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Accumulation Characteristics of Heavy Metals in the Soil with Wheat—corn Rotation System in North China
DONG Tong—xi, YANG Hai—xue, LI Hua—fen, QIAO Yu-hui, SU De-chun”

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract: Through literatures review and samplings analysis, the database of heavy metal in wheat—corn field system of north China was built
and the percentage of different sourcees was analysed. The accumulation rate and frequency distribution of accumulation rate of heavy metals
in different situations were counted by modeling, and accumulation characteristics of different elements were analysed. The result showed that
the manure was the main source of Cu.Zn,Cd Ni ,Pb,Cr in wheat—corn field system of north China farmland, with the percentage of 86.1% .
83.8% .76.6% .72.5% .64.3% and 46.3%, respectively; Phosphate fertilizer was the main source of Hg and As, the percentage of them were
52.6% and 49.5%, respectively; Besides, atmospheric deposition was also one of the main sources of Hg in the farmland soil. According to the
accumulation rate frequency distribution, accumulation rate of each elements was Cd 0.002 38 mg-kg™+a™, As 0.029 8 mg-kg'-a™, Hg 0.001 09
mg-kg?-a”, Pb 0.050 7 mg-kg™+a™, Cr 0.050 2 mg-kg™+a™, Cu0.110 mg-kg™-a™, Zn 0.348 mg-kg™+a™', Ni 0.039 3 mg-kg™-a™, respectively.
According to the soil environmental quality secondary standards, Cd ,Cr ,Ni was most likely to exceed the standard, so these three elements
should be caused more concern.
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Table 1 The application amount of fertilizer and the yield of

wheat and corn (kg+hm™-a™')

iH JH sk (M)
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Table 2 Concentration distribution of heavy metals in livestock manure (mg-kg™)

JLH FEARLEL GIAET 5%(i 10%A1 25%A1 50915 75%A1 90%1E 95%({i
cd 292 IS 0.100 0.160 0.598 1.25 232 497 145
Pb 291 [ EsYaxin 1.87 3.10 742 13.6 23.8 33.9 44.7
As 265 IS 0.014 2 0.109 0.838 2.50 7.01 19.0 41.0
Cr 201 gl 3.33 4.38 6.13 12.0 22.6 93.1 185
Hg 235 St 0.011 8 0.021 3 0.034 0 0.060 0 0.090 0.167 0.333
Cu 328 [EsYixin 16.0 19.6 285 53.0 196 698 885
Zn 322 IS 50.1 64.6 106 238 507 827 1217
Ni 212 RS A 5.62 7.15 11.0 17.6 244 30.6 34.9
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Table 3 Concentration distribution of heavy metals in phosphorus fertilizer (P05, mg-kg™ )

JLR FEAREE AT 5%l 1094 25%A1 50915 75%AH 90%1E 95%(i
cd 159 IS 0.210 0.260 0.610 1.48 3.87 8.37 15.4
As 159 WS 20.2 37.8 60.2 94.5 130 178 222
Hg 159 [ Eyai 0.00 0.050 0 0.380 242 11.9 21.8 99.0
Ph 159 (ESpiTl 1.68 4.57 9.13 42.9 132 818 818
Cr 159 (EESpiTl 19.9 25.7 45.8 84.5 142 429 947
Cu 159 I ESyair 0.00 9.78 355 99.8 226 577 1072
Zn 159 IS 314 70.8 142 341 774 1210 3537
Ni 159 RS/ 8.44 14.0 24.6 47.8 91.4 209 589

T4 £ TRkPESEREF S UEER(ng L)
Table 4 Concentration distribution of heavy metals in irrigation water of north China (pg+L™)

