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Soil Heavy Metal Pollution Characteristics and Ecological Risk Assessment
— A Case Study of a Typical Agricultural Land in Chizhou City
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Abstract:In order to investigate the soil heavy metal pollution and ecological risk of a certain agricultural land, surface soil
samples of a typical agricultural land in Chizhou City were collected and analyzed for the content of 8 heavy metals, Cd,
As, Ni, Hg, Pb, Cr, Cu and Zn. The ecological risk of heavy metal pollution was evaluated by single factor index method,
Nemerow comprehensive pollution index method and potential ecological hazard index method. The results show that: The
average contents of Cd, As, Ni, Hg, Pb, Cr, Cu and Zn were 0.71, 25.80, 33.31, 0.23, 33.17, 46.59, 37.15 and 130.28 mg-kg ™',

respectively. The contents of Cd, As and Ni all exceeded the screening values stipulated by national standards to varying
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degrees. In addition, the average and median values of other heavy metals exceeded the background values except Cr. The
average value of single factor evaluation pollution index of each heavy metal element is Cd>As>Cu>Hg>Ni>Zn>Cr>Pb, and
the average value of single index of Cd is light pollution level, and other heavy metals are pollution—free level. In the
surface soil samples, the proportion of priority protection and safe utilization were 15% (6/40) and 85% (34 /40),
respectively, and the pollution at each point was in the controllable range. The proportions of safety, warning line, light,
moderate and severe pollution levels in Nemero’s comprehensive pollution evaluation were 7.5%, 15%, 45%, 30% and
2.5%, respectively. The average composite index was 1.77, exceeding the warning line level and belonging to the mild
pollution level. Cd was the most important influencing element, which was consistent with the results of single factor
evaluation. The single factor potential ecological risk (Ei) index of the eight heavy metals was Hg>Cd>As> Cu>Ni>Pb>Cr>
Zn, and the average comprehensive potential ecological risk (RI) of heavy metals in soil was 194.73, indicating a moderate
ecological risk level. Among them, Cd was the heavy metal element with the highest pollution risk in the study area. Hg is
a heavy metal with high potential ecological risk, so it is necessary to strengthen the risk control of Cd and Hg. The
acidification trend of farmland soil in this region is an important factor in the accumulation of heavy metals. Other human
activities increase the risk of heavy metal accumulation, so it is necessary to strengthen the measures for the safe utilization
of the soil effects.

Key words: agricultural land; heavy metal pollution; pollution characteristics; evaluation of ecological risk
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Table 1 Environmental evaluation criteria for heavy metals in agricultural soil

V5 YLy I § 0@ ARG i (B (mg - kg ™) RS B (mg - kg™)
P7'1<1 . \t N Risk screening value Risk control value
ollutant i1item
pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5 pH<55 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
_ 7k Hl Paddy field 0.3 0.4 0.6 0.8
= 1. 2 4
#(Cd) HAl Others 0.3 0.3 0.3 0.6 5 3
. 7K H Paddy field 0.5 0.5 0.6 1
K(He) HoA Others 13 1.8 24 34 2 25 4 6
7k Hl Paddy field 80 100 140 240
Pb 400 500 700 1000
#i(Pb) HAth Others 70 90 120 170
7K H Paddy field 30 30 25 20
A 200 150 120 100
(As) Hoflh Others 40 40 30 25
7k Hl Paddy field 250 250 300 350
C 800 850 1000 1300
$4(Cr) HAl Others 150 150 200 250
H(Cu) BB Orchard 150 150 200 200 - - -
i u —
HAtb Others 50 50 100 100
B¥(Zn) - 200 200 250 300 - - - -
AR(Ni) - 60 70 100 190

E:O BEEA SR TR ST @ W TR G VR, R A ™A% 11 JXURS: 37 e 0
Notes: (D Heavy metals and metal-like arsenic are calculated according to the total amount of elements.@) Stricter risk screening values were

used for irrigated and upland crop rotation.
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P=C/S, (1)
KPR HIETESE W RE I Y88 C o HIEhE S E DI, 2005 SRR — B SR
T HEE SR TR R
HR A € A HE AR i A FH b+ 1875 G XURS A bR ME Gl A TN (GB15618-2018 )y Y i BE A S, 4
A G, VA S A b = S5 RS I B2 AR B (A 7)) (BRI 1 8 R [201811479 5 ) AH C L , X4
FH M A 350 A5 917300 43, L3R 2.
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Table 2 Single factor soil pollution environmental risk and utilization grade division

ke i A A% e g i A B
Content of pollutants Risk Quality classification | Content of pollutants Risk Quality classification
N AN o] 20 . N AN o] 0L S s
N (7 S S NN (% 1S A
C;sS, No risk or negligible o . C;sS, No risk or negligible L. .
. Priority protection I X Priority protection I
risk risk
S<C<G Rk ZAFIHZED oo 5 UK ZAFIHZD
e Controllable risk Safety utilization II o Risk Safety utilization II
G tEE 529N PR 2R
e High risk Strict control IIT

#£:® i Cd Hg . As . Pb .Cr;@ {545 Cu.Ni Zn,
Notes: @ Including Cd, Hg, As, Pb and Cr.@ Including Cu, Ni and Zn.

