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Dynamics of Accumulation and Distribution of Cu,Pb in Zea mays L. Seedlings Under Single or Combined
Pollution of Cu and Pb

LI Fan, ZHANG Yi—xian

(School Life Science, Shanxi University, Taiyuan 030006, China )

Abstract: The elements Cu and Pb are two important heavy metal pollutants. Pb* is a non—essential element which has an obvious toxic ef—
fect on cell ultrastructure, seed vitality, growth, development and nutrient metabolism with its accumulation in crops. Cu®* is an essential ele—
ment, which may promote growth and development with an optimum quantity,but its excessiveness can have some obvious biological toxicity.
The accumulation and distribution of Cu** and Pb* in Zea mays seedlings under different concentrations(10, 50, 100 mg-L")were studied in
this experiment using atomic absorption spectrometry after the treatment of 10, 20 and 30 d. The result showed that under single or combined
pollution of Cu?** and Pb**, the content of heavy metals in Z. mays seedlings enhances with the increasing of treatment concentration and
treatment duration, and the accumulation amount in roots of Z. mays seedlings was the largest at 30 d with 100 mg+L™ of heavy metals .The
content of Cu* or Pb* in different organs of Z. mays seedlings was characterized by roots>stems>leaves, and the accumulation amount in each
organ was Pb*>Cu*" .The accumulation amount of Cu*, Pb* in Z. mays Seedlings under combined pollution was much more than that under
single pollution, and it indicated that compared with the single pollution, the combined pollution by Cu** and Pb** displays some kind of syn—
ergistic effect. Meanwhile, the mobility of Cu*, Pb* was basically dependent on Cu*, Pb* concentration and treatment duration. The mobility
between roots and stems under Cu®** or Pb** single pollution increased with heavy metal concentration, but the mobility between stems and
leaves firstly declined, and then increased with increasing of Cu* or Pb** concentration. The mobility between stems and leaves under com—
bined pollution was larger than that under single pollution.
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1.1 SEIeHR
SEHFTFH E K (Zea mays ) i AR —5, Hi1l
OB KRB SRR TR, 2B R KRR
ZAEMEEE TG,
1.2 #FREFR R AL TR
BEBUEHE KN — E R F, A 5% NaClO
THEE 30 min, S35 2B K gk T4, 30 ‘CIR/KR
Ff 5 h, BF 28 CIHIRIEFAM D ROE L, FFiik
JE#ETF 10 cm ORRAERIE T, B4 5 b, RiFEA
T E B A HIMAARFRUKE Cu® Ph* ¥ (CuCl, F1
PbCl, I8 FoKkBeHl, B LA & B & F11), ab 3

BFE R 10~30 d, A AL B TESC BSR40 kAT, B
WIREE(24 °C/18 °C), 8 12 h b 78 1 IREBE T 7K.

Cu*  Pb? B — b B A3 ik B 43771 & 10.,50.,100
mg- L™ A 4038 (Cu*+ Pb>) BB Inuk B 43 511 47 - (10+
10).(50+50).(100+100)mg-L™* (SCH AT KB E
SBWEYRBINMRE ), S B A 8 Cu.Pb
BB 0.024 #10.159 mg-L™; XEAEET
KEFE(L CK R ), B— A 3 MNEE
1.3 MK A *E

HE RN E KRG EEEFREZE 10.20.30 d B 43
B 2 A FRAA LB AOAR L ZE A U E R
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B B EE BAIR , BRECT-EE 0 0.5 g BUFEAREE S, ITA
HNO,-HClO, (4:1) Bk, ©&J5H SHMADZU
(AA-6300) JFFI 6 EETHIE Pb* Cu™ Y &
&2, 52 E 580 mg-kg 1t
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H+HHELE S E)x100%

SEI PR EdEE S SPSS 41T ANOVA 4347,
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Table 1 The contents of Cu*,Pb* in different parts of Z. mays seedling under single pollution(mg-kg™)

