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Bl#, AR, B EA, AR, frERS, M A

(1.8 Bl R b 5, WL 452 3214005 2. WiV ARMORS: WiTla H G A Y R S8 S0 e, Wil bui

311300)
WE: (B8] #—FREWIHEFELI R LETRERE., [Fk] T2020 FEEF LT BT R LBEARER
AL, ERE 178 LE KA Onzasativa FFEE AR, MELEFFE Y4, 4. %, K. FEFETL2ENRES
B, ARAERFFEBIHENE. AT ESR0E. BELIRE RN ERASNETRERH T LB T LB T EEE
TN, (BRI EFBEEL RN 020m L ELEETL B, 4. 46, K. AREH #4554 033, 107.74,
53.40. 0.03. 1842 mg-kg'c M 4 35.29% &9 S A5 LIEAV AR, A 4T B AT RN LIE T R 5FLME,
. AR ESHE T A LEHFAL, LRMEAAN SAL KRB ERAERAT, Z LR AET 56T
HFHAE A 0.69, A 58.82% 49 E 414 FTEKEE; o R ARIEHI KB DK A 45 (0.08). 45 (0.01), A (—0.32), 4
(—0.35). & (-3.02); HAEASRNEIEHKIGFIHEA 7410, BEBBRAZRGE; LA SNETRERREGL D) P ERELA,
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Soil environmental quality investigation and ecological risk assessment of
a reclamation land in Jinyun County

ZHOU Yang', ZHOU Wenbin', MA Jiawei’, RUAN Zhonggiang®, YE Zhenggian?, LIU Dan’

( 1. Agriculture and Rural Bureau of Jinyun County, Jinyun 321400, Zhejiang, China; 2. Key Laboratory of Soil
Contamination Bioremediation of Zhejiang Province, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to explore the soil environmental quality of a reclaimed land in Jinyun
County, Zhejiang Province. [Method] A soil environmental quality survey was carried out in the reclaimed
land in Jinyun County in 2020. A total of 17 groups of soil-rice grain composite samples were collected to
determine the contents of cadmium (Cd), lead (Pb), chromium (Cr), mercury (Hg), and arsenic (As) in soil and
grain. The degree of soil heavy metal pollution was evaluated by single-factor pollution index evaluation
method, Nemerow comprehensive index method, potential ecological risk evaluation method and ecological risk
early warning index (Igg). [Result] The contents of Cd, Cr, Pb, Hg, and As in 0—20 cm soil layer of the
reclaimed plot in Jinyun County were 0.33 , 107.74, 53.40, 0.03, and 18.42 mg-kg ', respectively. Among them,
arsenic in 35.29% of the points exceeded the standard, and the other four heavy metals did not exceed the
screening value of soil pollution risk of agricultural land. The average contents of Cd and As were higher than

the soil background value of Zhejiang Province. Cr and Pb contents in rice at some points of the plot exceeded
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the national standard. The average value of Nemeiro Comprehensive Pollution Index in the study area was 0.69,
and 58.82% of the points in the study area were in the alert range. The geo-accumulation index ranging from
large to small was Cd (0.08), Pb (0.01), As (—0.32), Cr (—0.35), and Hg(—3.02). The average value of potential
ecological risk index (/) was 74.10, indicating a slight ecological risk. /gg reached the moderate early warning
level. [Conclusion] Cr and Pb contents exceed the national standard in rice at some points of the reclaimed
land. No heavy metals exceeding the standard are observed in soil at any point, but there exists a certain
ecological risk. Cd, Cr and Pb are the main ecological risk factors in the study area, which should be paid more
attention to in the future. [Ch, 7 tab. 24 ref.]

Key words: rice; heavy metals; safe use of soil; ecological risk assessment

AR, T Tk, sCEZEFERNE, (15 AR 7 4R 15 Y i, 4 w5 gL
MU SR, FEAEY S AR, IRHRIRE FoRE, bt g st o A
Syt EERMA SRR R, AWM | AR SRR R 8 4R 15 Yo M
SEaRbE, WKFRE T E L & ER, E R EFEENREEYZ —, KEE Oryza sativa 538 7
[ 55% WA YEHFE R, HAR 22 21F 2228 OCEY, MR AKREXT R eR . #% . A,
AR 4 1 4 R U R B HA WE D, WK FEAE vk SR AR 4 S B SR n e . k. BEE R
W, BEARK AR AT RLS: BT, o E g 7 KRS I A Jm TS e i o i, R E B TP EMRE L e,
U, VPANEE 4 JE V5 e BT KRR X A A A AR, S - 4 KORS R 4 T A i XU
HAEZEE L.

