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Heavy metal concentrations in soils and plants around Shizhuyuan mining area

of Hu ' nan Province
LEI Mei', YUE Qing-Ling'?, CHEN Tong-Bin"*, HUANG Ze-Chun!, LIAO Xiao-Yong', LIU Ying-

Ru', ZHENG Guo-D1i' , CHANG Qing—Rui2 (1. Laboratory of Environmental Remediation. Institute of Geographical Sciences
and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101 .China; 2. Resowrce and Environment C ollege . Northwest Sci-Tech
Untversity of Agriculture and Forestry, Yangling, Shannzi, 712100,China). Acta Ecologica Sinica,2005.25(5);:1146~1151.
Abstract:Land contaminated by high levels of heavy metals in mining area is urgent to be remidiated. To find out the toleramnt
plants, which can adapt to the local climate and the soil conditions, is the premise of vegetation reconstruction. Field survey
was carried out in the Shizhuyuan mining area of Hunan Province, which is the national largest nonferrous mine in China.
Fifteen soil samples and 72 samples of 48 plants were collected during the field surveys at 5 contaminated sites, including the
Caishan Smelter, the Caishan Tailing Pond, the Muchang New Tailing Pond, the Muchang Old Tailing Pond and the Bailutang
Tailing Pond. The concentrations of heavy metals in soils and plants, including As, Cu, Cd, Pb, and Zn. were analyzed.
The results showed that the soil pollution in the metal smelter was more severe than that in the tailling area. The
concentrations of As, Cd, Pb and Zn in all the soil samples collected from smelter sites were dramatically higher than the
national soil limitation values for the plant growth (30 mg/kg. 1 mg/kg. 400 mg/kg, 500 mg/kg and 500 mg/kg). The
highest concentrations in the soil samples of the smelter sites were 11.299 mg/kg. 236 mg/kg, 29,702 mg/kg and 24, 333

mg/kg, respectively. Same as the smelter sites, the soil samples taken from all of the tailing ponds contained high

concentrations of As, Cd, Cu, Pb and Zn as well.
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The diversity of the plant species might be influenced by the heavy metal existence in the soils. Owing to the high level of
the heavy metal content in the soil of the metal smelter, less species of plants were found in this area than the plants in the
tailing ponds. There were totally 48 species among 16 families recorded in the metal smelter and the tailing ponds, of which 13
species botanically belonged to the Compositae, and were the dominant components of the tailings flora. Eight species belonged
to Pteridaceae were naturally colonizing this area. The uptake of heavy metals by the plants can be classified into three types
according to the metal concentrations in the plant shoots and roots: the accumulator, eg. Pteris vittata .. and Boehmeria nivea
(1.. ) Gaud. , which absorbed a large amount of heavy metals by the roots and transported to shoot; the root compartment, eg.
Patrinia villosa and Equisetum hiemale, which also absorbed a large amount of heavy metals but mainly held in the roots; and
the excluder, eg. Selaginella davidii Franch and Miscanthvs sinensis Andlerss. which absorbed less heavy metals than the
accumulators.

Key words :heavy metal; soil; plant; mining area

HRARTCEBAESRE, SR LEFEN BN TA Y RERENE D M LR RN E. UBXTF XS HE
HERBR T ZMNEGE T HRAERBHRBE AMmSIE LM AESENER N T LR IRPIERED (MR JEA
F)FEREENHEEGE AT SE MW RKESHAMNHEEGFEEAESRENBER .5 ES SRR EAY, HK. 9 XKH#H
BIREML HMERREBAEZXENMIRISE . WRBUMEZRGEMKE LS EMTHNEENFZ -1,

WA RMEHETENEK RSANEREREYISENESBISENAESREMBER L V™ E XIS YA S 5%
B, L HMAEDARERo# EE B TSR, M EEZ W AR, 2000 4, 5 5 M0 45 5 IR B i 05 3 4 7K L 24
MR RAMAGRAKEER, B 40 hm> RBRFT MR EH. ZHSLERXMEXZAT TR IMERBEE N 0.04~2.64
mg/kg SFE N 0. 74 mg/kg, 54K A BRI T M EBBAGEXR DEHREINENBR K AITFE (MPC20. 5 mg/kg), Rk
HEITHMEERUBOF XESEMNAERHE R, BT XASKEWEREREKD

