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Abstract: Since 2017, the Ministry of Agriculture and Rural Affairs of China has introduced the action plan of chemical
fertilizer reduction and efficiency improvement, which required an appropriate increase in organic fertilizer input and the
development of circular agriculture. However, the continuous application of organic fertilizers into the soil will affect the soil
pH, organic matter and heavy metal content, and change the soil heavy metal behavior. It is essential for scientific
evaluation of the impact of organic fertilizer application. It is considered to be unilateral to evaluate the pollution risk only by
the total content. The heavy metal content extracted by different chemical extractants cannot completely represent the actual
pollution situation. The geochemical model has good applicability and can explain the behavior of heavy metals more
comprehensively than the traditional extraction. In the Huang-Huai-Hai Plain, an intensive agricultural planting area,
different proportions of manure-source organic fertilizer were continuously applied to dryland vegetable fields. A geochemical
model was introduced, combined with a pH-dependent leaching test, to determine the main influence mechanism of
continuous fertilization on soil heavy metal behavior. It found that the content of Cu and Zn in organic fertilizer was much
higher than that in soil. After application, their leaching concentration in the soil increased significantly as the proportion of
application increased, up to more than ten times, and the activity greatly increased, which was positively correlated with the
increase in dissolved organic matter (DOM) content after fertilization. The soil under different treatments showed similar
leaching trends. The leaching concentration of heavy metals appeared at a minimum at neutral pH, and gradually increased
toward the strong acid and alkali ( V-shaped). The geochemical model (LeachXS) showed good simulation results, and its
estimated value had a good correlation (71.02% ) with the measured concentration. The simulation results showed that the
application of organic fertilizer would not significantly change the main adsorption process of heavy metals on the solid
surface of the soil, but it could increase the leaching of heavy metals in the soil liquid phase by increasing the DOM and
heavy metal content, thereby increasing the activity of heavy metals. Soil organic matter (SOM ), Fe-Al ( hdyr) oxides,
clay, etc. determined almost all the leaching of heavy metals. Among them, SOM, including DOM and Particulate Organic
Matter (POM) , had greater adsorption and complexation of heavy metals than other substances, and was the most important
factor affecting the behavior of heavy metals in soil between solid and liquid phases. With the increase in the proportion of
organic fertilizer, the content of heavy metals (especially Cu, Zn, and Cr) of POM-bound increased significantly and was
higher than other solid states. The increased content of the DOM-bound heavy metal directly led to their enhanced activity.
For Ni and Ph, the content of Fe-Al ( hdyr) oxides-bound was close to or higher than that of POM-bound, but the
relationship with the fertilization ratio was not obvious. The application of pig manure with high DOM and high Cu and Zn
content would significantly increase the accumulation of heavy metals in the soil and crops, and continuous application
might cause extremely high pollution risks. When choosing continuous application of organic fertilizer from livestock and
poultry manure, it is necessary to reduce its heavy metal content, and pay attention to possible pollution, to truly realize the

healthy and sustainable development of organic recycling agriculture.

Key Words: continuous application of organic fertilizer; soil heavy metals; geochemical model; pH-dependent leaching;

pollution risk
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Fo B TENHEERNS  RRPITE2ZE SR T APUIEEA L35 8 22 v fE, 2017 4E2,
AR LE AT A AR W 8T 3 TAE T 58, Rl Y A LR, KRG A . 75375 =
U HLAE RN , e R Lt A, % T3 SRR E Y B 4 JE S R R R T O

