01T ER
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wEESRY XHEIXNESRENEERRHTAR
W E

ESBRARAMGIRTERERL, BERP”ARBEN>R, T ETELYRERE
BRAEKRE, BTESRGLATERE. K. BRE, RS, 88ES
BISRGEERE, DHESRITRENBECRALIMFENFRITRRNEARE. B
HKANESRERABETEHEECERAN. RETR LRGN, R ARG RRES
PR EXHBERTHRERD. BEAAKALRRAERRE NESBRHGRHEVBEER
MIETE, A ESBHERGERETHER, AT ANNAHTR. BEYEEEANAHN
WREEMEHESCREEEAY, AT HABRZXHFEAHR, BARINESERESL
HYRD, BXHRH T ELRSRENELHEARINA. ' ’

FETI, FHANFEHAEVBEBRNANESREREY, X ERSRET X
HITEABERERM L, EEERTESRT KNABEEY . BEREY . EBHOEF . &
WD RREET . LRAERET AAENS, BdnXEy XNLEAE, ¥EER
CFESEVRMESBRERRR, XEEELRGRTENRY E. £FFRNE. HKHE
KARET X ARMX EKOEY, FREZRTESRMT, AEEBEERSRT KEY
HAAEERAEENR, #MERHELRBEREY. AINAEFRAFELRESRER
RARDEARERNER, BATHYHL LRSI ESRERRSRRARKARSEHMAX
#, YELRBREREMEIBARMNARY XFHRRIPHREBIFEKRE. TANEESR
T »

1. BELBVRIRIHFETENNESRS R, ARLEYFX1EP Mn. Zn,
Pb# Cd ESAEREN SR, BEHAESHIAE) 200004. 56 mgkg'. 24717.05 mgkg'. -
30431.86 mgkg! #1 43828 mg'kg?!. THTESESEHRA LM RN/ HERZELT
. - _

2. NL.Nemerow Z&15 {850 RSB XM AR, £RKH: BRAEHAL

£/BY X Zn, Pb F Cd MGG REFITHEILT 1, REARESRITE: N.LNemerow
| SZAERMEEETET 3, RUERAAF XKL EYEI™EN Mn. Zn, Pb R CA 155, 35
PEERIY: LRESREDOXEESFIESRSFTRREAEFTEREVORERE
v.
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3. WEAZRRESZEFNERERTRELBRIEROEERR, LERY. B E
ERNEBELESELERE CrHAT 6, Cd. In. Pb MEANELRGEN CEIREERK,
Kb CdSHRBATE; LERSRT X RENMESRABELESEESEKIMNESLR
GRYMESRKEWHERE, §F%: Cd>Pb>Zn, XF cd BTHRAEGS.

4 EESRIEERORT K. £F6H. B E. TR EAKRELREEY 23
B 58 F. HEYH B3RS Pb XA BT ESRBEERAYIEFE 1000 mgkg”! MHEYEE
®H (Equisetum ramosissimum Desf. subsp. debile)  F T (Miscanthus sinensis)  HiH
% (Isachne globosa (Thunb.) Kuntze) , i /BT Pb ES& BB EHEMEY . —4% (Erigeron
_ annuus (Linn.)Pers.) M E 55 Cd A BIATT 119.51 mgkg”, BREBRHEN 1.3, HEE
SREREMNNTEIRE, TERBE Cd SRR,

5. WY EENTRY: B (Radix Puerariae) 5 /KIRE (Kyllinga brevitolia)
%‘é‘ﬁ; AYE, iM%, —5%. 58" (Mallotus apelta (Lour.) Muell-Arg.) . 5
B (Stenoloma chusanum) T &F (Bochloe dactyloides)  —IXBBHEL (Eimbristylis
dichotoma) « MiETE (Heteropappus hispidus) Fv[AA—%, AARBENESREZEHR
e HP AV ENETERRET B ERAYOMEE, BTHEYERK, MLl
BAFEEREMNTRNBE. BWE (Capillipedium Parriflorum) « 4LR48 (Capillipedium
Parriflorum) « B¥AF (Melochia corchrifolia) « 183 (Solanum americanum)  FHFEN

(Microctegium Vimineum) ~ HEXRTE (Umalobaxa) "&£ BHR—3, WIEBATELR
BREZELENER. AFH Mo, Cd, Zn, P IFRRMHB EBH>ERER, HEHS P
HREBT 935.24 mgke!, BiETHTREMOIEAMAE, Cd 37N 73.17 mgke’, %H
Venzel ZER K Cd BEEMYNFHRE, X—SERLTRAERE, BFAEHNEY
BRKR, BRTLUAREEZESZRESIERNTE. ‘ _

6. FIHCl. DTPA FIRR AR L BPESBREREERERY: ARRIEARRH K
ERARAEAVNEER. HCl RBHL DIPA BRAFELEREEVE L RESRAN
SHRN, XFEHRRARILN P HAENFRSTRINLRHERERR; H1RR
FIRI M In ERARSLEFLBEREML; DIPARRUEMANERNELE In 2
BAHAMRAE. FARRARIUEN In FRFRHFAE L+ Mn £ 840X, HC1 BRI
A Pb 513 Pb 2 BAHXMEIF, In K2, Un BZE. HCl REVHA Zn, Min ARSEERE
ERX, KLESRENARSRESEMARYE, - '

7. RESHEYH LS ELRAES 0l REMTRERSEY AHEEREMR XY,
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METRESCELBZ AFFEMAXE. RAEEE, B8, T&7. a8 4FEywt L
#5 Pb BEES P Pb 2B AFEREMX: RAAEHHERS In 51BN In
SR AFEEERX, HLHTHARX: 1THEYHERS In HEEES5 RN In28
AEEMXE.

X®id: SREFX; EER:; HAEREY: BRAR: TS BEA

XHEE: £RFK; BEREY: BEER: BEMR: FNS BREA

Study on Effects of Heavy Metal Enrichment of Plants

- in Fujian Metal Mines

ABSTRACT

The heavy metal pollution not dnly causes the soil quality to degenerate, reduces the
agricultural product quality and the output, also endangers the animal and the human health by the
way of immediate contact, food chain, what is more serious is the virulent heavy metal has the
confidentiality, the long-term characteristic in soil system pollution process, the accumulation, the
irreversibility and the region different characteristic, at present the traditional heavy metal
pollution treating method investment is expensive, the repair cost is extremely high, which needs
to disturb the soil structure, can treats only the small pollution areas, and there are very difficult in
big areas promotion application. Under this situation, in recent years phytoremediation technology
arising at the historic moment which the repair cost is low could apply the big areas, and provide
the new way for the heavy metal pollution treatment, there is a broad applying prospect.

The prerequisite which applying Phytoremediation technology of soils contaminated by
heavy metals is to screen hyperaccumulators, but the current domestic hyperaccumulators are rare,
which greatly restricts Phytoremediation technology applications,.

Based on a comprehensive investigation about the heavy metal pollution of Fujian metal
mines, Datian Pb-Zn ore, Fe; Mn ore in Longyan, Liancheng Pb-Zn ore, Liancheng Mn ore, Youxi
Pb-Zn ore, Youxi Pb, Zn Smelter were selected as the survey objects, mastering pollution of the
heavy metal by comprehensive investigation , the plants growing the heavy metal tailings, near the

production workshop, sewage drains and the surroundings of the mines were Collected, to

5
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research the plants of heavy metal enrichment plant effect which grow in Fujian metal mines,
laying a foundation for screening out of hyperaccumulators. At the mean time measuring and
analysing the total amounts of Mn, Pb, Zn, Cd in the soils, DTPA, HCI extract the effective
amounts and the correlative between the two, Comparing the difference among four kinds of
elements’ DTPA, HCI extracting rate, Analysing the correlative between the the enrichment of
heavy metals in the up-grond part of plants and the effective amounts ertracted by the extractant
DTPA, HCl, to providing a scientific basis for studying the form of heavy metals and assessing
soil environmental risk of mines areas . The main conclusions as follow:

1. There were obvious c;liﬁ'erences in the content of heavy metals because of the Ore types
and the different sampling sites in fujian ores, and the heavy metal content in the ore soils
wererelatively high. the highest contents of Mn, Zn, Pb and Cd of the metal mine soils
respectively reach 200004.56 mg-kg",‘ 24717.05 mg'kg, 30431.86 mg'kg” and 438.28 mg'ke?, '
which were more 10 times the soil several times or even 100 times than those in control soils.

2. There were serious heavy metal pollution of single compound pollution in Fujian metal
mines . the single pollution index of Zn, Pb and Cd of the six ore soils investigated were much
more than 1, which indicate that the heavy metals had an impact on the growth of plants;
N.L.Nemerow comprehensive pollution index were more than 3, which indicated that the ore soils
had suffered from the Zn, Pb and Cd pollution, and the order of the pollution level was: Youxi
smelter> Datian Pb-Zn ore > Liancheng Pb-Zn ore > Youxi Pb-Zn ore > Liancheng Mn > Fe, Mn
ore in Longyan.

3. The potential ecological enrichment coefficients of single heavy metal mean value in all
the ore areas reached more than 6, which indicated that Cd, Zn, the Pb single heavy metai
pollution achieved the extremely high level, among those the Cd pollution was most serious, and
these mines potential ecological risk had achieved the very serious level, which had already
posed the serious threat to the plants grow in the mines, It should be paid more highly attention.

4. In the regions such as mines spots, production workshop, tailings, the sedimentation pond
and the nearby regions which was the high level of heavy metal, we selected 58 kinds of plants
altogether, 23 kinds of gramineae, 11 kinds of compositae, 4 kinds of cyperaceae, 2 kinds of
malvaceae, there were Isachne globosa (Thunb.) Kuntze, Equisetum ramosissimum Desf. subsp.
Debile, Miscanthus sinensis whose up-ground parts’ heavy metal absolute contents surpassed the

6
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Pb hyperaccumulator’s critical standard value of 1000 mg-kg™. These plants might apply to repair
the soils polluted by heavy metal Pb.

5. The Cd content of up-ground part’s of Erigeron annuus (Linn )Pers. achieved 119,51
mg * kg, surpassed Cd hyperaccumulator’s critical standard, and it had the strong ability of
transportating Cd, the transportation coefficient achieved 1.3, was the hyperaccumulator of Cd.
Mallotus apelta (Lour:) Muell.-Arg. had a great enrichment of Mn, Cd, Zn, Pb, and it could
apply to repair soils compound polluted by several kinds of heavy metal.

6. It was more suitable for HCI extraction agent than DTPA extraction agexit-in extracting
heavy metals in Fujian ore soils, the effective state of Pb extracted by the two extraction agents
was signiﬁc;mtly related to the total amounts in the soils, For Zn, the amounts of effective state of
Zn extracted by the extraction agent HC] was signiﬁcantly related to the total amounts in the soils,
but the effective state of Zn extracted by the extraction agent DTPA was not significantly related
to the total amounts in the soils; For Mn, the effective state of Mn extracted by the two extraction
agents was not significantly related to the total amounts in the soils of heavy metals. '

7. The heavy metal contents of the up-ground parts of most of plants were significant
correlative to the effective states extracted by the extraction agents HCl, which were not
significant correlative to the total amounts in the soils. For Pb, the heavy metal contents of the
up-ground parts of only 4 plants like Mallotus apelta (Lowr.) Muell-Arg, Pueraria lobata
(Willdenow) Ohwi, Bochioe dactyloides, Equisetum ramosissimum Desf. subsp. debile were
significant correlative to he total amounts in the soils. For Zn, the heavy metal contents of the
up-ground parts of only Mallotus apelta (Lowr.) Muell.-Arg were significant correlative to he
total amounts in the soils. The heavy metal contents of the up-ground parts of the 17 plants were
not significant correlative to the total amounts in the soils.

Key words: metal mines; heavy metal; hyperaccumulator; enrichment effect; effective state;
extraction agent -
Subject words: metal mines; hyperaccumulator; phytoremediation; enrichment effect; effective

state; extraction agent
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MEBTGERIMR. TYHRERBRRERKTWHRR, KERSLEREBIH
#. TUHBNB KR KA TEYASEA LR, EXE+ESRERABEE". BT,
L REEFHHR Hg A 1157t Pb 25500 Fit. Co#340 Fit. NiZJ 100 Tt, Mn &y
1500 77 (2, HARBEZINES RS ROFHEBIE 2000 7 hm?, 4 & BBHOERN 158,
B R SER AT 1000 77 t, HELRISRIORETELXT] 1200 77 t, BELSFRE
ZH 200 2t V. ESBREREWREMNEK, HTEWRSROLFASER, THELE
HEYHAEAGRE BRENAFATREBEXHTRITRIIRMN “KER” NE@ERE
RE BRI, BT LRESRE LA BRNE. K. REE. ATk s,
SBIRESRGRBERE ALESRERNEECRILHHFENZRSITHERNE
KiEHE.

KHILURE AL BT ESRIERAERT T REVA, RAT—ENHEXR, B
AR E R, SAMRE, RRHLE, TR RENEESESRAEN SRS
B#, EERARE, BETRRGH, REIERSREE, REXTRES A,
EIXF R T IR IR B RAE B AT AN ES RS REms s
HARNETA, HESRERH RNARRMETHFRB, LA MOLAGE", ERHH
VBERAREE LR LNTAREEREHES REEEMY, BaTHEEHENH
5, EARANELREEEHMLED, BXHRHT ESRESREDETHAGNA.
KEWREY: tRPESRLBATHELRMRRRESROBH. BERERIBE
YR ERNESEEY, ELRNENHTREABES LS. JRBUAX ELRHA
HABETA Y REYTRERANRS, BENEATSERSRF R SELRANS
HEGHRAELRD .

FA Tk, AT REHTHEMBERANANESRESHEY, EXRRSRT
RUTRERENERE, BIAEEET . REREY . EREEY . ERET. ARG
5, REHEAET Y EEN S, BARATROLEAE, KERRIELRATER
EARGIRE, REAESRELCENRTE. £ERKE. SAHKERIT KA
FHRAKNEY, $EEAMTESRM, dELRERSRY KEYNARESRE
ERHR, ATHEUESREEEMY: ANAERRF R 1 RESRBRARRARE
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BNER, BrHEYH LR ESRERRSRRARNAMESRAMERE, HhESRIGSR
BB EEAR NN R KERERE IPER R EKIE.