TG RIS T UEIR IR . AL T R A r SR A 7 R R B R Y e, SRR R,
HwE R RHRE. ERMEBEAREGES:. THERKZ . ArA B R 5 3 P Fh 2 2 55 R
ST RS X I (TR S = B HARM R Sidig i R, LAk ) JFh & R i ik . A
iR BRI A E SR B IG, HINE BIGH DZEX AR ™ i 12 4 KBS AT Al .
R AR T 4 S (R XU PP i, sl 8 i R T R R R AT, s U AR R AR T, T
W TR ARAL . AR IR R 17 4 B KFAFRLE SRS LA 1 B KRR,
WIS K RERERE S AR B - rh 4 JB A AR, 454 GB 15618—2018 (- e Tt & A FH b 3875 Y XU 455
EERRUE (R17T)) . GB/T 36869—2018CKFEA =1 -4 #a . #r. 4. K. WL BUE) S ARE, TR0
4 BTG Y TR K AR AR XS, Sk 49805 e 4 BAR ™ i o i e A BRI R A AR B
1 #ES 7 &

1.1 AREE

28 75 B A WA TP R e L1 IX (28°25'~28°57'N, 119°52'~120°25'E), 4% 2« HLJ& v il $uify 25 AU,
X, SR R, BEAKGEN, IREENEE, AR, HFRmEE, PRSI AEEEARIR 183 C,
AEREIK N 1387.7 mm, 4F H BB 1504.3 he

i R 2% 2 B A R (AR 3 557 m?) SE /R B, JFRPREKAE . T 2020 4 9 H K FEYCR
WX B HGHEA T RAE IR A, 43 R AR T3 KOKARSRFRIRE &L, 40T 498 BOK REATARLRE & 1) 3 45 o ot 43
5, TR TEA .

12 #HERESLE

3R BHERESL 17 A, IKFEFFRIEE S 16 1o SRAEEREN RG e, TF 0~20. 20~40 cm 43)2
RAE T ARES,, RIS SRAEXT R A K FEFFRLAE o AR IURE s LA TR 5 mxS m 1E D7 JE 3 FBl N iR 5~6 4
REER, WSRRA R VAR BHERER AR TG A T SRR, IR 2.00 mm
A1 0.15 mm G745 1 . KRERERL 2585 Tk pEE, 70 °C M Z A, B IURSEm S & .

1.3 H@aHhSillE
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14 BHERENTESRE
141 FHFFEBRHGEMENET ESRH0E B FI5 Y48 B0L 0 L e rp s — 5 Y R 71
Hro HatBE AR
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PEMFRIE (mg kg ™).
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2 X536
2.1+ pH FFEHWKR

+ 198 pH A ML B o 500 I G B A U AR KRR . FEM R E SRS YK T,
5 pH. A HLB B ROR R T RN & B A A R, IRIVEY T A JE i SRR R, BRI
HE4BISYAEP, AR R, 2 B 0~20 cm + )2 +3 pH 4 6.73~8.53, F¥h 8.15, BT
Bl g R AURHR 3.98~9.94 g-kg!, FHIN 6.51 grkg s 20~40 cm +JZ 3 pH Ky 7.42~8.52, F
Yok 8.24; HXEANUTRFE BN 4.79~10.10 g kg™, FHIHN 6.97 g-kg (3 1),

F1 SBRMRTIE pHMFSRESH

Table 1  Status of soil pH and nutrient content in reclaimed land

5iH pH AP (g kg ") 2R (g kg™ AR (mg- kg ™) AR (mg-kg™)
0~20  20~40 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 cm
i/ ME 6.73 7.42 3.98 479 189.90  205.00 4.99 531 205.00 207.80
BRME 8.53 8.52 9.94 10.10 406.90  431.40 37.78 24.24 431.40 293.40
T 8.15 8.24 6.51 6.97 284.04  288.85 14.54 12.70 288.85 245.79
b2 0.48 0.30 1.70 1.34 57.38 59.32 8.55 5.59 59.32 23.73
BRERL 585 3.68 26.12 19.23 20.20 20.54 58.77 44.05 20.54 9.65

2 RHR 0~20 cm +)Z LA PG R > 80<10.00 g-kg ', BEFIE N 284.04 mg-kg ', A RLBE
FRIBT R 14.54 mg-kg ' WEVACKTE , A A bSR3 BT it 4 EUm IR
22 TESEEERESNH

R 020cm L)Z HIEESEM . 8. B, k. WA FTEE0 5 0.209~0.598 . 71.80~
145, 43.10~67.10, 0.021~0.034, 8.61~23.70 mg-kg ', #H{H/ %14 0.330, 107.74, 53.40, 0.030 mg-kg ',
1842 mg-kg's 20~40 cm + 2 - . B HY. R IR 05 9 0.240~0.497, 72.80~139.00,
44.60~65.30, 0.029~0.058., 7.39~21.40 mg-kg ', ¥IH/5IK 0.310, 106.67. 54.06, 0.040, 16.60 mg-kg '
(#%2), 2 B E FE s BN R BRI 5% 45, B, 5. K.