EHSBIEREMAE PR — S B E £ Y (hyperaccumulator) M E £ B i A . AR B 0 E 4 B 0T HE #
HEREN  AEGHRXENBEYRRTULZHANES BRI EMNBE. WHEEYEN S LRAEERE R Y . X5
KMESERFFERNFAH. EHELERAERA ARV EAREEN I R SHY TR B A SRR HET
BT XA BRBEM 8 M EFE (Elsholtzia haichowensis ) BEW T Z B WS . " AR ERD . Wb, F B & £
ORGP BPIPHNESE BRLIBPFHESRSE. BEWBEEEY D BN (Preris vittata 1. )3T 4 ¥ 38 8 72 Tl
REOHEREN HEHFERKR AR K ENEREES.ERHERNBEE LY S B KK Sedum alfredii ) ¥
MAERKGEEEREROER D, ZHHERAFMNESH . UASHUAEERLARBHEREMBERESHEY . BELE
MHADMNEBEREYA TV R LRI Mg EE, Ry R R R ATIE.

FXEERE SEEZNEMETREAYHNFESA KT RAMRRE" Y, ARV KT EMESEERRA ., FRIE TG
EHHAEFHF ST RFHNEEEMEAYET REEKENG LT EEEMTE. REVNERTERFREEGSRE — K
HFEERTK.FEREEAYFE BT I NEYEHEAOR R IFNEE. A 30E 3% KT B EE . 40
THEMEDERNNESR . FROBEESBOWEEY VBT G EANERIR RS 2 KE.

1 SMBE5FE
1.1 HAEXHER

MTRISHRET XA TR EAMMNAT A N R Z 112°13 ~114°14, 4645 24°53' ~ 26°50' . i3 & B 186~ 500 m.
B X AR 15.4~18.3CL,FHBERE 1 250~1 700 mm, EEWK . EAHYER. R EEA LB A 143 By =%
HLEBNMAFTCEREAEYE HEBEAETMH M H.0. 8. EREEANERLEBI K. A RV B RS XA FHK

w A E B BES TRBENESHER. FHRMALET T A WRDE WG FRDE NS EED ERAZERD & 5 i
X +RNEYES RIS RREAFS THEAAE.
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FlE 0~20cm 2| EZAXNT BREL RPN AR HYBREANABEYWE .S 2 om B, T W27 35 pH 8. F P45 B 4
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XBENESRSBEHRERE MESESRITR

P EEAR., Ko, Mg EE KR 25. 4~11 299 mg/kg: B L WE K 0. 08~236 mg/kg; BT E K 27. 9~3 974
mg/ kg ; §5 BB TE BN 80. 1~29 702 mg/kg; BT AL T BN 126~24 333 mg/keg. SEF 3 Bhrmes O R B M AL P= fi Al
PIEFAE R TR FEOHALL . B RO FHNEEERSH VERE 3 RIFHER 376. 6 45,236 18.59. 4 F 1 48. 745 ;M 5
BANBEEK . &2EH IR AEZE 3 BRIFER - 9FGR 1.
1 RHOBVEIRMNESESR
Table 1 Heavy metal concentration of soils in Shizhuyuan Mining area
S X i ¥ 'ﬁrl%l H & & % & concentration of heavy metal (mg/kg)
Polluted site Area (m?) No. pH fiE As & Cd 4 Cu # Pb 8 Zn
A WER T 8000 506 7.72 11299 227 736 29702 24333
Caishan Smelter 507 7.10 4616 236 200 9785 22203
E-¥91{H Average 7958 231 472 19743 23268
AR 20000 501 0. 74 1531 19.8 3974 1089 1702
Caishan Tailing Pond 502 7.59 332 7. 38 43. 3 H98 507
503 7.78 375 7. 42 39. 4 535 464
504 8. 14 3229 55. 2 134 5029 4893
505 7. 80 999 32. 1 102 2391 2953
S-359{8 Average 1293 24. 4 859 1928 2104
W17 57 R FE 8500 514 7.75 54. 6 8. 07 53.8 709 383
Muchang New Tailing Pond 516 7. 82 25.4 66. 2 34. 0 1663 353
-1 Average 40. 0 37.1 43. 9 1186 368
BB RY & 12000 509 5. 79 76. 8 5. 65 40.4 194 249
Muchang Old Tailing Pond 510 4. 45 49. 2 2. 99 38. 5 116 155
512 6. 09 40. 7 4. 19 35.1 126 211
013 - 59.7 3. 86 88. 2 218 126
FH9{E Average 56. 6 4.18 50. 6 164 185
5% 3% R e 10000 519 7. 93 227 7. 01 58.4 140 345
Bailutang Tailing Pond 520 8.29 38. 2 6. 18 29.1 260 177
¥ EJ{H Average 133 6. 60 43. 8 350 261
LIPS E R AR 3 R 30 1 400 H00 500

