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Accumulation of Heavy Metals in Ricinus communis L. from Mn Contaminated Area

YI Xin—yu, LIU Qiang, LUO Ming-liang, CHEN Yun-zhu, JIANG Li—juan”

(Central South University of Forestry and Technology, Changsha 410004, China )

Abstract :Xiangbi No. 1 and Zibi No. 7 were planted in the Mn contaminated soils to explore its potential of ecological remediation and ener—
gy utilization in the areas of Mn contaminated site. The major nutrient elements and the concentrations of heavy metals(Mn, Pb, Zn, Cu and
Cr) in different parts(root, branch and leaf) and topsoil samples were detected after entering into the period of reproductive growth.
The results showed that the average content of Mn was as high as 7 884.96 mg kg™ ,which exceeded 6.5 times of national soil environmental
quality standard (level 2).The mean level of Mn in tissues of Xiangbi No. 1 was found to be in the sequence of root>leaf>branch,whereas,
the mean level of Mn in different parts of Zibi No. 7 was found to be in the order of leaf>fruit>branch>root respectively. The average concen—
tration of Mn in the leaf reached the peak value (765.43 mg-kg™ ),which was higher than Xiangbi No.1 about 79.53%.The leaf/root ratios
of Pb, Cu, Cr contents in Zibi No. 7 were higher than those of Xiangbi No. 1 samples.The accumulation and translocation in plants was affect—
ed by different heavy metal elements in soils.The results demonstrated that Zibi No. 7 had a better uptake and translocation capacity of Mn,
Pb,Cu and Cr, meanwhile, plants of two species had differences in accumulation and translocation ability and were proved to possess good
Mn—tolerance ability for remediation of heavy metal contaminated soils .
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1.1 #oihstn

WIREL 0 TR A TR T L RB, A4 112945~
112 °55", b4 27°53'~ 28 °03', At V0, 4 S50k W
FHAR . A X T e g B B Ho S, 14K 62~165 m, YL 7Y
PR 2 XU M, SRR, U2 . H AR -8 ~
42.2 °C AR 14.7 °C, K& 1 431.4 mm, 4F
Wiz % & 1321.7 mm.
1.2 #4

S [R] SR B R R+ 2012 4EBEZE(4 A 9)) B
WE 15 8B 7 SRR TESRE 2RSS
WA RISy 3 MR XA T, SRAREALIX 4T,
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mg kg™, 43R R A RN 4 A S E A 14 580 11
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Table 1 pH,nutrient elements and content of heavy mentals in top soils (0~20 c¢m ) of Mn mine area

WiH Mn/mg-kg? Pb/mg-kg’ Zn/mg-kg’ Cu/mg-kg’ Cr/mg-kg’ Cd/mg-kg! pHIE  £%/g-kg' EMi/g-ke' /g ke
KIBIX 1 H3E 7 884.96 44.59 159.08 53.20 54.46 6.54 7.49 0.67 0.62 7.62
RIEX 2+ 4 844.08 36.01 79.27 36.87 35.98 11.42 7.53 0.78 0.61 7.60
REIX 3+ 7380.30 174.20 135.75 47.58 54.72 5.69 721 0.91 0.79 8.64
R XEE 6703.11 84.93 124.70 45.88 48.39 7.88 7.41 0.79 0.67 7.95

YPHR(DUZILTHE)  552.60 24.70 134.55 56.95 31.95 3.57 5.05 0.58 0.30 12.87
KT 0.82 2.83 0.56 1.62 478 241 — — — —
FRVEZS 924.39 6.82 1.19 591 5.62 3.57 — — — —
HES 991.82 68.45 71.69 10.12 11.30 7.18 — — — —

PR <1 200 <300 <250 <100 <300 <06 — — — —
o [ - HEOE M 583 26.0 742 22.6 53.9 0.097 — — — —
A L R 459 29.7 90 25 — 0.081 — — — —

ASIEE 7 S0 R EEEBEE; B 7 SEMEMIT LSS CflEE | SIER I 5 DA EE | S8 mA: K
B 1 By RARE ML EEREERKER

Figure 1 Seedling growth of Ricinus communist L.plants growing in the mine area
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R2 AEMMERAKENE(TE)(2)
Table 2 The dry biomass of plants growing in the mine area(g)

nh i ES t
WE 15 0.52+0.16a 3.24+1.27b 1.20+0.4a
W75 1.38+1.10a 5.43+1.40a 2.17+1.04a