*2 SEERMRIBFEESERESY

Table 2 Soil heavy metal content of reclaimed land

5B f/(mg-keg™) B/(mg-kg™) /(g kg™) R/(mg-kg) fifi/(mg-kg™)
0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 cm

e/ ME 0.209 0.240 71.80 72.80 43.10 44.60 0.021 0.029 8.61 7.39
N[ 0.598 0.497 14500  139.00 67.10 65.30 0.034 0.058 23.70 21.40
T 0.330 0.310 107.74 106.67 53.40 54.06 0.030 0.040 18.42 16.67
i 2E 0.098 0.064 22.17 20.28 6.90 6.37 0.004 0.014 3.46 3.95
5 FR AU 30.05 20.61 20.58 19.01 12.93 11.79 14.81 35.12 18.77 23.72
PR/ % 0 0 0 0 0 0 0 0 0 0

WK HEA b 7S e KU T e (i, BFZ IR 35.20% MY EBAR, Ha. 4% . HYAR 4 R E 4R
i B R AR s (HLL GB/T 36869—2018 KA I 118 47 . . 4% . oK. &2 B{E)E AT
e, BOBUSAER TR B e BE, R 88.24% S HHE HIEMOT R B 2B, WK
KF, MKRLEENE, BSEESAREA — &R . XK 3 pH S G (EY R AR
T S TTIRZ STl N e I (TIN5 s  REE E  [  el r|
e, i, fEAEYE BT R OGN E S E O R . R e 4 R TR T U R R R
i, S REI/NT 40%, BEHE BIG A NG SIHZ X E SR EMA K, 5SHESECEES R -
FETERL TS YRR
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23 KEHFHNEESERESH

G GB 27622017 (& fh % 4 FEZARE &5 5 YRR ) AT &2 B M HORRE A 31 a7 4% g
M bR, R RN 12.50%~18.75% (% 3), Al fE R R £ b 4 B BRI A R E  BU B R
71.80~145.00 F1 43.10~67.10 mg-kg ', HARAHE KBS i vEAE , {HH BT 40 BORDOT L, AT 350K
R AL P 5 VR ) PR

x3 SEERMBPUKBHNEESRERESH

Table 3 Heavy metal content of rice in reclaimed land

WiH f/(mg- kg ™) #/(mg-kg™) #/(mg-kg™) HK/(mg-kg ") fifi/(mg- kg ™)
e/ ME 0.019 0.30 0.04 0.01 -
HKAE 0.072 1.60 0.31 0.02 -
FHE 0.037 0.74 0.11 0.01 -
bR 0.015 0.37 0.09 0.00 -

PR i 0.200 1.00 0.20 0.02 0.50
5 R EU % 40.71 49.57 82.05 24.75 -
PR/ % 0 1875 12.50 0 0

Vi —FORARBIH, PRI PR 4% <<0.003 mg- kg™, £ 4 <<0.03 mg-kg ', #14<<0.04 mg-kg’, KHM<0.01 mg-kg ',

fii 4 <0.04 mg- kg

24 KBETEEEETLEITM

241 FRTFTFEBRBFEN A AET Z558EFN Ll GB 15618—2018 4% M 43875 Y AU i 25 {E )
AR, THRE B 3 4 Jm A SRR TS PR BRI ZE A5 A8 8. DL 0~20 em #F)2 L IEIEATITAN
R B, ok, L BRI AR RO AE B 043, 0.24, 0.01. 090, 0.32 (% 4), &
AL E 4 SR A AR IS YR AR T 1,00, AR 4 R 4 s SR R TS PR BOTE /N T 1.00,

F4 KEIEEESRSREY

Table 4 Heavy metal pollution index of paddy soil

) PR FI5 g AL i )
i H — LEATREL
i Gt K fift %

SN 0.75 0.36 0.05 1.19 0.47 0.88
fe/ME 0.26 0.18 0.00 0.43 0.21 0.37
A 0.43 0.24 0.01 0.90 0.32 0.69
hrifE2E 0.14 0.05 0.02 0.18 0.08 0.11
A5 5 2 H % 32.77 21.96 145.97 20.42 24.02 17.70