() WD LR a 1R RGkL

(LSP) +1(P) T
L (2)
K. P AN E LG T YA 8 POy R i G« SRR 15 A8 85 (P, T rh & E 8
PR 05 YA B0 b B B R A s n DN E Y BB SR AN N SR B AR B0 Y W3R 3,
(3) TS AR A A5 AU 45 80 o
E=T: x(C./C) (3)
R=>Tix(CIC) (4)

A E O B I E KU 50 R, OS5 AR A A A8 B T) 0 1 JU R B A 80, UECR T R4
JRAESIFFE LS R s C o R EE G B WD € o R B R A A AR R A
BR3P T AT YRR 0 WK 3

2 #ERESW

21 RAMLTEEpHE
A M+ IERYFR)ZE pHAE N 6.07~6.85, K T 7.00, #2347 + 3 pHAE/N T 6.50, Hrp, 40T 5.50
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Table 3 Classification of pollution levels for soil heavy metal pollution evaluation methods

LIESREYS 6

Single factor pollution

M

B LR RELP,

Nemero composite

B AR B0

Potential ecological risk index method

AN AR RR,

. . K1 25 KU A 4 . . .
index method index method . AT HF‘LTE ;ﬁ E’ Comprehensive potential ecological
Single factor ecological risk index 1
risk index
Jeis i B B TR AR
bl No pollution P07 Safe E<40 Slight ki<150 Low risk
B W& g A AR
1<Ps2 Slight pollution 07<P,<1 Cordon A0<E <80 Medium 130 <Ri<300 Medium risk
R BEHY 58 B A MR
2<Ps3 Mild pollution 1<P<2 Mild pollution 80<E<160 Strong 300 <kI<600 High risk
RS I i ARG
pes IR g RETR l60<E30  RH Risgoo RSN
! Moderate pollution " Moderate pollution ! Quite strong Extreme risk
H G HEHY e
p>s Moderate pollution P23 Moderate pollution E>320 Extremely

<pH<6.50 F1 6.50<pH<7.50 A S A 0051 4 25 F 1S, FIF o FU A3 62.5% 1 37.5% 4555 A R LI 2.
54~ - B IR AE A7 1) 38 pH (B 2 808 6.40~6.80, 3 12 SPSS 19.0 8 F#E4 1M 37 #
AR ¢ K96 8 7S I A X 0~20 em F140~60 em (4 R IEARE & (19 pH (B AE p=0.05 7KV T A W P22 7, H 0~
20 em - 3ERE 5L pH (ELAGE B A A8/ T 40~60 em Y - S5ERE S Y pH B gk, I
T pH A AL LR 3. 25 EorpTIX IR 2 PR Wt A e ka3 sl TR &R RS .

B B OB & &
g R M W W W
B B R B
1Y B B BB
m’b' \’\’6"L m’\’bm A e 4’6'6 eﬂ‘%r\ﬂ'ﬂ’%% 0 :::‘% Q’I%’ :’1&% % ’:“%
pH S S14 xﬂil‘."{sjlllllei”g i S22 S32
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Figure 2 Frequency distribution of pH value in topsoil ~ Figure 3 Vertical variation of pH value in soil profile
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Table 4 Heavy metal concentration in surface soil of the study area

HERE PERE  ERAR WERH

Coefficient Standard Coefficient of Coefficients

LR mK{HAmg-kg™) F/ME mg ke FH{EAmg k™) THEAmg ke ™") FEME(EAmg-kg™) K 7efE/mg-ke™)

Heavy metal Maximum Minimum Average Median Baseline Background . . . .
of poison deviation  variation  of the liner
Cd 212 0.14 0.71 0.76 0.23 0.40 30 0.34 0.48 1.74
As 51.70 13.70 25.80 25.40 14.30 13.50 10 6.76 0.26 0.94
Ni 75.40 7.70 3331 31.80 35.20 29.70 5 16.22 0.49 0.84
Hg 0.44 0.13 0.23 0.21 0.06 0.09 40 0.07 0.32 1.50
Ph 43.50 10.20 33.17 33.95 28.70 36.50 5 6.99 0.21 1.27
Cr 124.00 10.30 46.59 39.15 85.90 61.00 2 27.85 0.60 0.71
Cu 47.00 22.60 37.15 38.95 30.00 28.50 6 6.79 0.18 0.95
Zn 149.00 108.00 130.28 130.50 86.50 88.10 5 9.54 0.07 1.02

T, A FH 3t ) FH AT 300 R R, L3 h - U A R TG BT 5 R K L X s AR Cd
As 54 R SR B TR I LR DU A AR A Xk A RliE R b, R 2 R 48 cd A
As 32 EUF X S

