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77 X He B M — A8 IE RIAIF ST o AN SCRERR T 4
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Fig. 1 Sketch map of sampling region
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DU s 58 A, A A R AR B AT A b o 4 5 Bk
i o f DR T L, 0 RN b A A 2 ) Y 25 S R
INT5% . BEY TG (RSD) A8 LyE
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1.4 TESERSEEEITFNSZE
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i) (DZ/T 0295-2016 ) #E 1) LA HbBR fb
SRR T, RS R R E SR
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BTG5 YR HUPi -

Pi=Ci/Si (1)

K, Ciy L5 g Wy 46w i 19 5200 5 i,
mg-kg™'; Sih IS LY IEIRITEGB15618-
2018 H 45 H A< T b - S8 KURS: 0 B 1, mg-kg ™'
WF 58 X 4 b 32 22 S K R R0 AF e, F% A ofE 22
Ko, SR R H B ™ AR B XU O R M A fE L 45
AR TR R AR R L, KPS TG Y 4R
WPt ARt AT LI & )85 BRI
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Table 1 Risk screening values for soil contamination of agricultural land

FLE XU 9 PEfH Risk screening values/(mg-kg™)

Heavy metals pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
As 30 30 25 20
Cd 0.3 0.3 0.3 0.6
Cr 150 150 200 250
Cu 50 50 100 100
Heg 0.5 0.5 0.6 1.0
Ni 60 70 100 190
Pb 70 90 120 170
Zn 200 200 250 300

Co=aCytb (2) PR 1, 25 R 3 b o 5 A0 e M S5 S A Y 52

K, CoMEEIRITEMMEERE, mgkg'; Cy
TR A R, me-kg™'; a. bR IR
B, B EE LS % iR, TETE9S% BAR
DX [H] P9 A RE SR AR R I LR I L, KT 95 % B AR IX.
[ 4132 B A TG Y RE S B BR , Gt Hr 3k 1115
WHa. bIIME.

HE—HRFH3), RABEHTRNTFHE,
RAFEE TR AL MEB,, B

B~ aCy +b (3)

X, BN EmAYIEL, mg-kg'; Cy Fonit
R XFRMEITC R &R, mgkg'.

TP XL FFe. CuZE 4 @0 7= %G Fn
T2, bR n & 2 HE R Fe M AL1SE
TG SR KA ICER , T N U R Ak
NG SR 52 AR B, 735K T Eu., Li.
ScHISmAF4F TR E LR T i, IR EANME AR
Kl A7, st 2 7K 2k (Pearson ) AHIGHES)
Pr, HAEAFRESBITR 5B, Li, ScHSmAFFR
FETCER AIAHOC R, Ha AR DGR R BRI i i
&4 B s R B L R A A B R E R, R
FHA B 205 88 22 1 ik bR i IR B Cy
Fie I (3) 115 4% T 4 J8 0 3 19 36 55 M Bk {2 2
LAl
1.6 tEESEEERTFIFNAE

BT BT b sk Al R A (B X E 48 ' 22 I T (EF)
W ki et PP LI E &R R AR
IR . ATARTSE 1 SR Pk Fe sl # ALME R

JrIE, BTN — A T E R RECEF=1.5/E M IF AR
HE D EFAKERTFLS, AhESETE RER
BT ARG, EFiHRE s 4):.

EF:(Cs/Bc)/ (Cba/Bba) ( 4 )

K, C/BRFRIZE T HEE £ JE o0 2 ik B AH Xt
Prvfe Ik EE Y Le 5 C/ B N EBIRITR T
SEAEXT AR ME I 95 S E A % . AR SCEEFEEu .
Li. ScHSm&Fa & jt R AU Fefl AE b i A
T, RSB 2485 B 22 10 5 ik S bs o R - 2
VERHAFAE, BIE (4B, [H; K LIEu, Li.
ScHISmAE A s i X 11550 ) 4% T 43 J8 T 3R PR B M
PRk R E AR S, BERX @)L,
b — BB IEEFIFMN bR ifE . PR 5T bR Ak S 2R (1Y
THE TR AR B CIH R T A P A M B R = 5 ke 1 7
SEZE R, FIHASCR FHEF=1.01E J 77 b5 1
EF{E/NT 1.0 U W 3FHr JC R 2R I8 T M T 5
50, EFERF 108, BEEHPFM TR R2ZRIE T A
KiGdh.
1.7 TEESBESRBELESXEITN G E