2 HASTREER

21 ERVEIRESRELHAAER A
BAME BN R ERESRASRTENFAFERE. £E. MEX. RANEZF L
KEREAERB T LT RAFENROZW, ST ﬁ%ﬁﬂ@%mﬁﬁﬁ?ﬁﬁ%—%ﬂ‘lﬁﬁ
R, FHT—RIAXAEOER. XEFERPEHET (RVFEFM), BRT (&
BXE 5HE). (FRFEMRUE—FE. BANEEAE) 4%, ERTRTIRHN
HEHBRUFLRE . AT EABRARURFERFZEE. MEATUHSBRT (BLy
R BRI EHIRLE) MAF KT HEFOHET R BRI AR EKER
Fty U3,

Lottermoser % 1 X8UKH W i /R £ M RILSAT K #HTIRE BRI AN Y
MR 5K h Z K IR A B T BIS4E. Rapant % M wmaR L. K&K
RUBRY R H IR FEHT T RE, TR T 2 E ISR 2 5 B A X 3R 5 s 2R AL 2
HE, FRAGREEEN DRESRBISRET TP . Jung" %1 #E Imcheon Au-Ag B K
FHEHITNESRIGRAERY, T LR R HBER TSR, HREEEARNE
VHKREY : XAGRESIFNIRESRISLERKRYA: BRIEV YUKNEY ML %5
RAEH AT 1.0, REELRSH. Kim" % #E Duckum Au-Ag 5~ X 13 As. Cd. Cu. Pb
R Zn AT THEREH, RIEFF As. Cdu Cu. Pb Rl Zn FEYHAFIN 68.5, 7.8,
99. 3754 F1 733mgke”, HABLEM, RETIKKME. Sponzaa % M W+EXLET
WX FFRE R BT TRE, EXiFETZKLE. KERKRITEYME Fe. Ti.
Mn. Cr. Pb. Cu. Ni. Zn #l Mo, FHREERIEEER HHFREF BT TR0, BIA
SRR HERTUXERNMK, PIEZRL TR, Ashley % ' st AR EHEER
+ M9 Pb-Zn-Ag B REAT THRBEIAARM: As FPb S EIEH, Ag. Cd. Cu. Sn M Zn &
BEg&. .

EANERF T RESBRSEHAFBRR. MRES eSS BELR
CAFRIRBITHR, FHZFIFMEE AR RE, HRERERENLRFRE
RERE) 55 LWCHE REERTI, SRERN: # AELRRCISRTE. &
LAFELET XHE LS, SnishTE, KHEFEREMABERWERS, iR
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R, DL ER BT REEE. SAERMES SN TGS R LR KRN
B ASTS RS IE R IR BRI S MY, Ash BE R AARANZ A HABEHR.
5 BRI & K RAEF T WA TONRLRED: T, KAAHSHEY
| WERRNS SRR, AEFSPRRRBRESEAREESEERIGEINT F%
TR ESRETTRARR, i1 T HNRF BT WK KK B AT ES RITRA K
T REMKRERNESRTR, BYTRARELBRSLINRESEAMA,. TR
RIZPIBTR R HI00SEFFRET L MR TRET RE T ENASTSR, FKAER
0.5-14.5mg 1", BRLRAsERH0.972-245meg 1! BN KAKIEERPAREKTF
EHEEEEEANEXBRATBRANREAT. BENERERIERLRIRE
& RIS E MUY,

22 ESREESEYNEHAER , .

B ESREELENFE TEFHRE. ESRMEYE KOBRbENHE, TR
| HRALREAR RO RRATAERAER, THESHTHEY=EEE, RO OREE
YAER K. REHYAAESRABETETLERER, FUEE S SHEMHEAT
EHR, EEAAETESREPAKNREENTRAT, KEEyEER— Lk
FtmmE, AREAHSTRESRA RN BOMXAE. Minguzzi et A REzE
Alyssum bertolonii H4y F (FE)& Ni i& 7900mgkg’s ELRBIS R L8 L RE My Y
FRTEE T HESREDNTR, FECSERESROEVEAXERR. Jafic® g
S B M KA X —AE, Brooks™§Ritl THEEMMMMES, Chaney™Hes
TRRSEEEYER DEES RS RNES.

Brooks PR} Ni H% S M AR RS A EATABHTR. Brooks et al XHH
HF. LHRATER R dyssum R 150 HEVETEE %R, RH 48 T Ni EEH
¥, EMERELERAERRE, SHERED. BRI N EEEEYHT 3298, R
BT Acanthaceae ( 6 F'). Asteraceae(27 F). Brassicaceae(82 ). Busaceae(17 F).
Euphorbiaceae(83 7). Flacourtiaceae(19 F#). Myrtaceae(6 ##). Rubiaceae(12 F#). Tiliaceae (6
#). Violaceas (5 Y% 38 M, ZHAEANSEAE. WS N EREHENYRA,
BAETE N BENLBELRNB A6, THESES Ni EEERYEHHRD, 0%
AT RA R CORER , BB RRITE. B REIER LA SRR M EE
B MR RS TRATIN, DRV KN K EEE Ry .

Zn B ESEPMOTHIEET Thiaspi BREWHTIH. Rascio et al PIRT, A KAERKA
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FORHFL S Zn 55138 b8 Thiaspi rotundifolium ssp. cepae & Zn B EHEHY). Reeves et
Al PIRB, EKRERLCE MR KIS Thiaspi R ¥ Ni B E EHEWT Zn § BB 1000 mgke?
Bk, T EA—RE A Zn {5 R KB B0 % WAL 38 L H AL S BRI R0 H A Thiaspi
BAEYHATHN, RIEEH T —HEK Zn BEEMEY. BRUREAN Zn S EEEYE 21 7,
4} 75 7E Brassicaceae. Caryophyllaceae.Lamiaceae 1 Violaceae 2 4 Ft . Thdaspi caerulescens.
Arabidopsis halleri F Viola calaminaria % Zn B £ Y) Zn & BE#iL 10000 mgkg”, Hh
Thlaspi caerulescen & ERTBIRRE MY, BERATEELENGEAEN, BN
Reeves IERHIE Thiaspi caerulescens i Zn MBE AW LKLY, BRI EEXTHBM. &
S RENE. RASGNEGFEERASHERT T ZHR, REBEEEMENR
B, NEREEREYIFERE IR EEEYNBRSTHAFAEERX.
HErRULH Po BERMEYT 16 F, 4> FH7E Brassicaceae. Caryophyllaceae. Poaceae Hl
Polygonaceae % 4 #t. 5 Minuartia verna, Agrostis tenuis F Festuca ovin BFAMEPIRE 19
B# Pb S BT 1000 mgke!, HXEHEYBAZITRTFLR, ERE—SHALEHE
it 5. Baker et ﬂ""ﬁﬂ,nzaspi caerulescen %€ 20 mg 1" Pb /KIZF&ME T, 1 E#5) Po S EH
i% 7000 mg-kg”, KB Thiaspi caerulescens LA B E 4 Pb §98E S . Brassica juncea 'EYIR
X, BATRPoBEHMY, (EREEDTA £ 4 44T, # L4 Pb-& 2% 15000 mgkg ™,
TAX Cd. Ni. CuF Zn HH—EWELES, BIREDEETEBIREA ZH—F
MR, EBEESRGRIETERBEFHKE. .
WEBZEBYITE T ENFRES R, BEEROAAZHHEES, RET —L&of
ARE. BETREN Cd EEBVOTRARS . HE2—HRET —HENSRTEEXED
Cd, BREEETX 47.19mgke’. BHASEP NS EEEROORMEEYRITER
HUHFAER, £HEE, FARMRHES EEAX CANERRBIIRT 1, B ER
HCdERATRESE: BINEYREALER CABERMEY, % CAKREN 25 mgkg’
FETREZNM T Cd ERAHEHT 1038 mgkg? f 124.6 mgkg™?, s E#Y CAE |
RSN 2.68. HEABVIRGLNIFRIFET TR Cd BRNEE Cd AR, VPH
‘i 2 MAFRERIRE AR, RN CORENEKEGT, FFRUMRED
T AR, #h BRI Cd BT RYKRLESHERT BINALNS
HEYEEIFR. NESRRILELR—HEFN CAEEEEY, £E R4 T Ha 3
% Cd P& BT% 1168 mgke”, BKF X 2310 mgke”, TZERE ST FHIA 4825
mgke'.
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BRRERS IR As EEEHEMIROE, RO As AARBNEEER, XAe
As Biik 070 mgkg”, 4 A9 mgkg” MIEA P, OB THAM LA As f9£
PIERARABIE 71 9 80. FHERBECRAT 5~ As BB REY A HORE, %
Ho EERATH As A RS 418 mgke!, MK As S ETIL 694 mgkg!, HEEREN 13438,

BB AN T ME R Cu B, FEB P T Cun R E N
EBNAK. A, HEESRABREINEN, HHERS LEACOERATAS
SEERMMMER, EaTLEMEK, BHCUEEERRHE, (TR TCoR TR
BE. MEKEBYERTNERAREABE3. 77 meke’, HAANKRERE190-100
mgkg U, LA AR R A APy, FARBEABI me kg S RETE R
o,

B 8 BB B AR R AT T R Zn BERE KRR, RAE
BT RERRAM L5 Zn BTH95 B0 4515 meke”, HAMIIRR RN L5
8% 2o S BT 19674 mgkg’s HERSTMETIRARRERREN Cd FRATEE
Sheh, TERAERRRTHEN, SHEELR, RGNS KSANTR A O AEE
BE, ST N SRR A B Zn ALY, RS L
WABRAE 3% (FE) 8970, AHENEREL, BHERMEATEER, BEAN
FRESRERNBORAEYZ —. BHASIRIRAE S FH I E R Cd A Zn,
RAOBNEFRREERFH RO L ES R ARY. SRS R
MEAMTRR, TR Mn RAHEMEESE, oA Mo FRE®HTIA 19299 mgkg?,
BT RE Mo EEERYOEE, ©FHEAERE ST P BE EHMRL.

23 BREBESRENERITIER

A KT R T S, W AR RS Y
RN R R A FREED, XSRS R LR S E AT, %
B.L, EUE R — R 8 X, FRARERE: SRR NS RNE,
RAA SR SEMBNER. SREENEANTERENHIBE., LEEa N
IR R — ML RS AT RO R AR, TTAED S L A s
R E T4 R BB A A, Nelson ™8 B & MANE MHE 2 XhE SRR
A R RN R MR, AERERENTAAG, GEENBERES
AR BESIEIF. MoCarthy A1 MaCkay ™R IMAMIA Bt B— S SIAR, A1
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BRI R MR lﬂ-%ﬂ;w%{’ﬁﬁm%mﬁ RIS IRA LA S 24 P 0 IR B PR 0
B2, ARBSNLRBETHALEDRS EVENO—FBENRLLR, ELAKE
- YBSRERERRAEREEER, AAYAREANRFENE W, WZENEASN
B, XL RIVBLEREDERNTE. BRETRE. FELEFNEDEZE
HH—MFE—HEX. SR RFRNZURFARIE, AEESHNBRFARKE X
ARAENZHERBNBEENEES, FENRIRETEVEANSREHS), SxtEy
HREFANEPE RS, EXOR—BRBR T YiEYE RN RRE A ES
EYEMRERES. Bl—30EPDR SR T EF R R ER . '

NELBHFELERARFEEEXAZHTREN L EERA. u&%&e@%mﬂ MELRE
BHETELENESRRRRTRRRAMGRNES  AHREAX L EILIRESRK
RREEHFRE; ATERRNNEHESRERSSRERMRA, ERBHSRARNES
BONEARNESRNREFREER . ERESN T RRRNBEH PN LIEPEREE
SRITEBMAXBER.
 PESCRRRN. ERCRRSRETORASREY: Il ng!” NHOALER
RA, ERGTFEHIEGO min, LHELSEFHT, MELRERSCIRBENEELNTE;
FREERA, #EHRY FAENR30mn, THRHE11054TF, MELRARESHRRAEE
B, MERSCIREILA3S EERIENG R IRTZn, CANEEET T M, 4%
£, THPZn. édiguﬁﬁﬁﬂﬂ%itﬁ%ﬁ, CaCLIRENAMDTPARR S Zn. CA I
H2EMN0.63% « 391%H1094%. 10.13% . REFELLKBARFMLR, &F7
FHARARIN, MTTFHRTEQER. PIORTE, I amhRea K3 RTH
Cd. PhERAES BB E LM, BXPCd, PoFBZ MEXEH#ITRE. £RE%H: B
—FREGH. F—FLRAR, RETETEN, RRROEFH BA. 24100.005 mol-L™
DTPA+0.01 mol-L"'CaC1,+0.1 ﬁlol-L"TEA&Ex?ﬂJiﬁ, BRHUMAERSCIGRELEPCA
£, BRPCIERNEIERXREBMATIA0.9997. 09949; HHAPEESPrER. B
K PPoE B X R BB T1X0.9996. 0.9914, BiTEFF LS RAXFRI.

2R LB ISR R ERIES T RAF LK RIE S BRY KI5 Rk
LW, AT Cu. Pb. Zn, CILEEDTPARRASBRIHERR, GRERY:
BPbsh, Cu. ZoMICAABRAFAREER, MAHELRODIPARRE S BIHHE, PoH
CufDTPARZ B TZnfICd. £RLRRHADTPARREZ MK BEHX. iﬁ&tﬁﬂﬁ'
VLR &P, Zn. CAMIDTPARHERRIM BEMR#AER, TMSCuRHBMRER
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B%. DIPABSRITLUMEN N RAR L RS R RES RNNERF. 2RNLR.
%, HipH. BNRRRUSHESERSLEHSRUDIPASS REF M. BHRE
%t E RTINS, B iR S = R B A G

X B AARBR SR K LRSS R RS, AT ES RS
SENLRBRADTPARHCL HERRSRARHER SR K LR E SR AR A 2
%, BRSHEAERERNESRERN, FRY LSRR N ESRE USRS
HYRE R R ESRE MO, IR R ES RIS R E — .

