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0.25) FB/EEAR KB REL (394D WEEHT MR, NEEKRE, LEFAXE Cd O TEBETHE, 3
SRS P REAARAL, VO 10-20 em 290N H AR o

R Bl HERE, UHE: SR

Investigation and Evaluation of Heavy Metal Contamination in
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Abstract: To assess the current status of heavy metal pollution and the level of ecological risk in paddy soil, this study focused
on the heavy metals Cd, Hg, As, Pb, and Cr in the paddy soil of a safety utilization area. Analysis of 0-40 c¢m soil profiles from
16 paddy sites in a safe utilization area of Jinhua City revealed that Cd was the only element exceeding the risk screening value
of GB 15618-2018. The Cd exceedance rate in the 10-20 cm subsurface layer (25%, 4 sites) was four times that in the 0-10 cm
surface layer (6.25%, 1 site), with three sites (No. 7, 8, and 13) showing exceedance exclusively in the subsurface layer. This
pattern contrasts with a previous study in the same region, where Cd contamination in paddy soils downstream of an industrial
area was confined to the surface layer with no exceedance in the subsurface layer. Although single-factor evaluation indicated
that all five heavy metals were generally at clean levels, the Nemerow integrated pollution index placed 12.5% of the sampling
sites at the warning line. The geo-accumulation index (-0.25) and potential ecological risk factor (39.47) of Cd were
significantly higher than those of other elements. These findings suggest that Cd has migrated downward into the subsurface
layer within this safe utilization area, implying that the risk of Cd accumulation may be underestimated if only surface soils
are monitored. It is recommended that the 10-20 cm soil layer be incorporated into routine monitoring programs in safe
utilization areas.
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&JE 2 E B YY), Cd. Hg. As. Pb. Cu. Ni @B ES ., &MWL E EEKRE™X .
T A0S0t ) X3RS TV X R iR A 0 )2 & (0-104 10-200 20-40 cm) KB, Cd A& 3 E )75 4%
TR, HEARUHEBIE 0-10cm £Z (I ANELD) , 10-20 cm EHHE & 20-40 cm iR /2 AR AG H Bz .
SR, 22 AR X )T Ge e (Al i Jm 2 S AH TR, MANTERE . 25 RS 3 24 1 b 58 i & e I 5 R 4
FEARERZ LI (0-20em) HIRIEE R, HReMHXK Cd O FEBEETHE, HERIeE
JEEHE TJE AR IS, TIEAT B M A 2K T RE R R 25 e XU . itk ANHIE S LA A T
AR DOE SRR H DN 8, 22 RAE 0-100 10-20 & 20-40 cm =+ 2 KT RE S, 85 8 E T
faf. WHEZ a5, M BB EUIBTE A S NGRS 2 TIEME VY, RS0 Cd FEE)R
(3 ) 3 A REAE, JF 3 ASVPA ERHE Cd RFAEAS KR, AR 2 4R X RS HE S P R AR 24K
£

1 AeMe 55

1.1 BFFE X

W IE X AL WL P At X, 8 PR 2 s, MR A, X B3 o0 A /N kAl
PAKFERIE 9
1.2 BEmRESLHE

AHEFET 2020 FFEAKFEWERZE (9 H) Atk 16 KA, 20 AI7E 0-10 cm. 10-20 cm A1 20-40 cm
ZERELERS, R4 . ERSARKT. K. WS, i 2 mm §FHT pH WE; Ao
By LA 0.15 mm 0, H T EEBAES T
1.3 WikmE

FE i BT AL 3R ) HNOs-HCI-HCI1OL % T iR & » Cds Pb & i A S 4 i 7 IR So's st e
Hg. As RHE 7200618, Cr AR JOE R FIROE L . Biasts iR . B X2ty
i SPATRESS BT KOO IS s . T3 pH {E %K L LG 2.5:1 1248, #E 5 pH 11l 2 .

1.4 TRESBEFEREESRKEIN

KA FERH 2 Fa BOE LR A VPl T3 E GRS RS S5AE A RS, BT 820 H 1 DL Excel 2016
FEHK o

TR FE VAL . SR AR T Bk O W % S R R bR, RIS & SR DL (LI i &
AR A 5895 e UG B AR HE) - (GB 15618-2018) H [y XU i (18 [R] AR FH A &35 i 4k
TIPEA AR5 Gk, AR BOHI & o 2 1P 2B 5 R fE -

BRI SR RAIREOE (geo) PIX 4 HARME 5 N AIE SN E 48 5 E1m. P
WL LI kAL 22 B0 2, R AP I RE 15 (LB S RCE AR 51 I 1 S i K
3D . Mlgeo >0, RILIENNFIN.