JLER AL Sy A 5% 10% 1t 25%(i 50%f{i 75% 18 90% 1t 95%{i
cd 57 IS 0.016 9 0.045 8 0.050 0 0.100 0.100 0.200 0.430
As 60 XTEOEAS A 0.301 0.503 1.02 2.98 5.37 17.9 23.6
Hg 54 IS 0.003 00 0.004 50 0.009 00 0.012 5 0.020 0 0.075 0 0.550
Pb 54 gl 0.500 1.51 2.00 2.00 2.00 7.70 19.8
Cr 52 gl 0.330 123 3.00 3.00 3.00 3.70 7.80
Cu 50 IS 0.076 5 0.111 0.263 0.755 1.71 474 40.8
Zn 59 IS 1.40 2.94 4.60 9.10 31.0 80.6 123
Ni 51 RS AT 0.160 0.222 0.500 0.900 1.40 4.00 7.02
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Table 5 Deposition input of heavy metals in farmland of north
China (g+hm?-a™)

JLE FEA T/ M LIONE] e fE
cd 118 0.400 25.0 4.00
As 76 0.400 117 28.0
Hg 80 0.200 5.00 1.40
Pb 148 5.10 756 202
Cr 72 11.1 178 61.0
Cu 148 2.30 409 108
In 148 29.1 1484 647
Ni 76 6.30 138 58.0
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RO EARBMEMERFHBHESBEBIRER (ng-kg')
Table 6 Content of heavy metals in wheat and corn of north
China (mg-kg™)

{9 ik FEAR M RORE e
INEZTF Cd 86 0.000 900 0.275 0.020 0
B

As 34 0.010 0 0.240 0.080 5
Hg 38 0.001 00 0.170 0.020 0
Pb 86 0.001 00 0.862 0.100
Cr 58 0.010 0 1.220 0.125
Cu 166 2.88 9.20 5.53
Zn 145 14.2 60.8 36.6
Ni 6 0.110 0.500 0.209
FAT Cd 194 0.000 800 0.176 0.029 0
*j[%ﬁiw-“%ﬁl
As 117 0.007 50 0.312 0.054 0
Hg 92 0.000 220 0.016 0 0.006 73
Pb 158 0.000 035 6 0.430 0.090 0
Cr 84 0.003 10 1.55 0.337
Cu 122 0.793 8.28 3.69
Zn 128 9.00 48.6 24.6
Ni 85 0.088 0 3.28 0.296

RT AESRREBNEESEFT & L5
Table 7 The percentage of heavy metals amount of each input
PN RAVRE Bk FEFME B Rif
Cd A /gshm™?a™  0.400 0.450 3.74 0.296 4.89
Bt e e8] 1% 8.19 9.21 76.6 6.06 100
As  HiAR /grhm™-a 0.400 114 7.50 18.9 382
Pritel /e 105 298 19.6 495 100
He HiAR /g-hm?a? 0200 0.0563 0.180 0.484 0.920
Fr e Eb ) 1% 21.7 6.12 19.6 52.6 100
Pb A fgehm™a” 5.10 9.00 40.8 8.58 63.5

ST 5 He A 1% 8.03 14.2 64.3 13.5 100
Cr  HiAR /g-hm>at  11.1 13.5 35.8 16.9 77.3
ST o5 He A 1% 14.4 17.5 46.3 21.9 100

Cu  HiAF /fgehm?a' 230 3.40 159 20.0 185
5 e /% 1.25 1.84 86.1 10.8 100
In  HiASE fgehm2a? 29.1 41.0 712 68.2 851
Bt e 5] 1% 342 4.81 83.8 8.02 100
Ni  HiAE /fgehm?a’ 630 4.05 52.6 9.56 72.5
B e 869 559 725 132 100

WEAK R RIE 4RI R 4 Flin A& A2 1) sk Ho i) 22 5%
WK, 3 Cu.Zn .Cd Ni . Pb Cr6 fpEEEICEN T
FL AR N & 2 A UL A, %00 R B
A EE B 4y R 86.1% (83.8% \76.6% \12.5% .
64.3%F1 46.3%; 11 Hg As ) 3 L5 AR WEIE,
oo B A (1 U532 52.6%F1 49.5% . KAIT