3 IR ARER

BREYREEE, B8X 2000 FRERAGH 118 F, HEELF KE 1000 4,
PRF K 100 B4, KEF K 60 4. BRICHF Wddk 8000 4, FHF MBI
Ry 95% Lk, KRG AW 21 4, PR 274 ARBEXELBERRE—
ERENEERY X, SEERLEGET . ERMET . EREr . RBRAOET . KEgl
ey, KRR

AT TFILL 24 °23-26 02, K2 115°51-117°45', HAMERTER., BRERFEE
HERSR, FHSE 18.7C-21.0C, FHEAKR 1631-1369mm, H R % 1804—2060h,
SESFEM, TRPK, TERWN, EEERFEDIRAEK. BRERR KSR R
Hil HPRELRERI—TEEER, KEETFTHM. ZREERERE EABT LY
R R FRERED X ; '

ERAMTREER, RE 116°32-111°09', JL4F 25°13-25°56", HFHHRFIKE. [
BEHTELMA. ETHTR 189C, RHRIGR-S.6T, —ATHE 86C, LAFHS
& 27°C, FHRE 5672.7C, TEH 283 K, E£VHHR 1679.8mm, HXEHE 78%, FHMK
B3 1744.8h, W RO RELHNE. ARFAEEEEREFY WHRARGHT T M
EWET ARAEXN R, EWNET MR HRET 1967 F, ARRELNEET K.
| RBRTREUELE, RETEL RS, R 117°48-118°36, b4 25°64-26°24,
AP R EEEZRAR, FYETE 1599.6mm, ﬂiﬁaﬁﬁ-i 1323.4mm, MR 83%,
SRR 189C, FFRAHMRNE 131.7nm, 36 AASEEY, 4 PARKSLERK
B 56%, TEH 247-287d. ARBEEFRBAREEHE WARATHEG. |
- KEEMTREPE, b4 25°29-26°10' K2 117°29-118°03, B RS
RAE, FHEME 18-19C, EMRFHE 1500-1700mm, TEH 295 K. ARFAEEEREE

14
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WA RA R RS XK EgLEET .

4 R A

41 BRIESEF R+ MELRERNFINE
L1 ESRERAESE

ENERS R XEEBEEERM L, BEKXENET . BEKET . EREET . E5
9. RBBEY . RBREHRETYAENR. SN XOAERKERASKN’, HE
NEZENESRIGRTENRY E. EFFEEMHE. SKHKARET XABRRKREL
B BB ERAZUERA sk, RE020cmBETE, FFRETEBERX KL 8E
Rx R AURIIERE TR RS58A, WEZAMTHEESRIE, SMHA=ZKESR.
BEMESER, SEXTHRFERBHERTHLRERM LR PNESERY KISRRA.

412 HIRBELBRARE TS

MBI L REREZART, BRETBRPHRR. REANAZY, & 0.5mm BE
i, AFRELE pH ERTRESRARNSE. ANSERELL#, & 0.149mm A5,
ATHELHELELR. |

Al HNO;-HF-HCIO, 1§ ¥ #TH & JRBUT 100 BIFHI AT 1 0.25 ¢ T 100 ml Y
RIEHHRT, MALFEBEFKIER, KREMA 10ml & HCl ZERAR LR M#, RE
WA 15ml 3 HNO; k4 im#h, ZE#BEYL Sml B, A SmIHF, Fn#s## Sio, kAR
%, BEMA 5.0ml HCIO, MAZEARELT. FMA (1+45) HNO;1ml, MmBMARRE.
BRARKGERRE, AERESAIRT soml FREES, E@mﬁ’zﬂi%ﬁmﬁ, KRR

FRESRAETHERESR SR, MERHfUmER1.

R 1 FRESRNMEEHF
Table 1 Analytical conditions for detection of heavy metals

Mn Zn Pb cd

##/nm 279.5 2139 2833 2838
BERHmm 02 26 13 13
AT 8 M/mA 5 s 15 75

413 LRES RSN BE

RALEFERBIRE (R 2) PRSI, FEERREEABEEFRREEE
SERERY KT BENES RIS RRIHET .

15
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% 2 EXLAFRR LR
Table 2 Environmental quality standard for soils

g —4& bt .=
BERHRME <6.5 6.5-7.5 >7.5 >6.5
Pb< 35 250 300 350 500
Zn< 100 200 250 300 500
Cd< 0.20 0.3 0.6 1.0 1.0

4.1.3.1 N.L.Nemerow &858k

N.LNemerow 44830 M # B AR TH LR PHENBRE, TURHER
REMGRAEE, RARTE RS R B, S8 ST RN SR MR
B, AR LSRR ST |
(1) BRI

P;=Cy/S;

RKebt: Pij W j AN | RO RIS

Ci % j MAR i ’SRMLTNE, mgke™s

Si W | NSRRI,

# Pij>1 BRI T LR BITE, M TSRS, NERNEKREEY
W, SETEWEVHRE. Pi<| HIRFOESRSRICEER, BREKREEE,
HENTSE. |

(2) N.L.Nemerow %A {5 45 %k

P g= {[(Ci/Simax’+Ci/Si)ave’}2} *

AH: (Ci/ Symax—HHES B TR PITRIGBBKIE: (Ci/ Shave—TIRETTREH
WP, | |
O L EELRERBERENSFARE :

BRI SRR AE RS, S THEREREN SRR, BEsEn
RfeBAa EhrE MMXMESRIMTRES T, LBE RIS FRE.

16
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#*3 HEmEELRIRE
Table3 Standard for grading heavy metal pollution

£V 3 SEBRIEH SRR 15 5K F
1 P<0.7 % o wH
2 0.7<P<l E 2% (k-
3 1<p<2 LRSS TSR R
4 2<ps3 RV S TREBHERES S
5 P>3 EERYR THRR2EROHYTE

4.1.3.2 BEESRBEEERI)

WEAESEERRIERRAFEK Hakanson1980 448 1 -+ W E LB A M 75,
CHATHNE, ENBEY. EFFEHEONE, LERNFTENN HESRBENLS
BRI, RE ISR RN EN—H, CTRBERTRERGSR. LRSEIN
MK, SRNBRATREIN SRS RSB, LERFHEUSRAR. JEA,
LB, WEREENRAS, BUETHXSNOSE RETT: -

(WBANESRIT Y E H 5 BUHH E (enrichment coefficient of contamination), f&#K C'r

Ci=Ci, /Ch )
Reh: O R—ELRMBERELRY, Cy AVRMHESRNEN AR, C\hitH

Fr&#ZHE. Hakanson R UBARIWHEAHRYTESBHBERE REESNS LM,
BRNFEEFNP—ERDRFEREEE NS LE. AR ERBRNS R, X30E

FRBY L RYREEHLBERE ).
E4ERRESRHHRET)
Table4 Background value of soil heavy metals in fujian
E £ /&(heavy mentals) Zn Pb Cd Mn
C' ((mgke™) 827 349 0.054 280

QTR EL B BRI R Bi(the toxic response factor), fEFR T\ {4, 3 FJ Hakanson

BRI ESREEWMNRECIPMKE, HEEHNREAES.
' %5 FRESRHEHL RN
Table$ Toxicity coefficient of different heavy metal
E £ /R (heavy mentals) Zn Pb cd
T, 1 5 30

CYEBNES RN H RS K (the potential ecological risk facter), BI#K B {H, %
FHARBE: '

17



BESRYy EHYNESRIEERRNR

( E'=T'xCy
@B ESBA LA EIEY(The potential ecological risk index), FI#RRI{E, & T
FIARTE, ELREEESRENEFELE 6.

RI= 3 E

: i=]
R ESEREREBLEEERREFEASEXER
Table 6 Indices and grades of potential ecological risk index of heavy metal pollution
GREH RAGRY  BEESAREZ RAERYES BELSEARE BOEELES

lofs X Sher % E %A e R %S RERERE
o<1 L2 S E.<40 B RI<150 B
15C/<3 % 40<E',<80 Gk 150<RI<300 g
3<C/<6 A 80<E', <160 HwE 300<RI<600 QwE
Ces . W% 160<E, <320 o 3 600<RI< 1200 i |
E>320 mrE RIZ1200 BrEE

4.2 ERERV KEYNES R EEJEIAATE
4.2.1 BEEEYRRE L E

ENERERY R A MRELEREERM b, RHEARBET X, LEFET . TS
85, EREY . LRORTIRERRET ARENS, EXEINTRIRESRSEWT
BEEERRIL. BV B, UERANHKASHEKNOEYTESENEE, BHEX
SBRFHEANEKER. SHARLRENEY, 25RFXLEEYRH LIRS, B
B SREZHEYRGAE 0-20cn W EH, WEEARTESRSEIE. dEBRERSR
FREINELRONERMR, #MMEHESRBATEEY.

422 HYRRITE

ShLEUE TR B SRR Bk EE, BRREANRS BREREZETARESKMN
%, MENRRBE SOCHTHTHUTRIEE, SRWERLER, X 0.5mm BRFEEH.

KA RAERATED R SHR. TN 1g @YHRTHREERST, £BRR DEITHK,
HHLBREDRD. ARKEERN, WZRTHYR. RER 10%HERIERESE
MR, ERENERRD (10% HERARBIY 10mD), BERAERKEHLE, HH 0.5
% EEREIRUIR, BT soml AR, REGZEMKES, 8, FAIFUK,
RHARFRESERETHERESRTE.

18
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423 FRENERESRBCRIPH &

REEESRV EREEVH LRI SREMNESRSRRAMNTENESRSH,
HEHAREERMEERY AR A AEYNESREGRERELELRENISBY
HEYNRTFIERTHR, AR TEVESRERENNES RN, BREFRESRE
BEREY.

B RY =t BRI R B/ YR T Rk Y
4.3 TERBRARRESBEHRERT

43.1 DTPA Bi#¥

DTPA B RFKIRS 4 0.05mol-I'DTPA , 0.01 mol-I'CaCl,, 0.1 molI' TEA , pH=4.1. |
DTPA B#RW: —ZE=RE T 2.8 1.967g, =Z.REHK 14.992g (5% 133 BA) , BM=7K CaCly
K 147g, BREEFAN 950ml, FONHCIEpH K 4.1, BEEEN IL.

F DTPA &42# 20ml 2 2i&id 2mm B MK N TAFE 10g, Z (25+2) C. 180r/min
&G TRS 2b, ¥, BHEEERTREOLETRE. SMAZKRER.

432 0.1 molL'HCI B#E:

0.10 mol-L™ HC1.%¢ X 8.33 mL HCl(p=1.18-1.19)F 1000mL A &+ H A K EREZIE .

© FREX10.00gRTF it 2mm¥B R L BB 100mIBEDE S, MAS50.0mL1 mol-L™ HCI #

R, % (25£2) C. 180/minfIFKM THRH1.5h, TRATE, WREELETFREIG
REHHE. GIMERERES.

5 R 504

51 BREERBVXELRE LRI
511 AFEIERH X Mn 55HR

MET, 8. 9. 10TTLLEH, BRARLEFXHH Mn S REFERKER, HPLUE
WEY P Mo SRR, RBKAEART MMIELE, K3 200004.56 mgekg”, £F K
Ah XTI 126.43 1%, B/MEANHOKWHHELE, X Mn FEEREF 63014.89 mgekg?,
RTEA 39.83 4%, XKBERET T Mn S EEE. Mo S RBEERLZEHT KEX,
H Mn S EY 261533 meekg!, BEHTERLRY R 280 meekg'. BRTAFT XA Mn
EREFEER, ERRAF XHKBHIELEN Mo & B KA ER.
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512 AEEET X Zn FHIR

W& 7. 8. 9. 10F[LIEH, HRLBIXARREAN Zn SRFEERKER, AF
7E 530.67-24717.05 mgekg™ WEA, B# Zn SERRIEHN 46.58 1%, HKWMHIE LS Zn
SRVBHEY ERNFRBATE, KR LRASF kGO Zn SR &S, H 24717.05
mgekg', RBZRLE Zn FRHERMEN 298.88 1%, BIENAIBEKETETE, KXo 4R
% 530.67 mgekg”, PIRABER TN Zn HWREM 6.42 & WHIERIESRERFX EXHTH
B Zo 55 BB YA AR Zn BFHE R 22513.6 mgekg™ bRAEE Y 198.62,
VATEN REEALTE Zn SRERL™E, WAEEERK.

513 AE&ET KX Pb 53R

ME 7. 8. 9. 0 TLLEH, RELEVEARXFEBAN Pb SBRFERAER, H
 FERBENRRBEET NG, &3 30431.86 mgke!, FRMEEN 6592.68, B
BB RET T REEA LN P BREHHTE: BEMELERETRER, &3
468.24 mgekg', BERBIKN 64.99 ff. BRALBEY S, RPN EE X8R Pb
HFREXEI 64.99 fF, BIK Po A REX N 7.88 fF: RROEY KB b SEREMEY
29.37 1, BARRXEE 17.37 f%; &V BE Po FEEXTRMN 15.13 5, BILRAXEN 8.71
& EWAET Po BERSERENER 43.02 7, BRICEXEEK 3.50 F. B FHBX P A
BB, RARH S P S REAF U BLE, ROERLEF XL Pb SRMLTE.

514 AFEERT K Cd 553R

AR, 8. 9, 10TWLUEY, RREELRT K CABR™E, KT RKERLEHT K
HKAME L% Cd S BB A, &F 43828 mgekg”!, HABBRBEET cCdBEEEYILR
i 438 18, RABEY RV ENCIAERIE, H02mgke’, BHCISERRKSR
# 608.72 1%, RARBAREEN KM Cd EEFRRER.

