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Dynamic Variations of Distribution Forms of Exogenous Copper in Soil;: A 5-Years Located Experiment

ZHAO Jiang-ning', WANG Yun—xia', SHEN Chun-xiao'?, YANG Lian—xin', WANG Yu-long"

(1.Key Laboration of Crop Genetics and Physiology of Jiangsu Provence, Yangzhou University, Yangzhou 225009, China; 2.Bright seed In-
dustry Co. Ltd., Chongming 202150, China)

Abstract: Copper(Cu) is an essential micronutrient for crops meanwhile it is also a heavy metal when soil Cu availability exceeds plant’s
normal requirement. The risk of soil copper contamination was related to total Cu concentration and different forms of Cu in soil. In order to
investigate the dynamic changes of Cu added into soil, a 5—years experiment (2006—2010) was conducted using cement—tank to avoid
Cu leaching into local soil. A clay loam soil was treated with 3 different Cu levels (CK, 32 mg-kg™; 200 mg-kg™'; and 400 mg-kg™). A
rice—wheat rotation cropping system was adopted in this long—term experiment. After each harvest of wheat or rice, the soils were analysed by
using the method of Tessier 5—continuous extraction. Results showed that : (1)During whole experiment period of 5 years, the clean soil did
not show much variation in the concentrations of total Cu and it's 5 fractions: changeable, bound to carbonates, bound to Fe—Mn oxide, bound
to organic matter and residual Cu, but in polluted soil these parameters increased largely;(2)Cu concentration of different forms in polluted
soil changed with time, especially the exchangeable Cu decreased 66% and 67% for Cu treatments of 200 mg -kg™ and 400 mg-kg™ in 5
years, respectively;(3)Cu bound to carbonates and organic matter could transform to Fe~Mn oxide—bound Cu under dry conditions, but in re—
verse under wet conditions;(4)Cu treatments also changed the distribution of different Cu forms in soil, the majority of Cu in clean soil was
residual Cu (57% ), while in polluted soil the percentage of Cu bound to carbonates and Fe—Mn oxide increased to 58% in total. This study
indicated that after Cu entered into soil, the exchangeable—Cu which plant could uptake and utilize readily decreased significantly, which im—
plies that Cu toxicity to plants can be greatly reduced by time.
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1 #BE57FE

1.1 KBSt E5LETIENH &

R F 2006—2010 4F 7E 3 M K 5 W = #E 17
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Table 1 Physical and chemical properties of test soil

R4 Soil particle composition(%) 455 2 ¥k B /Copper
Wb /Sand KYRRE/Slit Ki/Clay concentrations/mg- kg™
54.5+0.7 22.3+2.2 23.2+2.9 31.9+0.1

HE BPR>0.05 mm; BHEPEE 0.002~0.05 mm ; K547 <0.002 mm,

1.33 m 3% 0.45 m(1EFH 5.05 m®> {&FH 2.3 m®), M B 1k
KB IRTE AT , XK U8t DU BE KR T
B K AL FE . 4R Ak B X BE (CK, AT hn4R ) .200.,400
mg-kg” 3 K, EE 2 Ko Uarrai@ b (CuCl,,
E 25 ) MK AR BRI el AR HIEH =
W EA HR BT A E, T 2006 4 5 A—kt:
AR R I 780 R S, WAST5 e - 38 SEPRAR
WS35 202.2,400.8 mg-kg™, Hi5 Y IS %S
ATKJet A, DUE ALK E B TR R . 1
A BN RR, BIEHAR M TR, B
1EK 5383 i AR G TT R R

1.2 BUEAER TR S 2

M 2006 FEKFERLRIFLG, NEFUKRBBERE
(B4 6 H.10 A) KENEHEBERWEWFSFT, REL
BERE S o B R RS G EE 58 (0~15 cm),
ZHARRNT LB LBV AYRERY, AR
FEOR FEd 2 4338 1d 1 mm SMRER , R4 R 40483117
FHAHF 28 S &0 E M AT 100 Bif) . +
FEAL P AR rh ok S (5 FH B AR AR R
1.3 TERRFESTENE