Rt A2 e i He 5 BT 21.7%, K
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EAFE SO EH AT L E 4R REEOR
HOPAILIE 1, B @AY BEACFIHE LK 54
J& & EAF S NENH S BRI 343 MHE
FRU R IR A bR BEHOR TN 1y BRI

M 1a B, FRESRICR HANE-FRVEA R T
T3 Cd BREARA P ALEE 0.002 38 mg-kg'+a™, H:
SR RE A TE 2 ASTET, Bl 0.000 246~0.008 73
mg kg +a” F110.019 0~0.212 mg-keg'+a™, HILATHI,
TR 50% (e B L Cd /) B SRL T
0.002 38 mg-kg™a™,80% A4 H 1 e Cd ) B
ZALTF 0.008 73 mg-kg™-a™,95%M 4k H -4 Cd 1
SRHRMLTF 0.019 8 mg-kg'-a,

A 1b A, FR E AR HNE - FOREBVE IR R
T 58 As ERERA AL Z 0.029 8 mg-kg™-a™,
H B2 HU0 A £E 0.002 24~0.119 mg-kg™!-a™ i)
LA AT 90% 38 53 43 AT 34 5], & T 90% 43 i i 43
AT TR 50%44% FH -4 As 11 2R
FAET 0.029 8 mg-kg'-a™,80% 4 [ I As 1
HFHCRALT 0.060 6 mg-ke™+a™,95%[#) 4% H £ 3
As 1 ZRHRLTF 0.082 1 mg-kg'+a™',

M 1c B i, FREARAb A HNE - FORBRVEIR R
N3 Hg SAHORAG A {E S 0.001 09 mg-kg'+a”,
H B A R AR AE 2 SYE L :0.000 046~0.003 4
mg-kg™+a™,0.008 65~0.010 1 mg-kg™+a™, #dV 5 50%
R4 H -3 He () RELERAR T 0.001 09 mg kg™ -
a™,80%[1 4 H + 3 Hg 19 R BLHCRAL T 0.002 18
mg-kg™-a™,95% M4 H + 3 h He () BFLECR LT
0.008 87 mg-kg!-a™,

M 1d A, 3R EARAUR FNE - R VE IR R
™4 Pb BRHR A fHE 0.050 7 mg-kga”,
H B FHECR AU  E 0.005 33~0.170 mg-kg'-a™ {3
LA TE 5 T 90% 53 6r R A3 A3 A o FEALF It
50% 194 H - 3E v Ph %) Z2FEEAKF 0.050 7 mg -
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Figure 1 Frequency distribution of annual accumulation of heavy metals in wheat—corn field system of north China
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kg'+a™,80% 4 H -3 rh Pb iy RELHAALT 0.092 0
mg kg™ -a™,95% )4 I L3 Ph i RELHCRE T
0.132 mg-kg'-a™,

K Le F i, FREARICR H/NE - FOREEVER R
T3 Cr BRI RN A7 {E S 0.050 2 mg-kg™-a™,
H B S B A AE 0.010 4~0.343 mg kg™ +a™ 75
FEIN o ARAETFJR 50%1)4¢ 3 Cr iy SRR 21K
T 0.050 2 mg-kg™-a™,80% )4 HH -3 Cr i) 2
AL T 0.091 8 mg-kg™+a™,95% (14 [ -4 f Cr
1) R T 0.264 mg-kg'+a™'s

H A 1 &, FRE AR BN - FOREBVEIR R
T 458 Cu R A P AESE 0.110 mg-kg™-a™ 4
R AR TE 2 D :0~0.408 mg kg™ +a™, 0.889~1.31
mg-kg™-a”, HILTFE 50%0) 1 HE Cu () B R
X F 0.110 mg kg™ a™,80%[K 4 Hl 13 Cu (1) 2R
R F0.918 mg-kg™ -a™,95% )4 H -3 Cu ()
ST 1.18 mg-kg'-a™,

