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BISEUKY- . A5UFS Pb 76 NP, ALTHEE i 2 5 THAAS AL, WA 440 M, A BAAGS Pb S B EALF CK APE, 20 FERAUS
Pb & EAEXS T CK V-IRAR T 4%, LIt 4 MESELR SHAREEERMCERY :CuZn fl Cd 2B SHARGSSEERD
FIEMRRR, &8 Pb 5A8CE Pb 2 B EFAAMXM A KIS Cu fil Zn AEEMK.
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Effects of Long—term Located Fertilization on Heavy Metals and Their Availability in Brown Earth

LI Shuang—yi, LIU He, WANG Jing—kuan

(The Soil and Environment Key Lab of the Ministry of Agriculture, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Based on the long—term located experiment in Shenyang Agricultural University, the contents of heavy metals(Cu, Zn, Pb and Cd)
in soil were determined in five treatments, such as no fertilizer control(CK), a single application of chemical fertilizer( N,P,), the moderate
level of organic manure(M,), high level of organic fertilizer(M,), and high level of organic manure mixed with chemical fertilizer( M+N,P, ).
The results showed that after 20 years of applying fertilization, the contents of Cu, Zn, Pb and Cd in soil increased generally. Treatments with
high organic manure mixed with chemical fertilizers made significant impacts for Cu and Zn. While the Pb and Cd contents were increased
significantly in M,. Chemical fertilizer treatment(N,P,) had not affected the contents of Cu, Zn, Pb and Cd. The available contents of Cu, Zn,
Cd and Pb in soil were enhanced in the treatments of manure applied, with the average increase of 61.28%, 169.3% and 123.7% compared
with CK. The contents of available Pb in N,P, was significantly high compared with other treatments, and the contents of available Pb in M,
was lower than CK in different years. During the past 20 years, the content of available Pb reduced 4% compared with CK. The correlation
and their availability showed that the contents of Gu, Zn and Cd highly were significant positive correlation. The content of Pb and its avail—
ability were significantly negative related and not significantly related with available Cu and available Zn in soils.
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LT, BERREYT B — g R e RSk, (2
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A SR ER URARSTRBIRR, BTENER
GEL e s Liboe 2 a8

1 #BREF*%

1.1 ARRELFER

P BH AR b R 2 A 8 S b B o5 R (07 SR 36 (b
5 41°49' R 123°34" ), IR KB TEE HERER
AR, RSB ALRE REEFENAEX,
KBV TR, B EZHEEZW, TR 7.2 °C,>10 CH
18 3350 °C; 4K & 730 mm, 85%EHF 4—9 A,

IR 1987 AEFH IR 2K, R4 54 A~/
X, &/NXEF 69 m?, 43 i fF 7 35 (Covered ) FIAR H
(Uncovered ) WP 3,3 IRE K, BEPLHES . B4 4 A
25 BZCAHENE G0 R, I1 4% 0 Mk 4T H (Rl 2
10 A 1 HEEWH] o A8+ AR, i
IRTAPLETS & 15.6 g-kg, 2R 1.0 g-kg™, 28 0.5
g kg, BHARAE 67.4 mg-kgs
12 BEHRESH &

KRS BT TR B B R
TR, TS AAXTEPE 3 10 Bfff. 4
KA+ 3(0~20 em )TEHL 1987 41998 4F 2000 4F
2002 4 ,2004 4F1 2006 4 - 1 5 S ARFEALLE
R4 ) O RN IR (CK); @/ B AL
FE (M), ITA 485 N & 270 kg-hm2; @ & HLAL
(Mp), 1 4FHE N & 135 kg-hm 2 @ILAL(NP,) ; &f5
%ﬁﬁlﬂlﬁ%ﬂﬂ:ﬂ[ﬂ@ﬁﬁﬁ ( M4+N2P1) ’ @b‘@ﬁﬂﬂ[’j N 270
kg-hm?; fLHE N 135 kg+hm2, P,05 67.5 kg-hm >, jfi[T]
A VLAE A SE BRAL, HAHLE S &N 150 g-kg™ 42
G, 28K 10g-kg? £, Fid 10 B HAW & E
SRBARGEEE, Bt 10 Bk mPtEL 100 B
FAsRE +EE S EER,