TIRE S Tessier P55 R Al LIS kR
BELGD BREENMME D B G MERE
A, BB RINE 2 iR, B—2RE R B
HTE AR,

338 S S B E - FRE 0.5 gCRERA %) 0.000 1 g)
T B AR FE IR ERE S, I ABTEL A £ 7K 5 mL,
EBFIK 3 mL FBETH 30%3UE K , B 5 AR
THARAL(MARS 5,3 [F CEM A /) 4TI #E , 58
Ja e 50 mL, B 3 1K,

& FIEAS B R BUOR SO T A5 B 1 R R & 5E
BURAGS IR/, F RIS HUBGE G S T IRE T &4t
F 1L (ICP, Thermo Elemental , 35 [ ) ] 12 15 & 19 4
WREE . [FIBHIE R T ERER &K R B RA S RITE
M TE, AT RIES T BT, B A —
i B SEH 5 K, BT R AAE R RE R ZE /N 5%,
L4 HHES T

P B 54 Excel A3, A SPSS(V19.0)i#474%
53T, ZEIECR A SPSS #24#£) S-N-K ¥,

2 HBREHM

2.1 HIESRESEHAERNZN
AR T AL PRV B A 319X BR , ARES I
1) .200.400 mg-kg™ 3 KN, SEFR A3 BRI B Y
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Table 2 Sequential extraction procedure and conditions for copper extraction

BiEid i

A& B
G 1 mol-L™* MgCl,(pH =7.0)10 mL
REREEES 1 mol - L NaAc( Fi HAc #&7 pH=5)10 mL
PR E MY 0.04 mol- L NH,OH-HCI(F§ 4. 5 mol - L
S HAc fig il )20 mL
FHPERS 0.02 mol - L HNO,
30% H;0,(pH=2)
3.2 mol-L™* NHAc
RS T RREREE B 4 MIESRARZ

18 °C.200 r*min™ #E¥%; 1 h,4 500 r-min™ B.0> 15 min B H7EWR , TTIER B
20 °C.200 r-min™ #£¥% 1.5 h j5 100 r-min™ $R% 16 h,4 500 r-min™ E.[»

15 min BU_EVEWR, UTIEf- B

96 CAFIE 3 h( &% 10 min $3h 1 %), 4 500 remin™ B> 15 min B 1E

440 HNO; 3 mL H,0, 5 mL, 83 C{54% 1.5 h(% & 10 min 3530 1 Y1) ; Fm

H;0,3 mL, 8k424#i8 1.1 h(48F& 10 min $£3h 1 ) ; BEJG N NHAc 5
mL, EZZ 25 mL &M, 20 CHE 10 h, T IEBUE RN

AR 1 BiR . 2006 4F 6 A 54+ 5EHl &5
D 4 vl B 4350 R 31.9.202.2.,400.8 mg-kg, BET
[ HERS , BEVE R R (AR AR LA o B ) 2 2%
B TR, = 2010 4 10 A KHE SR 5 5 R
31.5.187.1.393.6 mg-kg, 5 2006 4EAH L4 5 F e
1.3%.7.5% 1.8%, FEIEE/AIMBIA R T B EKF

4501
140 BB 588
a4
3 ¥ 350
= 8 3001
g E 250
Ei § 200= ﬁ_ﬁ\ﬁ—ﬁ_—ﬂ—w
3 g
USO'eseeseeese
Jun |Oct Jun |Oct Jun | Oct | Jun | Oct Jun| Oct
2006 2007 2008 2009 2010
BURERS B]/Sampling time
-O-CK  A-200mg-kg™ -1 400 mg-kg™

Jun: 7R 6 H /N2 BB BURE ;
Oct: F/R 10 A3 /KRG ARG BURE ; Error bars: +/- SE, F[H]
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Figure 1 The time course of total Cu concentration in top soil
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(1)5 4F Pyt HR - 48 1 A2 e A5 4 Vi B AR @ A /DS
4 0.12~0.14 mg kg™, 448 0.12 mg-kg (K 2a), 15
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4£.(2007—2009 4F ) PEIE S , B Jm —4F (2010 45 ) W)
HAFEE . HALFN 200,400 mg kg™ HIEF YT AR
300 285 B ViR B 3 03] Fh 5 — YR D S (2006 4F 10 H ) Y
1.97.3.74 mg-kg™ % L2 2 e Jm — M € (2010 4F
10 A )#90.68.1.3 mg-kg™, P IE 4 51l 3% 66%F1 67% .
DI, LA Al A P fek - 398 M A 0 A5 A e ARG (8 4
1R, L33 S R ) S B N