4R RS R R TS Y AR bR B e WA R 4 R S R B IR R 4R B TR
FREEIE N EA R R & RS BATEM R bR, B TR R 4R LA R U v, AT R
(CaCl, i, CH;COOH ¥, EDTA ¥ 5E) | 73 AR M ( Tessie % \BCR ¥E45)  HER UGS R AR E B, A [F]
R RIEE 2R R — HARA G T ARIE " pH AR S50 38 1 MOV T pH, DT T i 75 Y )
AVRPE R RO AR 1 26 [ EPA 32 SR PR Al AR o 22—, PPAN T e T e XU A R ik
[ Fsf, L BR Ak A AR RN W 8, 235 6 O 280 (86 V0 5 T AN A 4R ) 2 S Ak 8 g 25 B T DA A b Ji 5 3R AE +
HEER 5% v S B A7 AE 1 W BRI B T 32 e A5 AL 2 N, H RT R 4 3 A B L $F MINETEQ ., ECOSAT,
ORCHESTRA ,LeachXS %' | HAt TeachXS n] LIARAF AR RHA IR A A, ZRAFE AR FITROA 22 18] 49 5 44
ST LA SRS BE R I AR B 414 . Van der Sloot ™ SIEH] TIL2E43HTH LeachXS TEAS HAR ML, A 20 FAh H 48

IR O A RS 3R S R Th ANRE ) B CRRRRE ) . SCAE R TR IE TS Y AT
PARGAS 3R R, SO SOE T3 DOM, POM MR B Y& i, AFRIBIBTFEE R LeachXS I LIS pH K
i SR Y DC T, HCAEAN TR AR B 4 | 38 - (A SR 5 Sl o o R

ABIFFELEAR ot 5 1 DX B 1 L, 22 0 HIAS [R] Le 9] ) 20 HILAE T - S 1, 255 pH AR PE IR
P, AT ER A S AR, X A T SE R pH S A 3 s AT AL, 20 B i S i NE A TH S o < Jm 47
189 2 ZEE I B 5 Xk LEAS IR AL Ak BT i 5 7 <5 Jom XURS: ) S ) 5 SRR A IR S 2 I 35 B 4 Fh 7R &
SRR IR T U B S ML PR A f B T Rp 2 kR S (A} AR

1 #MR57FE

1.1 gt

IR XA T E RN B E IR 2 A B0l (36°40'—37°12'N, 116°22'—116°45"E ) |, i &b 8 i o - J5t | J2- %
SRR 1 HL Y 1l X 350 49 R = ST R B R B R (R 1) o A LI R g AR AT T 2
PR R (£ 2),

N T SR IORE A A T A AST A S RS B ] Ky R ARSI A, RAIE IR G T RS O 2SS IR
FEEASMERIZFBRRRE T R A MR A 5 T 4 X 35 1 s A5 Y RN S5 A 2 A B A 5
AR 0—20 em HYAR HIFR)ZE 1 UK BEJE AR 3G 258G DL, 7E IR 2 RN T 2L — T Rk 305,
REGALEE SR 3 .25 FARHIR(YCS) i T H 0 5% (2946 45 vhm®) BSEZEIE (SF) i IR 25 24 M >J 45t
TR —2) RN T E R 10% (294 90 v/hm?) FREZENE (ST) it B K 24 1 ) 505 A0 B — A% ) | 3%
SEHAE R EGE N N1, N2 N3, Bk il [Rl— it -4 A b B A AR A AH R (296 125 kg N/hm®) , fE3
IR S AEVUBIR G R AE G, B0 3.5kg HAIRIRARE, FHAl /K I8 2= W H5 K&, 7ERAIE
AR B BT K LT AR EE 3 RE R BENLHES R AEY A U ZE N R

YEYI UG, EE 0—20 em HHERESY T IRAFEE 2 2 mm RifR, &, URHR/N PS8 A0 L RN T 3584,
HERKUELFRIZVE L, B HZE BRI DRBOK , B K310 L 24 5, SR 5 #E 105°C F 2875 30 min, 70°C FHLT
FEfEET, R, 5% H
1.2 FESHT

