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Heavy metal pollution and potential ecological risk assessment in farmland soils located in Xiangtan County
in Hunan Province, China

LIU Rui—xue', QTAO Dong—yun’®, WANG Ping’, AN Yi', HUO Li-li"

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Agricultural Environmen-
tal Protection and Rural Energy Management Station in Jilin Province, Changchun 130021, China; 3.Agricultural Resources and Environ-
mental Management Station in Guizhou Province, Guiyang 550001, China)

Abstract: To characterize the pollution and potential ecological risk from heavy metals in soil of farmland in Xiangtan County, eight heavy
metals (As, Hg, Zn, Pb, Cu, Cr, Cd, and Ni) were analyzed and evaluated, using the Potential Ecological Hazard Index. Based on the Soil
Environmental Quality Risk Control Standards for Soil Contamination of Agricultural Land (GB 15618—2018), we found that only Cd con-
centration (mean value) exceeded the risk screening value (RSV) among all the soil heavy metals in the study region. Cd and Hg showed
high accumulation, and the minimum Cd and Hg concentration was 1.53 times and 1.04 times that of the local background values, respec-
tively. With regards to single index evaluations, the proportion of samples with concentrations of Cr, As, Hg and Pb lower than the RSV was
more than 90%. In most samples, Cd concentration was higher than RSV. The high Cd concentration occured in the eastern region. No sam-
ples with heavy metals concentrations higher than the risk intervention value (RIV) were found. The results of this comprehensive evalua-
tion indicate that 92% of the samples may have soil pollution risks, and edible agricultural products may not be meeting quality and safety
standards. The soil pollution in this county should be attributed to Cd pollution. Furthermore, the average of the potential ecological risk
factor is 314.9 in this area, which indicates a high level of potential risk, mainly due to the high levels of Cd contamination.
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S 5 A BT RI E g - 5 4 i 99 L3 1) Oy 24.8~71.1
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Table 3 Evaluation index and classification relationship of

potential ecological risk degree of heavy metals

WTELE RS PR T TE U
Potential ecological risk Range Potential risk level
E; Ei<40 iU
40<E<80 g
80<E<160 Gt
160<Ei<320 5
Ei2320 T
RI RI<150 B
150<RI<300 hE
300<RI<600 R
RI=600 R

®1 TEESERTUSEXRITMN 55 RiTE

Table 1 Classification criteria for single—site pollution risk assessment of heavy metals in soil

T Y RS S5 4 LAIU 3 ) ik (X)) 15 B AU SR GURHIE
Pollution risk level Single heavy metal content(X) Description of pollution risk level
1 X<t e AT Hb 39 75 e USSR, — IS B0 AT L 20w
2 JRUJSS: 7 15 R < X < JRUISS 25 1 {2 P REAFAE B AR S AN T 2 A b 55 4 33 e LB
3 X> XU i LA T S AN F 5 T 22 A bR A A FH M 3 T XU iy , X LA 322 4

Tt R AR £ R AR ™ iy ASARE B 22 A b o S 3t 9875 e XU

®2 TESSREATRERNRITN S RARE

Table 2 Classification criteria for soil heavy metal comprehensive pollution risk assessment

5 B KU S5 2 LR R AR 15 Y RS, S5 R AW 3
Pollution risk level Integrated pollution risk Description of pollution risk level
1 (Y1,Y2---Y8}max=1 A b A= 3875 YL XU A, — PRI 100 T AT L) 220
2 (Y1,Y2---Y8)max=2 A] REAEAE B AR ™ S AT G T ik 2 A b v A5 - 075 e XU
3 {Y1,Y2-+-Y8}max=3 AT S AN 0 2 R A A M L 3 T XU g , LM e i 4

R A B R AR A )™ il AN 5 B 22 bR S A P 3t 0875 e XU

TE Y1~ Y8 23y 8 Flv ol 4 Jas ) BRI 775 e LRGPP 2 K

Note: Y1~Y8 are the single pollution risk assessment level of 8 heavy metals.
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R4 KATEESESESRIT (n=125)

Table 4 Statistics on soil heavy metal content in farmland (n=125)

Wi . %/J\{E ﬁkﬁ ﬁ/f\%ﬂjéﬁz ﬁ‘/ﬁ% . E%‘?ﬁz ] rﬁﬁiﬁ@%ﬂi—??ﬁ""‘_ _
Hem Mlnlr:lu.r:(l Vfllue/ Max;rlnu.rlr(l \:Ialue/ Arnhme.th Tean/ Standard.(ll(e\jatlon/ cgeff10}e11toof Average béckgrouTld Valuez of_s‘oﬂ in
g-kg g-kg mg-kg mg-kg variation/% Hunan Province/mg-kg
Cr 6.40 185 70.4 27.7 39.3 68
Ni 6.60 68.0 26.4 7.77 29.4 32
Cu 9.10 78.0 25.0 9.32 37.3 26
Zn 29.0 215 78.4 25.1 32.0 94
As 0.25 37.0 14.5 5.40 372 14
Cd 0.13 1.70 0.58 0.29 50.0 0.085
Hg 0.10 0.77 0.19 0.10 52.6 0.096
Ph 22.0 88.0 45.0 12.3 273 27
pH 4.40 7.80 5.57 0.68 122 —
CEC 8.05 19.88 12.8 2.47 19.3 —
AL 24.8 71.1 44.44 8.71 19.6 —