T A=A ) B R AR RS R 2L U T 5 hek 22 e W 50
(P<0.05),

AIDEWEE 7 SERTE XTH M THE M
BIRTHME 1 5, ZTEAEDENZES, KP 21
B RR AT RO 22 4 i T e - BT — o 3 0 A
it Az, (HEE 4 Jm XA AR B9 AR K R B FUET RIS ™
AT,

FEMRAAR N E 48 i W3R 3. iR 3 AT UL 5 FheE
GJEAE 2 A AR Y B v 25 S R
1 548k Mn Pb.Cu.Cr BT W E (40514 6359,
55.85.40.34.20.11 mg-kg" ) PR TIHE 7 524k Mn .,
Pb.Cu.Cr JEEWE (450 1123.23.66.73.48.5.
31.29 mg-kg™) . 2 AR AR PRSI R 5 FhE 4 )8
Jo R B YA B SRR I B (R T —
MEAEPIAR Y Cu Zn Pb Cr (IEH & (43520 :10,

100.5.0.2~8.4 mg-kg™!1""2) B 1 5w ) 35 B AR
WEME A 4.2.12 2.4 %, TME 7 S#Hr 4.9.1.4 .13,
19.5 i, R W] B R BB 280 o AR AE W), (B 3
HEEBITRA —EMWRIEE S, Hrp LIt Pb i )
R HAJE LBRE L W 1 5% Mo 1y 25BR &
K 2.8 mg, B 7 5 LREHKIE 5 A%, X Mo 1) £
BRIk E] 10.09 mg, JLAk , A RS HAL 8 4 J8 s = 1
HA R EABREE ). i3 X B2 d i Cd i
b G A PR i AR v, (B A I A 2 S B
el MR AR A A B Cd & i AR TR A I e
AT RE R AEAS I X 5t i 2 5 e 1 3R T L2
ASBERRELFIT Cd A RLEECR , F R R ff i — 200
2.2.2 AN[E] SRR 5 AN EE 4 R TR SRR

2 ABERR A FIAEARAR . ZERI 4 JE i S
+ AR B (R 3.3R 4) KRB MR RIS 43 1) B
TSR AFTE2E 5% Mn FEMEE | S ARRIERE I R
TR & AR AR S > 28 AR 0.48; B
7 S SZESAR  H /AR S F] 4.83, BTN EE 7 5
Al Mn SR A BRI 1) IS HiRE ), REFL RS B Hh
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Table 3 The content of heavy metals in Ricinus communist L.plants

A g DM BTRR I mg kg ARk /mg-kg ZEFRE/mg-kg! MR E/mg kg BRI /mg- B

ME 15 Mn 635.9 328.82+85.02a 150.37+29.08b 156.71+17.63ab 2.8+0.76
Pb 55.85 23.17+11.81a 20.33+5.97a 12.35+3.4a 0.25+0.13
Zn 198.46 70.74+10.86a 56.64+19.17a 71.08+26.22a 0.87+40.47
Cu 40.34 17.28+14.64a 9.79+5.56a 13.27+5.37a 1.78+1.21
Cr 20.11 9.43+7.92a 6.19+1.59a 4.49+6.00a 0.89+0.4

M 75 Mn 1123.23 158.52+32.77b 199.28+36.01b 765.43+18.81a 10.09+0.36
Pb 66.73 32.92+12.32a 18.48+10.21ab 15.33+10.22b 0.59+0.43
Zn 143.22 55.30+14.70a 38.95+14.41a 48.97+18.37a 1.29+0.9
Cu 48.5 18.56+5.39a 15.17+2.53a 14.77+6.78a 0.44+0.31
Cr 31.29 10.97+3.04a 6.88+3.77b 13.44+4.93a 0.28+0.01

T : Al — A7 A ) PR A R LN 8 5 i 22 5 B35 (P<0.05) 5 B R =2k T3 (g ) x @M R B R JEE (mg - kg™ )x 107

®4 BERERNERRNNEZRAY

Table 4 The bioaccumulation and translocation factors of plants growing in the mine area

A i H Mn Zn Cu Cr
W15 M/ 0.0420.01b 0.52+0.06a 0.44+0.02a 0.32+0.01a 0.17+0.03a
/4 0.48+0.02a 0.53+0.07a 120.3a 0.77+0.25a 0.48+0.04a