4 N Cu Pb
e /mg - L B El/d " = - iy =% i
0 10 0.55+0.04aA 0.022+0.002aA  0.001+0.000 3aA 2.32+0.02aA 0.058+0.004aA  0.005+0.000 4aA
20 0.96+0.08aA 0.067+0.006aA  0.005+0.000 7aA 4.08+0.07aA 0.113+0.021bA 0.008+0.001bA
30 1.23+0.13aA 0.095+0.004aA 0.008+0.001aA 11.25+0.21aB 0.216+0.012bA 0.013+0.005bA
10 10 28.26+0.65aB 20.80+0.60bB 10.54+0.48aB 135.50+1.37aC 67.17+0.83bB 24.17+0.32¢B
20 61.79+1.33aC 34.53+1.01bC 18.96+1.54cC 174.86+1.45aD 116.33+1.05bC 40.59+0.40cC
30 105.17+1.08aD 49.61+0.59bD 27.87+1.53¢D 265.84+4.15aE 182.57+0.79bD 146.16+1.72¢D
50 10 33.32+2.08aE 23.95+1.20bE 11.59+0.60cB 175.22+1.71aD 77.97+0.42bE 27.45+0.52¢cE
20 88.57+1.32aF 45.13£1.29bF 23.68+1.07cF 257.39+2.49aG 148.73+2.25bF 48.13+0.15¢F
30 117.35+1.06aG 54.05+1.99bG 31.86+0.94¢G 343.90+0.75aH 217.26+2.98bG 154.16+0.87¢G
100 10 47.75+1.02aH 25.49+0.57bE 15.10+0.58cH 264.47+1.34aE 142.42+1.18bH 34.37+0.43cH
20 116.79+2.36aG 61.61+1.09b1 26.15+1.08¢D 364.10+1.77a) 222.34+1.78bl 61.87+1.39¢1
30 205.86+2.38a) 72.04+0.84b] 47.21£1.50cl 425.25+1.26aK 291.69+3.06bJ 188.17+2.55¢]
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PY*E G5 E ERYE RN AR E PR ESSE
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RE,Cu* PP EAMHEEAFRBEPINESLBERER
BIKICH Ph*>Cu?, B E AL P> R
BRI KT G, X 5EHEIE EKPHRBMLER
AL, SCOZERER, Cu> PY*E SIS YR T ESJR
TELNE R R, PIFPEE &R AR REA T RIVEA
2.3 AERTE 4 IEE Cu® P> 7E E K 40 # & N B iE
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Table 2 The contents of Cu*,Pb* in different parts of Z. mays seedling under combined pollution of Cu and Pb(mg-kg™)

Wi/mg-L" A G Pb
iE) E3 s i E3 it
0 10 0.55:0.04a4  0.022:0.002aA  0.001x0.000 3aA  2.32:0.02aA  0.058:0.004aA  0.005:0.000 4aA
20 096:0.08aA  0.067:0.006aA  0.005:0.000 7aA  4.08:0.07aA  0.113:0.021bA  0.0080.001bA
30 123:0.13sA  0.095:0.004aA  0.008:0.00laA  11.25:021aB  0.216:0.012bA  0.0130.005bA
10+10 10 30.25:1.06aB  21.57:048bB  11.70:0.55cB  23498:0.02aC  104.19+1.61bB  74.32+1.78¢B
20 50.44:079aC  37.49:1.05bC  34.35:121bC  345.74:1.52aD  162.46:2.78bC  126.3418.16cC
30 165.05:1.40aD  64.30:2.03bD  56.83:1.84cD  433.34:6.83aE  32048:0.71bD  217.43:4.66¢D
50450 10 48.02:077aE  32.01:120bE  13.90:0.61cB  276.69+2.41aF  115.75:221bE  104.24:0.93cE
20 117.03:1.60aF  5324:129bF  65.07:2.50cF  383.02:1.97aG  192.20:430bF  142.46:2.52cF
30 198.82:2.02sC  87.88£1.99bG  81.43:0.86cC  509.60:7.50aC  385.83:836bC  283.77+2.67cC
100+100 10 58.26:3.18aC  3490:135bCE  28.51x0.78¢cH  327.90:2.50al  25630:1.99bH  151.33:3.57cH
20 180.37:0.90al  9625:1.81bI  75.48:4.68cI  404.24:190a]  284.17+4.96bl  186.01+7.57cl
30 27892:3.16a)  11624:1.81b]  97.95:1.69c]  644.28:7.34aK  437.19:7.39b]  306.16:3.53c]
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Figure 1 The heavy metal transfer between roots and stems in Z. mays seedling under Cu*, Pb* single pollution
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Figure 2 The heavy metal transfer between stems and leaves in Z. mays seedling under Cu*, Pb*single pollution