K JHakanson '** ¥ 75 2B 2546 HE B0 X RIF ST
DX AR FH b+ ST AR S K P, WEA S faH R
BPERIFH kAR (5. 2(6):

n .
PER=Y E, (5)
1

E=T'xC}/C! (6)
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ENEEBIATBELASGERN,; T)HE
G @i B MmN R B(Hg=40, Cd=40, As=10,
Cu=Ni=Pb=10, Cr=2, Zn=1) "', Cih+IE&FE
SRS, meke's CoN MM+ 4R
PR H SAE, A SO S A R AT 4 8 i 1 X I A 2R
IR AL 2E A, A I AR iE 5] &
() 4 G JE AR AN R KURS: o PR 4 W TR AR
e FEHRBE, KRS RIS EH: E > 40,
FRACR ; 40<E < 80, TR ; S80<E! <
160, 35K 160<E. < 320, s@f; E. =
320, s . LA WRTEES A ERBPEREZS
Pl 4 VB e AE SIS LR G, 0 a5 9 .
PER < 50, F/RMEK; S0<PER< 300, 145X
F5; 300<PER< 600, 5X[; PER=600, fR5H
AU o

2 R 58

21 TESERETESHREITRFE

P X EEEEUBRYE b E, pHIEE K
3.78 ~8.72, HHr419F M pH<5.5, 921+
5.5<pH<6.5, 161/FFEM6.5<pH=<T7.5, {L71HE
SpH K F7.5. FIHIIBM Statistics SPSS 24.0%k
PR IR B s AT S (2, BFRIX
A ML+ EAs, Cd. Cr., Cu. Hg. Ni, PbAilZn
LEEE G EUE S5 2.28 ~106.0 mg-kg ™',
0.04~4.91 mg-kg™'. 16.00~221.0 mg-kg™'.
12.90 ~216.0 mg-kg™', 0.03~2.31 mg-kg™".
6.76 ~102.0 mg-kg™'. 12.40 ~245.0 mg-kg 'l
51.70 ~ 864.0 mg-kg™'. Hif, A#iCr, NifiHg
- e T AR X ; CHLAs. Cd. PbAINI
A T HAR X, DECu P &S T
HAhE X, Mo Ai B, A& IR = [ 48
SR TS0%, E5AZBMTESHITER
WK H: Cd (48% ) >Hg (46% ) >As (42% )
>Zn (39% ) , BHZ 7 RZEE T50%09 70 % MK
WH: Cd(91% ) >Zn (78% ) >Hg (53.9% )
>As (53.7% ) , CHZR R T50%0CHK
R HN: Cd (97% ) >Hg (94% ) >Zn (83% )
>As (85% ) , DS RZEE T50%0 T FEIHK
WH: Cd (88% ) >Hg (85% ) >Zn (61% ) >Cu

(59% ) ; #%IK L, #£HIXCd, Hg. AsHlZn
FaRnRAE WA SRR, BR T ARNEHT X
B TR A T b+ AR T R AR A TR
S

N HTATcGIST10. 2844, R JHEE 25 AL L
ZEMH I, A 1Sl on R ek Ak =R
e WAL 2 i BR Ak 2 S i B k. R BOR
As. Cd. Cu. PbAIZnic & HERIL 2% 5 % 25 0] 43
i BB -, SEEESRy XNEEaRe
X, FEREHARSAMG, FHA A #OE
#, Cd. CuMIZnITE 78 CHIIK W F 5 X B BB
(M AR ol s CrfING G 2 U BR Ak 2% 53 8 25 i) o
fi b EA—8, mEFEESAAEABE Y T
ERXEAD, EX5CHKMAME, AT
CHl, HH TEIR/KRBWARY W; HgroF sk
b2t W EE S MAEAR . CHEADELIL B K M