National Standards for Environment Quality of Grade Three Soil
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R KPR SR I RELRESBAX EESBRELEENENALEYT T Z1LRFEREESR
AR .U R BRI RN KB ARTES A HEESEANSY. CHRERH AR E A
DATH &k AR a3 BB 23 400 mg/kg BB PHEBEEFERS, TETHASELEARENHE.CHATURSR
EREBR AGFRBRERBRYEDER AR EREH R . HEEH REEH YWER . SESRSEHEDAK HEE S
BEESOU~O%, RAELRSERBENLIEAEN TR ESER . UM EREEENEE.

2.3 HYBENELARTE S HFIE

HYEECRIBEONMGERALE . BRPHIEY I AERBAMKEEDH .S TR P BASEEDEAN T EEAR
KB RAMBNSBTAENE/D. BOESSEET 2298 mg/kg BEMYKNNETSBNAILET T 506 B8 A AR
MEHEER. A% 3419 mg/kg. MAEEHYEANNBRKIBZAY BAYHNET SR, RENERTBHETHRENS
ZNHYEAR FHENBRXSRABRDSEBZEMERABT 0F. B SERR SEHYB FRABRENEN S &
A HK B 275 mg/kg Fl 349 mg/kg.

AT RXEEREGR IR EARKNEYNES RIS R ESE —EHOWRE. R FE O ELE EE Y E 2B RR BB AR
RFERBEBERHVER . ZTHRYFEXBAEY X E LR KR UKL H KB4 E 488 (Accumulators) . 4 35 L B (Root
Compartments) FI L& B (Excluders)3 ¢, EERNEYEBN LRI IR UH BEELBAE . ANEARESLEERAH
&, 5 Baker"" Ml Punz FI R EHEAHYESIM. 505 B SABREFHMSEE 2 298 ma/ke, BEM S B E 1 582
mg/kg(F2), B—KIEHRMEEMNEEEEY AEBRENEEMITR T MAED AN BREE SN O EERS
M vE, A IR HREER S M PSR S HE DN, BEENERIA I 0 F S0 8 W B X4 B T M
Y B BRMETATEEM B S HSESRESTS RN, RENE I SRV ESBEE TN ETEES, B
LESARAE TR’ AR 680 mg/kg Fl 444 mg/kg(R ), MBWEERNEEE THTHY . HIME, 2 grxmt LA 5
R BT P, F A X SR R R RS B2 5N 536 mg/kg.103 mg/kg F1 69 mg/kg. BEAb. 25 BRI A7 TR A0 B B4 B 6k
FPLEZRI0mg/kg I RRB LB E KM E S BRESH 5 meg/ke . TR HBFEERMEY . EBE +RE LS
RERABENAME. BREHYMEKREES RN EZNEEIEEANEMRM A — . MERENHR RN, By
ﬂ’r}#i%ﬁﬂi%?ﬁé SRUMEMZENEEREEREEREX R R TAA KRB EEMMNE Y B HEKBIK RS

WHFBREEP NTHEHTRRENEEEA.

R2 BOBYVEABEADENESRSERS S

Table 2 Heavy metal concentration of the dominant plants in Shizhuyuan mining area