FEARBALE T E > pH EC ALK (L 1:10) 2355 # e, (i pH 3T EC THINE ; A LA .
I 5 TR - PR VA ( TR L 1:20) , IR AR IS ISR AEMRFS /R IS, BRI A ARHEVA O 2 . DOC
IR (B L 1:10) 3R 5 608, IR DRI (5 TOC U2 .
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4R B AR R TSR - S RURR-ER R IA R |, W (120°C—160°C—190°C , 33 min) , i JE )5
WE o ALY F PSR -Eh AR 22 T A% (120°C —160°C —190°C ,33 min) , i IS IE . WRAK . F) A AR -ER R A
R, S AU 7 (170°C 15 min) a2 38R ME , S ZRE M 1CP-OES e HE & @k, 4 ENE
B 3 APATHE R 28 FRERIBRIERE 5 GSD-7, GSB-2 #4755 4 il , ST 4 00 2 %) M X iR 25 34 7E 5% LA
W, F4BA TR E MISRTE 86%—115% 2 [i] , £ i 5 bR v

pH MM IR ) RS T S EIMER 1777 1313, R 2 mol/L RS AN 1 mol/L 114 S AL
VW, AR EE 1210 38 BRA R 76 (2043) C 554 PR 24 h, PRI pH (EAE 2—13 Z 1], 3224
R md 2z w42 = R ZE A 0.45 wm SRR UETH ff )5, (] ICP-OES Wl H - 288 T
1.3 HhERfLFAEEAR

AT A M ER AL A4 M40 22 T ORCHESTRA B9 LeachXS™ | J& Fh Y fH 2 24 A fof 22 BE PR 5% o0
BATF R G54 pH iR R I A 45 1, ol LA E AR AT T & B ket ie s, HaiE 4 mE
A FEALHE MINTEQA2 4 22 (43 H7 A [R] 9™ 4 SR Sz ) , NICA-Donnan #E51 ( 43 M A ALY X H 428
AW RRE) LA K2 Dzombak 11 Morel #5750 (/M 2R 58 AL W % B 4 Jm I B ) o ARl A S 860 F5 . (a) R TR,
Tl TC R A —SE [ B (132 B i, (b) W REAAZE A I 001, (o) A LAY (B FE s it AL , JE V%
PEA MG, PV VRIS R IR 55 ) DA R S 8 sy 3R 1T (L4 RIS JE 2 R Rk AR ( &0 S8k i B i

R REAFAE A A R P i 7 ) 5 B 0 2 2% O A ST e ' S P R il FH AR i R4 AN S S TR IR
PEHE S ORGSR YE i PR N RRIR R Ak e, Bk A S LY i It R R 4 A e Y
1.4 BdEmwr

K Excel 2019 f FF A 5 AT A0 38, SR B SPSS 21.0 #4748 1H2#43 47 , R F Origin 2020 #4745,

2 HRE5H

2.1 SRS B TR 4 R AR AL

Ul S AR R R B, A AR BEE (pH 8.10) . B IKMAL)E , &AL BREY pH AR T 29%—7%
HELEME AL S 45 pH 1] S At BN B B AR ) 7.23—7.32, IR HEAY HL SR AR, A 0.35 mS/cm,
MANUAER EC Bt HHLTA%, BT T B nl st s 7 B kA5, ST Ab3E + 3 EC Bl &8 &
FHADAFAR T 2.81 mS/em, BELMENEGIAF] T 3.67 mS/cm , £ AFRA B H —E BRSO . A HLIEH &
BEE AU, B0 IR 4 5 rh R A A WL & (9.13 g/kg) HEET R 15.56—22.26 o/kg, ELENIE T | BEAkE:
PEE BN EA 1Y 120%—337% , 5 PIEER LR G FR 5, 25 o B AR WS R) FH B9 %5 A A LA ( DOC, Dissolved
Organic Carbon ) , Ffi 5 MEACYCEIE NI I , 725 =W S R i A S 138 DOC 5% (124.31 mg/L) .