Sxtisatt, LRBET NG RILHKEN cd S 2™ E@R, BXHEK 195-332.88
R, REEET I cd SRR IR 1.57-70.29 £%, EHER cd FEAN I 96.07-159.71
&, EWAAEED Cd SRR RN 0.71-7.99 £, KBEHH 1% cd FBREXRAY 1.34-29.98
f£. BTHER CAAROERTEREL B CANFETRME, TAEEIELRI XM C
GREHYTE.
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7 REVELRESRERRAU(mgkg™)
Table 7 The heavy metal conditions of metal mines areas and smelter in youxi area(mg-kg")

iR KAE RS Mn Zn Pb cd
AR BT Hekil 6043.20+1128.78c  6281.40+1040.10b  7542.40+1193.75b  243.20+6.95b
By B 55168.09+821.65a  3198.66+75.76¢c 5648.26+699.55¢ 5.42+0.91e
HKEHO  32002.19£195.02b  24717.05+235.23a  4460.64+355.64d  93.16+£2.35d
oyl 560.3£12.85d 482.30+9.98d 256.81+38.27¢ 3.46+0.38¢
Eﬁ;ﬁﬁf I3 1532.00+6344d  22513.65+198.62a  30431.86+6592.68a 202.80+5.58¢
HKAWEM  1493.40+63.44d  5841.33+1211.86b 4832+34937cd  346.20+16.54a
bug:icl 148.70+12.85d 382.60+51.57d 613.40+25.50¢ 1.04+0.20e
£8 ERLRY KL REL B R R (mgke™)
Table 8 The heavy metal conditions of metal mines areas in liancheng area(mg-kg'l)
.= KR Mn Zn Pb cd
&y T EERL  67281.92425133.29b  3491+946.11c 1696.98£971.93d  28.86+15.75¢
EBER il 200004.56£3642.15a  3730+637.28c  2946.24+483.97b  44.72+11.36b
Hokyid 63014.89+30497.37b  5072.67+1355.15b  2190.72+492.77c  26.9+0.48cd
pugii! 1582+142.84e 1352+176.35¢ 194.76+46.37ef  0.28+0.10f
EFHERY GRRVE 13258+257.39¢cd 1928+156.39d  2631.56£106.43b  17.25+2.85de
By E®ER  2615.33+186.82¢ 1100+361.87¢ 46824+4130e  8.84+0.84ef
Ry EEHkN 23088+3860.73¢ 7766:2591.40a  5747.44+1956.32a  100+37.86a
pug:i] 4336+259.17de 2020+482.70d 133.6+68.36f 12.52+5.04e
® 9 REBETRES RS LR (ngke")
Table 9 The content of heavy metals in mines areas of Longyan(mg-kg™)
KEER Mn Zn Pb cd
KK 28391+1828.58a 5360+1103.09b 8499.67+291.31a 32.78+1.56a
Hk¥ 8346+197.70b 6161.33+425.16a 1819.20+3.26¢ 24.80+2.55b
VEE 2622+638.59¢ 530.67+109.40e 504.28+21.86d 0.72+0.13d
it 2916.90+66.30¢ 1312.14+97.37d 1065.70+9.88d 11.16+0.02¢
pogii 3932.15£159.07c  3128.32+267.28¢c 2281.52+74.29b 25.60+2.14b
£ 10 KHART KES RS LR (ngke™)
Table10 The content of heavy metals in mines areas of Datian(mg-kg™)
.Y} KR Mn Zn Pb Cd
MWl BEFPIRO 15896.05:74.08b  28698.35+574.77b 11112.45:161.90b  253.72+4.99b
M SYERCHEKYE  36354.53:36027a 50222.11+1599.98a  18967.06£1997.18a  438.28+12.85a
wid AT RFE  14038.82+356.19p  3724.21+272.62de  3046.84+114.30c 24.92+3.70d
e ST HIKYE  19346.05£19233b  18377.47£150.71c 11638.26£444.55b  167.60+9.02¢
B BEREBUE  7160.67£266.25¢  4502.254209.30d  19606.70+673.71a 19.52+2.85d
by 1084.63:29.66d  964.56+236.17¢ 42,00+12.76¢c 14.62+1.16d
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515 ERSRYT KL RESRE LR
5.1.5.1 N.L.Nemerow 5&75 Reif BENHR &R X LT RE 4t

AF 1 IS RIGHETE N, Zn FEARE R BRLTERLE 6.68-42.21 [, PbHI#
Tiys5 R f SR B ZE 4.55-35.26 Z /8], Cd FYEIS RIGHRALTEEAE 17.34-274.50 Z (1),
EHESRHAGERESEY 3, RRESEGREMERMEETENIRE, FRENE
BANERY KRBT EN Pb. Zn. CABR. Zn MSRERRIN: KEHEF >R
B> RRBET>ERET>E WA > RERET: P MISREERAN: RERE
> KBS > LRG> ERART>RERET>ERET: cd HITRERRAN:
RBEGE>K BB >TRA BT > SRR >R > A RET .

NEABRIBEE, THEE 14.19-280.53 2.0, FARESRNGETRERTIHE
WERTF 3, BHEEBGANELRYT RHOLRATENELRSS, HRBEERA:
RBEWRIE>KBEE>SER AT >RRAE > ERET >R ARET . ANRELREN
BOGRIEERE, RABBET BE 5 HRKEBVETRELRNERERYRIY
CoZo>Pb, XRABERERV REATENESRBMBRANEETEER, MF XHEMEHR
TEERW, RARELFREKNEYERLESR, XERIMEAENRANSHMELHNE
LR SHRRENESBEFEER LY EEEYNEKRRETRRIEE, AHITE

SREERHEYIER IR A%

XN BEZIBETRESREGETFRER
Table11 The synthetic pollution index of heavy metals in soils of the main mines areas in Fujian

P

S L ORBR Pa TSR
. In Pb Cd

Y TEERL 6.98 3.39 28. 86 22.40 FEGS
EEWRG Mg 7.46 5.89 44.72 34.46 RS
kil T 1015 4.38 26. 90 21.38 RS
A hE . 820 455 33.49 2608  FESR
Mgy 020 GEREFE 0 3.8 5.26 17.25 13.69 = FEESH
: By EREX 2.20 0.94 8.84 6.86 o ¢F
By EHKE 15.53 11.49 100. 00 273.26 RS
T 720 59 4203 o794 PR
BLBay 7Aoo 57.40 22.22 253, 72 195. 86 RS
kA 100. 44 37.93 438.28 338.41 FEESY
Hgsnay ByE 7.45 6.09 24,92 19.82 FEES R
AN 36.75 23.28 167.60 130.09 RS R
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BB 9.00 39.21 19.52 32.00 FEER

e 0 221 25.75 180.81 14324  FEBR

RE%REY FE 10.72 17.00 32.78 21.21 FESR
HKkig 12.32 3.64 24.80 20. 00 FESY

FRE 1.06 1.01 0.72 0.96 HmiE

it 2.62 0. 60 11.16 . 8.59 FESH

P 6.68 5.56 17.37 14.19 FEESR

I | X7 1256 1508 24320 18344  REESH
Ry 640 1130 542 9.67 FESR

HAKEHO 4943 8.92 93.16 75.20 FESS

i 22.80 11.77 113.93 89.44 | FEER

R 'K 45.03 60.86 202.80 22201 FESS

HK AR 11.68 9.66 346.20 35704  FESR
FiyE 28.36 35.26 27450 . 28953 RS

5152 BELESNRBFIERDYELR L5 ROPH

REFITEEARRIGEEN R EESRY KL Cd. Zn, Pb A Mn SRBEREE
EFRRHATHHT. 1R Hakanson 7%, HEFLUERTRERENSHE, SHHELE
EFEERYCH. BELEFRRSRENRELEESARIBRER) AEREENE
ERREE. L :

W& 12 FETA, UBRANESRTHENBEASEERBCHIEY, BRATMER
- XESERVEH CrAT 6, BT RN ESRMBAESERRRIRFRE, XXM
FF% Cd>Pb>Zn, %8 Cd. Zn. Pb BN ELBELYERBHERE, HPLU CIBSR
BHTE, ‘ '

A& 13 TEH, BRIREERY XLBBEEERRRESR RIHKT 1200, HAKRA
EFET KRB ENESRARIEITEKE, UEIESROBEEFRRSERT
B, Zn BELEBRIRSHIE 40<E<80 8 3 AR, FRRERET . EHHEET . 1
BHRER; 7 80<B'r<160 M4, HRBBEG £ 160<Er320 MEFL, HKEH
B RRBRAET RS . Pb. Cd MBEASRRSEIAT 320, AERSHTEN,
HRLRT X ESRAESRRYWERNKN Y CI>Pb>2Zn, HF CdRFRESH,
MRS ER. ' ‘
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RRBERIESRTEIRESRMBELTERRL

Table 12 The potential ecological enrichment coefficients of soil heavy metalsof
the main mines areas in fujian province

A BEHH cs
Zn Pb Cd
&y v EERL 4221 48.62 534.44
¥R Mk 45.10 - 8442 828.15
Hkiil 61.34 62.77 498.15
Eof - | 49.55 6527 620.25
EFREY WREYE 23.31 75.40 319.44
By EHREX 13.30 13.42 163.70
BV EHKA 93.91 164.68 " 1851.85
HBE 43,51 84.50 778.33
FEn 347.02 © 318.41 469852
bk Hokay 607.28 543.47 8116.30
By By 45.03 87.30 - 461.48
Ak S22 333.47 3103.70
B 54.44 561.80 361.48
. 1 255.20 368.89 3348.30
REBEY KX 64.81 243.54 607.04
HAR 74.50 52.13 459.26
VRE 6.42 1445 © 1333
light 15.87 8.64 206.67
H 4040 7969 321.58
ey ik 75.95 21611 4503.70
. RWE 38.68 161.84 100.37
HKEHD 29888 - 127.81 1725.19 -
B 137.84 16859  2109.75
BRI ' rg 272.23 871.97 3755.56
HAWHERR 70.63 13845 6411.11
B 171.43 505.21 5083.34
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13 HRIESRT K HRESBETEESARSIBEESRREN
Table 13 The potential ecological risk facter and risk index of soil heavy metals of
the main mines areas in fujian

i

A TR = RI
Zn Pb cd
g€y v ERRL 4221 243.12 16033.33 16318.66
vl . 45.1 To4221 24844.44 25311.64
Hokvid 61.34 313.86 14944.44 15319.64
: B 49.55 326.36 18607.40 18983.31
EFREY SR 2331 377.01 9583.33 9983.65
Ry BEHEKX 133 67.08 T se1Ln 4991.49
BV EHAN 93.91 823.42 55555.56 56472.89
B 43.51 42250 23350.00 23816.01
HLsREy yRo 347.02 1592.04 140955.56 142894.62
Hkii 607.28 2717.34 243488.89 24681351
By - RVE 45.03 436.51 13844.44 14325.98
Hoki 22222 1667.37 93111.11 95000.7
BRZ 54.44 2808.98 10844.44 13707.86
BHE 255.20 1844.45 100448.89 102548.53
REEEY X 64.81 1217.72 18211.11 19493.64
' Hkl 745 260.63 13777.78 1411291
TRE 6.42 72.25 400 478.67
FEm 15.87 43.18 6200 6259.05
W 40.40 398.45 9647.22 10086.07
BT HAk# 7595 1080.57 13511111 136267.63
By HE 38.68 809.21 301111 3859
HAEHO 298.88 639.06 51755.56 52693.5
. HE 13784 842.95 63292.59 64273.38
|ERET - IR 272.23 4350.87 112666.67 ‘117298.77
HARMERE 70.63 692.26 192333.33 193096.22
wiE 17143 2526.07 152500.00 155197.50
52 BEESEVEHEYNES RN EERA
521 BEEBRYV RAEKEY N

SEERERET K. RARET . R, ERET . RRERT . RRRET
FVXREMIERY K. EFEERE BY EAER S KEYN AT RERR: £X
ESREBROBTEK. BEAMULERTZOHEYE 23 105 58/, HPREH 23, %
MU, SEMNAR, SEH 2 DR 28 BEH. 5. 5oH. BRER.
R SRR BOERL BEREL KRAL RN, ZAEH. BEUR. BAh SUaBRL
EaR. FEBME 1 /. AR WAEH, ERRER RAEKNEYURFHAFRIE
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RSBy EHYNES BN EERRTA

YL, MSRAMAGHEYHT RGOS BN RNRS MER A 205,

& 14 BRERY XAEKMHEYFA

Table 14 List of plant species growing on heavy metals mines area in fujian province

Ha Hih4 RTX
FER F&F Bochloe dactyloides
HHE Arundinella anomala
PRE Setaria viridis
g Panicum repens
p 23 Echinochloa colonum
FRRB Microstegium vimineum
RER Paspalum orbiculare
=t Digitaria radicosa
FERHIT Microctegium Vimineum
& Isachne globosa (Thunb.) Kuntze
AHNE Miscanthus floridulus
GG Eleusine indica
FOE Digitaria ciliaris
E S Neyraudia reynaudiana
b7 Parnicum bisulcatum
5R% Cyrtococcum patens
BREW Paspalum orbiculare .
EER Equisetum ramosissimum Desf. subsp. debile
[ §:i:) Gnaphalium affine D.Don
MR Capillipedium Parriflorum
HH SHARE Pterocypsela laciniata
KRHE Blumea megacephala
Eal: i Heteropappus hispidus
FUH Conyza bonariensis
BEXx Sonchus arvensis
TEX Senecio scandens
EERE Siegesbeckia glabrescens
KEM S HE Blumea oblongifolia
MR =R KT Aster ageratoides var. scaberulus
2 Eupatorium chinense
—&£% Erigeron annuus (Linn.)Pers.
PEH sEntKaRaR Kyllinga brevifolia
KBRS Pycreus globosus
REBE Cyperus compressus
ZERRE Fimbristylis dichotoma
wEH XX . Urenalobata
BERER Sida rhombifolia
L 25 +3H3F Chenopadium ambrosioiodes :
R bE 2] Mosla scabra (Thunb.) C.Y.Wu et HW.Li

26



BERMKAE 2008 EHABIRER

a# BREER Pueraria montana

HER E Smilax china
L o it Phytolacca acinosa
R A Patrinia villosa
7 =[4 g Rubus innominatus
woER BN Patrinia rillosa
it y; % - J Solanum americanum
RN BBRYR—H Actinidia sp.
268 =H Dicranopteris pedata
L) 2 5% Stenoloma chusana
|22 Bx Pteridium aquilinum var. latiusculum
BEUH BEH Lygodium japonicum
=aEH xR Houttuynia cordata
pi2iTEes oR¥ Melochia corchorifolia
MEFHEH EEX Lysimachia fortunei
KR B#t Mallotus apelta (Lour.) Muell.-Arg.

522 AREYHNESRERARM LR

RIEXEEN 58 Y L HANERES RS BUNELR, DR THAELRE
BIEHHEY, %% 17 N ESESREREOES T IR EL RN RS
.