H 4% R & & (mg/kg)Heavy metal concentration

P

ST R HY) 2 B As # Cd % Cu  Pb ¥ Zn
Sample No. Plant R R HMERH BE ML ORI R RS MR B
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
P505-2 HRWNEL Preris vittata L. 2298 1582 1.70 365 10. § 15.0 167 171 146 175
P504-1  # Compositae artem sp. 82. 8 188  8.05 5.02 23.9 26.4 265 309 350 372
P505-1 =B Miscanthus sinenris Andlerss 4. 87 27.-1  1.00 0.77 6.36 8.38 37.0 77. 8 50.3 483
P5os-q Dot PR B Athyrium dissitifolium 11.9  27.5 2.28  0.80 9.53 13.5 104 72.0 138 112.5
(Bak. ) C. Chr.
P504-3 ¥BI Patrinia villosa 202 809 4. 91 2.22 18.6 11.0 342 14. 4 423 213
P506-1 KW, Equisetum hyemale 38. 2 23-1 5.23 16.2 12.0 17.3 357 3419 684 1099
P506-4 Bk Boehmeria nivea (L. ) Gaud. 117.9  9.74 10.4 4.54 31.6 13.6 680 144 780 236
psog.a 1 77 B BB Arachniodes rhombordea 40.1  18.1 4.56  5.78 13.4 27.9 279 315 512 1708
(Wall. ex Mett. ) Ching
P508-5 W Selaginella davidii Franch. 41. 0 14.9 3.64 1.96 12.1 8.87 185 66.3 284 142
psio.p " H® Medicago polymorpha L. var. 470 1.36 4.21  1.30 8.08 10.2 153 28.6  76.2 41.4
minima L.
P512-2  %#F Scutellaria Linn. sp. 7. 48 3.25 5.17 1.17 17.9 16.3 173 23.8 152  63.7
P513-1 B Plantago asiatica L. 37.0  51.8 5.52  2.94 19.6 25.2 121 103 151 393
P514-1 W EF Polygonum pubescens Blume 19. 3 0.79 7.41 0.58 13.7 19.0 375 180 224 43. 2
P514-3 & Chenopodium sp. 2.16 2. 00 6.97 3.70  7.71 11.0 216 337 80.4 120
P519-1] ¥k W& Brainia insignis (Hook.) J. Sm 6. 38 0.88 2.92 0.11 9.17 2.88 114 57.9 71.4 31.3
B X {H Maximun 2298 1582 10.4 365 31.6 27.9 680 3419 146 175
B /ME Minimum 2.16 0.79 1.00 0.11 6.36 2.88 37.0 14. 4 50.2  31.3

W H{H Average 194 184  4.93 27.5 14.3 15.1 238 375 275 349
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R ER Y LEPHESEBAE WS RIAFFE B ELRRUEAAN . HERTERBEERTRE . AL &

i EEER RS PR VEE RS GE . AWM IR S B 809 mg/ke, M R & BN 202 mg/kg s RBR

WA EE N 3419 mg/kg M P E R 357 mg/kg (3R 2) 3K B B2 3] ORI A T RE 4 3& AN [\

BEMISR IR IFEEERR

Soad L

Wl TAHRRAES . B TRAEBRBED .

MR M ERFHEYE AN ELSRMWREK.AEHEE I RESRUIEERART.MEDEANARERISBHESE

B, WEXHYBAKHNNESZRSEE L., MRV XFAERR . EHRTIBEESRESEEEAFERT .= FE (Miscanthus
sinenris Andlerss) . /NE #§ (Medicago polymorpha L. var. minima L. ) B¥ (Scutellaria Linn. sp. EHYRETESLRBSE
B AR AR E 10me/kg AH B HESBHES0~300mg/kg ZE(EK 2., AMRA LRI L EEY W E BN
(Selaginella davidii Franch) /NE 5 VB .8 EE (Polygonum pubescens Blume)% . RE M L HE N ELBIKER LD ,A

R EHEIRBRTRHE. WRREHEDE L EM,

Ll

L AP IR MM B8 41.0 mg/kg M 14.9 mg/kg, B2 B A

3.64 mg/kgM 1. 96 mg/kg .85 FHFUARARFMECK O . RUAERZTELE S REME V1A R I BRI H T4 8 6 - 3#R
FiaMBES .

X HBRE SR, AR EE X E g E R A B iR R B A R E A R E R E Y S B R

B mMEEAMAL BRI ERE . IEEBRYMEES R SERNGE IRDEMKEMN . H A TRE T EEE
VB THRESRSE . HAERLEFTRAAESRSERSVEYHTHEYEE BREYENESLRE. TSV XUEERE
EXMAHKE, R BY ARSEANAAREEYNBRRER B ELRELEDENREMATAETE ., F REGIK

EARESZHXAESEE, TRV XEYESRMEREZ L. TR

a1l

(RGP RE BREREY YRS B HEH

R
3 &ig

MR R EMTE T XL RESRISR™E, AUEY SRR E. RO ESRENRR. B 9.5 .5 . 9388

KAES 7 11 299 mg/kg.236 mg/kg.3 974 mg/kg.29 702 mg/kg M 24 333 mg/ke., YHMWHEFEIHGER ST HEELESE

ERK MR REER S0 ORI HHE, A WSRO EY AR B T B EDM EHEER N ER. TR KX

]

HYXMNEEROBWRIAE SHHIE. KELRERTEREAMEENNBRERN*F), . BK T AXRESLBEL - HBELES
BEUD pg AR R R B R R R ) L A B R E S R HE R (N R RIS R
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