ML A A S R A DL 2 % I SRR B S 48 Cd B AR T 0.1 mg/kg, 15 JL RS
WA, FEFHAVUL)S , 13 Cu Zn & A ARRIFRE TS, vl AR 1458 2.5 7%, #2513 Cu Zn
FERIE ETF, 3 9AE T 74.26—124.69 mg/kg Fl 234.35—394.97 mg/ kg, 722500 B S, ¥ e XU 1 Gk 44
Ko FIUAE G A L3 Cr 5% BEAH HL A W .22 51, 7F 61.18—63.81 mg/kg, MIEELLIEG , 13 Cr A F
R By a4, i LA 2 YR BSOS IR T R AR, = Wt IE 2 J5 1358 Cr PR EFTE 47.25—48.68 mg/ kg, /N [F] 5] 8 Ak L 7]
ZEMARE T3 Ni P Rl i IE O A A2 A, (B SR - (Ni 19.88—22.23 mg/kg, Pb 20.99—24.95
mg/kg) 5% (Ni 20.54 mg/kg,Pb 24.26 mg/kg) #H I AH B

Z: SRR R AT A IR i A B b - 49895 Y XU A s bm it (1047) ) (GB 15618—2018) , 3% £t FH —
UARFI i (5% ) A (10% ) 2B 5, 38 Cu Zn YJHEFR™ SR, XF 148 Pb Cr Ni #9755 KU AR,
BVt 72 2 i FH S, (A (R T e T b, X T BB JE R T WUIRHEA 385, 4R B PR & AR ks>,
FERZ T IEE LIRS BB, 1 Cu Zn BT &SR8, AR S & A TR, 7 SR 30t =5 b
B A Lk B, A HUAE BRI T 250+ 5 Cu Zn 7B HIER IR 7E 0—20 em WY HZ T NI,
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Fig.1 Basic physical and chemical properties of soil after continuous fertilization
YCS. 25 X IE Blank controls ; SF: %A 5 T B A 5% (L4 45 t/hm?) FFEZEAE (AR5 24 H ) BUREAE : — 20 Addition of 5% of dry soil
weight (approx. 45 t/hm?*) of pig manure (same amount as customary local application) ;ST . 33 B A5 T+ 1 10% (294 90 t/hm?) (I35 FENE
(it A2 Ay 224 1l > A5t A Bt —£% ) Excessive addition of pig manure at 10% of dry soil weight (approx. 90 t/hm?) (double the amount of customary
local application) ;N1,N2,N3: 22 ILY AL Number of consecutive fertilizer applications

2.2 pH KHESLE

pH AR AT BY T 7 e el pH 2544 TR FEEAL AL B , + 38 DOC R 4 )@ i3 AR (18 3) .

ANTRL R i AR MUIE TS N |, #5 Ab BRES 52 B B E pH 350, DOC WREE e TR RS BTt e KRB
W LB BRAE SRR A T, S/ MELH BLAE T R . A P RS A BB 42T+ T 3809 DOC MR BE, 1
YRt A S K I 33848 18.43 mg/L(KIR42) 42715 30.01—63.61 mg/L, A B B AFRH850W |, 2 4006 A0 I 42 7+
F 47.10—124.31 mg/L, UM, AFEAFLR) E 4R 2 B A 2B BEE pH B, W EE TS LT
B, AP E SR S e A R T B Vs AR T I AR S S A R I SR R RE AR, 5 IR A B
A fRE A T30 EITHISE T (3R 3) )5, R E 48 AR W LA S pH 2 4% 8 35 1E A1
5K, MM Cu Ni Zn BRI EE S5V DOC SR 1EAHE, Cr Pb 5 DOC 2 B F A, MAFEEE
15 e B 2 A AE AN AR B 1Y) W 28 TE A DGO R BRI R ORI b AR AE — 8 R BE A R e