M 75 M/t 0.03+0b 0.910.25a 0.70+0.6a 0.5+0.06a 0.3£0.01b
/AR 4.83+0.65a 0.47+0.04a 0.89+0.15a 0.8+0.24a 1.23+0.4a

TE 7] — 30 [F) B AR AR R AR AR 22 5 B35 (P<0.05)
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B RE TR o

FEARH Cr SR R B AN Mn ARG 55 32 bk
THEE 7 SR H ik 1.23, 368 Cr 7B 7 5 1%
B eI

DL SRR B | SRR E B4
JE SR RIUON R > B3, SR EHY
Xof 4 JE AR SRR AL, WS B 7 SRR N Y Mn
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23 TIESESERESEREKRREMNMEXMYE

SAMTRRY A AR E AR S S R
@ S R ARG, 4 R (3R SR . i Fh Z IRl AE
225 WME 1 S HEfkT P Cu SR LU 5 1%
Pb 1% 18 3 1A C (r 43931 h-0.948 ,-0.921) , B
b P & X Ph Hl Cu ZEAE BE P& 3B A 1
YEF; FEREA Zn S MY/ 1 HOE Mn /AR5 38 Zn
TR I A DG, BRRAERXS Zn WY
FEXH B B 39 Zn YR BE (A TH I R AR /AR )

Cr &1 5 e Ay Mo i 52 3 IEAHSC

HE 7 SRR Mn Co F MY/ L HES -
$Erf Mn | Cu ¥R B2 S0 1 35 AL 2% SAAHSG (r 2050
-0.979.-0.951), i HAERH Cu S AN/ L5 15
H Mn 5 R T SE, I P A Mn ¥
FEBRFZMAARAS Mn B oh, IR IRARXS Cu BRI, 15
X E A IR AR AL R N BB R AN B o e A 3 Zn
B S AR R Cr /AR SRR 25 IE ARG, R TR AR A
WHES BN RGN R RESETRA
FREAERT, AT IT R B~ B R S g E— 2D B i HL 4G
o BRI RIS 3 rp I A R 4 R
FRERFNELRS , B 52 3 v [F] i 5 Ja o0 28 i Wk B
Wi 22 A, 3 52 ) - 398 v FCA o 45 Jas 3% ek 1 S ), AL
AT T — 5.

3 itig

L A TS 1 216 O ol o < JR P 7 e S R %
BEPIRI, AWPSEE RN, L 250K M
TR, A S EF N R T X IR ks
SEN SN TIE T Mn JCE 8945 6] S B %l o R
W XA Z A SR S A F

AR AT R A 2 b O A ) A ™ AR B T Y T
GJEIUR TEOE Mn, B BJEYE KR AFR IR, H
R A Mn 35 0 RO AP B0 AR R 2 A
il FORE A P o BhARLAE S 75 2 L AN [R] it ol ) B PR
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Table 5 The correlation analysis between content of heavy mental in rhizospheric soils and plant

o 5iH i/t /AR
Mn Pb Zn Cu Cr Mn Pb Zn Cu Cr
WE 15 SMn 0.282 -0.77 —-0.307 -0.208 0.261 -0.616 —-0.663 0.413 -0.609 0.956*
SPh 0.161 -0.344 0.431 0.342 0.389 0.108 —0.948%* -0.573 -0.921* 0.439
SZn 0.869 0.02 -0.879%* 0.282 0.604 -0.966*%*  -0.292 0.633 -0.417 0.414
SCu 0.913%* 0.279 -0.321 —-0.037 0.403 -0.501 -0.563 0.106 -0.686 0.127
SCr -0.572 -0.302 -0.12 0.457 -0.557 -0.333 —-0.802 -0.479 0.091 0.24
W75 SMn -0.979*%*  -0.638 —-0.748 —0.893* 0.2 0.539 0.257 0.622 0.439 0.562
SPh 0.087 0.241 0.612 -0.345 -0.57 0.368 0.549 —-0.005 —-0.645 -0.683
SZn -0.649 -0.564 -0.787 -0.434 0.758 0.353 0.048 0.289 0.664 0.966%*
SCu -0.742 -0.11 -0.182 -0.951%* 0.114 0.83 0.475 0.174 -0.236 0.071
SCr -0.221 -0.586 -0.234 —-0.142 -0.822 —-0.349 0.068 0.838 0.393 -0.183

T L SR RIFRIRAE 0.05 F10.01 AKF FAHSGHE R 2 S R HIEFE S B i o
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