I 1g F i, FREAICAR H/NE - FOREFEER R
T 4 Zn REUEAR A FA{ESE 0.348 mg kg -a”, H
R E 0~2.00 mg-kg™-a™ BTG A 7]
HIHEAE P 50% 1 3 Zn (1 EFR LT 0.348
mg kg™ -a™,80% Y A< H - 3EHh Zn 1) BRI HORAL T
1.11 mg-kg™+a™,95%[14< H +- 4 Zn 1) RELH R AL
F 1.62 mg-kg'-a™,

F & 1h F i, 3 E AR BN - FORERVEIR R
T3 NI 2R R P AESZ 0.039 3 mg-kg™-a”,
H E R AE 0.009 81~0.112 mg-kg™!-a™ 1]
TEEIN . ABACFIR 50%1) 38 Ni ) RFHCRALF
0.039 3 mg-kg'-a™, 80% 14 FH -3+ Ni (1) R R
I T 0.060 3 mg-kg™-a™,95% Ay 4% H 13 rf Ni Y 2
FHHCRAE T 0.087 2 mg-kg'-a™,

3 g

A T S G R B Y USRI BEE AN
A UM N AR R  [R)Ie, 4 JR T9 e 2 S B L AT
J1R R AR R AR A i BT R RS T
SR T YA BB e A PRI
I HE SR LR RE k2, TR — B ESR
TRt 2+ XEVR B, TR, 1 3 [ AN ] X 3l FH
AR RIRME A FR T H B A T R AS il
ARFE N TR K 4 o e/ S AR P A S R
G5 ARG i Y ST 2 A AR it A AR
HEMTE.

3.1 e RBATIEESERIRELG
ARG 1 B R R R AR A B R 4R Y
A TTIERGUT O 3 8 20 S B S HE I K> KA
R, Hoip CuZn .Cd RIS LB Yang SF59%F 35 [
I 1 DR 43 TR 2 i S PR 3B AR R 4 AR AL, B
BB E A WL At 2 X 3 Fr B4 B r R ik
R, b7 AR 50% U E Guit g R R, HARA
TG Sl n K HEL Hg BAERG N, XF A 2 et h
TR, KAV 3 He B R E
XSG AT TS5 S AR &% KA 05
() H 26708, AT 3P 4 R M E 2Ok
I8, ASCHHEAF I RSP 1-3% Hg .Cr Ni Pb . Cd
S AR TUERRALE 8%~22% 0N i ATTE R
Luo 55155 3% [ 4 HLE AR B i iF 55 45 R A — 3
AT TS . SO0, FEARIE SHEEK 2 Ak iR
DO e R A AL D OITAY < A e NS B
SN 2 DL R I G 45 AP —E 25 57, X T B2
P A i IR Jr =i 25 5 DA R BRI I 1Y) 2 5%
., TEICE FHELMMFEE A, & 48 e
TGz i S T4 T R R L B, RS A3
HERCR Y EEZHH AN, S BE SR TR TS
YIEEAE ) & AR, Kornegaye S8 1F 57 & B, E A
BB 90%11 Cu JTTEF IE(E P HE . FREFAE
i I E 4 JEm T R IR N 1.5x10°~1.8x10° t , i
FHAYHRI R, KA 10x10° ¢ AR F]FH i bl 2
PREE ST A SCH B 45 SR, 3 & 280 X Tt oy
8 FhEE 4 B nY A BV R G R B AR Y
19.6%~86.1% . ALY it FH -t 2 4% FH 8 4 g 1) — A 2
SRS, TR E WA 2 fE A A, 2 o T SR
THTRHEAY 25% ., 2000—2005 4F, Ml it 4 34 2 4
11.2% , Y Fe 2 AR 38 7.0% 7, 160 3 X 4
J& i AR TR B A STER R OOR T H B2 6.06%~
52.6% At HE X F= B LT KR, T K AR b st
g RN S A R WESE TR, AR
FEWE A 45 8 B EE 4 J& 19 sl R VI Ol 1.84%~
29.8% , F Tty SRR K sk, L)k H A A
BEBWAKZM. T2 T REEE, KAV
1 R g 4 B ST R AR AE A Fh A R A R
HHETE B 77, AT G ™ B A b X Pl R AR
ATHENE SR B EBL . A SIS RE
B, KAV AT oT 8 R 48 1Y STk R It Fl N
1.05%~21.7%, iXJ& i TR E/NZ-FERIEIER R K
5 25 R AN 5], — FBAH R B kel e , FL AR TR
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2 o 1 Fe AR b Atk B - 358 E 4y R R ROR IR
TEH B2 AN At DR D Sk A2 1) 08 A 8 it
S B AL ™ Mt AR b B 4 R 1
32 XFHEARALEESERERER