iz WA 4 R VR (A PR B ER AL 2R R
Y (DZ/T 0295-2016) , DL { 48 i =
A FH M A 7S Je KR A bR e (4T ) ) (GB
15618—2018 ) A 1Y A FH b - 45 75 e KUK i 128 (i
FVE BRI, SR BT O AN RS X I 4
JEIG YRR . AR, BFAE X R R e A T
ANFEFEENESEIGY, EiERA31.09%, &
WG B 46.82%, BTGB R12.17%),
TG Y LB R 6.74% , TG YL LB R3.18%,
FICR B 15 P il i KRBMEKIR N . Cd
59.55%> Cu 24.34%>Hg 17.42%>Pb 13.11%>Zn
12.36%> As2.81%> Cr 0.37%=Ni 0.37%. %)
FEYICE EFE NCA, Cu, Pb, Hg. ZnflAs,
XN T5 Y il 2 18.16% . Cu 3.93% . Pb 1.69% .
Hg 1.68% . Zn 3.18%f1As 0.75% . {55
JLE EENCAMAs, XI55 B8 3.00% 1
0.19%.
22 TEESEFREMIKUFERELERR

R TR A IS AR, 5 B E /8 LE A
(701 ) F)Z LM, MR EITTELI. Bu,
ScHISmE, Filsrtrah R (£3) WoR, 4FC
FAER RN T25%, BAT ARG F R E
PE, BIB2M5 8 251 Li. Eu. ScHISmFEX(E 7
WIHk37.42. 1.13, 11.49F15.72 mg-kg ™',
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Table 2 Statistical results of heavy metal contents in the soils of the survey region
A% A Town (N=109) Bf B Town (N=117)
i) R BOME O TBE S wE F/ME SFEIH . AR5
Heavy metals Max/ Min/ Mean/ bl EX4 Max/ Min/ Mean/ bl EY4
(mg'kg) (mgkg™) (mgkg™) CV/%  (mgkg!) (mgkg") (mgkg™) i CV/%
As 37.6 4.34 10.85 4.51 42 53.8 3.69 12.39 6.65 54
Cd 1.44 0.04 0.33 0.16 48 491 0.06 0.57 0.51 91
Cr 221 24.9 72.61 19.4 27 101 40.2 65.52 13.53 21
Cu 129 12.9 38.07 10.76 28 183 19.2 48.73 20.18 41
Hg 1.33 0.03 0.46 0.21 46 1.52 0.03 0.42 0.22 54
Ni 102 10.3 29.42 9.46 32 57.8 13.7 26.37 8.78 33
Pb 70.9 21.6 51 8.71 17 220 12.4 68.74 28.59 42
Zn 476 51.7 126.23 48.67 39 864 60.8 163.56 127.55 78
CHi C Town (N=147) Df# D Town(N=161)
B L I s L KL N L
Hoavy motals Max/ 1 Min/ | Mean/l EX (oY Max/ | Min/ | Mean/l D E344
(mg-kg™) (mg-kg ) (mgkg) (%) (mg-kg™) (mg-kg') (mgkg) CV/%
As 106 3.35 16.1 13.74 85 21.7 2.28 6.73 3.19 47
Cd 3.73 0.06 0.62 0.6 97 2.47 0.05 0.35 0.31 88
Cr 180 28 57.69 22.15 38 113 16 45.42 17.18 38
Cu 162 15.9 39.28 19.38 49 216 16.4 52.91 30.97 59
Hg 2.31 0.05 0.25 0.24 94 1.99 0.03 0.26 0.22 85
Ni 85.5 11.2 22.13 10.43 47 37.5 6.76 15.21 5.09 33
Pb 245 27 61.78 27.47 44 183 14.9 44.83 20.13 45
Zn 839 56.5 171.36 142.94 83 572 54 124.19 75.86 61
2 As/(mgkg") Cd /(mg kg %W,  Crimgke?)
ALY e At R
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Fig. 2 Spatial distributions of heavy metal contents in the topsoils of the survey region
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Table 3 Statistical results of stable elements, Li, Eu, Sc and Sm contents in the soils of the studied areas

