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(1. APHEARARK R, WivT #5FH 3234005 2. BR/K T HABME AR AER B, WiVL AN7K 3230005 3. WivLa& 4Bk
2EBE, WITL BTN 3100215 4. WiVLARMRRS: S35 SORIR2AGE, WiTl AT 3113005 5. WiV LR : WiTl 4+
VSY A YR T S SER A, WiV B 311300)

THE: [B8] AEHT MR EmRTARERE LE V4 (Cd) 5 RBFH S IR, [ FH]2017-2019 4,
AT A AR TS L A AR F, @it R E B BEANLRREY, £483aBMETFLE Cd M AFm
., [#R]2017-2019F, FARAREHEXALREL CAe £ RLFTERR, &s il h 49.78% F= 40.16%.
50.20% #= 39.14%. 34.04% #= 48.09%; HEANFHFFE Cd 09 EMAZEH A & L3 Cd EF49 0.18%. 0.17% A= 0.14%, K45
Oryza sativa. 3 Brassica napus 5 7% Camellia sinensis %1 Cd £ 34w BE 5514 2 820.00, 2706.00 #=2629.50 mg-hm>-a™",
S A 271850 mgehmPat, £t R ARE N FAE, 2017-2019 ] Cd FmANE Ak B R F S
&, 2 CAdFMBEFTHRT CAFHAT, ERATHLZ CdEMMFHATFE., [£#] ZE CdRLFTERR
EEH e R ARG, RRARLRERE THIRE, EXAREETA LI a4, B E s KRRk s 6K
Bl M FRBEENRTEASOOANE, BREELREFALEE, RS E L30T 0y BB
. B1AS5%25

KRR ABL LR, ToB; AT E; mAE; RmEE

FESES: X53 NHRFRER: A NEHRS: 2095-0756(2021)06-1231-07

Input and output balance of cadmium (Cd) in cultivated land with
moderate pollution in Songyang County

XU Huozhong', WU Dongtao®, LI Guisong', WU Lintu', YE Chunfu',
GUO Bin’, MA Jiawei*®, YE Zhenggian*’, LIU Dan*’

(1. Agricultural and Rural Bureau of Songyang County, Songyang 323400, Zhejiang, China; 2. Soil Fertilizer and Plant
Protection Station of Lishui City, Lishui 323000, Zhejiang, China; 3. Zhejiang Academy of Agricultural Sciences,
Hangzhou 310021, Zhejiang, China; 4. College of Environment and Resources, Zhejiang A&F University, Hangzhou
311300, Zhejiang, China; 5. Key Laboratory of Soil Contamination Bioremediation of Zhejiang Province, Zhejiang
A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study is aimed at an accurate interpretation of the source of Cd pollution in
farmland soil so as to put forward relevant suggestions for soil heavy metal remediation. [Method] An
investigation was conducted of the input and output of heavy metal Cd in a typical piece of cultivated land in
Songyang County of Zhejiang Province for three consecutive years by collecting local inputs and crops.

[Result] During the period time from 2017 to 2019, fertilizer and atmospheric deposition were the main
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agricultural pollution sources of Cd, accounting for 49.78% and 40.16%, 50.20% and 39.14%, 34.04% and
48.09% respectively whereas the total input of Cd accounted for 0.18% . 0.17% and 0.14% of the total soil Cd,
respectively. The total output of Cd from rice, rape and tea were 2 820.00, 2706.00 and 2629.50 mg-hm>-a",
respectively, with an average of 2718.50 mg-hm *-a' and a relatively stable overall annual average output and
the annual input and output decreased year by year, but the annual output was greater than the annual input,
which may attribute to the enrichment of plant species. [Conclusion] It is advisable to devote efforts in the
continuous implementation of long-term supervision over the atmospheric deposition in the region, the
avoidance of direct return of straws to the field, the effective utilization of resources, and the timely restoration
of the local contaminated soil and plants. [Ch, 1 fig. 5 tab. 25 ref.]