S IHE AP R S B E R R,
Hede e Mt I Y & & 2 A U MBIt h E 4R 1
B2 R 3 A e [ SR HE Y BIR E (I
Kt it 5 3500 1 8 v E 4 S R BB SR 2% A
AR AR K UM o A SCH I 25 O R SRR
KN I A : Zn>Cu>Pb>Cr>Ni>As>Cd>Hg,,
Hu S50 120 50 21 0 e 0t R0 DX i S b B 43 1
IR L) 5 B A R A R AR I A5 e KR
AT APUIE S LR 2 E G R R 25,
Cu.Zn B ERE KT Cd.Pb, (HZEH TARDTR NG
FHREEA P 225, PN & DU R ITTE /G 35 0 2 IR =]
A IFEIREE TR AR I o WRARSR AT 2L BLAE R IAFLIR 2R 0
JNE )y X 4% RS F G R TR RAREAR W P AT
AL At IR R E AR TR A G bR 2
Cd.Cr Ni, Hrp Cd 5 o A5 , Fi it R 42 45
A2 o A PR o i 1T AR e (pH 6.5~7.5) 1% R
5, Zal 168 40 RS ) IS i 11 b5
#E(pH>7.5) (Y BRAE ; Cr i 285 220 4F g 2s it +
BEIAEE i 11 b (pH 6.5~7.5) I FRAE , 833 319
AR R I R B e 11 bR i (pH>7.5) 1
FRAE; Ni & fkgeid 255 oo 3 PR o & 11
Pbr it (pH 6.5~7.5) A BRAA , 285 509 4F 1y R
it IEEREE R 1 GhnifE(pH>7.5) A BRAE . 1 -1
th Pb e AN Gy I R 1 bRt AR AR A
XSG R Bk, Cd L Cr Ni i KA TR A
BAAEA YA . I, 45 B -80S e i ¢
O A 2 A MLAE %A B FH RN A 4 il it
B & B A IR ESE T,

4 Hig

(1)F&EAEIbA /N - TR R, R K
WEAFSEFFIA H 254, 14 Cu Zn .Cd \Ni .Pb.Cr 6 Fif
HERITRM EEH AN E G 2EA I, H 5%
TR LA 1Y E ) 43 2 86.1% .83.8% \76.6% |
72.5% .64.3%%11 46.3% ; 1 3% Hg  As 1) F Zhi AT K
BEAE, HL 7 R A 40 B 52.6% 1 49.5%
VRS As O E B AR, b BT A=Y 29.8%),
KAV He Bk AR 21.7%.

(2)F& EAedb A /N - TR AR IR R T /K
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BEANFEFT A HZEAF T, 1R E SRR M R
A9 HR A (B 4351 A - Cd 0.002 38 mg-kg™-a™, As 0.029 8
mg-kg'-a”,Hg 0.001 09 mg-kg™-a™,Pb 0.050 7 mg-kg™
a™,Cr 0.050 2 mg-kg™+a™,Cu 0.110 mg-kg™+a™,Zn
0.348 mg-kg"-a™,Ni 0.039 3 mg-kg™'-a™', 7Ei% 8 FoC
P A B A SR RR A B R AR R A, Cd L Cr Ni iz
O T i L ) R TR A N S
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