6.2.2.1 RFEIEM Mn ERN R LR

MR 15 FI8 1 TTRUEH, X 17 FEYh B34 Mo SREEHEES. BIENN
144 mgkg™, BAAIN 18024 mgkg!, UMK, KHHARFEYESE Mn MEEHFELER
%5, -

WRFIH 7 L8545 B4 Mn (AR SBE, & 4 BHEMEE T 1000 mgkg™, 4512
B, A, SHKRGREEE, BYKIET 2000 mgke”!, B MnBEEED
515 10000 mg-kg”! EHRALZE. BAKX 4 iyt L4 EE Mo WERK, BENH
EYRHBA REXAVESESCRRENMINRBNESRBRENFE, MEARY
ESRABTRE - KE ELERE. AFH. EMKIRG. EERETARESE Mn
5 REB I .

17 HHEYT, F 8 HEYH RS Mo SERTR, BERE1, KEEREAME
FAT &> RE TR F>EMKRE>—F %5 05> REFMD ERRE, R4 T2F
HHEBRBBRK, X761, HE Mn BEEEMEXTHEREKRT | 0%, ROXLH
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YIRS IE Mn WIRERFEIZ B B3R (AR 8058 M /K EREA M E 3RS Mn S BIAE| T 1802
mgke', BHERECH 2.1, HIHEHKBGELEERBENE Mo WRIHS I L5

Rigeh, Hih E#5 Mn EEBHER, TATERETE Mn5RMTE.

%15 BRLRGEHAMN Un AR H 0 K Roghg?)
Table 15 Comparison of Mn bioconcentration of plants heavy metal mines areas in fujian (mg-kg™)

HYaH & B s HERNK
BE 13474301 1128.54206.3 0.34
EEE 1607.25£175 1406.75:86.04 , 0.38
RWE 789.25+129.4 523.5+63.1 0.66
oL 968.5+108.4 917+85.3 0.95
MFE 1144.25+451 809.25+16.3 0.71
aRM 299426 212.5+13 0.7
—E% 88.49+3.2 153.75+8.2 1.74
KRR 852.5+54 1802+67.1 2.11
YA 759.5:40 625.54675 . . 0.82
5% 287.5+42 473.5+86.2 1.65
SRt : 154.5+9.6 389+21.8 252 .
%3 175.5£72.1 519.5+147 2.96
F&F A 122436.4 928.5+203 7.61
gEn 1462.5+167.4
ZERBE 50949 144492 0.28
HARIE 503.5+64 . 523.54382 1.04
FHFH 524.7+43 680.5+85.6 1.30
2000. 00 [
-':o 1500.00 [
%
E 1000.00 — R
L —a—#h &
<
£ 500.00 [
0. 00 1 J— 1 i 1 1 1t 1 1 1 ) P SN S I |

1 3 5 7 9 11 13 15 17
HEMER

B 1 AR Mn FIEER LR
Fig1 The distribution of Mn in plants
L M 2. BEH 3. EWE 4 WHE 5. AFE 6. KRS 7. —F% . EHKEE
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9. FIRETE 10. BB 1L BHT 12 £F 13. F&T 14 AN 15 “HRRE 16. BRRE 17. £H
%17, FEA.

5.2.2.2 RREIEM Zn WEYRO LR

M 16 O 2 FTLLE 1, 17 MY E4 Zn & BEAES ABIEH 480.5 mg'kg”
BERN 2123.6 mgkg!, WEHEK, EEE, —EE. EHKRR. B DK £
HEA. TE&F. GEH. ZHBRBERH 45 Zo 4881 1000 mgke?, Kb
1. A& LRI T 2000 mgkg!, B Zn WE LIS FE 10000 mgkg”
HEREIE. |

17 HHEYPEZREKT | WEDF 18, HEZREKNMNEFRA: T&>ORT>
— " HRRES ERR AR E A KRE, EPUATETFHEK, K539,
BETEZE R BB RAS 1, EhTHH EBS& BB 2000 mgke”, HPTHR
BEEE Zo S, THRGHE In SRPEEEN IR, BHKRQRE Zn HERECH 1.1,
i EE84 Zn A BIAT 1364.5 mgkg!, WHEHKRMEEBEFENT Mo R Zn, A%

Zn FiMn H &5 500 13K ,
E ICER SRV EHYXN Zon B £ B 5 0 I Bmgke)

Table 16 Comparison of Zn bioconcentration of plants heavy metal mines areas in fijian (mgkg™)

b/ ES g #h 35 HERY
-4 909.75+70.6 639.5£138.2 0.70
EEHE 1314.75+63.5 1294+81.4 0.98
EHE 1606.75+134.8 2053247 1.28
- 1699.5£204 85430 0.50
MR 2149.1865 480.5+204 0.22
aREW 370£71 226.75463.4 061
—F% 499.48+8.1 1656+306 3.32
beligid = 1243.5+299 1364.5£104 110
o)z 713 4247.30+365 2123.65+146.2 0.50
5% 2660.5+85 1330.25+207 0.50
T 28748.4 957451 333
23 1428+114 594.5+42.3 0.42
F&F 369483 1987.5+52.7 5.39
a#nt 2109.81+260
ZERBE 672462 16584143 247
L i3 510+60.5 734.75+85 1.44
B 3316+392 1658+57.8 0.50
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HY LR
2 EHkEA Zn SR
Fig2 The distribution of Zn in plants
6.2.2.3 FEEP Pb BENRA LR

AL 1T B3 TUEH, 17HEYBEES) P ABREAEVEER. BIKHY 52.785
mgkg!, BEHIN 2868.235 mgkg!, BH Pb AHYEEL N HERAER.

M 17 R MY Hs b #55Y Pb 4axt R, Pb #8iT 1000 mg'kg”! MEMHEEE . FHE,
WM, KETREEAYE LIS Po £BATF 1000 mg-kg! foisE. X Pb EEEX
DEFR: BERSHIME-ANE. B Pb X BHUEERKER, ILPHEHEMREE
Pb S EWATH LS, HPEEERE Py 48T 2000 mgkg™, ¥i5 Po B 5 EHY
RORR, XEEXFRERAM™,

MEEREE, 17 HEDTHEREKRT | B ER—EX, H A3 1.5 f12.74,
B T—E %N EH45 Pb RH 162.06 mgkg”, XA PH-B 1A Pb & B8N, Fik
EEESRLENRAER. TSNS LS b EEERUZBTBEEEYNIESR
2, BRSREHERKTF 1, TTLMENEN P B ELEYAREE Pb ?%%Piiﬁﬁiﬂ,
WEBSER PO MEXNEE, EEFE. AVEHEILT Pb BEEHAYH LRIHIEFF
%, KALBPHEBL P WERK, BRATHEY Pb EEREY, TALHRTHERE
KF 1 9%
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X117 BRSERVEHEY Y P EEMR D M K Blog-ke™)
Table 17 Comparison of Pb bioconcentration of plants heavy metal mines areas in fujian (mg-kg™)

j -t/ A " H# &4 HERY
BE 286.86+34 ' 219.495+45.3 0.77
EER 3436.72+294 2137.11£163 0.62
FEHE 1588.26+1603 110243874 069
W% 13077421252 2072.90+87 1.59
- 705.11465 156.285+20.8 022 .
aR® 17046581 52784238 031
—iF% 59.1744.3 162.06+42 274
kgl 2 1236.08+173.6 200.55£10.1 0.16
L 688.96+52.9 666.63+27 0.97
£<) 1843+73.1 634.71£36.5 034
oRF 564.8+40 139.605+27.3 025
p:2  653.48+15.4 163.37£18.2 025
F&F 655.86£408 163.96£54.5 025
a¥s 935.24+27.9
ZERBE 281.6+61.4 178.425+46.1 0.63
MERE 962.44+81 196.39+55 0.20
REFE 659.82+45.1 94.26+8.21 0.14
4000. 00
3500. 00
2 3000. 00
£ 2500.00 ey
E 2000. 00 - b3
¥ 1500.00
f_} 1000. 00
a 500.00
0.00
1 3 5 7 9 11 13 156 17
2R
3 KA P B
Fig3 The distribution of Pb in plants

6.2.2.4 REHEY Cd EEL RO LR

MNE 18 FIE 4 TUEH, 17 MY LD Cd 4t S REFEERAER, KPERKN
R—IEE, i 11951 mgkg!, BIEMRARN, K385 mgke’!, Cd ERRAHYH LTS
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HE RSN FREERRER.

17 FriEHh E 354 Cd 4Bt 20 mgkg” WHEME—FE. EHKIRE, %, A&
HHAEARIE, XEEDSDRREREN Cd. ABMEYRTN cd SBATHE
B4, WHKBSEYMRERIE Cd MEEH TR,

17 HEYPHEREAT | WHEYE—EE. BERFEEY, EHEREANUE
HFEBFEICRE>—E%. BT RENFEFHTHEHS Cd SR %% 57.08 mgkg”
1338 mgkg", & Cd BERHYEIREETRALE. RA—F5H LS CARER
%2 119.51 mgkg'!, HERKLIAT 13, FE CdEEEEYNFEEM, BH—FER

Cd B ESEHEY, TLARBHE Cd5RREMN LR,
18 BRSKTFEHEYY CdE £ ®RIM L K@ k™)

Table 18 Comparison of Cd bioconcentration of plants heavy metal mines areas in fujian(mg-kg™")

HNER R h E#R4 CEERK
b 8.25£1.6 7.8140.5 0.95
£y 31.23+4.1 18.85+2.0 0.60
AHE 22.7143.05 14.55+2.8 T 0.64
g 14.36+3.4 10.4042.7 0.72
famE 23.69+4.8 5.75:0.8 S04
aEd . 116654 3.85+0.81 0.33
—%% 92.23£17.5 119.51+6.84 1.30
Er KRR 24.68+5.12 21.943.36 0.89
g 33.67:1.8 15.142.0 0.45
58 85+3.45 9.20+0.92 0.11
oR¥ 13.63+0.8 10.580.15 0.78
p %3 19.63+0.28 57.08:0.85 291
F&F 36.09+1.18 18.84+0.24 0.52

=F 49 73.17+0.32

ZEBSE ' 227404 14.75+1.3 0.65
) Wi 62.3£2.12 21.4320.83 0.34

THEN 456:02 13.38+1.32 2.93
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Fig4 The distribution of Cd in plants
523 ARSI H LRI R R P

Wt hRFHBEEREER, NETEE. LS. HMEXN Mo, Pb. 2. Cd
M &R IEBIRB KT, 3 Pb MEEMEHAH Po BEEEYE. AKAERA:
ERENELREY XPHHEBRRMEBED, BEKRRE, KFAE, RV RKORBEDZ
—, HESBHNRER, B ETATF PO ERTELRR M, Zn, CATEEETHR
HEE. . , .
B ASRERBRESEEERESEY, RAERORR, HERARR, B3R,
EHEK, ¥4, KS5-10m FAOHMERAEREEDZ L. EXBREF, BE, X,
R4 ZRWR, BP ¥ 502cm, ¥ 061 cm; EMERELEEE; HTRNVER,
/B, THEI3-18g. HAYWEKXK, ¥ Mn. Zn HRHEELRT, BRTHREE Mn,
In BFREBOLE. '

AWE: RERHEY, Elt, B, BRFRFRBREEK, HMTERA,
BENZ LN, th BRI BSREKSS, TERERKHTF. AKRERA, Y
X Pby Zn, Cd WHRFMERE, IR P EERELBHT ESRBERE;
Fir, EHEEMREVEAKERR T, £PEKR, THAREE P HSREANTENL
. ‘

BEY. WAMHMSELRE, ZHY, B 1m, ETTUE, BEYE. PRA,
WA, M. BF. KiEia%st. EEEX Mn. Pb. Zn. Cd HAARAERE, K
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s E#E4YR Po MU EALRIAT 2137.11 me - kg, LT P HEEHMNIE AT, BRY
IR P ik, HEEMRH 0.62, BXHTELFEREMHRFEHE Po, BHATH
% P BEEMEY. RHEEETHRBEE PSRN TEN M, RN Mn. Zn, Cd
GERERTRERE—ERER, TAREESHESCRESFRNLE.

—E%: BH_FEE, ® 20-100cm. EEHI, EESH, SAKTHRIA. Kgd. &
M. L%, EERES. ARBERR: —FEN CdEBHEEREMITT CABE
EENMIETARE, EXHERRBEAT 13, BE—F%R Cd ESRAREHEY.
FEEHTAERENTE, EBEHRNNRES SRARTHY, LR FEMsS
FEAGNEBEE, FH—EEM 20 LATSANEER, THE Zn HRRELRN
BA. | |
| EHkiRE: AP EREEEER. DERRE, 9 LK, FREFIREE: o

BKAH, HATEZBRRIER, BB hREELIREE, MRRENY, ERR: £
BARNE—REHER. 3 M, Zn, Cd AR —EREAGRIKERED. kiR
BB KA RO, BY ES M S RERHT, HHHX Mo FRIERE, T
FI%E Mn. Zn. Cd 5382 L HNBE. | |

BT BHEEEEE, ERLEILSE BN, EELR. A& B 55
i, FIREIEN Pb. Zn MIMEBEK, Bk 666.63 mgkg™. 2123.65 mgke®, £
T Pb. Zn HREBHENBE. '

LR SHABH, BEGER, 8K 200-1900m 2L, Bl BH. B,
KFWHEK, HERELPRE, S4ESHARNMERAMELE, ¥ERERE,
L EME. 3 Pb. Zn HREEAR, EYXAIELRBEEMYERE. BALK
3 EWAR Mn ERBTRER, BREERI0E 165, RBLHX Mo HRAKITHE
71, BeH RN Mn GBI EHS, TWHSREEKERET T RHEKASESRRER
BATHY, RASEESTZREKEELRE.

BEM: KSR NFARER, % 23m, JEHHTHAURNRR, BETERFEL
HHMAEAR, SRATR. BEPRA: AHUN Mo, Zn. Cd. Pb HAHRKWE
B, RHEXC. Po, KHHAERBARSHT 7318 mgkg”s 93524 mgke', B
THRESEYMGERE aTFREVEX, REaEHAERLTBRESRHE SRR
X, MIEMEHESBYERAEER, THESHESREARIENES.