Key words: cultivated soil; heavy metal; the pollution of Cd; input and output; Songyang

UEARSR, PR B DO A v g BB, B b S AR AR R K 19.49%1, 25 0.1 /2 hm?
RMZE T3, AR AR BRI CLBON R IR B, &)™ %
SR, AR AR RGP L )R R AR AR R LT A HLCHUIEY, & &
P At ok A BRI R AR RS R ARG . A
A A A R D R e R T S m A R, AT AT, R T A T
ErhE GBI RSN, FEIREGRICR MR FES, XA T S Qe XU DAL AT i A BERA
FEE S 0T AR R RS R HE R TR SR, AS A IS IR i HE R, AT
ST AT ATV AR I A T A PH B S SRR D 9], 725 3 a T AR IH 3P (Cd) (9
Ny P HBEIESE, S iE— 2D T R T T 15 e il S R s

1 MoRE 77

1.1 R KR

W5 XA T VA8 I K T WA BH B35 AR, 28°14'~28°37'N, 119°10'~119°42'E ., % X )& T #4iy
FREE, AFERIRN 142~17.7 °C, =10 C BAESIENE R 4 453~5 634 °C, 2AFICFENI N 206~236 d,
AR K B R 1 511~1 844 mm, 4FE-F-XF H b 171 do Hge b SERb 5 S04, FEMRAEY hk
F& Oryza sativa A5 Camellia sinensis, H:H, T H KRG Z=RE B H 15 5k 450 kg hm™ JR & +id B 2 55
300 kg hm >+ & A8 300 kg-hm2; 5 H 2% Brassica napus ZE N8R 1% 50 4 PR 25300 kg hm >+ 4 10
750 kg-hm?; 2 Pel it /R 3R 600 kg hm >+ 5 E 750 kg hm . iZ0F58 XA IS 25 FE MR IR L 24 4: 6.
1.2 HERESHE
12,1 EEHSBRE  EFEORNOE PSR, R A% E SURERZE LR, AR E A
. AEYA R . bR FRARGNT R s T B IR, R R ERE AL R GE (GPS) MERAE ST AR E
0o AT HEAE SR A T AR 2 5 m KBRS SRR, RN 0~20 cm [3R)2 14, K49 1.0 ke,
B 5 ASRAE S SRR A TIR G 2648, I H AT GPS IRBURAE 245 b by, - RARIC 5%, HoR4E
TR 37 . MIE ke T S F A B AR (Cd). #5 (Pb) FIA (As) 21
122 F@%  FEOFFE X o9 A 5 U0 A5, 7E R B A 5T IX A A 5 e B, R R R IR TR R
fh o FRZRGLE S TREH T S m AL, SRAF S T RS, IE R RS YR . A A T
(MA% 20 cm, =5 50 em B B TE SIS AL AT ). FFHE AR BT AT BIFE 2 M SOBCEERE IO SRBET B R] . MBS
FP5 (W28 MR SR ). B 2 A H W e 2 i 1 vk, BB A s 05 . Affal, B L RAY
WAL, H 2017 48 1 AW RRSE, W 3 a.
123 Jests R EREEYFRE TR R T, 7E 2 P 5 A T S 3K 2 HE B AR RE
5ARY), £ 10 FEE, CSRBUERIMAE R . A A . RO 1.0~1.5 kg.
124 BEBARMS SR KA s SR 3 Yk, PR ERPRAR AU SUKIRILA T 0.1 m Ab>REE 1L
IKFE. 2017-2019 4F, RRAFE HIRAEHEWEK 20 RS
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1.2.5 KAG, @mERF B TUWEIR KA. R EE L, FICRBUEDIRES . RERK S
FEL OISR ST . A5 545k %, BMER 2 1.0 ke
1.3 HmOE5SHh