YHARSRE FREBAL. hE 1AM, ik
10~30 d 5l /4 , Cu® Fl P> 7E KRR Z A B %
Bl Ab B B 1 R ), BN E &R TR
BAES, WAEZELE 10d 6, HEBEE T
Pb*, T 7E 20~30 d b FEEF[A] Y, W& Pb> f)iE 5 R
BERTF Cu*,

M Cu®* P> 7E F KRG W ZE 0t E B A5 (B
2)%FE , A FYE EETE 50 mg-L AT B Cu>F1 Pb> i
FHESREMERIHBHRHZHBEE, &F 50
mg- L7 J5 AR EREEMERL . 41 Cu®#E 100 mg-
L7 VR EEARTE 30 d BHER R EFHESE, HARZER]
EBRREH 13.67%.

B3 FIE 4 T Cu® Ph* B S4B 5 7E B oK
M ARFRFERITRER, Cu* POy*ERZEF TR
RINTE 10~20 d B BEMR 3G =2 i 7+, WifE 30 d
Bt 2R T R (] 3) o (EAE R M2, Cu”+Pb> iR
(100+100)mg-L™ 4038 10 d J§ PH*7EMRZEh 13T R R

b B —Ab G i 8.87%

Cu*.Pb* B G A BG 7 ARG W ZEM P TR
RRIH . FEAHRAEIEET ] P, Cu*+Pb> & A Yk B TE
(50+50)mg L7 DAF B ZEM 2 B B R 2 LT+
B ZEWER T (50450 )mg- L™ NZHi T [k, 5 —
AEFRAE L, A AL HE Cu® Ph>TEZEM 2 [A] (TR
Y i e, #5)2 (50+50 )mg - L™ Cu®+Pb™ E &4k
¥ 20 d B}, Pb*7EZE 22 6] 132 A% 8 L B — Kb FG
T18.12%,

3 1tig

TR IR —A A KA B ONTE BR A B,
XA R F B e 3 R, ARSI AE R R,
HERE QP A EKRGEENGERKREFR ZER
TR, R A E 28 Whaf AR 40 B R 25 40 &2 3440 , 1B

RHETHAE, EARLEP, B—I5YRMFT Cu® Pb>
TE B KRG H RN IR R B FEE B G R A B Ak
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Figure 3 The heavy metal transfer between roots and stems in Z. mays seedling under Cu* and Pb* combined pollution
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Figure 4 The heavy metal transfer between stems and leaves in Z. mays seedling under Cu* and Pb* combined pollution

FRESHE G AN G A , B Cu* PO EE KA &2 E
HE SRR T AR S 2> RGO BFR T & P>
T3P AL 60 d B FORRFIEZSE H PO REEST,
RIEBEER S ESZS, B PR EBEE L
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4 ZEig
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eIV R ARG ZE R R R KT —
SEFR BARZEZ B TR 5 A — AR B .

SE 30K :

(A2, LI, R Bk AAFBAEM]. U5 Bl i, 2004
316-322.



24 F SR —-REATR TR RS RN R R S TR ST

201041 A

ZHOU Qi-xing, KONG Fan-xiang, ZHU Lin. Ecotoxicology: principle
and methods[M]. Beijing: Science Press, 2004 :316-322.

RIMR LA, BRifd, B . BRI E SR IS R F RIS 3
Bl 57, 2007, 32(7):74-76.