 :pH TG, CEC A9 5K emol < kg™, A WL I B Ry g o ke

Notes : pH is unitless, the unit of CEC is cmol -kg™', and the unit of organic matter is g-kg™'.
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Figure 1 Spatial distribution of soil heavy metal content in the study area
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Continued figure 1 Spatial distribution of soil heavy metal content in the study area
®5 TEESEBTUTEXEITMN

Table 5 Soil heavy metal single pollution risk assessment

FRIGUT e XU SR A A KR

AT R SFE PRI o L/

JLF FEAL Number of single pollution risk grades Proportion of samples of various pollution risk levels
Element  Number of samples

1 2 3 1 2 3
Cr 125 123 2 0 98.4 1.6 0
As 125 122 3 0 97.6 2.4 0
Cd 125 12 113 0 9.6 90.4 0
Hg 125 122 3 0 97.6 2.4 0
Pb 125 118 7 0 94.4 5.6 0

*o6 TESESEEETENBEITMN (n=125)
Table 6 Soil heavy metal comprehensive pollution risk

assessment(n=125)

ESREREY DR E 273 FEABC AV YRS RREA BT & L]
Comprehensive Number of  Proportion of samples of various
pollution risk level samples pollution risk levels/%
1 10 8.0
2 115 92.0
3 0 0

B EFVEM . R EE G5 Y S PPN A5 3L, 12 X ]
R R IR A AR S5 A R IR A T
DU, DLk B ™ b e 4 i H
22 TESEREBEESXEITEN

T 4w T BRI A (a1 U A
B 31295 N VS D10 S I s e g N v o i
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As Fll P 6 F o0 28 (W 9 76 A= A5 XU 22 50 B -2 (A
B RMEE/NT 40, )8 TR S X, Hg &b T H B2 AR
AR, C 18 7 76 AR 25 AU B i, b F AR 5 1R 7K OF 5
FERFFEIR 125 A FEAS H, Cd Ab AR 5 JRUSS: 7K - AT JXL

B K REA I 22, T 5 H A 43 1) R 46% 1 40% , He
Qb r B XU KT R A B 22 TR 2 5 XU K
FEA T o5 L1435 R 70% F126% . 156 BABIF 5 X e 4
M L3 8 4 @ b, Cd Fll Hg (75 Y fi g ™5, 45 01 2
Cd JCE , N 2R — 5 WS A T8 5 . 27 B W7
JRURS: F58 8% RIS 7, AR 1 Ab T rp 3 AR 285 XU 7K O
5 AR KO AR B 2, 5351015 56% F140% , 276
TEALE XU 8 500 - 218K 314.9, J& Toi A= 25 KUK, 45
B T A SRR W L X R S5 A VAR RS R 32
Z CAT5 YL BRI

3 #ig

(1) R B A 43 h od & B A3 m Tt
BEPRBE T A T b - 55 Y KU B AR v GRAT) )
(GB 15618—2018) H 14 18 5 Yo XU i e 1L, HoAth 7
Fh ¥ 4x )8 Cr.As Hg.Pb . Ni,Cu.Zn & & 1) EAL
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Table 7 Potential ecological risk factors and potential risk index of soil heavy metals

IiH Project

IR AEHFEAT 5 ] Sample proportion of each risk level/%

. o - T o - "
Blen ! Mol vy S Gt SR PE B
mg kg mg kg mg-ke” deviation/mg -k variation/% Slight Moderate  Strong  Very strong Pole-strength
E.(Cr) 0.2 54 2.1 0.8 38.1 100 0 0 0 0
E;(Ni) 1.0 10.6 4.1 1.2 29.3 100 0 0 0 0
E;(Cu) 1.8 15 4.8 1.8 37.5 100 0 0 0 0
E.(Zn) 0.3 2.3 0.8 0.3 37.5 100 0 0 0 0
E(As) 0.2 26.4 10.4 3.9 37.5 100 0 0 0 0
E;(Cd) 459 600 204.9 101.3 49.4 0 1 40 46 14
E (Hg) 41.7 320.8 79.5 40.8 51.3 0 70 26 3 1
E.(Pb) 4.1 16.3 8.3 2.3 27.7 100 0 0 0 0
RI 145.8 707.1 314.9 112.5 35.7 1 56 40 3 —

()TERFFEI 125 A 2t 90% MIREAS Cr.
As Hg . Pb HLI5 {5 Y XU Ab F 1 2K, 90.4% [ FEAS
CAd &AL T 2K ¥, Cr.As Hg.Pbfl Cd &K
A KBS A e . AEZR AT P KU R b F 1
2 3G IFEA LA 537 4 8.0% .92.0% .0, %X K
T o3 A FAFAE L3875 Yo XU, X Rl 4 T 2L iz X
A H A5 rh Cd BT YL R B H s v 1 LAY o

(3)IZX AR H I E LR 2B TR E A S KB R
BRI W YIME R 314.9, J& F 9 A A8 KBS K -, Horp
Cd ARSI R R FE TR EESK
B AR B TR I, 32 XN P A i il Cd 5 ek s, 5
JnaE 43 Cd V5 YIG 7

S 3k
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