FHERE R E , BIER AR E Kl WA AR, 3 2 mm TS OB, PR 100 H, BEARER ARG
SITRE SR ERAEPE R, AL SRR SR IR S E e R, W ES R e, R AR
HERERL , BEFPOCREPRMEIR 22/ T 10% W5 R0 {5 . KA S 1] GB/T 15265-1994 (R85 25 S W2
(RN A R DI A YR TR A IR . AR R B 4 B I 2 2% GB/T 233492009 AL . 4. &5 .
B RAEBIEIR) . KRG ESERBIES % GB/T 207702008 (KA 1 46 Tl 25 S AH e Ak 2 5t 5%k B2 2 1Y
IS )P R VROAE 3% FR IR B i v o TR /KORE i R R RR T i, AR TR 2% HI 6772013 0Kl 48 B
T i AR AL ), TR R TR G AR RR I . AR RE i 2 WS S I AR R . 3 AL S IR A TR,
B 10 h, BHESERE, oA SRR B0 L (GFAAS, PerkinElmer AA800, 3%
) il e F B e B . KA L IERE . A2y . REKRIRERT . 28 RIS 25 A s DR/ N T 10%
14 WANWHEHEAE
141 Sadmadt S X KA RN . IR AR 25 BA  BEE AR % X A& B 38 5 4 8 (1) = 24
AW G REMANRHIEESBOITE AR T Ai=Ad+CyxS; Ar=CixNi; Aj=CixW;
Ap=CpXNp; Al = Aa+Ar+Ai+Ape HH, A WEHIATE, Ay. Ap. ATFIAGT B KAV . AEEL.
MWK AL 2 4 MGG CAd A&, Ach TUTKE Cdfi A s SONAEREKE, W HE K &,
N W RE st A 2y 15 oW IR UTRERT Cd BB, Cr. CIC, 30 R HE AL Cd o485,
WK Cd v BRI 2 Y Cd Tl 7340
142 4fafd it g EPERIEVBCGRAIRE IR A A B T3 Cd i h . 1098 XORS H 5 25 e A
ML) 4:6, FrLIHE FAVARIITIE . Or = (W X Cr+ Wi X Crs)x40%; Oy = (Wy X Cy + Wyg X Cy)x40%;
Oy = (W X Ci+ Wi X Ci)x60%;  Ororal = Or + Oy + Oyo Hrr, Ototalyﬂl'é\%ﬁtﬂ%, Or. OV;H]Otﬁj\EIJ)—J‘jZ}(*\E\ i
SRR Cd i i s WA Wi a3 3l R REOR IR AT B9 4F 72 &, W R WA TH SRR R SR AT I 4 7=
W Wi i A RIS B R AR T it s CORNCr BIPARER RIREAT T Cd SF 3 i 508, O RICy a3 50l R il
SERFFIISEFT T Cd WP BT 38, CoRICy o R it RIS A 25 vh Cd BP0 4
1.5 HUESH

