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Characteristics and risk of heavy metals pollution in soils of the irrigation area of a large—scale pig farm:
A case study of a pig farm in Chongqing, China

YANG Lu', ZHANG Yu?, ZHANG Zhi", LI Yu-jie', WENG Zhang—fan', SUN Lei', KONG Yuan'

(1. College of Urban Construction and Environmental Engineering, Chongqing University, Chongqing 400044, China; 2. China Municipal
Engineering Xinan Design General Institute Co, Ltd, Chengdu 610081, China)

Abstract: To evaluate the pollution characteristics and potential ecological risk of heavy metals in soil irrigated with piggery waste, 16 soil
samples were collected from the irrigated area of a pig farm in Chongqing. The concentrations and fractions of Cu, Zn, Cd, and Pb in the soil
samples were determined. Three assessment methods (Single—factor pollution index, Nemerow pollution index, Geoaccumulation index)
were used to evaluate pollution characteristics of the heavy metals in the soil samples. The bioavailability and potential ecological risk of the
heavy metals were measured based on fraction distribution of the heavy metals in the soil. The results showed that the average concentra-
tions of Cu, Zn, Cd, and Pb in soil samples were 30.80, 91.33, 0.55 mg-kg™', and 29.34 mg- kg™, respectively. Although the average concen-
trations of the heavy metals exceeded the soil background values of Chongqing, they were all below their secondary standards for environ-
mental quality of soils(GB 15618—1995). The variation coefficient of the heavy metals ranked as follows : Cd>Cu>Zn>Pb, and the variabili-
ty of the Cd and Cu concentrations in the soil samples was high, with large variation coefficients. The content of Cd in some soil samples

reached the level of medium pollution, whereas none of the soil samples was polluted by Cu, Zn, or Pb. The residual phase was the main
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fraction of Cu, Zn, and Ph, accounting for 85.52%, 68.40%, and 56.55%, respectively. Meanwhile, the main fraction of Cd was the reducible

phase, which accounted for 52.65%. The bioavailability of the heavy metals ranked as follows : Cd>Zn>Pb>Cu. The bioavailable risk of Cd

and Zn was higher than that of Cu and Pb. The results of individual potential ecological risk indicated that risk from Cu, Zn, Cd, and Pb in

the soil samples was low, as calculated by the secondary standards for environmental quality of soils, whereas the ecological risk of Cd in the

soil samples was medium, as calculated by the soil background value of Chongqing. In general, the ecological risk of the four heavy metals

in the study area was low, according to the comprehensive potential ecological risk index.

Keywords: soil; heavy metals; fraction distribution; pollution characteristics; ecological risk assessment
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Table 1 Criteria for index of geo—accumulation (/)
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Table 3 Heavy metal concentrations and pH value in soils around irrigation area of pig farm
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iR 2SR s FItEfED pH
Cu 7Zn Cd Pb
25 PR by S1 G 15.58 69.21 0.22 27.09 8.40
s2 X 30.78 71.19 0.05 33.19 8.72
FrAM S3 SR 55.15 128.09 0.28 22.82 8.14
S4 fin=r ) 33.47 76.74 1.69 30.06 8.73
Pt S5 IKAT 27.05 90.96 0.49 33.34 8.52
Hith S6 FI3E 1# 3221 139.10 0.08 31.56 8.16
S7 EE 29.12 99.34 1.36 33.82 8.55
S8 I 1# 36.81 88.56 0.14 27.28 8.78
S9 2R 2 19.95 98.88 0.16 31.20 7.05
L S10 M 14 24.64 93.33 0.37 22.87 8.46
S11 Rt 2# 30.65 84.92 1.02 24.98 8.45
N LB S12 S 38.17 59.44 1.67 2431 8.62
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FHME 30.80 91.33 0.55 29.34 8.36
bRz 9.48 21.10 0.58 4.20 0.41
s 5 ZR B 0.31 0.23 1.06 0.14 0.05
DX AR S5t 24.40 84.00 0.22 28.00 6.48
A & A8 i — bR (pH>T7.5) 100 300 0.60 350 —
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Table 4 The results of single—factor pollution index of heavy metals in soils
. P, FE R A
L e/ ME FRME FHE ESEES R Y TPRETS G
Cu 0.16 0.55 0.31 16 0 0 0
Zn 0.20 0.46 0.30 16 0 0 0
cd 0.08 2.82 0.91 11 2 3 0
Pbh 0.07 0.11 0.08 16 0 0 0
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Table 5 Geo—accumulation index and classification of heavy metals in soils

. o o FE A
JLER e/ IME e RAH I — — — — . . w
JoEYe LARREge s hBRISYE MRS BR~ARARTT Y ARORIS Y
Cu -1.23 0.59 -0.31 12 4 0 0 0 0 0
Zn -1.08 0.14 -0.50 14 2 0 0 0 0 0
cd 272 2.36 -0.14 9 2 2 3 0 0 0
Pb -0.88 -0.19 -0.53 16 0 0 0 0 0 0
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Figure 1 The distribution of heavy metals in soil at various sampling sites



