) * Fl# *M%EU%%% P.<0.05 F1 P <0.01 {IHIZEKTF; n =200
x5 EYRKTESSE Pb, Cd, As IEIFHHERY
Table 5 Regression analysis of crops uptake of heavy metals Pb, Cd, As in soil
; - " JEFRAEAL R AL PRk 5 _ .
BILES PRI i e R Jra—— (i Sig. fii HIKF R
WA -0.023 0.006 -3.669 0.001
Y(Pb) E 0.016 0. 004 1.799 4.249 0.000 0.902
C -0.010 0.005 -0.922 -2.179 0.036
WA -0.042 0.009 —4.548 0.000
ok ¥(cd) E 7.415 0.972 1.621 7.630 0.000 0.883
0 -0.263 0.111 ~0.409 -2.378 0.023
C ~1.685 0.822 -0.490 -2.051 0.047
Y(As) WA -0.070 0.025 -2.786 0.008 0.609
E 0.747 0.156 0.609 4.800 0.000
Y(Ph) HE -0.053 0.016 -3.222 0.005 0.874
E 0.062 0.008 0.874 7.629 0.000
K v(cd) HAL -0.126 0.028 —4.486 0.000 0.813
E 7.974 1.346 0.813 5.923 0.000
Y(AS) HH -0.079 0.059 -1.336 0.198 0.5%
E 0.991 0.377 0.526 2.626 0.017

1) RS AR R B s B A Y R
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Fig. 3 Spatial distribution of the potential ecological risk based on the total amount and speciation of heavy metals Pb, Cd, As in surface soil
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