2.3 R At T EEEREE RIS I

231 BRFFMN MR CEIEARIR TR A H b 4 58 e KU A 5 AR iEGR A T))(GB 15618
—2018)", £ 10il 7 42 J& U0 K BN FIFEM Go a5 B 0L 3RS . 15 Qe d8 O N K B /IME IR A Cd>As>Cu>
Hg>Ni>Zn>Cr>Ph, Hot, CABLIHE BOF- B {E R T4 8 15 YL 55 29, HoAh 1 4 Jm A8 SO 3918 )8 T 85
YUl 2 1 IERE L CAIY ST AR 535 380.00% (32/40), B R FE Fh B, L N BERE BB
FE B LAG 53 3R 5% (2/40).57.5% (23/40) . 15% (6/40)F12.5% (1/40), i KilBAREECN6.07, £+
SERE T As s LB AR 335 $]35.00% (14/40), Horbr, B forn 52 B2 RE B A7 SRR S 00 L5153 301 2 32.50%
(13/40)F12.50% (1/40), e KABFRTECN 1,07, )2 13T RE S TP NI s (7B AR R 42.50% (1/40), R 26
ABAR HEAMEECH0.08, 3 FE 4 JE Hg P . Cr. Cu  Znf{ & B ¥ AR Bz

RS HRRLIBEFHEFIENER

Table 5 Single factor evaluation results of soil in the study area

BARFFKF & /%
Sype 3 EL 22 24 g Proportion of safety utilization level
To RN g k) M me-ke) g k) g kg) T EARARM A :
. - ‘ Standard Coefficient of Total rate . T Ak
Heavy metal Maximum Minimum Average Median - - AR 2
deviation  variation  of super o~ Security protection
Priority class
class
Cd 7.07 0.46 2.36 2.54 1.13 048 80.00 20 80
As 2.07 0.47 0.93 0.89 0.28 0.30 35.00 65 35
Ni 1.08 0.09 0.42 0.39 0.22 0.52 2.50 91.5 25
Hg 0.88 0.24 043 0.38 0.14 0.33 0.00 100 0
Pb 0.48 0.09 0.34 0.35 0.09 027 0.00 100 0
Cr 0.83 0.07 0.29 0.21 0.19 0.66 0.00 100 0
Cu 0.91 0.24 0.61 0.61 0.22 0.36 0.00 100 0
Zn 0.75 043 0.60 0.62 0.08 0.13 0.00 100 0

5T X T 4 8 Cd A As B AR A I DL ULIE 4. A R4 BT R 5T X Cd ¥ e o P2, EL 3 A
Jr S L DX M 4 SR R e, R I S 5 it B 1k T G KU T B Cd A, A 43 SR T R X
- IRLR G TS YL ST B A ) s A S ) B AR R R

2 RS P CA RS IR Y IE (R 5 EL A 51 20% (8/40)F1 80% (32/40); As L Fe -4
2 AR & 98 65% (26/40)H1 35% (14/40); Ni fhJe A 328 2¢ 4R 204 5 20 3
97.5% (39/40)F112.5% (1/40); 1fii Hg \Pb . Cr,Cu . Zn [ L IEIRBE BT ¥ e ff 92, #RZLIEES
a8 20 d5 22 () R -1 UL 25 B PP 4 SR R R 2 RIS P LSS R AP 2 e R T2 o L )
H 15% (6/40)H185% (34/40), F1 HL45 »5 3 J&@ T -1 015 Yl A= 498 KUK 15 Y T 43 1 S5 L
232 AT AT FN R SRS AY G5 Y i WIEIS o A3 BT AR, BFAEIX 3
K e A TR R B R ER B YA Y LU A R T7.5% (15% (45% 30% F12.5% , £ K £5
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Figure 4 Distribution of excessive degree of heavy metals in the study area
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BUE) T /IME IR H Heg>Cd>As>Cu>Ni>Ph>Crs>Zn, H of the each sampling site in the study area

R Hg A P 7 A 285 XU 18 B TR R 57.78~196.00 , L5 XU 25 4k =2 5 1 v 248 XU 3 JXUIS: AR 5 JRUS:
7 HE 43 31 R32.5% (13/40).60% (24/40)F17.5% (3/40)., CARIEAEBGEE 10.27~157.82, - LA H 45 XU 25
2%y T, HS XU 59 5 H 2 3 72.5% (29/40).2.5% (1/40), VLIKI6, HANTE 438 E 4/ T 40, kb TAEA:
BB sHras T, &£ EEE TR P HeME A AES A FERK, KON CTE . BIAAHM#S S
M YA A A Aok R (L, {E ARG T A B S AR, & s W (B RN S A LU (P 122,56 , T H A 3
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Table 6 Assessment of potential ecological risk of soil in the study area

. R TR A S TR E(E) AT S IEE(R,)
o Single factor potential ecological risk index Comprehensive potential
Project . L
ad Hg Pb As Cr Cu In Ni ecological risk index

F KAH Maximum value 157.82 196.00 596 3830  4.07 10.57 1.69 12.69 276.32

#2/IMH Minimum value 10.27 57.78 140 1015 034 4.76 1.23 1.30 118.58

J{E Mean value 52.65 102.00 454  19.11 1.53 7.82 1.48 5.61 194.73

AU 53 % iR B B B BB B B e
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Figure 6 Single factor potential risk distribution of heavy metals Hg and Cd in the study area
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