TR Cu Zn &, SEUGEAL S 19 138 Cu Zn W2 BB AR KTF R, Cu 7EKIZR T AR H ik
FEM 0.07 mg/L _EF+5] 0.24—0.28 mg/L, #4E =Kt , L4 3R 1 Cu AURE T+ T — A EE 4%
K5 0.40—1.07 mg/L, {ESR R ISR A 214 F , ST-N3 ALFRAY AR H Cu HREEILF] 9.58 mg/L, X} T Zn, =K
ARG , TCIB S 5% & 10% % L2t RG2S B K PTREE Zn 32T+ 2] T 1.27 mg/L LA b, pH=2.5 B, A2 H
Zn WJEKF] 30.94 mg/L(ST-N3) , MR R HHEAYIR A 0.11 me/L, AHLUIE AT LUK H 38R Zn IGVER TR I
10 £ , 1 LI 25 it P 550 0 AN R 5000 38 TS T3 i, ¥ G U 5 . X5 i IR Y I 9 45 SR 2K L, Cu  Zn 32
AT RS TN DOM By ke A 56,
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Fig.2 The total content of heavy metals in the soil after continuous fertilization

£3 TRESERHRESEK pH 1 DOC KX S

Table 3 Correlation analysis of different heavy metal leaching concentration and solution pH, DOC

pH DOC Cr Cu Ni Pb Zn

pH 1.00
DOC 0.58"* 1.00

Cr 0.66" 0.27° 1.00

Cu 0.57** 0.61°* 0.48 1.00

Ni 0.70"* 0.46 0.74** 0.77 " 1.00

Pbh 0.66** 0.27° 0.4 0.47" 0.77°* 1.00

Zn 0.41%* 0.55"" 0.40" 0.73" 0.67"" 0.43" 1.00

* % 1E 0.01 FHI(BE) MR ; « 7£ 0.05 FH| (AR MM EE ;N=56

+ 3 Cr 78 pH<3 H1 pH>10 B, 0] 3= W BE B B T, B i 3= kB, AN [R]Ab 3h + 38 Cr 1 I5cmi 12
HHBEEHE Y A YCS>SF-N1>ST-N3>ST-N1>SF-N3,, 7£ pH<6 i}, 2B H AN AL 3809 Cr 12 H MR & it it +
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Fig.3 Soil heavy metal leaching concentration based on pH dependence after continuous fertilization

DOC: # A HLA%R Dissolved organic carbon

B MAE 6<pH<10 WSS RN, W TA VIR R 14 Cr B HWRE B & T8 R 13, M 0.12—0.23 mg/L 7+
£ 0.20—0.43 mg/L, {HACER[E] 7 22 5ONBA &, AHUIE A Ni Pb & 28T 5 48 38K b Ab3 ) + 3 n) 2
NI 22N, 1 Ph 7E BRI X RRE (AL IS ERRYE pH N Y Pb 12 278 Fr i, SF-N1 b Hiz
R B AR, fBAE pH>8 B A AE 131 Ph iR R A B R i b s & XTI . 7E 6<pH<10 A,
T A -3 Y Ph 382 e B L2 He ot B 080,02 mg/L) 5 i 3 4%, 158 0.04—0.07 mg/L, {H EUA - B %%
%, T Y KU /N
2.3 MR AR

HbER AL A AR R AN [ b 2+ 18 T 4 IR SR R R A B 4 ] 4 5 I RAE T AR pH N HIEE 4
JEANFIEA & i, R T RIS pH 224k, 4 8 B8 8 5 R ) 1) RO Bt f2 . o e 2
H1 DOM( Dissolved Organic Matter FJ¥EPER ML) ) 45652 E SR ERA R EEAAEIE X, 1M POM ( Particulate
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Fig.4 The forms of heavy metals in the solid and liquid phases of soil