EI 1% K{HEMax/ fe/MEMin/ SF-Y{l Average" / o N FE B Sample
Heavy metals (mg-kg™) (mg-kg™) (mg~kg'l)g Pl 2esD IR RACV 1% numberp
Li 57.3 22.5 37.42 7.48 20 70
Eu 1.48 0.74 1.13 0.22 20 69
Sc 29.3 4.78 11.49 2.8 24 61
Sm 7.62 3.29 5.72 0.98 17 68
e 1) RIGIBR2A% 2 2431 % Note: 1)The calculation was carried out by eliminating the double deviation

FI I SPSSH# Xt H 4 @ o0 F MAR E e R ik AT
B2 IR FRAH MY, WoREu., Sc. SmEH4AJE T
REIMCHEBILTLILER . EuwtR 5Cd. Cr. Ni
M T HAMAR E TR, X IR BRI R B
BISH0.11, 0.77H10.72; ScIGZ 5Cu. P L
THABFE TR, MHIERESHI80.47H10.15; Sm
JCE HAs. Hg. ZoM ML THAMFREITER, M

K BB M0.48 . 0.28F10.10, XF4 H 4 ILE
TEHE S A S B bf AR TR A AR HER 1, 4%
HECRT IR bR AL 7 10 57 R 358 Hh BR T2 SL AR A A (3
4) , IFRAXT AR E TG R IME, R IX E
4JEICFEAs, Cd. Cr, Cu, Hg. Ni, PbAIZnIf
Bi R A 2 F L 7 o 11,130 0.38, 57.48,
43.86, 0.30. 21.55, 51.911132.7 mg-kg™'.

®4 REIREERAENEMIKUFRELE

Table 4 Environmental geochemical baselines of the heavy metal elements in the soils of the studied areas

Heavy metals

n(idESER

Normalizedfactors

Jike

Baseline equations

LR ACTEES ¢

Coefficients of regression

FA A
Baselines/(mg-kg™")

As Sm As=-5.393+2.890Sm 1113 0.192

cd Eu Cd=0.209+0.151Eu 0.38 0.014

Cr Eu Cr=-11.87+61.38Eu 57.49 0.441

Cu Sc Cu=11.501+2.816S¢ 43.86 0.285

Heg Sm Hg= 0.024+0.048Sm 0.30 0.075

Ni Eu Ni= ~10.46+28.32Eu 21.55 0.443

Pb Sc Pb= 62.90-0.956Sc 51.91 0.046

Zn Sm Zn=184.7-9.098Sm 132.70 0.013
23 IBREERESRETFRBEETSRKETMN WRZLEE SRS RZ ANEESEW) 1z
HENT(ER)ITMHERER (KR5) , #F FEXFEHE N ES R R AL % )

FX T IEESBEF Y E b KBRS

Cd>Pb>Zn>Hg>Cu>Ni>As>Cr, X EFE
Bl 23518 Cd 0.07 ~11.07 (F¥{E1.25) . Pb
0.13~4.72 (F¥{H1.16) . Zn 0.31~7.59 (F
PIE1.15) . Hg 0.10~7.33 (“FH{E1.11) | Cu
0.19~6.74 (*FX{H1.06) . Ni 0.30 ~4.40 (F
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Table 5 Enrichment factors of the heavy metal elements in the soils of the survey region

# 4 J& Heavy metal P24l Average H/ME Min I K{H Max EF > 1.0/ %
As 1.02 0.19 10.32 35.02
Cd 1.25 0.07 11.07 41.76
Cr 1.01 0.32 3.17 49.25
Cu 1.06 0.19 6.74 40.07
Hg 1.10 0.10 7.33 48.50
Ni 1.02 0.30 4.40 48.50
Pb 1.16 0.13 4.72 51.87
Zn 1.16 0.31 7.59 37.27
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Fig. 3 Potential ecological risk of individual heavy metal in the soils of the survey region
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Sources and Risk Assessment of Heavy Metal in Agricultural Soils Based on the
Environmental Geochemical Baselines