KA Excel 2010 47 W AR i AL B, SPSS 16.0 2044 o

2 HREAM

21 TEEABUMREEEETRER

5% X 148 pH o~ 4.11~6.59, AHLF R DECH 6.77~27.49 g-kg ', Bf#AE A 63.00~206.96 mg-kg ',
RN 12.5~49.5 mg-kg ', N 37.5~112.5 mg-kg ', +3E Cd. Pb Al As i & 7 B 1H 43 51 A
0.31. 70.31, 3.41 mg-kg'. MR GB 15618-2018C 4 HHh 143875 YL XU A #AnfE ) Cd. Pb. As MR
I T, ZXIERE RSP E 4 P 5 As ¥R, Cd R TRETS YL,
2.2 20172019 EHREX Cd BN
221 RATRLERASH AR E A F T HBE KR (1650 mm) R KA TRIIER A (& 1),
2017-2019 4F, Cd By TRRIIREAES AR50 502.95, 451.95. 484.50 mg-hm>+a™',
222 FeHm A H ARKYE GB 384002019 LR A B A FH W A BR R Z oK ), Cd B BR bR E (A
(10 mg-kg "), BFFEIXAYAERL AR B AR EfE . Hoh 2017-2019 42 )R R Cd 1Y iz & 43 BOF- Y H 53 51k
0.01. 0.07 #10.04 mg-kg ', #TBERREGHAY Cd 73510k 2.77. 0.40 F10.22 mg-kg ', EEMHHY Cd 7351k
0.33. 0.56 A1 0.33 mg-kg ' MR A FH A2 el FbAf i AR L A T3 F 38, 1% HBIX 20172019 4FAERE Cd BY4F
ARSI 623.49, 579.57, 342.99 mg-hm *+a (% 2). SMARUL, FAEEERA Cd 45 AR,
223 EBKEASAT 2017-2019 FRYFEIEK Cd FiALZE 3. 1KHE GB 50842021 (4 FHE /K BiAsife ),
RAE MK FERAE A M AR, IS K. ARG 2017 4 R4 20 MK FEMZE R, Rk
Cd YA 91y, Hfts 11 4 Cd FREHRESEIME N 0.21 pg L5 2018 4ER AN 20 (HEBEKAE Cd 45 &
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Table 1 Cd input of atmospheric dry and wet deposition in 2017-2019

CA*F4i Ast/(mg-hm™>-a™")

A MK Caffi i ik /(mg- L' -2 ™) Bit/(mg-hm?-a™)
TR TR

2017 0.02+0.00 a 308.55+56.30 a 194.40+£14.00 a 502.95+63.30 a

2018 0.02+0.00 a 268.95+16.86 a 183.00+12.52 a 451.954+29.38 a

2019 0.02+0.00 a 343.20+18.28 a 141.30+12.62 a 484.50+30.90 a

YL ARG FREORTE0.05K T 22 5 i 3%

£2 20172019 EARXBHEZELIEHREEHNE

Table 2 Cd annual chemical fertilizer input of paddy field and tea garden in demonstration area from 2017 to 2019
Cd4F# Adit/(mg-hm2-a™")

Ay 2551 Ait/(mg-hm>2-a™) Mit/(mg-hm2-a™)
PRZE EUR I AR

FEH 3.00+0.23 b 332.40+47.20 a 137.34+£25.60 a 472.74459.13 a

2017 - 623.49+102.35 a
Zkhd 3.60+0.32 b 0 147.15+£30.26 a 150.75+£38.80 a
FEH 19.95+1.93 a 48.4843.20 b 235.204+54.60 a 303.63+44.96 ab

2018 - 579.57+65.05 a
PN 23.94+3.72 a 0 252.00+£58.50 a 275.94+42.26 a
FEH 12.00+£2.01 ab 26.88+3.20 b 139.86+£23.60 a 178.74+£57.48 b

2019 S 342.99+37.26 a
#che 14.40+1.80 ab 0 149.85+16.00 a 164.25+34.84 a

U . RRVNG RN E0.05/K T L2 5 B3

£3 20172019 FEEFAINRAFEBNE

Table 3 Cd content of irrigation water and pesticides from 2017-2019

TEWEK ]
Ny
PR B (ng - L7 AR AR /(mg-hm 2-a™") P AU (mg- kg ) AFf A /(mg-hm?-a™)
2017 0.21+0.04 a 126.00£14.60 a 0.07+0.01 a 0.05+0.01 a
2018 0.21+0.02 a 123.00£19.90 a 0.09+0.01 a 0.06+0.01 a
2019 0.30+0.02 a 180.00+6.00 a 0.06+0.03 a 0.05+0.00 a