LIN Fan-hua, CHEN Hai-bo, BAI Jun. In soil environment heavy metal
pollution harm research[J]. Environmental Science and Management,
2007, 32(7):74-76.

BI &, REE, HHE, & ELRENERHEEMEPHERKET
BRI LLZR I Rsf 2441, 2003, 18(1):82-84.

MIAO Ming-sheng, ZHU Yuan—yuan, CAO Ming-xia, et al. The influ—
ence of lead on the bourgeon and development of Zea Mays|J). Journal of
Shandong Normal University( Natural Science ), 2003, 18(1) .82-84.

[4] 3K BT, BRAIAE. T4 B X RS 4l B Bl S A B I R RR A P
B BRI RV IR AR, 2006, 25(4) :857-860.
ZHANG Yi-xian, ZHANG Li-ping. Effects of heavy metals on membr
ane lipid peroxidation, proline and soluble sugar in roots of Hordeum
vulgare[]]. Journal of A gro-Environment Science, 2006,25(4) . 857-860.

[5] 3k CBE, ZEmep). 4. SRR AT xR S il 4 A BB AR Y
FIH[J]. FPWFIE, 2008, 28(1) . 43-46.

ZHANG Yi-Xian, LI Xiao—Ke. Effects of Cd, Pb and their combined
pollution on physiological indexes inleaf of the Hordeum vulgare
seedling[J]. Bulletin of Botanical Research, 2008, 28(1):43-46.

[6] De Vos C H R, Schat H, Vooijs R, et al. Copper—induced damage toper—
meability barrier in roots of silene cucubabus[J]. Plant Physiol, 1989,
135:164-169.

[7] Scandalios S G. Oxygen stress and superoxide dismattoses[J]. Plans
Physiol, 1993, 101:7-13.

[8] Z= (AL, 3K . AR Cd* . Pb> Cu®TE R4 R AR R A4 A

BIBFFEN). ARV R, 2007, 26(HE ) : 484-488.
LI Xiang-ke, ZHANG Yi—xian. Study of Cd**.Pb**,Cu** on accumula—
tion and distribution in Hordeum vulgare seedling[J]. Journal of Agro—
Environment Science, 2007, 26(sup ) : 484-488.
[91% #, MKHmW, 255, & JLFES B (Cd.Pb.Cu Zn) FE R KHE
MRS E RS RAELT]. A% A B2, 2006, 22(4):244-247.
LI Jing, YI Yan-li, LI Liang-liang, et al. Distribution of heavy metal
(Cd.Pb.Cu.Zn)in diferent organs of Maize[J]. Chinese Agricultural
Science Bulletin, 2006, 22(4) :244-247.
[10] fRapk, =EIN, 4. ERELFERER Pb BEJI A FiRI 22 F (]
YA A5, 2005, 29(6) :992-996.
DAI Quan-lin, YUAN Jian-gang, FANG Wei. Difference of Pb accu—
mulation among plant tissues of 25 Zea mays varieties|J]. Acta Phytoe—
cologica Sinica, 2005, 29(6) :992-996.
[11) EAEWA. F7E EARAEA I BB ZRUR VR, 2008, 36
(14):6056-6057.
WANG Zheng —fan. Research on the accumulation law of copper in
corn[]J]. Journal of Anhui A gri Sci, 2008, 36(14 ) . 6056—6057.
[12) T %58 R M), Jb5: v EIF RS 1 kL, 2000:119-
121.
MENG Zi—qiang. Environmental toxicology [M]. Beijing: China Envi—
ronmental Science Press, 2000:119-121.
[1315% F, X0 %, 5KiEHE, 4. f H3EL® XS Pb.Cu BAERETI 5T
ZHEBIFI). K L ARFER, 2007, 21(6):92-95.
GUO Ping, LIU Chang, ZHANG Hai-bo, et al. Studies on enrichment
and tolerance ability to Pb, Cu of sunflower seedlings[J]. Journal of Soil
and W ater Conservation, 2007, 21(6) :92-95.