1.3 MEF*

TIEEWL 2H 20 IR E A B S HOCHR6]
Tl e , 434 B BRI R A i) NY/T 1613—
2008 7k A5 R Al — 2 (HC1-HNO;-HC10, ) ¥: IH %,
BESBAMEEERAH 0.1 mol-L7 HCI #7K L Ik 5:1
BEDISh GELEE. 2BERARBELRITR
F B 6 5 B R IR T A g 3k (ICP-AES ) il

o HUSPTRA PSS 13.0 1l Excel #F.
2 wR5E

2.1 KEARREHEAEN TIEESESENHI
Cu.Zn.Pb.Cd 4 FioCRE LIPS EL A,
HfIn FERL AEERM(E D, FENE
5/ RREE I TR 375 Ye i Bl , R BRI
R AR S MR MR ESR MR E . CuZn
BERE Y RO, R AN DT WER LR, TEY
et ZEE S MEY AR T E SR, T Pb &—
FABMNESEICE, R R 13875 Yt T
B, — it A TR Pb ARG o, YR
R 2R FIFIGR A —E M. Cd BRYRIR
WREUNL NS¢ PN g BN = (Y EF FNL N
WL AR BRRS, KB ALE Cd G808 L2

iz

£1 DEHSEEE Cu.Zn Pb.Cd TEREE(mg kg™)
Table 1 Standardized values of heavy metals(Cu,Zn,Pb and Cd)
in soil(mg-kg™)

B -9 =%
TE —%
pH<6.5 pH6.5~75 pH>7.5 pH>6.5
Cu 30 50 100 100 400
Zn 100 200 250 300 400
Pb 35 250 300 350 500
cd 0.2 0.3 0.3 0.6 1.0

FRAS R4 FRAS (R A0 R 22 ) B8 1 X E R B
(#£2),4 MRS BENFMELIRSLT T
1987 S E:Al T BRI A —E IR E R, i Cu,
Zn B DL MNPy 23RS B, 435000 41.7.116.48
mg kg™, JEHNT 21.5.58.49 mg-kg™, Pb.Cd & &Lt
A M, KRR, 45004 33.23.2.33 mg-
kg™ JEINT 9.51.1.12 mg-kg™, FHILTTI, fEH S &
BHUERT LI 4 MESRTRENER,

BB TAVUEAEEA THRRMAE, Maia
HUEHEIE R 23R IE TR AR S, SR A EH
HERBILRWERESIN, MEBSXEPESRSE
AR E SR S BA BN EY, FEUEH M, 4
HESBEREEEARMA . K440 NP, A0FHH
XTF M, 23 M +N,P, ﬁiﬂ%ﬁﬁﬁ)% 4 ﬁ‘ﬁ%éﬁ‘
FWIHEAK,CuZnPb.Cd H & 20 BENEK T
4.35.16.78.8.05.0.58 mg-kg ', Cd TLE L NP, Zh3EHY
O BRI A T R EE, R TR R AT
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Bt FAGHE S P05, 5 38 8 BT Ui i B A o R 55 4 I
BOR G, M Z AR R A B TR AR, FoK
K BT CK 43, B RE W & b W EY = &
sl S A AR BT RS Cd BT RER TRA4R#EA
THEWE, BT HNAEYIERES BiAR, S
BURRI4FED 4 ot 2B KSR Wl E AR B
L85 HH 2. . 1998 4F M, AbFE NP, A FHAT M+N,P, 4bFH
Pb SR ZRALH 2000 47,2002 4EH1 2006 FER M,
ORI AR R AL BRI 2= T A B3 . Pb FEAFE M,
AbFRFN CK b8 2 (W] ) 22 8 343 A8 Bl 47173 Y 1 KT
INK,20 24K CK K ES M B K EZ AR
AEE, HIRAITATLE B AYUEEA T LI Pb
SEEIFARM Pb FEMMYFEREE, KBEAS
REE LR RRIE— M A FEHAE  FE IR IR =
J7 Y, FANRIR RARECHHE R, E KR
REASE ARG X Ph 4 Bl 3L %,

23 20 BEMHAE, L3S Cu FEIRENR
Bl AL T, Zn B T M EA HUERLIERD

R2 KPELAERELAELTIESLSECESSE
Table 2 The contents of soil heavy mentals in different fertilization