AR AL . R A Hakanson W 7EAEZS KIS TR EOEN WAL B & B I AESAH . ZITIELEHIE
LR GEEEMEMP, Cd. Hg. As. Pb. Cr FIEEIERES HIHL 300 40, 10, 5. 202, DAWTA +
B ERAL 2T S A S T, (FEE TR IEE A SN R (Er) Mg & EE SRS (RD
131, [EJEF, SR AEZS XS TUE AR R (IER) UAEAT XSS TIES,  Leg MRS PV 7> R bRHEN: Ter<0 J& TG
B, 0<Ip<l JET WL, 1<Igp<3 |8 THRE, 3<Ix<5EBTHE, 5 ETHEREV, LEHESEEE
R 7> BAREANFR 1 s
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Table 1 Classification criteria for potential risk of soil heavy metals

AR R R il 1R S
Eri <40 40-80 80-160 160-320 >320
RI <150 150-300 300-600 600-1200 >1200
L5 HiEstE

BEXS 2 RAE R 43 pH M E SRS &, R Excel2016 #EAT A St 17047,
2 SREWR
2.1 3% pH R

W5t X 4% pH £ 5.5-6.5 2. [0, J& T+, HA 0-10 em 12H 6 A pifi pH /T 5.5, HR
1 5.5-6.5 Z[i]; 10-20cm T 2H 7 N AAL pH /MF 5.5, HARTE 5.5-6.5 Z[0]; 20-40cm T 2H 4 i
fr pH /NT 5.5, HARTE 5.5-6.5 Z i), & 4203 PHARGLANER 2 frn. & 42 448 pH &S 950 1

fHILInER 3 Pros.
2 £ B pH R
Table 2 Soil pH status in different soil layers

AR B B/ME I ON ] FHME bRtz A A%
pH (0-10cm) 5.09 5.91 5.55 0.23 4.11
pH (10-20cm) 531 5.96 5.64 0.18 3.26
pH (20-40cm) 5.14 6.14 5.72 0.27 4.72

K3 F LRI pH BERM R (3% (WL HHE) D
Table 3 Distribution of soil pH grades in different soil layers (based on "Soils of Zhejiang'")

L7 0-10cm 10-20cm 20-40cm

<5.5 6 7 4
5.5-6.5 10 9 12
6.5-7.5 0 0 0

22 TRESRESERMEMRST
% 4 A7%0, #FFIX 0-10 cm. 10-20 cm. 20-40 cm =4+ 2, Cd. Hg. As. Pb. Cr5 FfiEH
SRS ERITFHEEN A ST EERHE. K, Cd5 Cr BB MREEEMEN, CdE
0-10cm. 10-20cm. 20-40 cm 2 H P& E 254 0.26 mg/kg. 0.26 mg/kg. 0.19 mg/kg, Cr X5
PRI RN 15.82 mg/kg. 14.63 mg/kg. 12.75 mg/kg, —FH B L2 IR N 23 As R
SRR (VR 2 BARE, HCE A R R RN 3.28 mg/kg. XFEE M 3.73 mg/kg B THE E 20-40 cm
T )21 4.40 mg/kg. Hg 5 Pb f£% -2 & &AM E, Hg MFHEENT 0.09-0.10 mg/kg 2 [A],
Pb (P& BT 30.36-31.59 mg/kg 2 [0], TWIRIHEE ;5. 5 RT3 e XU ik 8 )
(GB 15618-2018) AHLLI7, 0-10 cm A1 10-20 cm +235FH 4 AN S EEJE Cd #br, HATFES
SRR Hrt, 0-10em LR LT 6 5 AAEN, ZEEREN 6.25%;: 10-20cm LR+
B 6. 7. 8 Ml 13 5 pihiibs, HZEIER 25%. WA CHIL CdRE & HEER.
TP E SRS B R R A BT, RS, AR REER, TR
JRr R N Bl 0 5 S 8 190, AR S BB <1 6% AR FE AR S, 16% <A 55 R <36% AT A 5,
>36% M} Ay AR 2O, BEFLIX Y 0-10 em TIEE GRS AR T RECN As (46.65%) >Cr (37.74%)
>Hg (31.25%) >Cd (28.21%) >Pb (11.54%) , KW As fl Cr = HEL R, Hg. Cd NHEESR,
Pob ARJEAZ R, 10-220cm HIREEE S EE R R Cd (48.48%) >As (46.65%) >Cr (41.69%)
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>Hg (30.44%) >Pb (15.18%) , Cd. As. Cr N=EAR, Hg NHEAZS, Pb NREELR. 20-
40cm HIEE B S EL T RABON Cd (52.74%) >As (46.51%) >Cr (40.25%) >Hg (39.63%) >
Pb (17.80%) , Cd. As. Cr. Hg ¥ NEEAR, Pb ATEER. AKX & LE As 5 Cd &6 7R
PR, SARNTHMmE, HEEERTREIEEE. SNEHANS NG % UM C.