2172

YREINCX ity 3755 108

®o TEPESELEIRHESREIL RS

Table 6 Chemical form distribution of heavy metals in soils

JLE DI /Mg ke e R{E/mg-kg” FEE/mg ke ARAEZE/mg kg AR R HIr /%

Cu PRI A 0.08 7.37 1.82 2.54 1.40 5.90
CIEZYEEN 0.04 9.26 2.39 3.04 1.27 7.75

QIE=V{# ND 0.85 0.26 0.26 1.00 0.83

RIS 13.06 51.39 6.34 9.66 1.52 85.52

A 15.58 55.15 30.80 9.48 0.31 100

Zn FRVEAS 0.36 51.82 15.41 16.11 1.05 17.14
CIEZYEEN 3.70 61.96 20.81 16.83 0.81 23.15

CIE=Ri# 0.31 7.45 2.83 2.30 0.81 3.16

RIS 19.89 69.89 50.83 14.33 0.28 56.55

S 49.37 139.00 89.87 22.37 0.25 100

cd BRI S ND 0.35 0.08 0.11 1.38 14.08
e ND 1.43 0.29 0.44 1.52 52.65

CIE=vi# ND 0.88 0.11 0.26 2.36 21.02

BRI 0.01 0.18 0.07 0.05 0.70 12.25

) 0.05 1.69 0.54 0.58 1.07 100
Pb BRI 1.01 5.64 3.23 1.48 0.46 11.22
EIFAYEEN 0.09 13.44 4.66 3.71 0.80 16.22

CIE={% 0.18 2.71 1.20 0.81 0.67 4.16
TR 12.88 27.72 19.66 4.61 0.23 68.40

4 20.88 36.00 28.75 4.64 0.16 100

TE : ND 7R A 5 %98 245

RYSS N A SR

Note : ND means the element is not detected ; The percentage of the total amount of each form is measured by the average.
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Table 7 Bioavailability of heavy metals in soil

TR R AL Cu Zn cd Pb
K 0.137 0.403 0.667 0.274
K 0.008 0.031 0.210 0.042
K 0.855 0.566 0.123 0.684

K>K>K, R EANTA G 8N FE IR, W A Wy 1
fE ?"ZW’]EI’J ESEA BRI . (R {ELAHE BRI Zn 1Y K,

4, % F Infe LIEP I B R LB R R 2
M Zn E‘J‘Z%Ef@%o Cd I A= PE A R B AL K,

>K>Ks, K KT KKy, BB 38 b () Cd 25 2 itk A
HEA BARTE X Cd At/ (BT ZS BR f 3048 XU
L NZ G R RS A, 4 FhEE 4R MY KB R RED N
} Cd>Zn>Ph>Cu, Cu Al Ph A SR, H858 XU/
2.4.2 HYEE SR AN I

FRVE A AT SRS B m AL S AE IR B T AR e 1
25 AR SCUAIX =8 Z A AR AR L 1) A AR PPAN 45
RS, DL A ENS HE, S EEE
() ERE-YE 35 /NT 40, B0 AR 25 UG 34 R e it 5
P BB ERERM . DX S0 S ER,

RS IRECRBENBEESNESHNEEBEESKRIEL

Table 8 Indexes of single factor and comprehensive potential ecological risk of heavy metals in soil

S (i it & ®i
Cu Zn Cd Pb

+ e R bR He/IMH 0.04 0.03 ND 0.04 26.74
YN ] 0.51 0.33 83.13 0.27
Bof(E) 0.23 0.14 26.25 0.12

I e/ M 0.18 0.10 ND 0.47 74.56
I RME 2.08 1.18 226.70 3.39
¥ 0.93 0.48 71.60 1.55
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MEA Cd B EI(E A T 40~80 =2 i) , B0 Ak 25 W AE
SRS 3K B Ko AP S L RIS R 26.74
7456, /T 80, H 43 JB 455 T AE AR S XU S
A, FRIRAE X AR T 4R 15 AL, S
B ) 228 4355 1) 4 i X 20 2B A5 XURS: 8 B0 T kAR
B, 5 b R AR ME , BTk R Cd>Cu>Zn>Ph,
M2 W XA 5, 3R Cd>Ph>Cu>Zn, HFI AP 2
FEAE T 34 DL Cd 19 DTk fe K, B RAE X TR T
Cd 75 4L iA -

3 %t

(1) FRHE S 0k X 4 398 2 55 L DA 4 ) A
R ,CuZn . Cd P EI M T X 8 5,
75 5 280 Cd>Cu>Zn>Ph, Cd Fil Cu B IK TR AR FEIK -

(2) 2R FH DR 715 Y48 505 M 5 e A8 50 |
b SRR B0 A TS YA T IR - 4 R T T
PLPEM AT, RIS BIRE S AAAE TP ) Cd 5 e BAS
1EAE Cu Zn . Pbi5 4%,

(3) F 48 A IS FRAE S R [R5 B B
Ao B 250, 3 Cu Zn Ph ¥4 F 2L AR
BALAE, Cd RN R ST, WA E S8 MIE
DR ZBL CdE K, Cu Zn IR Z ,Pb Fe/h . &
UL, FRIE S AR 5 R AR E /N

(4) 4= Wik 280 Cd>Zn>Pb>Cu, Cd #it 5 9 b
AV DEAERIES Z AN IKYE , St 3
Fbn e, 55 4 JE BV FE AR S S Y M R, S 1
DX IR S 0E, Cd 1A 2 Uk v 8 KO, AR T R
IR . 4P 42 R I 4 A TR A A S KUK S B 1
E
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