Cu FIA LR IIEM IR, B9 KA RN 1E 4<pH< 12, T3 E Y Cu AR DOM #3185 45
Cu e EARAK , H-AE pH =8 M A BB AR YR (< 3.92x10°° mg/L) , MRMA HUEIG , 7B 7S Cu 4kZEF1 DOM
254 ,DOM 2545 25 0 Fe B Ak BE R (M 0.07 LT3 0.89 me/L L) | I EHLXF 25 i AE L 451 - = it A v
B BE IR . S0 T Co ARCERG T 505 pH S5A VLT & & DL RO B X T Cu 4 &
Bk B A R A OB RS, POM. X Cu BT A MBI S 384 i, POM 45475 Cu WY& I i TH i, 2
IEMHEP?*%J Cu Wi FEHZE 7 H SR pH T, POM-Cu/ B E A 455 0.67/0.01 3% 8.69/0.61,iX 5
FAURFFTEEIE—3 MRS AR AL B i W4 A WS B LR B AN R Ab B 25 RO R R
BIE , Zn FEWCRHTEINAT A S Cu 25460, 1H DOM 5§l ISR TIRZ 78 T<pH<12, X J& Zn 5 DOM HYZEFIT)
XA R, W T APUIE)S , DOM 45525 M EL 13555, N 41% 5] 54.8% ( A8k pH ), (HKFRE L
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T Zn FELNEESAAAE, pH>6 B B+ pH Thm, 8R40 L, RERREL 9, 25 20 W 4 il 4 il 1 4 43¢
AR TR0 Zn, WEAEJG , Zn B F3F AR R SR AR A0 S0 A 0 2% 10 179 Y0 LA L ) 38 5, R 3ot 86% , 7
pH =8 M 8 T A AW IREN Zn

SERFEE Y Cr DL= RSB B, AR B A, BB DOM 25638 Cr EE 431 78 3<pH<
11, AN, DOM 1E pH<3 B S3 R 228 4 P il 5 5 23 6 26 T 0 LU B8] o0 it AT 0 508 i 14 4 ( 0.62—
1.08 mg/L) . 7E pH<11 I, [ AH 456 H 3 Cr 1952 POM(>50%) , Cr( 1) & ALY AR T 254 T
+-4erd pH>8 B, Cr )\ POM R E#EA Cr( 1) SR FIZE 1 E LI , Cr MERAR S Ak ) 3R 1 A W 2E A
POM R M EAMPTINE . Cr( V1) Zy 8 H 3P A BT 6 B8 R B S5 40 03 S — A s I B iTUE
HHAEZFEA . pH FHRE M S Cr FRR RIS AR IR I A1, 5 AW BH B 125 5 T8 Ol 1k 4% 12
W T AT (50.2 mg/L) AR —FR A S A B Y 5 A R 4 RN TR, Ni A ML
HYSRFNRE ST LSS , B 220 Ni AR S A8 AE R, il 76.2% . S IAPUIESS , 158 DOM 2R Ni
RE 1A /MEEETE (5 2 30% , Ni 78 pH =7 BRI 0 R L il fe /0N, LB POM AR AR A AL B 046 T Ni B¢
B, Bl A AT ALIE B B L R AR 45 A A S B LA 2246 (0.12—0.25 mg/L) , 1l POM W[ Lb
B(70%) EFt, 5T Ni (RHHIZE A, X R it IE 5 £ 358 Ni o7 ig e SRR A SRR, T A MILAE 2% fig +- 358
Ni 15 Q4@ K40 . Ph ZEWRART A2 LS Ca 4025 (B EAE TP 22165 Cu ANE, POM IR ER A (b IRl
P25 143 Pb Bk, Hiid 60% %) Pb MK ER A AL 4E & M XAEAE, 76 4<pH< 11 JEBIN, R &MT
POM >y F2 20 210, vT BEIS AT SR AT L B, Ph 25 178 = 18 v i ik B AN AIG , W B 5 B 8 7 3k B J i 1R
b AR ) S B e I D R R AR T AR S AR Y Ph VR R SRR,
BRERSAALY) EZIH T Ph BRI,