Wl AF/NG FHRERRTE0.05K - 225 i 3

WREFBIME R 0.21 pg- L5 2019 4F HAT 1 37K ARSI Y Cd, FRfm R EEH 030 pg+ L' ARFE KBS EAl bR
WE, B E— KA AR A W, RIS M M S BRI AL, AR HEE K B 6 000 mP-hm ?ra
N} 20172019 4F, #EME/K Cd 4EH A3 126.00. 123.00 F1 180.00 mg-hm *+a™',
224 RBLEASH WL IATU . 20172019 4%, A2y Cd 1434 & 43 505 %1 A 0.07. 0.09,
0.06 mg-kg ™', ¥J/NTF B FKARUEM (10 mg-kg ") MG A 25435 i 0.75 mg-hm ™ T8 5 A &, M
2017-2019 4R 25 Cd WAFEHT A =43 51°4 0.05. 0.06 1 0.05 mg-hm *-a',
2.3 20172019 EMREX Cd HHS

4 AT IL: 2017-2019 4EAFFEIX. Cd AT S 437 2 820.00., 2 706.00 il 2 629.50 mg-hm *+a ™',
Cd [ ek th e B A0 RS IZ AR TR, (RLEARTAR, F9MEH2718.50 mg-hm™>-a™',
2.4 20172019 £HHERX Cd BNBH L EHE

X} 2017-2019 4ERFFEIX Cd Fy A S th PR Al 53 (&1 1) B30 RS UIREZ Cd FZ M A =L,
WK A2 5 L /N X 3 a IEEA S A S BT EAT LU AR B . KARDTRE . /K Y Cd f A L i 2
BT LTS, BB & R TR, RAEARRIFAAE; 2017-2019 4F, JERHRIR DI Z
AN V5L PR BT YT 2 R EHE 130 2250 t-hm 2, R Cd 80N 031 mg- kg™ i1,
2017-2019 4E Cd B 4EH A 209 5 + 38 Cd Y 0.18% . 0.17% 11 0.14%, [RIHFST X&) [ R4 % 4
BB AT . 3R 5 45ERWT: 20172019 4F[], Cd 4 A Gt A R Y AR AR, (HARE R i3
ER TR AL
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Table 4 Concentration and total output of Cd in different plant parts of demonstration area from 2017-2019
KFE HiEe *
L\ -1 =WiS" -1 =WIC -1 Ca e/
FR o CdREMmg ke ) Clfiit &y CdRt M4 (mg kg ) Cdifiiliey CAFTE M H(mg kg ™) it &/ (nge 1)
ok RRFF O eheta) o gigelr gideRr ebmtd) o Rk Rk (nehma)
2017 0.12£0.02a  021£0.03a  1026.00+93.27a  0.13£0.03a  0.63£0.06a  723.00+82.70a  0.09£0.02a  0.66£0.13a  1071.00£299.08a 2820.00+335.05a
2018 0.100.01a  0.210.02a 943.50+62.90a  0.15£0.04a  0.63£0.08a  750.00£92.41a  0.05£0.01b  0.21£0.05b  1012.50£99.69a  2706.00+235.04 b
2019 0.09+0.01a  0.22+0.04a 985.50+75.59a  0.05£001b  0.63£0.06a  622.50+59.32b  0.06£0.01b  0.2120.07b  1021.50£98.61a  2629.50+223.52b
B AR/ NEFHIGRIE0.05KF LR B3
20174F 20184F 20194F
HEE K THEBE K
A 3 24
10.06% 42 0.00% 10.65% - K2 0.01% - 424 0.00%

HEK} 49.78%

AERE 50.20%

A1

Figure 1 Comparison of input analysis results of demonstration area in 2017-2019

x5 20172019 ERENSHHEZTMLE

Table 5 Comparison of Cd input and output from 2017-2019

20172019 FAF 7 R BN S4B A & b ER

Cdffii A/(mg+ hm?)