% WR—EEELR, XHT, & 30-100cm, 4 BETHRES. B, WL%
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i, EREAWMERSA M. BB Cd MEERRENRE, %5 57.08 mgke’, X
HIEREN 291, WERBARROK LT Cd BB MR8, BEFRIRE
TEKEESRABRMORT ERAWIL, K0 CdARMIEE, AN Cd MRIE
PR,

SHRRE. BER—EEEE, BATHA. Wi, HEE, X Zn HRENREE,
HIERBA 247, WHASHRBER Zo FRERKISELR S, THREEELREIAHR
BB LR ._ -

DT BRREEAREE, % 30-100em, £44, EFLE. BEEEAtH, K
UL %&‘ﬂ# Mn. Zn. Cd. Pb BHMREERE, B Zn. Mn HEERK
S8% 333, 252, WHIBIATX Zn. Mo HREHIZEES, BEHLENESRNRE
EBEM L85, THEZn. Mo SRRBTRES. ,, o

THFM: KAk, TEETHE. LKSH. B EBAX 2o HRHRER, & 1658
mgkg', BEIBERS Zn BRKELH 3316 mgkg!, WHRHEN Zn HHREERERN
SORMERYE, FULTTHILAE Zo RILEY, EABEES BB EEY.
ERRTE BEMTRAREE, B4 m SAGTAE. TABEK. BAY My
Zn. Cd. PO RRBFRBK, BREKEESESEHNRTED, TLANESRER
BHE.

524 AAEPYHBELBRBEERROREIF

REASHRE TG MTESIASREFZBS AN~ RRED I, RFROFAH—
ARKCTR. BIF. BESDREREIE. KAFANETRBRN RS TLI 2.
B35 17 MY EEA% Mn. Zn, Pb. Cd FIEERMTREST, X 17 FEYX
UM ESBHEEEHTER. BIEFRE DPS #HTH, NA 0-1 KEREEK, BR
FE W0 Jaccard, BMAFHRBENBKERE, 0-1 LBER 0.5, BEMERLE 5.
ME STTLLES, B, ErkRe, EEE. ZWE. HE. 5% a8, 5
B. T&F. CERBE. REESTHEN—K, X 1 FHEYL LB ESRAREE
AL, AARBNERESRES, THTESRGRTELRNEE. ARE. 2B,
OHRF. A%, FEHT. EERETEN—K, X6 HEYEERESRTMRARLUE
i, BEEfRRESRNGENES, TEREX/INEYNATESREIEBR T RNER.
B 6 ATLAE H, IX 17 B YR Moy Zn. Pb. Cd MBI BAGE St L8R4 A
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RE—B. FAMETST. AREH LRI ERERESRENFEREER, TE&TR
BREESRERD, MH LBIRRELBREEK: ARESTEFHAHRNERESR
L.

B |
sgepokeges |
g |

s e

:F
bt <3 BT XX

R

000 040 080 120 160 200

BS5 Eyh I ESRIRREIMN
Fig5 The cluster of heavy mentals characters of the up-ground parts of plants

B%
L
S04 K92 9

EEw

—t

000 040 080 120 160 200

B o6 EYRBESESRERI T
Fig6The cluster of heavy mentals characters of the roots of plants

53 +HELRNERSRSEME ERANHEENH
53.1 1385 DTPA EREFELBMNMHIHFE
BELRBRY X1 DTPA BRRFIRHNWELBLE ENE 19. U DTPA BRAZHME
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&RBSTHEPEINRLBNENE, VERERRFREARNELBN®ES.

Xt Mn R, DTPA £REKFIHEN 1.98%, BAMHEH 10.01%, B/MEH 0.11%, DTPA
R Mn FIBRARRERB/MEM 91 5, THEP Mn SERNBAERB/MIM 113 £,
%% DTPA £ Mn FREENERREULBEZR RIS, XTHEGTARY K pH
. HBHEAFATFH Mo TIRREFEARFE. Zn () DTPA BB & 5 LIS Zo B EKTFY
B4 4.22%, BKEH 14.77%, B/AMEH 0.59%, R FRHAF] 25.03. Pb # DTPA BEE
& P Po B BAITFIEN 5.46%, BKRIEN 16.28%, B/MEN 0.25%, R FRE0A 65.12.
T L DTPA % Pb BB R EH T Mn.Zn, H K/PHEFF X : DTPA-Pb>DTPA-Zn>DTPA-Mn.
EMARKTETREGTARESRELEPFERS R HBAS M RW pHE. TN
REBETRFESL.

%19 DIPA BRARDMESRERERE(ngke")
Table19 Percentage of DTPA extractable metal and DTPA their extractable ﬁactions(mg;kg")

DTPA-Mn DTPA-Mn DTPA-Zn DTPA-Zn  DTPA-Pb  DTPA-Pb

A REN BiRE BREE%) RER BRE% JRE BSBRE%)
B Mo FEERL 186.07 0.28 58.68 1.68 23.07 136
A Mk 291.42 0.15 65.90 177 2228 0.76
KA 288.00 0.46 91.70 1.81 2229 1.02
ARy WRRYE 80.56 0.61 17035 884 261.97 9.96
BV EHAX 44.80 171 51.55 4.69 3047 6.51
7S 118.60 0.51 95.45 1.23 679.25 11.82
MLsEs [ac]s 45.13 - 028 333.05 1.16 27.50 0.25
#KkH 95.86 0.26 301.65 0.60 65.23 0.34 .
L By E 140.36 1.00 76.90 2.06 193.65 6.36
HKA - 15786 3.9 303.48 1.65 - 34583 297 -
¥ ERBRL 391.81 547 . 664.88 14.77 238.88 1.2
RERET R . 13835 0.49 86.40 1.61 24.55 0.29
Hxn 146.96 1.76 160.55 2.61 ©30.09 1.65
FRE 262.56 10.01 62.90 11.85 49.09 9.73
Tt 275.36 9.44 60.15 4.58 49.06 16.28
REREY -7 6] 99.11 1.64 409.27 6.52 392.87 5.21
By E s955 o 41701 13.04 768.22 13.60
HKEHD 88.24 0.28 378.85 1.53 530.41 11.89
KB ' 5.26 0.34 133.85 0.59 1836.19 6.03
bz ek A | 14.24 0.95 108.00 1.85 119.28 247
Fi5E 176.50 1.98 201.53 422 282.76 5.46
BAME 757.86 10.01 664.88 14.77 1836.19 1628
BME 5.26 0.1 51.55 0.59 27.50 0.25
TRER 91 25.03 65.12
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532 3%+ HCI BREE LB AR

FEEE X8 HCl REARDNNE ELBAREFRRBRENE 20. ARFFTLL
Fil, HCIREZAX Mn KRBERKEN 13.59%, B/MER 0.46%, x-‘wﬁz 5.38%. -
Tl HCl B MY Zn BB REBKIIN 28.51%, B/PH 0.99%, HFHE N 6.54%; HCl®
RFIXT P BRREBKNE 37.711%, BB 0.48%, HFHEND 11.67%. HCl BRANARES
BRI AEH TR, FHA HCI-Po>HCl-Zo>HCl-Mn, A/ MifF 5 DTPA @R AR
A, TRXFRERAN P MIRINAENRE, Zn K2, X Mn KREEENRE, BHL

P RES Mn LRSI AFE.

RN HC BRRARBMELRERBEE(mgke™)
Table20 Percentage of HCI extractable metal and HCI their extractable fractions(mg-kg™)

HCI-Mn HCl-Mn HCl-Zn HCl-Zn . HCI-Pb HCI-Pb

B RIS BRE BEE% BRREE BREEw BRE -BRFX%
EB Mo ¥ yEREL 420.53 0.63 74.86 2.14 58.86 3.47
i o 919.27 046 41.86 112 84.65 2.87
Hkwia 898.44 143 235.02 4.63 155.98 712
ERAET  AREVE 49906 376 165.37 8.58 113.59 432
By ERERX 12550 4.80 2780 . 253 176.58 3771
R EHAY 573.76 249 76.84 0.9 199.75 348
Wiy yEo 1099.26 6.92 1051.36 3.66 53.64 0.48
ok 111220 3.06 702.41 1.40 1223.96 645
By By 372.01 265 6834 1.85 461.66 15.15
Hok# 1174.95 607 - 60248 3.28 56433 4.85
¥R 523.71 7.31 642.02 14.26 4104.17 20.93
BRI XK 783.56 2.76 112.09 2.09 406.67 4.78
- 78] 1134.50 13.59 451.13 732 - 17001 9.35
VREHE 191.79 731 15.19 2.86 . 2226 441
g 336.69 11.54 1430 .09 53.78 17.84
p i itz HAH 721.84 11.94 1033.99 16.46 1966.69 26.08
=ty 579.03 1.05 911.87 . 2851 1694.13 - 2999
HKEHD 590.05 1.84 986.63 3.9 800.15 17.94
RERF Mg 137.83 9.00 1257.50 "5.59 307398 10.10
HKAMEE 13449 9.01 1076.08 18.42 290.04 6.00
T 616.42 5.38 47738 6.54 783.74 11.67
I 1174.95 13.59 1257.50 28.51 4104.17 3771
BME 125.50 0.46 14.30 0.9 22.26 0.48

5.3.3 BHREHX R ELRMORRE S WS

MEKRRATLUEY, MEA—HELREBHCIERAMRRENFTDTPARREN. Xt
MnR#t, HCUR R FHRIEE T EDTPAR2.721%, HCIBRAIREZnl 881 RDTPAKY
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1.55{%, HCIZRAIREPOEIEEHRDTPAR2.144%; T AHCIERALDTPABRAEES
BEV R EELRE RSN, X5HFFREEXL™, XU TERE TR
FH'AEN, BHSERNHCIRR, RERMBFESRNGEINENERE.

53.4DTPA. HCI ZRARBMHARFRE T REBENHRXEMT

DTPA 3. HCl SRR W ES R AA RS £ R RIMABEI LR 21, %
EEHERIT 005 if, WHENHAKEZ IRLNES, B2, NREEEERAT
0.05, MIANHERBZMHEXEFREE.

A 21 TE S, HESR Pb K, FHSRABNL Pb 5L Pb HARGEE
K. X Zn KiR, HCl RERFRMNHMHFRARSLEP Zn £REFEHX, {4 DTPA £
R A RE RN 5 LR 7n 2BETUFARE, X MoK, FIRRERI AR
HRIHFSLE My £EH%, TIRFAESBIRRE ST LRMBAR, LSRR
RARRAT S LB S RERERRA, KSRRBESOFAL LR, LhRIE Pb
S+ NABMHEIRI, Zo K2, Mn B2, HA—HESE, HOREHRRELEH
HAERIMAILES, BRRET HClRRA DIPA BRATES AN ERLEFRL
BRI,

2 FTARRMRBRNESRES LIRES RS BREHHXHE

Table 21 Correlation between the heavy metal content extracted by different extracting agent and
the total content of the heavy metal in soils

Pb Zn Mn
DTPA 0.6* 0.4 0.11
HC1 0.75*% 0.74* 0.28

n=58
*HXAHE 0.05 K FLEE, * Correlation is significant at the 0.05 level.

X ARE 0.01 KFLE¥, TH. ** Comelation is significant at the 0.01 level, The same below.
535 FARSRFARDNGELSBERERRA MRS T

ME 22 (&N, HCIREUHE Zn. Mo FRFEREREEMR, HKESRAXEF
BEXLEZMAXME. Zn. Mn HRESEEREAX, Eiﬁiﬁ&iﬁ%ﬁ@ﬁﬁ’%ﬁ‘&iﬁ Zn.
Mn SREEESRESTXMAR, X4 Zn Mn TR ERNRBESBRERRARE,
LA ELBREEEEYHEHRTAR. EELHUANESERFHIFAHULESRNE
EEEYD.
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X2 FRAREARUGESRERERZ EHMExLH
Table 22 Correlation of heavy metal effective states extracted by different extracting
agent

DTPA HCl
Pb Zn Mn Pb Zn Mn
Pb 1.00 0.19 0.21 1.00 0.40 0.01

Zn 1.00 0.32 1.00 0.69**

53.6 EYh RS ESRA RS TP BT HFRE MMM

5 DTPA RiZfHLL, HCI RRARNLESBARAREKX, BRREEH, FEAT
BRELEVRERLRARSENRN. U HCl BEARUNESBE ISR LRI
BRSMEEEY® LB ESE SRR AN,

ME 23 LR, 17#EY+ ERS Po AR5 HCl BRAREUHM P EXSE
BREEHXRNH 128, HHEXBEXMEFN. E%TH>5§>%‘E°E>%’EHM&M¥>W¥
ESARE> AN AR R T & >IN F-REE, R, REHST. —
F%. BEEREMX, RAAERALLH FFH 51K HC BRABRNBHENESER
MHAXEAEZE; X Zn KK, WRHAHS Po ARMHAE, FIMNEYM LTS Zn EH
B513% HCl BRABREN Zn ARSEEREERXNE, KXMIFA: Ska%
>R AT E> A KRS B> T2 PRS- ARE, KABKURANEEH
X; X Mn ki, RELESH LS Mn EERE 13 HCl BRABRI N Mn FRER
EREZFEMR, sHEYH LHS Mn ZERE 1 HCI ERARNHEA M HHAEE
BEMX, RRAIPEL-ARE-SRP>SB>-TE&FHNEEE, HLAEYFHEZNE
TAEEEAR .. |

MU LT UE S, Ekil ERSESRARS5 TR HCl REPBZERRME
C RMERESBAHYMANTIRANARER, BRNER, AESEKS LRSI ESRTR
514+ HCl B H RE R M FE REH XK.