AR TER R, HBR AL AR B AR 0] DU (R 4 T S SR AT N H 3 S PRI 0 B 4, 14Dl 45
5BRE D] BEIRATFAE—E =5 A As B THE S, inFRATT A B Cr AE pH> 11 A TN ¥ BE A 557 , LA Se Zin 7E 7 <
pH< 1T 4TI e B 1K, AELFE R 2850 B0, A R0 X 1 0 4 Jd %) 00 2 422 30 S0 749, LA A Ak 5 ol PRS00 1 iy
LR RIS T 2 A0 T L SR DA ASE R0 4 DT 0 B 1) i A IR 5 A FH T AR DG RE 6 UE T BT ) T SR T 45 SR AT S
4R 2 E B 22 R AR PR A I 2 £ 1 7 XS, Hor Cu Zn (Ph I3LA IR EE AR T 0.811,0.772 1
0.744 , UL BABLILZE S A DT EC BERR &5, 1 Cr Ni I99LA PR BEd ik 8] T 0.649 F10.575, AR R*=0.50 UiH
B AE A BRI T 232 AOTE RN BB M ERL 22T LeachXS EAT — & A TN {F
2.4 RINESENAED AR

AR =85 Ve E3 B4 RO T Cu Zn, T Cr Ni Pb A1 BB HATH Sk, A HLIEIE
RXTAEY b 5335 Cr Ni (P V53, EZLMNE S AEY Cu Zn BN 6, FTLLE I, B TAEERIEA
B Co s, ISP EIE A VUG EY) Cu B /Mg 7 = WEA RIETH &, XIRA/EY Cu B
4 2.94 mg/kg AT, — IR =PI ZENE S Cu B 73 & & 6.77—7.60 mg/kg Fl 17.49—19.19 mg/kg,
MH S MBI RCR, BRI Zn SRFEAMAREKRZ , ZWEINAIUESEEY Zn SR8 KR LT X
WEAEY) Zn i 24.82 me/kg, — T INAE 220 5 S T+ 2 50.02—98.92 mg/kg, — W I 5 A 2
92.41—149.58 mg/kg, T ik 3 A5 LL b, H S EINLEIG I SR 522800090 — 86 [ ) 2 A 56
% BEE HILAIE G AR FEXT B3 Cr A1 Ph S s AR M4 /N 1 Cu Zn Fi BN R & IEAIDEE R,

FRPEAH A PR S AR E Cd (0.2 mg/kg) ,Pb(0.3 mg/kg),Cr(0.5 mg/kg) ,Zn(20 mg/kg), Cu( 10 mg/kg)
((EMEEEFERRE) (GB2762—2017) (& EERR & DAEARIE) (GB13106—91) (& b Hr i BR 2 T A b
#E) (GB15199—94) ) (iF : B b FEARE L C IR 1L A T, PE AR S 2% ) | it HIA8 25 IE =5 AR R Y Cu
A1, TR 10952 IEPI UG AR Cu B 2@ K KT R . ESei AL FEY m FR 1 Zn
HEANBE N, AR T R Cr #AL T AR, BB T SR LeAR ] B Ve , AT A HLAE X
HonTRE s BT L
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Fig.5 The relationship between the measured value of the heavy metal concentration in the leaching test and the available concentration

simulated by the model
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Fig.6 Changes in the concentration of main heavy metal pollutants (Cu, Zn) in the crops after continuous fertilization
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Table 4 Changes in the concentration of major heavy metal pollutants (Cr, Pb) in crop roots after continuous fertilization

Cr 35.00 N1 40.85 50.98 Pbh 0.00 N1 0.00 0.00
N2 48.86 56.37 N2 0.00 0.00
N3 61.24 84.51 N3 0.01 0.03
3 iFig

AL R AT -3 AEY) R Ge b 4 B TR 5 A s i LR LA %, s B 1 g Ak M o | i
SR ICRRE BRI E SR SRS R S EYRNSS iR SR E 2 R R G,
31 +HEpH