treatments and years

1998 4E/ 2000 4/ 2002 45/ 2004 4/ 2006 4E/
mg-kg? mg-kg' mgekg?! mgrkg' mgekgt

HeR A4M

Cu CK 27.04d  25.05d 20.84d 22.22¢ 23.77c
M, 28.12bc  31.54b  27.63b  293%  37.73b
M, 30.15a  35.53a 27.58b  30.16a  41.36a
NP, 27.55¢  3271b  22.06c 22.74d  24.53c
MsANP; 28.69b  28.06c  28.71a  28.92¢  41.68a
Zn CK 60.64e  68.20d 68.57¢ 733lc  70.17e
M, 67.15¢  80.56b  82.78¢  90.92b  92.17c
M, 76.6la  93.87a 91.06b 9532a 96.57b
NyP, 6422d  7258¢c 72.13d  7445¢ 74.78d
MaANP;  75.00b  82.02b 97.21a 90.54b 116.48a
Pb CK 22.53¢  26.09c 2798b  28.773¢  31.81b
M, 23.82b  27.31b  28.27b  29.45b  32.42b
M, 26132 30.41a  3095a 32452 33.23a
NyP, 2537a 26.80bc 2839  2833¢  31.8%b
MANP;  26.33a  26.82bc  28.71b  29.98b  31.49b
Cd CK 1.34¢ 1.63¢ 2.12¢ 2.05b 2.07d
M, 1.52b 2.49a 2.36ab 2.27a 2.19¢
M, 2.23a 2.51a 2.46a 2.24a 2.33b
NyP, 1.19d 1.60c 2.21be 191c 1.7%
MaANP,  1.35¢ 2.08b 2.31ab 2.18a 2.44a

I RPBEEN 3 REE T HE, AFI PRSI FERRE
RARBEKFE(P<0.05), FH.

Jti (M+N,Py ) b B A1 341 7E -1 398 3495 it B A viE— & A
T CuZn FRGKEEHAKEZM, Cd EEBT
RIGFEMER R, Nz 20 4R MK A@S Cd
GEOCHEB S IS (1 mg-kg?),
VYRR 43 R, A IR SEHE Cd NI 5 A B A
M T Bk
22 KPARMIEAEN IS EERSHEM
MEIAIUEL, AFRLAET CuZn F Cd 3 F
TLR ARG EYINEERA —E IS, BRA K
AL EEIRAE , it M, AL 2 NP, 4b3E
B ARIFRE M BT, 5EA HUAERT LI i -3 5 Cu.,
Zn F1 Cd £, M H Cu.Zn f1 Cd £B 5HABHEN
A B A TE A 0, B 1t R A HILAE e ok 4= B
AR B HAE S S Bt 2 B, 45 R 8RB HLAE ST
F Cu.Zn 1 Cd ARG EHE BB IFEW. AL
JEREEBRLH CuZn, T A RXKEHRUBILEES
WIEATE , AL SRS BB KE W Cu,
Zn, NT{E HIEHAERL CuZn FHEIG . LB MR
IR AT A (P<0.05), ARI4E{7 CK A1 M, Ab 3 Cu.Zn 1

FRIRKWECTEHELETBEHSESRESE
Table 3 The contents of soil available heavy metals in different