MR 24 TTUEH, KBS EGHERFPESRSESIRTESRERAAFEMX
f, REZEE. BE. T&F. AE04HESN PR, M ERSEIRTESR

2RAFESERR: X ZokE, RAESEHAB IR SIRTECRERAFARE
MR, HK/WAHX: X 17 EE ERSEE Mo R 518D Mn £2BAFEMXM.
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£ 23 EVB RS ESRERE 1% HC RN RS R A MEXE
Table 23 Correlation between the heavy metal content in up-ground parts of plants and the effective states extracted

by HC1

Pb Zn : Mn

et 0.802¢+ 0.759** 0.417+
£y 0.843%+ . 0.527¢ - 0373
¥ 0.752%+ 0.826** 0.283
B 0.519* 0.743%+ 0.408*
MR 0.774%+ 0.628** 0.512*
PAR=L: 0.741%* 0.508* 0.667++
—E% 0.553¢ 0.587* 0.309
Lot 3 0.840%* 0.752++ 0.483*
mEE 0.628%* 0.635+* 0.517¢
o 0.860%* 0.852%+ 0.438¢
oRF 0.632%+ .0.583* 0.504*
y)A- 3 0324 0.586* 0.259
F&F . 0.646% 0.704%* 0.429*
a¥n 0.882+* 0.827%* 0.306
ZENBRE 0.721%+ 0.517¢ 0.359
BRR%E 0.548* 0.503* 0287
FE#HNT 0.484* 0.527* 0.357

XU VB ERIESRABSHERESRLBAMAEXY

Table 24 Correlation between the heavy metal content in up-ground parts of plants and the total content in the soils

Pb Zn Mn

Wt % 0309 . 0.207 0.232
EER 0.408* 0.336 0.256
EWE " 0318 0.379 014l
B 0.404* 0.301 0.112
MWE 0.331 0.207 0.214
AL 0.303 0.142 0.328
—iEE 0.106 0.117 0.053
ol o1 0.328 0.103 0.008
Bk : 0.206 0.135 0.084
=) 3 0.374 0.326 0.126
oRT 0.208 0.163 0.101
)43 0.046 0.359 ' 0.183
F&F 0.421* 0.361 0.129
a#m 0.447% 0.403* 0.13
ZERBE 0.331 0.305 0.094
HRRE 0.106 0.235 0.076
REFT 0.114 0217 0.081
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6 ik
6.1 § X BRRISE

FER—MEEHEROESRTE, EREXSRHHRETNEYRE 85 AFRHHEHL
#l, EAMKBIXAIRE, AL HRERRH K, X HEEER EREY & % ihd,
BREAAFAERE, XTHEEAEVRSVRESBHEEX. BE2LRT Kk
BUESEDHNE, FEF LEEN—RIFE. ‘

FEHBEESRAETESHFNT EHSEAEK, Baked® Ml Punz P HRIEHYINE
ERNTK. HBAHRENS, BUBESRREEDIAELE., HRENSBE=2.
BERMEYRENTRPEFHRUELLELE, AN LBI>ELRESEATREE
EREE. FHARR, —EXEWH LB CAARIEIT 119.51 mgke?, WEWCIFERD
92.23 mgkg”, HHEZEFRYN 1.3, M CdNELRREHBEHIMHEYE, RRMOESL
Y. MELE Mn R, EX 17 FHEDP, T&F. BE. DRTF. ErKIRE, —
%, GF. RERNTRYRRELERDEY. o

SRMHEY RGN ERPESRORHREUSE, BHESRRKE AN, EXELR
TEEHTHRE, RELERHERSEE, BOXMNEE. PR EHERENGE. E0K
R0 1554 Po A 200.55 mgkg”, TRMEBNEZET 1236.08 mgkg”, THH
fy s E¥B4> Pb & 8K 94.26 mgke!, R Po A BN 659.82 mgkg', AFTEEY . M
HEVRERHEYRANESRABEGFRE RR L RESROXMLERESTRERRE
H, MAARDEHEBRHESR, KEEVBABRNESRATERD.
62 B ES R E R | |

 BMRAMCIEEERYES, EFLFRBANINEEEIE+FERBER

Thiaspi caerulescens, BHHHEMBITITHSILEY, FIEERZNEEREY™.
Wenzel 2 t I 1% M Baker XY T-CaiB B S M52 BV, MRk REME 250 mgke ' A
S, LUt FH55)50 mg-kg JARAE, Hiik 4 Thiaspi rotundfiolium ssp.cepaeifolium, Arabidopsis
hallerifBiscutella laevigatatt RCAHEE EHAY™), (BB ArZbREN RS ZRA.

AALRRA, —EENH EHICIARILFIT119.51 mgke', BT CABEER
YR AR, ERHCIEB59223 mgke', HERHEN13, RH—EEHRENEE
Cdf9keh, RCINELRBEEMEY. KR Wenzel ER BNCIEE LMY IFInHE, B
EHACIERHS0 mgkg MR, EXFRP, HENH LHEHCIERIET T57.08
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mgkg', EXHERKERSIT291, tURTFCINESREEIHY, EORiET RHAS
ARHHRERCINES R T AR S,

Dushenkov etal™f5Hi, BFPORERTEURMENRLSEHYRROMME L, N
TORRSI T K mih B35 NES, B RS EPVE RN TR, BHe Rk AN
t3-50f% . Huang et al™ Bt LRI, PoEBEENRBNEY MR M LB 0TEER
BT 30%. RE+FHRFEHEIENEE I Brassica junceaFIE M 3B K 3 Thiaspi
rotundifolium PO AH R MR BHEBEES, ERREXCIIABEE0WRRERSE,
b 3553 0B tRARMESS . BB Thiaspi rotundifolium B B RIS ER ST E
SEPOR B HIHEY) .

R LRI AL BB EL T 5— 8, SRS LAS B8 - 55 5HREP
FRMLEDTL, RE—EE. HIHENBEREATL 250%274. 1.5, EZLAL
ETESMABRE, MASENRRBIE, hHTMHELHER—EE., HIr &Mk Emss
RBISROTEY, EE—SELZNRRMURIE.

Ttk PR, HTFREEETE X WRESTE%. B, E4RAETEEYR
SAREEEET = S EN)EYH L RARE KN E SR S BT EEEYI10-5000
P QEYHENEENESRYBNAH KT, OHYNEBERATI®. A
L EERNAEX=MHNREREYRER TN, XthE R E EEYRAKE
BOMN—AEERR. Bit, Z@EEEEYHE—ATHEORREEGLNEE.

EXROBEMTT, — LY L5 ESROSBTURHES BT ER-MON
Rk, MRBETEHRRNESRERR, RTHBEREIATIORE. ZE5UN,
EMEEBERERRARELRBEEAVEZERIRTHESL RSB I LB, RE
B A TIML£R, AR AT ES RS ENBERLYWHINESROEE |
.~ ESRBEEEMASHERED, EVRRIE XHATHYEEHRARNE
B. BREXMFARBTERTRONR, BEHSEEEELROERSBILYER
X MFREMEY E, BEIXREANLTERENR, SR LFLEABH/HTE—S
fRor, BEEAR EMNAEERENBEE. Bit, BRNYE TEFNEETHENEH
| ESRHBEREHNENBRANEEEEY.

7 41

LER2SRYF RERTHFETENNES RS SR, TRLRERH KLY Mn, Zo. Pb
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M Cd E2RIERHNER, BHSEIHIAT 200004.56 mgkg'. 24717.05 mgeke’.
- 30431.86 mgekg™ 1 43828 mgekg” . TEFES R A EIYR L AR L HERELE
f#.

BERFXIETERBREZSRE KREL B ARG MRS FEERISRERT
FEEEROGERFN, BENANELRT XEBCERZEN 2o, Pb. Cdi5H, =HE
ERMEFEERIN: Zn: KBHET >RERGE >LRBET>ERET > SR>
FBERET, Pb: REBG > KBRS > REBET > E RS >R A GV >EREY,
Cd: JREBH >jcEa%&ﬁﬁ‘>ﬁt¥£%@ﬁ“>i§ﬁ%ﬁ%ﬂ‘>ﬁ&ﬁﬁv‘>ﬁ%&ﬁﬁ“..

2. N.L.Nemerow ZZ& TS R HFMRRZ SR XS RIVR, SRERW: HREHAAS
&RV X Zn. Pb M Cd MBS RBEEHZELT 1, ZHELRISH: N.LNemerow 4
AEREEEIT 3, RUBEARY KLEEH™EHN Mn, Zo. Pb F1 Cd 5%, HisH
BERIN: RROERG OXBESFTEBSET RREEV O ERET O RS E R .

3. UBNESRPHENEEESERRRCHRIFN, RAEHFTHLRI RN CF
WKRTF 6, % Cd. Zn. Pb FIEANELRFRYEABRRMERE, Kb Cd MERES
FE. FRIRBEEEREES RIPKT 1200, XRAHBENFTEY X L RILBERN
EFRRBCEHREENAT. LS ESROBELENRSEAT, Zn « S0>Er
>40 H 3R, SRRERET . ERART . BERE: 160>Er>80 ME 4,
ARBBE: 320>Er>160 AL, HKEEET FRREHTEE . Pb. CdBX
F 320, NEREBV KT BRENESENBELESRESLERE, %Eﬁﬁﬁ%&%ﬁiﬁﬂ
REYMEENKBMRFR: CA>Pb>Zn, Ko Cd BTIRESS, N3IREBEM.

4. EEBRVROXT A £FER. BV E. e RARIARSESRSBRH
F T EBEKTERS . SYRRAORER. HH. SEH, REMET 23 3 58
P, | ‘

Y b #R5y P 4uxi& BB Pb ES BB E LAY FE 1000mg ke’ MHEYHEE
B, AHE. HHE, HHERT P EQREESMEY. —FEN RS Cd S RIAT)
T 119.51 mgke', BHEBERHN 1.3, HAELEBEEHYNFHERE, TLUARER
Cd SR E R LR, |

FAEYAEH 3 Mo, Cdv Zn. Pb HFRAMERRRE, 1 EHS Pb FRIAH
T 93524 mgkg’, BETHEEEYNERE CdSEY 73.17 mgkg”, MBHKR Wenzel
SRUM Cd BERHDOFITE, B EHS Cd SEN 50 mpkg” WiFE, X—FEE
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ST EHE, MEAWHHEMRRKR, TUAXEEZEHELRIAFRNLIN.

5. HCI 42t DTPA BT EAWEF K BN ES R RFHRN, HEA—HE
4R, HCIBRAMIBREE /2 WIET DTPA B8, % Mn. Zn. Pb KU, HCIRHIR
BUHME RS ES SR DTPA REHIAN 2.72. 1.55. 2.14 f%. %t Pb Kif, XHEFHBRAR
ER 4149 Pb S5 H 34 Pb (A BB EHR, X Zn R, HClRARRNMNE NSRS
| BEH 0 2REHR, B DIPA R WHRERNS TR Zn 2REAHTH
%, % Mo R, FRERARRHEOTHERSS LR Mo SRFMER,

ZELRENE ST HROY B RALEIE R KR RSB AN 5 L%
SREEXHRRE, XARNE P SHES BB, Zn k2, MnBE. HOEK
Hif Zn, Mn ERAREREEME, RRESRARANERSRTESHLNE,

6. ABAHHE EHAESRAR5HET HC RIROH ZA R EREME..
12 Y E A E LR ERRS HCURRAREUNN Pb ARG R 2R B S, A%
BREAMERFS: AEv>5 52880 H KRG HIr &> MRS F W E-1 B>
BAE-TAT>-DRT-REE, MR, RHEN. —5%. ERIESHX, A&k
HRP L S EAR S+ HC SRR N RS R AAXHTES,

o HMM LH5) Zn (B ER 5 LB HO R RARRUNEXRSRAREERX,
HRMEREN: SE>EEH>EH NS EkRa- B> T 2 T>-REE- 9N,
HAHBNRT D BEH%, X MoK, RELREMIM EHS Mn BE 5T HCI
BRARKHNARSEEREETHX, s HEYH LHS Mo BERS5 THF HCLER
PR OERSREERE, RERAE: REL-ERE-IRT>9B>T&T>HHE
SEE, XAHEYHE IS Mn 2R SRR E KR RRFERXE.

ABHEER ERAELRSBS HRPESRARAFAEMAY, AHEEE. 8
B TEF BB 4 HHEWR PR, R BN SLEELRLBABEMN: X Zn
K, REANHIHE ERASERPESRARMFLEEEMEXR, RREV-EZA
AR, X 17 HEM0E ERS Mn BEE5 BT Mn 2BAXBFEE.

45



RSBy KEYHES RO EERRATR

%R

[1] DAN TV. Phytoremediation of metal contaminated soils: metal tolerance and metal accumuiation in
Pelargonium sp. [D].The Univ'exsity of Guelph, 2001.
[2] QUEROL X, ALASTUEY A, LOPEZ A, et al. Levels and chemistry of atmospheric particulates induced by a
spill of heavy metal mines wastes in the Donana area, Southwest Spain.,Weste BEurope[J]. Atmosphere
Environment, 2000, 34(2): 239-253.
[;] BRI, RE LR MBS EMIN]. R HR,1998:12-22.
(4] Ka%. RERESERRELSKLEREL]. RUTFHFES, 1989,8(1)42-44.
[5] AR, R EEARLSHEN TR EMLIR A EHRE, 2004: 22-28.
| (6] WHH, BER MHESRETHESRM]. LR FEFEHEHH,1995:358-376.
{7] P E. TR—HEWREPHESRBRSRM]. LRRZHEH, 199%:1-35.
(8] ARE, REFE SHRIBUERRESTEMLILICAF KM, 2004:316-320.
(9] k8. &RFRLHNEYEHT). 1], 1999, (5) :261-265.

{10 WA, AEER ELARSEIEEVEHEARERBAEGETI) £FFRE 2004, 23
(1): 65-72.
{11) MOREL J L. Bioavailability of trace elements to terrestrial plants [A]. In Tarradellas, Bitton, G, Rossel D

(Eds.) Soil Ecotoxicology[C].Lewis, Boca Baton, 1997:141-178. ,

(12] AR, BER, BN, % FRERESRISEBR SO ED]. Anbio-AXFHARE, 199,28
(2):130-134,

{13] LC;'ITERMOSER B G, ASHLEY P M, LAWIE D C. Environmental geochemistry of the Gulf Creek copper
mine area, north-eastern New South Wales, Australia [J]. Environmental Geology 1999, 39(1):61-74.

{14] RAPANT S, RAPOSOVA M, BODIS D, et al.. Environmental-geochemical mapping program in the Slovak
Republic {J]. Journal of Geochemical Exploration, 1999, 66(2): 151-158.