R4 ELEESRABERSAUR (BAL: mgkg)

Table 4 Statistical results of heavy metal concentrations in different soil layers (unit: mg/kg)

HE )R R/ME RKME FEE brifE 2 5t A%
0-10cm 0.13 0.39 0.26 0.08 28.21
Cd 10-20cm 0.1 0.51 0.26 0.13 48.48
20-40cm 0.04 0.36 0.19 0.10 52.74
0-10cm 0.05 0.14 0.09 0.03 31.25
Hg 10-20cm 0.05 0.17 0.1 0.03 30.44
20-40cm 0.05 0.18 0.09 0.04 39.63
0-10cm 1.16 6.22 3.28 1.53 46.65
As 10-20cm 1.51 6.58 3.73 1.61 43.24
20-40cm 1.24 7.74 4.40 2.05 46.51
0-10cm 254 39.2 31.18 3.60 11.54
Pb 10-20cm 26.6 45.6 31.59 4.80 15.18
20-40cm 22 41.7 30.36 5.41 17.80
0-10cm 10 30 15.82 5.97 37.74
Cr 10-20cm 8 26 14.63 6.10 41.69
20-40cm 5 24 12.75 5.13 40.25
23 FRESREFIRE
2.3.1 BT SR B A AR SR SR B

® 5 IR, 0-10 cm HH/= L3, 5 FhE & 1) B 7I5 SR O E T A Cd (0.67) >Pb
(0.33) >Hg (0.18) >As (0.11) >Cr (0.06) , KT 1.00, KHZZE LI TIHEEH.
x5 ESRARTIHRER

Table 5 Single-factor pollution index of heavy metals

b BT g e 5 syt
Cd Hg As Pb Cr
=N 1.03 0.280 0.21 0.431 0.121 0.762
& /ME 0.324 0.093 0.04 0.254 0.042 0.272
FIME 0.69 0.180 0.11 0.33 0.064 0.53
bRz 0.203 0.054 0.053 0.05 0.024 0.14
B RE% 29.48 30.23 47.86 13.71 37.87 27.43

2 6 Al%n, Cd &ME—HIEBAREITTER, 93.75%MIFE S AL TiE KT, HAr 6.25% N5 iy,

THEEG Y. Pby Hg. As. Cr &R BRiE R . WIS 25648 507E 0.282-0.768 2 [H], 87.5%I1]
FERN AR, 12.5%0 Tiode8msk . BMCRE, BT IX TRk 4, (HR AR TS GRS,
= onemgE kB S H o W .
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K6 BATIHEREHNNES ZAEBESRITE R/
Table 6 Distribution of heavy metal pollution sites based on single-factor pollution index and Nemerow comprehensive

pollution index

) N mALEE (%) ‘ . o L
BRTIREL SRR LA TER V5 YL g
Cd Pb Hg As Cr ke (%)
P<1 T 93.75 100 100 100 100 Pi<0.7 LA 87.5
1<P<2 BEHY 6.25 0 0 0 0 0.7<Pi<1 309 12.5
2<P<3 RS G 0 0 0 0 0 1<Pi<2 BTG 0
P>3 EEEES 0 0 0 00 0 2<Pi<3 o 3 0

2.3.2 MBS HIE

Hy RARFRBOE R A T ik —, AT RARIN SO AR 5 A R & Mtb st /R F S N RE it =
SRR R MW, DELE LIRS SMENSE, MEPRREOTEERBER 7R, SHESER
YMEHER N €d (-0.25) >Pb (-0.74) >Hg (-1.40) >As (-2.98) >Cr (-3.12) . Hg. As. Pb. Cr fif

AR R 2 AR AR T 0, Toi5 4 Cd IMEDY -0.25, (HAGIRE 5 280 E £ G 200,
R T RBEHIPHERR

Table 7 Evaluation results of geo-accumulation index

B lego 1 lego<0 0<lego<1 1<lego<2 2<[ego<3 3<lego<4
R TAGTER  CFIEE RS HE O ORRE R MeREL HER O R R RRE X
Cd -1.21-0.38 -0.25 11 68.75 5 21.25 0 0 0 0 0 0
Hg -2.32--0.68 -1.40 16 100 0 0 0 0 0 0 0 0
As -4.28--1.85 -2.98 16 100 0 0 0 0 0 0 0 0
Pb -1.05--0.42 -0.74 16 100 0 0 0 0 0 0 0 0
Cr -3.75--2.17 -3.12 16 100 0 0 0 0 0 0 0 0