KAV ilie ) HEE K bz o8y KA T %* o8y
2017 502.95+63.30 a 623.49+102.35a 126.00£34.60a 0.05+£0.01 a 1252.50+153.37a 1026.00+93.27 a 723.00+83.70 a 0.66+0.13 a 2820.00+335.05 a
2018 451.95£29.38 a 579.57+65.05a 123.00£29.90a 0.06+0.02a 1154.58+108.72a  943.50+62.9a 750.00+92.41a 0.21£0.05b 2706.00+235.04 b

2019 484.50+30.90 a 342.99+37.26a 180.00+6.00a 0.05+0.02a 1007.57+63.20 b 985.50+75.59 a 622.50+59.32b 0.21+0.07 b 2629.50+223.52 b

BT RIRV/NG R R IE0.05/K - [ 25 i 3%

3 it

AN [rl A A RS [ B 43 J8 V5 G I STRRAAAE — B 25 57 0 ARFSE R B 2017-2019 AFEAFE X AR B+ 38
LRGP EE RIS KU, 43505 Lt 34.04%~50.20% F1 39.14%~48.09%, 111 #E BE KA 5
10.06%~17.87%, 425415 0%~0.01%

LIU S0V W58 b 2 B KAV A H RS Cd 15 Yy EZORIE, KAV A 5 AR+
B pH, Sit—F8 Cd WARCS SR, AR TC T Bk sl e 2 6 4 B I 5 e I
PR T 4 T g 2 BV e ma Y AR AR . RRUIREE R A R ZE A, EEAELE
i K, IRe S A AL | BRIREAE AT B8 DA Y, ARG X SRR B R AR AE W R Y
AR, E AR TR T ALY, AFETUIRARGE o AT RE A XAL T 22 X
S, HZEFMARE NS 2 P W E 4R B B AR RS, AR 22 R A B
Cd TR .

AW X ACBHE A EZ DAL, AR RN iR & 8 b cd R, Wik
Fh Cd it T HABBEIE, MIREME AT Cd &R TFRERY, X MAIRE R 8, AR5
XA A SRR Cd Uik F i, J& Cd B AW EZoRIEZ —.

AHIF 5T X it FH A 25 BT S 300 Cd s A FEAU N 0.01%, v ZIs ANt s i e 25 ¥ A HLae 2,
A PR R E AR . A, RS, P od FEEIK, X5 E SR
GEREEAR 3L,

Cdfi i /(mg+ hm?)

Ef
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BT X A FER S Cd (4 i 3 20E AR, RIS R Y Cd i th i T Cd fig A
3 FEY) Cd it R B/ IMKUCH 280 L KRS e, HZEFF Cd & i i TR, PR £
S YAy, AT AT AR, e I, NIMAENE /D Cd iy A

Zi b, NURHS RV R G JORIE, HADRHS RV AL T2 2900, h TR
R ETHES, R BRSO . BT i T GO, (AT SR 2 e A AT B
Pk, FFHETARS BRI, R B A RAE SR I 5 e BRI AR, W LUAEAAE - B R H Y.

4 i

ABFFEIX 20172019 4F Cd I 4E 4 A == 53 1) 5 TR Cd 2119 0.18%. 0.17% 1 0.14%, 5 /)y,
THHBARBE KT AR ARSI IR Cd AR 2 BT s, AU AE
WK A AR B DTk, 255 ] Zmg AT Hoh it B AR S8 - b Cd & BEREIK, K
SO FEZIR TR, 2017-2019 4EBFFE X MY Cd A4 i SR LbABCFRR, P97k 2 718.50 mg-hm™>-a™',
Horp, Znb Cd4ER R, M 1012.50~1 071.00 mg-hm2-a', /KAH Cd 4E 4y s, S 943.50~
1026.00 mg-hm2-a™', JH3E Cd 4E4 H B /MK, 4 622.50~750.00 mg-hm2-a™', 2017-2019 4E[i] Cd 4E-4i
At R B AR AR, DI R I I AR iPE R, (B4R Y R T M AR, HIF
AT g2 Cd fEA Y s BT & AR5 0, DRI i XA A T8 52

5 5 X
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