MR A5 F 4 Ja JC B AN AT Y G A 505 F T 0 (3 5): A 64.61% Y kA - S A BA IR 775 e HR BN
F 1.00, FAx 35.29% (i HEERGEAR . BE L BT, K. KA 4 FhOT R MR s s B e TN T
1.00, TCbrmfi. NP LZAEIER GESHE, TR LHME . 8. kR, M. BEHHEEHN
0.37~0.88, i 41.18% WS AiAL T4 V0, 58.82% Y SN T L, MIASKE, & RMib+ 1R

x5 ETSREHEESRETERMAST
Table 5 Distribution of heavy metal pollution points based on pollution index method
ST A /%
AR FHREL T5 YL 55 SATEE T YA S /%
i i R if %

Pi<1 B 100 100 100 64.71 100 Py <0.7 A 41.18
1<pP=<2 R Y 0 0 0 35.29 0 0.7<Py;<1.0 £ 58.82
2<P,<3 HhRE S 0 0 0 0 0 1.0<Pu<2.0 RS 0

P>3 HEGY 0 0 0 0 0 2.0<Py<3.0 RS g 0
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Bz P E A mEW, SRS R I, Bk EaRITR, R L A

242 WEBRIACE UWNLE LS RE NS, M. 8 R 6 555 5 RS R C R TR
FBURBOTY (£ 6). FTLIAFH . S PR 48T R M Lo MK BI/MKIK R4 (0.08), 45 (0.01). fill (-0.32),
B (-0.35), K (-3.02). TEFTA RFESNIN, RIY Ie, B/hTF 0, BRI TG YRE, 15 PR ™ H AN
WA, HUONES, b RBUEEU Bk 0.08 F1 0.01, S RGOE YIRS . By EE B U
58.82% WY RAALAL TARBIGYURAS, HAY 41.18% KA TRME AR, DRIRESRYE . HITRAFTE
RHEERS (K 6).

xo6 ELBTRMRPIBHITMEHEERITR

Table 6 Statistical table of evaluation characteristic values of accumulation index of heavy metal elements

Lo Iyeo <O 0<Ipeo<1 1<y <2 2<1,y<3 3<lpo <4
TFEE PHE R KR BEREL R R B BEREL R R 9%

o -0.52~1.00 0.08 10 58.82 7 41.18 0 0 0 0 0 0

fr -0.28~0.35 0.01 10 58.82 7 41.18 0 0 0 0 0 0

R -340~-272  -3.02 6 3529 0 0 0 0 0 0 0 0

M -139~007  -032 16 94.12 1 5.88 0 0 0 0 0 0

B -091~0.10 035 15 88.24 2 11.76 0 0 0 0 0 0

243 HEABZREFNFEASRERE FELHFICEL. K. M. BEMR XY E FHEL/NT
40, RWX 4P ELBEICRIETREASEERE AN RESAESGEREHZEAR, SFHESRE
JUER TRAESE T AR s BIIRHET M4 (49.16) . B (12.28) HF (7.63). K (2.64). 4% (2.39), HHIIEAEALZS
B e i o X AR S A R b R R AR S K 7, R8T T AR ESHPOMmE, &
b 64.71%, HRNERGA SRS AL, 5 29.41%. KIE Iy YEATVEANY, 42 B b SR uh T2 A 25 M
SRS o IR DX 3R A 2 XU T HR 0 (Tgg) ZEARIE R 3.22~4.02, F¥MEH 3.67, 3K 2 B FiE
(& 7).

®7 KELIEEREBEESKEITM

Table 7 Evaluation of potential ecological risks of heavy metals in paddy soils

E;
5 | — : Ir ITer
43 Y 7K fif #%
I KAE 89.7 9.59 9.09 15.80 3.22 121.15 4.02
F/ME 31.35 6.16 0.00 5.74 1.60 52.96 3.22
FHIE 49.16 7.63 2.64 12.28 2.39 74.10 3.67
bRz 14.77 0.99 3.73 231 0.49 17.19 0.21
A5 5 2% 30.05 12.93 141.53 18.77 20.58 23.19 5.68

3 %k

TERERZS I, 2 Rk LRI TR A 35.29% WY AEbS, . 8. BYFIok 4 4 Jm 3 R i
TIEE G RITQHE(E , (HLL GB/T 36869—2018 C/KRE A= Ay L HE 4. BT, . ak. B2 (RN
Z, PEORICR BN E A W, MOTEA 88.24% M SALE A B(E . FEXT R 19 7K FERERLRE i
e, SR BRSSO S AR AR . RS AR A KU PP AR ARV AR A U SR R, P IX
B EEMESHE N T WEARE, &R AR REAPR S AR bR L3It 5 T A 0
b, HAOE SRAATEE —E R AN BT R pH 25 R AR FRAGIE R T R, nIRES S EE &
JEEbR. I, EEEM. B ATRRPR AT X R E A A T, R D s gk I
PRI, DRBR R PREE 22 MR ™ 2 4
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