fertilization treatments and years

1998 45/ 2000 4E/ 2002 4E/ 2004 4E/ 2006 4/

IR
H AL mg-kg” mg-kg' mgekg? mgekg! mgekg

Cu CK 3.27d 3.23d 3.77¢ 3.65d 4.42d
M, 3.76¢c 6.82a 5.46b 6.27b 9.36b

M, 5.40a 6.40b 5.59b 6.07¢ 5.70c

NP, 2.72e 2.30e 2.73d 271e 2.93e

M#N,P,  4.16b 5.57¢ 6.61a 6.79%a 12.74a

Zn CK 6.57c 7.12bc 5.63d 5.72¢ 8.56d
M, 5.96¢ 10.82b  14.58¢ 16.74b  11.36¢

M, 1441a  15.80a 18.85b 16.02b  24.87b

N.P, 4.23d 5.96¢ 4.94d 4.32¢ 4.87e

M#N,P, 8.67b 1120b  21.6la 21.20a 27.28a

Pb CK 3.13b 3.06¢ 3.08b 3.21b 3.00b
M, 3.00c 3.00¢ 2.88bc 2.81c 2.78¢

M, 3.10b 3.02¢ 2.83c 2.92c 3.08b

NP, 3.60a 3.92a 3.74a 3.86a 4.07a

MNP, 3.11b 3.24b 2.57d 2.46d 2.76¢

Cd CK 0.10be 0.11c 0.14¢ 0.13¢ 0.17d
M, 0.10be 0.21b 0.28b 0.31a 0.28¢

M, 0.20a 0.23b 0.28b 0.25b 0.53b

N, 0.10be  0.10c 0.11d 0.11d 0.12¢
M#+N,P;  0.11b 0.29a 0.31a 0.26b 0.70a

I RPEAR S 3 WEE R FIE,
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CdAMSEEERBE, 1M Pb7E 1998 4 .2000 4
12006 FEFARE, FEMER 2006 FLISN M, AL
B Pb & BIET CK 4B, WT DL FA WLALRRAE T
A Pb &R, MANS Pb HERIESF ML
NP, RhFRE TR o 244 CK ARFH CuZn HE S EM
MBS AR 3.67.6.72 mg kg, T4 4Fr NP, 4032
FII(E 2.68.4.87 mg-kgc METIR EF NP, AEFHA
BRAE R Cu Zn BUSE R, THKFE
CK AbBAE, 3T H R T B2 N P ST R WHE A
BFERNEK, BHEEXRMNHIEPERSELE
Cu.Zn [, (#1453 £ 3 & B AT CK XTEE, 575 4F
KW S BLIE P 55 Cu I Zn F5H0/E, Wi+
BhAR CuZn FEA K. WA RVAE
ARREXT TR R Cu WA K, BRI HER L Cu
i) & (MypaBcka, 1993 )™ 33 11, 5 A8 B 45 SR AH
—3, {AEBERAEMN 2002 FFFFIE M, Fil NP, BT
AR 9 503 Cu Zn & B2 LBt ML 0B, T
AR EBIEEIR, REA R — R .
23 1 EESELESEUEZTENKER

BT BT RS B YRR SR R
M AL , L AR e R B R B — A g , AR5
ST HEESRERSAMEGEEMNKERE, HIEF
MAESE B TIHEYERE N, B WY
BB SR T, et 5 AR BB HET, BT LA
RKMWFTTNE

M4 [ LIF 2R Cu 5AME Cu, £ Zn
AR In, 28 Cd 5EHE Cd Z BB 2R BE
IEAEG, U P 3 Mr R e R SHAME SRR
HERR, WARS X EEZWEYR S FIH,
1A BLAAE Py R B AR R B 13, ARIE S
JBICRTE AN MRIEREE T — PR . 2R
Pb 5534 Cu Ml Zn REEHMXK, 5EMES Pb N E
BERML, A% Pb 54 & CuZn 1 Cd W EH

x4 1ESEELESERSZEHEXK
Table 4 The correlations between soil total and available

heavy metals

E

b Cwmg-kg? Zn/mg-kg? Ph/mg-kg? Cd/mg-kg?
AHASER Cu 0.723%* 0.866%* 0.434 0.625%*
Zn 0.533* 0.808%** 0.470 0.574*
Pb -0.349 -0.534* -0.174 -0.464
Cd  0.750%* 0.885%* 0.629%* 0.616%*

1 :n=25, % FORBEMHR(P<0.05);** R B EMHR(P0.01),

HHSE , BAR IR B B 35 61 R SR /K (HIRS s T 3R
R, BIEAVAEE B PR DA RS Pb &
B, KEW5E HRHAYUALEA B 3585 1858
A Y T R REAE G R A TR R R
YEYD S RSEVE R, ET BbE A th & o 3 3 3
CuZn I Cd & &, ERTEELREE. TLLES
S TAEPRERIFEEAVULHAXN METE X
HLJEN Y R G DA T R RS R

3 &g

(gt 20 ka4 MES B SRS ENE
B i, RGN ENT + I 4 R 2B AT
TEES M, A F CuZn.Cd B 22 CuZn 3
KL‘) M,+N,P, ﬁfﬂiﬁﬁ{/ﬁ%jﬂ Eﬁﬁo 1M Pb.Cd fa‘%b‘)
M, bR KON B, M, ARBR AT DA L R
Pb, AR BN+ Pb (R EEE, KR
P Cd FREMHEE 1 mg-kg™ MR =FTERE, B
FremEBhR, T R EE

()RR IE L CuZn 71 Cd ARUS T EE
ARk sh, A S A KaR AR, A VUERE R &R
& Cu.Zn Fl Cd AR E & ;Pb 72 NP, b E W 3E
T AR AL FE R4 M, A BEA RS Pb B A&
BT CK Ab3; &40 5 NPy 22 Cu.Zn F1 Cd
TRET CK & &,

(3)13EH CuZn 1 Cd 2B HHAMGERE
FHIEMRRER, MR Pb 5AUS Ca M Zn ARFH
K, ME5ARME P REFHMHX, HHEE Pb 54
& Cu.Zn fl Cd HE—E R,
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