LU Xinzhe'? GU Anging® ZHANG Yanwu’ KANG Zhanjun’ CHU Xianyao® HU Xuefeng''
(1 School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China)

(2 Zhejiang Institute of Geological Survey, Hangzhou 311200, China )

Abstract [ Objective ] To study the characteristics and risk of heavy metal contents in the agricultural
soils highly disturbed by anthropogenic activities in the suburbs of a City, Zhejiang Province, Southeast
China, and to establish Environmental Geochemical Baseline models of heavy metal elements, a total of 534
topsoil samples were collected in the study areas. [ Methods ] The contents of heavy metals, As, Cr, Cd, Cu,
Hg, Ni, Pb, Zn, and inert elements, Li, Eu, Sc and Sm in the soils were analyzed. As and Hg were measured
with the atomic fluorescence spectrometry; Pb and Zn, with the X-ray fluorescent spectroscopy (XRF); Cd,
Cu, Ni, Li, Eu, Sc and Sm, with the inductively coupled plasma mass spectrometry (ICP-MS). Using Li, Eu,
Sc and Sm as standard factors, the Environment Geochemical Baseline models of the heavy metal elements
were established. According to the Risk Control Standard for Soil Contamination of Agricultural Land (GB
15618-2018),the method of Single Factor Pollution Index were applied to assess the degree of heavy metal
pollution in the study areas. While the enrichment factor (EF)and the potential ecological risk (PER) by
individual metal and combined effect of metals were determined, by using the Environment Geochemical
Baseline Values as standard factors. [ Results ] The contents of heavy metal elements, As, Cd, Cr, Cu, Hg,
Ni, Pb and Zn in the soils were in the ranges of 2.28 ~ 106.0 mg-kg™', 0.04 ~4.91 mg-kg™', 16.00 ~221.0
mg-kg™', 12.90 ~216.0 mg-kg ™', 0.03 ~2.31 mg-kg™', 6.76 ~ 102.0 mg-kg™', 12.40 ~ 245.0 mg-kg 'and 51.70
~864.0 mg-kg™', respectively. Choose the inert elements with the best correlations to heavy metals as the
standard factors to obtain the Environment Geochemical baselines of As 11.13mg-kg™", Cd 0.38mg kg™,
Cr 57.49 mg-kg™', Cu 43.86 mg-kg™', Hg 0.30 mg-kg™', Ni 21.55 mg-kg™', Pb 51.91 mg-kg™' and Zn 132.7
mg-kg™'. A polluted rate of the monitoring points of the different heavy metals was in the decreasing order
of Cd 59.55%> Cu 24.34%>Hg 17.42%>Pb 13.11%>Zn 12.36%> As2.81%>Cr 0.37%=Ni 0.37%.The
concentration of Cd, Cr, Cu, Hg, Ni, and Pb were higher than the Environment Geochemical Baseline Values
in more than 40% of samples; those heavy metal elements were anthropogenically loaded into the agricultural
soils of the study areas. Although large area of he study areas experienced moderate to serious level of
pollution, most of the heavy metals showed low risk to the environment. Only Cd and Hg showed moderate
to high risk to the environment. [ Conclusions ] Spatial analyses of EF and PER of the heavy metal elements
by applying the GIS information system can effectively determine the source and scope of heavy metal
pollution, and assess the potential ecological risks of heavy metal pollution for early warning in the study
areas. Over 68.91% of the agricultural soils in the study areas were polluted by heavy metals to different
extents, and 3.18% were severely polluted due to intensive anthropogenic activities. The polluted arcas were
mainly distributed nearby metal mines and printing and dyeing companies.

Key words Heavy mentals; Soils; Environmental geochemical baselines; Enrichment factors (EF);

Potential ecological risk (PER)
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