pH 5200 + 3 1) & R AL AR Wik B2 R S e 3 & R T B R L R AE A S R FE R R —, +
¢ pH 7R AR FT RE 231 | H 45 e WA B0 ik AL 37 il DL U - A 284, 0T 2 BOE & R B S kA8 4k, A HF5EIA
b pH ARk 2 (o - 3 1 oL i 1 B30 A 5 A A AR Ak, DT R o - S 4 W BT L Y pHL BRI, EE 4
J& BT 20 LT A I 20 BE 3 v b A T R TR pH T R R RS 2 il
2 R BH 2 TR B, DTG PERRARR , 3 —Fh T BB, BPE 25 10 T AR B R4 8 R S FIE AR G v i i) =
ALY, NI E A SR A 2D S DA 9T 22 3G A ALIE Bt AT i - SRR FH E 3 i s o 10> 21
KA HLAE REAE 24 Z2 i - SRR Ak , AR ST 56 T M el 1 1) 52 b 8 FH - 48 O B3 it N A 745 398 1) pHL v A
b, M E 4 A TG AR, R 18 pH R R, — 3850 S A HLBTREE R 4 i 23 Bl A T FE IR 1 00 17 25 T+
VAR, 38 1 SR TG MR RRAIG, i T — 3R A LB AR 5 | A B i 4 Ja AUy, A B2, pH X T E & B AT
RSN H R R R R AR AT AR L, PO B R 28k 2 E Y T (LS DOM AT g L) #5
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I EEA U A X T 4 S 4 5 e A BLAE ) AR B S AR TH, A2 (1 3R TET A A a5 AT LA B 4 R
BT s KR TR Y R A R A e, A AR R AL R A T BT Bt 25 7 K, 6
MR ALIVE I 4 B MEVE L & W —F, 24 Eh BRARES, T &2 8 80, NI i b e S S E AR &
B R Y — T A R - RS A B 42 0 T 4R 0 2 B RS R AR AR AL, O — il T 5
P EAN SR ESRE T, IR R RE AT, H LR E SR T R Z M 38 HAEH
WARE L A EE R BRI S SEE SR IE A AR I, fE0F 5T 4R AR AR i 26 2N
WE| F IR RN T EHE B NLEA M, A Ge 4 i LR 48T R, Mfdo 1 4R 15 iR (IRl s

H Wi B M R 3 4 R B AT i R Ak 2 BB RHU R B | LeachXS A5 S &% ML I 2 4 RHR H 5
FHRORERY A - e TR 4 & 7 i ARG RIS A5 024 B AR R R SR RIS, ASHIF 5 o A o Sfe o7 FH A0 52 ik o
B 7 2 o R ATCHE (R S . QO SER  HERA5E 52 2% 11 2 i) Rl AR 22 |, T 22 70 93 2% R ABE AR 6 AN ] 4 49 24 78l
Ja P A3 R RE , A B o0 55 ), DA N gk B 2 T 1 S i SO Fh 28 5 MERA . S B A il e 0, @
VEYIFR NS B 4 a8 WAL 1) S Al AN ] 22000 B0 B AR BB TE — o 8 A e - 48 o 4 106 1, (R 7 2 0 ) A
PIT5 1, i T 2 DRSS X TR e VE I Fh 28 T 4 J Bk 19 DT O B AR 3R 1

SRR A HUAE B4 e ) it P AN 2t 23 AR AR BRI B I T 3 b i 8 4 e S i T AL
Ao, RS R, MR & A VIR EE LG T 5 T, WS M HEAED ) Cu A1 Zn 535 1Y
TR B AR SR 2 1 i T e, T O A HLAE R, SR B0 A A B R B 4 A0 B
e, @ik A< i —Fh oA DL SR R — Pt AR SR s . e B , T 38 4 R AR fb a5, Jemf R
B R 5 i B V5 4%

&

4 it

AL A EE AP, & Cu i Zn SR AEIEAYUIEELEHG , 2 U880 HEREY + Cu
1 Zn BRUR DLE Cr FEAEIRRFRAY AR, B0 TR 1 08 pH 3900 1 3 b A B 4 s A A HAT 2L
P HUBRAL AL 7S A HUAC At AN 2 P S A2 o < e e e S T R 1) = 2 00 B 3 i b A9 150, i i o ik
FEINEY DOM IR 5 i B i, 4 i A b SEBORH B3R 1, DT B2 T 17 0 o P09 P o 5t T AR R 8 o
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