2.3.3 WBAEARZS MU DA/ AR AR 25 XU T

xS HHERY], MARXLGEBELESREIEBINEN 7032, BIAKERUESKEER. Cd N
REZER XTI R (Er ¥1E 39.47) , Fobe mh 48 B b B U o5 U AR, Aol RIS Hh R
K: Hg MNARE S B P EE KUK . Pb. Hg. As. Cr ) Er WEBMKT 40, BT REGE. MR
A HEFFA: Cd>Hg >Pb>As>Cr. MAh, XK TEEES (JER) H{E 0.91, AT HUE X [H

(0.70-1.09) , Mol A7 IR T,
R 8 ESREBELESRREIT RS R HE

Table 8 Potential ecological risk assessment of heavy metals in paddy soil

B BN ERY E
FEbR R; 1er
Cd Hg As Pb Cr
SN 58.50 37.33 4.15 5.60 0.67 93.61 1.09
f/ME 19.50 12.00 0.77 3.36 0.22 45.65 0.70
THME 39.47 23.83 2.13 4.52 0.36 70.32 0.91
bR e 2 10.92 7.33 1.08 0.49 0.13 13.99 0.12
AR R 27.68% 30.76% 50.50% 10.81% 35.88% 19.89% 13.44%

2.3.4 Cd 3 [ 43 AT RFE 5 T HEZ BR XS
AWK, 10-20cm WHER Cd #BFrZE (25%, 4 DAL & T 0-10ecm #E (6.25%, 14

BAD , HAAE 7. 8. 13 5 =AANAUETHZEBEr (R 4) o MEAXTEL, N AREEOI7E [F] [X 45, T
MV X R RS H 2R B RR, Cd BRI IAE 0-10cm RE (1A AL 5 10-20 cm Az 20-40
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em L EBIREG R BHULAT W, ASEH ARG H R Cd [ A AAAE I B2 R . FEOX
— 2R AT Re AT e sy IR SR R R P sk = AN T T . ds g SR, e X
1) Cd rrgesk A B R BRAR R, KEFE A NE 2R M X SIER Cd nl R i B,
KRR R LR . B3R T, ARFFX L3 pH £ 5 5.5-6.5, &0 mAR T 5.5 (GE 2.
3, BRPEFAF AR Cd WS 5 MRAE 2 230, N LSBT FURRIE pH 70 R8s, 6 L %
pH #im, W Cd T YE T REAERT LSS . LRI Py sh 5T, e 2 X 0] Be 48 i TR B, 4%
KRG 3 N, B I & Cd Bos A HUILEBEIE, $30 Cd fEWHHE B R
AT RIS o R S RS AR R E (020 em) RIS RUT. AR T “REE
B MBS R AR R, AU I E AT REAS 2 LA vl Cd 1 BB, JGH: 2K FEHR &
AIRIA 20 cm HE R BEERR, WAHHZE R Cd 5] Be A EWRI . Rk, @IAE 2244 FH XK 10-20 cm
LERNE R, AR X OTE Cd 13 [ 78 XU
3 4w
(1) HAE GB 15618-2018 (A< FH s 3875 e WU S P bn itk ) T E, WFFEIX 0-20 em BFEILA
4 R Cd bR, P 0-10 cm R 2 1 AN SAEAR CEARR 6.25%) , 10-20 em SEHHZ 4 4> sz
br GEFRZ 25%) o Hg. As. Pb. CrfE& LZHIREIR. &12H As. Cd 78 7 REb TR EK
-, R NGNS R .
(2) BRI ER, S MEGEER TREI <1, LRERAL TIEESEHR: HNEY LR
EREFIN R, 12.5%0) R AL Ti5 GYE Mk, AR R TSR BUME RN 091, K TE X[ .
(3) #h BRIREOFM & R, Cd RMARX K EE LR IcR (ME-025 , REFERME
B WAEAESRNEIEMIESS, Cd ASKRRE (3H 3947 BEmTHMTR, EMAXEH
A A KU ) TR T
(4> HRIXE VX T RGO e, RSOk 2 4MAXE Cd 2 FiE# £ 10-20 cm
WHHZ, HAFAE “KREAH . WEBR B84 X—8R1ER, [URNEET A & AT v %
AR HX ) Cd B . K 10-20 cm £ E AN H AU I, F7E Rtk 38 X I 5% Cd i) 3
RS
B3E 3K
(1] BAOTA, Wi, VEMS. T35 N RET]. £34%4R, 2020, 57(01): 1-11.
(2] fFpk, EHEMW, SO, % 5B RS T E 4S8 R E LK RN B RED]. BRI, 2025,
46(09): 6066-6074.
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2231-2235.
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