(2)%) BB+ HE R A4 0.38% 94 R v A5 25, 15
Yo+ R A AT A H AR B R R, H 200 mg-kg!
SEFRAGFRE F IR B R T 400 mg kg AbFE, {H 3 HHE
ETEHERS I B, = 2010 4EKARE RN 55 R
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Figure 2 The time course of exchangeable Cu concentration(a) and the percentage of exchangeable Cu to total Cu content(b) in top soil
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PRELEE G MR B B2 = TAH AR /N2 i < 7K A
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AR 18%.22%, KAEF/INE BAIIRRE S A 5
R ) b Bt YA A ) ST R S R AR

g LR, X EI I IR R ERIRER A A A
B AR R B B LT o R B e B B AR E , AR AL
XS B EH R, HRESNIEHE K TH
SRAYZE 2 ; WA B B4R , KRB /N 22 R 3k 7
SHHE ST, B RZRE 122 7 EE
FEBWIN K
24 SEEWMEETHRERE SRR HIAEH

Kl 4 S HIEGAR E NS & S EHRE (F 4a) K
Hb BRSBTS (E 4b)Bsh B2k,

401 b

PO

e—o—-o—o oo o0 o0

W
o
T

—
(=)
T

carbonate to total/%
)
=}

BRIRELZE A ST &5 Lo tdi]
Percentage of Cu bound to

(=)

Junl Oct
2010

Jun I Oct | Jun I Oct Junl Oct
2007 2008 2009

BB} 1]/Sampling time

Jun I Oct
2006

-1 400 mg-kg™

3 REIRBBIEESTERE(OREMGTRARASET S (O HFHEEL

Figure 3 The time course of carbonate—bound—Cu concentration(a) and its percentage to total Cu content(b) in top soil

= 200

S a

% ag T 160}

g 5 g 120

s 3 F

£L g

&= 3% sof

8%

= g g

gé § 401

ﬁ 0 > o—0— o o0 |
JunIOct Junl Oct Junl Oct Jun] Oct Jun] Oct

2006 2007 2008 2009 2010

BURERT [A]/Sampling time
-O0-CK

—— 200 mg-kg™

Eg"é 60 b

= 8 L

m 50

s

E &g

5 g

LR

e e, |

§23%

ﬁi‘? 10+

I N

H g Junl Oct Junl Oct Junl Oct Junl Oct Junl Oct
2006 2007 2008 2009 2010

B R[] /Sampling time
-1 400 mg-kg™

B4 RETBREEEUDEESTRARE (O RERS T ESASETS (DT EN

Figure 4 The time course of the concentration of Fe—Mn Oxides—bound Cu(a) and its percentage to total Cu content(b) in top soil
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(L)X B T E AL 45 5 AR AR08
4.9~5.8 mg-kg™, E¥H 5.5 mg-kg”, 15 YL+ P4
FAM 55 A5 Tk B REAR AL BRI R K e A
200,400 mg kg™ HAbHE 5 4 F-H 435 R 67.9.144.1
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I1) 22 R R AR BT K

(2)%) Be - SRR AR E A 25 & 4 o B E 4
HASIE H7 15.6%~18.0% , 3% 17.1%, 200,400 mg-
kg™ S LB S $R R A9 R BEARIE , 5 AP0 R fin
L1 % MARFAERKER , /NE BT e 8k
S S SWFT S BB R R 43% ) B 25
FoKAE MBI (30% ) o /N7 B AHATS Yy T SRR FREL 25
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&, U SX BEEEIT , 2008 4RI T-XF B

HUGAT D0 ARALEAR B T LA &
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A v P B A Ak PR B R R e Ve o Y e R
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(2)IRBHA A, %) R - 35 v A5 40 o B B 0 L
HAENE R 54.9%~57.9% ,F-31 K 57% (&l 6b), 155+
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Figure 5 The time course of the concentration of organic matter—bound Cu(a) and its percentage to total copper content(b) in top soil
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Figure 6 The time course of residual-Cu concentration(a ) and the percentage of residual-Cu to total Cu content(b) in top soil
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