[15] JUNG M C. Heavy metal contamination of soils and waters in and around the Imcheon Au-Ag mine. Korea
[3]. Applied Geochemistry, 2001, 16: 1369-1375.

[16] KIM J Y, KIM K W, LEE J U, et al. Assessment of As and heavy metal contamination in the vicinity of
Duckum Au-Ag mine. Korea [J}. Environmental Geochemistry and Health, 2002, 24: 215-227.

[17] SPONZAA D, KARAOGLU N. Eavironmental geochemistry and pollution studies of Aliaga metal industry .

district [J]. Environment International. 2002, 27: 541-553.



BRRMAE 2008 BRALHIFAERIL

[18] ASHLEY P M, LOTTERMOSER B G, COLLINS A J. Grant Environmental geochemistry of the derelict
Webbs Consols mine, New South Wales. Australia [J]. Environmental Geology, 2004, 46: 591-604.

[19) XRE KW IKKARF. ) 54 RELBESRBARPRD]L. LER, 2003, 34(4): 326-329.
[20] BR{FTH, BER, BN, B PRERESMISEIREBHEHKT]. Ambio- AKIFHEIE, 1999, 28
(2):105-112. ‘

21] B&5H. MEET Kras e R B RN [D].S ™ fﬂ:*mx&emiémwx. 2003.
22 AHE, ER— BEH, B HEREFEPORMELESRESE(V] AR R, 2000, 19(4):
79-82.

23] &R, TR HIE. FRLARYESRSRREERREFNILIFERE, 1999.20(1):7-10.

[24] ERAI, G, FFRANERTAXERWEEFR].DEFR, 1999,28(1):6-8.

[25] BAKER AJM, MCGRETH SP, REEVES RD, et al. Metal hyperaccumulator plants: a review of the ecology
and physiology of biological resource for phytoremediation of metal-polluted soils. [M]. Boca Raton Florida: CRC
Press LLC, 1999, 85-107.

[26]NAKAMURA K.Removal of mercury from mercury contaminated sediments using a combined method of chem
ical leaching and volatilization of mercury by bacteria [J].Biodegradation, 1999, 10(6): 443-447. A
[27) MINGUZZI C. 1. Societa Toscana concentration di nickel delle ceneri di sum bertolonii Desv [J]. Memorie di
Scienze Naturali Serie A, 1948, 55: 49-74.
[28] JAFFRE T, REEVES R D, BEEQUER T. Sebertia acuminata: A hypéraccumulator of nickel from New
Caledonia [J]. Science 1976, 193:579-58. .
[29) BROOKS RR, LEEJ, REEVESRD, et al.Copper and cobalt uptake by haumanﬁéstrum species [J]. Plant
and Soil, 1977, 48:541-544,
[30] CHANEY K, MAKIK M, L1 Y M, et al. Proceedings of Extended Abstracts of the 5® [J] .International
Conference on the Biogeochemistry of Trace Elements, 1999, 13(1):14-15.
[31] BROOKS RR,. Detection of nickeliferous rocks by analysis of herbarium specimens of indic:;tors plants [J].
Journal Geochemical Exploration, 1977, 21(7): 49-57.
[32] BROOKS RR, Lee J, Reeves R D, et al. Horsetails (Equisetum) as indicators of gold mineralization [J].
Journal Geochemical Exploration, 1981, 5(16): 21-26.
(33] veileeh. SRAHAIEPGEM]. LR:ALFETILHAR, 2001 , 312-319. '

» [34] RASCIO N. Metal accumulation by some plants growing on zinc-mine deposits [J]. Oikos, 1977, 15 (29):
250-253.
{35] REEVES RD, BAKER ATM.. Metal accumulating plants {A].In: Raskin I, eds. Phytoremediation of Toxic

47



ERERY KEYMESROEERRAR

Metals: Using Plant to Clean Up the Environment[C). 2000, New York: John Wiley.

[36] REEVES R D, BROOKS R R. Hyperaccumulation of lead and zinc by two metallophytes from mining areas
of central Europe [7]. Environmental Pollution (Series A), 1983, 31(4): 277-285.

{37] BAKER AJM, BROOKS R R. The possibility of in situ heavy metal decontamination of soils using crops of

metal-accumulationg plants [J]. Resources Conserv Recycl, 1994, 35(11):41-49.
[38) #&—. AEHYH TRCIMBREERMFHT]. PEFER2, 1989, 9(5) :327-330.

(39] #EHFAODABRFESRBRRBEHYNFAU. FHESLERBERSR
#, 2004, 5(3) :33-39.

[40] B4, KB, MRXEHERVEVYBIECISELRAMGEHI]. PEFHERE, 2002,
22(1) :48-51. :
[41) XBk, R E, Bk, & EWREFK (Viola baoshanensis)——F Cd BEEEW I M4
1%, 2003, 48 (19) :2046-2049.

[42] BRI, FHIF. AsERRAVIRGERIXIAKERIFET]. FEM, 2002, 16 (2) :47-5L
(43] H§M, BERR. AMHOEE— —HERBANERASHYT]. £FER, 2002, 22(5):777-778.
(44] JEt% B.M.Wilke. EMBEEHERGRVENTRJ]. RIUTREM 1999, 15 (2) + 21-26.

[45) Z4, HAH, K$ FRSEKTTEHEHENOERGEER RN L%, 2002, 34 (4)
225-228.

[46) B4 — ¥BY . KEXFALHYNIRIPIBORE. BRONED. FEFEH
#,1989(5):323-330. '

| WHET, ?Kk%ﬂ, EFHKH §. ERERSFEZRLORRART]. RUFHRS, 1996, 15(1):1-4.
[48] HHEK, HE—. BHYXNLRFRHTERREWED]. RFHEREER. 1989,9(4):315-319.

[49] #REK, BeL— BAKLEETEREESRI]. WITHFESHTER. 1988,8(3):35-40.
[50) HER, BREFEE. FHRR (Sedmalfrediif) — —RHEMEHRBEVILBEER
2002, 47 (13) : 1003-1007.

[51) i, BER, AKX, % FERXTEEEAEEMARERIMESRRARRIFENFRTLR
A IREEREER, 2003, 22(5):513-518.

(52) R, RFE, REHS. SRRAEYRKELROEERA TS EYERSRAER, 2002,1
8-15.

[53] FX%, kAR BEEEYREERESBEEBRNS FEWEIHI. BRALEFR, 2003,14(4):
627-631.

[54) BHR, AEE, IF. 18 FRENELROERREEFRD]. SRR TEMEER2003,
11(2):152-160.

{55] BEE, BRI T EERRROMER REY- BRG] EFFR,2003,5 (23) 935937,

48



BRRARKE 2008 BHEHRLERL

{56) BENSON W H, ALBERTS J J, ALLEN H E, et al. Bioavailability: physical, chemical, and bioavailability
interactions [M]. Boca Raton, Lewis Publishers, 1994: 63 - 71.

[57] %2, EMX %ﬁﬁﬁﬁiw'ﬂ%ﬁ[ﬂ.ﬁﬁi&i 2001,20 (6) : 103 - 107.

[58] LANNO R, WELLS J, CONDER J, et al. The bioabailability of chemicals in soil for earthworms[J].
Ecotoxicology and Environmental safety, 2004, 57: 39 - 47.

[59] M. LMIELREMLTEOREMNEYTAURAD]. X PEMEREEFHFER
B, 2002.

[60) NELSON A T. Use of Biomonitoring of Control Toxics in the US, Fish Physiology, Toxicology, and Water
QualityManagement [M]. Processings of an International Symposium Sacramento, California, USA, Sep. 1993: 18
-19.

[61] MCCARTY L S MACKAY D. Enhancing ecotoxicological modeli;xg and assessment, body residues and
modes of action [J]. Environmental Science and Technology, 1993, 27: 1719 - 1728.

{62] ELL ICKSON KM, MEEKER R J, GALLLO M A, et al. Oral bioavailability of lead and arsenic from aN
IST standard reference soil material [J]. Archives of Environment Contamination Toxicology, 2001,40,128-135.
{63] LEE B G,LEE J S, LUOMA S N, et al. Influence of acid volatile sulfide and metal concentrations on metal
bioavailability to marine invertebrates in contaminated sediments [J]. Environmental Science and Technology,
2000, 34 (21): 4517 - 4523,

[64] RUBY M V, SCHOOF R, BARTTIN W, etal. Advances in evaluating the oral bioavailability of inorganics
in soil for use in human health risk assessment [J]. Environmental Science and Technology, 1999, 33 (21):3697 -
3705.

65 # B, Xx%, WEK 4. TRPEHER. TRENABREHFARD). FHLREKEER,
2000, 23 (2) :25-28. .

(66] HRMIM, BT, BFR, & MLERRIEFMHERIBPI, CAREYHA K] FERE,
2006, 27 (4) :52-56.

[67) BRETF, AR, KB, B LRPAREBSRINNIEET]. BMIHT, 2005, 4:36-40. v
[68) K, NI, %, §. S HEXE AR ESRSOKEEMMACu. Pb. Zn. Ci& R EDTPARRE
HARMBEXRBILI). RUFFHAEER, 2004,23(6) :1110-1114.

[69] %4 A B35 H + 157 50 R BRARME. GB 15618-1995.
[(70) HAE, 5. AXRLHH. K. BOESREPRTEORIL ERRUKEER, 2004,
19(4):457-461.

49



RELRy RHYMESROEERRHAA

[71] A% BHTERX LR, BE. AXESRGSERUERIFND]. FERE, 2002, 20(4): 399-402.
{72] HAKANSON L. An ecological risk index for aquatic pollution control — A sedimentological approach [J.
Water research, 1980, 14: 975-1001. |

(73] BRiRS. WAL TR E RATAR[]. FRAE, 1992, 13(4): 70-75.

[74] 2. WERTBETERYEENBER GG RERFAD]. F8EHSER,2003.

[75]GEMMELL R P. Colinization of Industrial Wasteland.London: Edwars Amold [M], 1997, 107-112.
[76]BAKER AJM,PROCTORJ.The influence - of cadmium, copper, ead and zinc on the distribution and evolution of
metalophytes in british Isles{J]. .P1syst. Evol.1990,173:91-108,

[17] B FRENELRAEDRBHFENTRILIIE S EFFERIFE, 2004,30(125):4246.

[78] FAAM, BRE, RXE. ESBERNEFRATIBRRALPHIAERED KEHER,
2002,28,(2):101-104. ‘
| [79] x4, H#, KRB % FRARBAM/LHAANLETESREXEHRRAEHAT], RLF
A 224382003,22 (6) :704-706.

{80] WaEH M, BER S THPHHAEC. Cu. In. POREGUAERZET]. RAIFHERFRF 1994, 13
' (6) :246-251.

[81J ERNST W. Mine vegetation in Europe. In: SH AW A.J.ed. Heavy Metal Tolerance in Plants: Evolutionary
As pects [M]. Boca Raton, Floirda: CRC Press, 1989, 21-38.

[82] BAKER A J. M., Accumulators and excluders—strategies in the response of plants to heavy metals [J].
Journal of Plant Nutrition, 1981, 3: 643-654.

[83]PUNZ W. F., SIEGHARDT H. The response of roots of herbaceous plant species to heavy metals
[} Environmental and Experiment Botany, 1993, 33(1):85-98.

(84] BROWN S.L.CHANEYR .L.,A NGLEJS. et al. Phytoremediation potential of Thlaspi ca erulescens and
bladder campion for zinc and cadmium-contaminated soil[J]. Jounral of Geochemical exploration, 1994, 7:49-77.

[SSICES 5 4R e M), b TN AR 65 2002, 311-312.
[86] DUSHENKOV V., KUMAR P B.AN,, MOTTOH .RASKINI. Rhizofiliration-the use of plants to remove

heavy-metals form a queous streams [J]. Environmental Science and Technology, 1995, 29: 1239-1245.

{871 HUANG J.W., CHEN J.J,, BERTI W R, et al. Phytoermediation of lead-contaminated soils: role of synthetic
chelates in lead phytoextraction {J}, Enviornment Science and Technology, 1997, 31:800-806.

[88]KUMAR P, DUSHENLOV §., MOTTO H., RASKIN L Phytoextraction: The use of plants to remove heavy

metals from soils [J]. Environment Science and Technology, 1995, 29:1232-1238.

50



ERRRKE 2008 BREBHRERX

(891 FE&K. ZRZFRETEARERSEYES RS RFRDLFULKE, 2005.06.

[90] SHENZ .G, LIU Y .L. Progress in the study on the plants that hypex:accmnulate heavy metal [J]. Plant
Physiology Commun, 1998, 34:133-139.

[91] BAKER A.J.M., BROOKS R.R. Terrestrial higher plants which hyperaccumulate clements -A review of their
distribution [1], ecology and phytochexﬁjsn'y. Biorecovery, 1989, 1: 86-126. 7

[92] ZU Y.Q., L1 Y .,CHRISTIANS . Accumulation of Pb, Cd, Cu and Zn in plants and Hyperaccumulator choice

in Lanping lead-zinc mine area [J], China Environment International, 2004.30 (4):567-576.

s1



FESRT YN ES RN EEMRTRN

B

ARARESMDHRARB ORI FRRN0, NRIHEE, RRAEH . TR
P R M AL RS XMERRT, TARRE ST OMm. SMBEHAELE
1, PENERER, SROTIENHARET TRANDS, HERLEIRH. K
R Z R, G SRR

EFALENLEIRD, —HARTENZZHRARMBORSAAN LS, A
RETEEZIERE LR ERBFRRGBIK, ERLHRLFRERE K. FHTAE.
HEHRFTRARIK, RETHFBEALBBE RS AEENAN TR, AT
| I B RN, BRI RRE S AT T AN
#. ESMNUAESERAFFBITIFARMA. NH, SRR, REH. KB K
E. K%, HERSFALOMIIRE, 2003 K. 2004 BEFLEURFETH, KE.
HS. MR, REW. AFRSREELTTAHEY, ERMBMNXONTREES
SR TEAENER, BETHAIHNRR. EERXZE, FHERNEELTARE
BEREAME ! | .

S DR KRS TSN ERTARR T E % HFULRTRET AEHES, T4
ENEIRERPOLET T EMRENXF SRS, fI0XBABEDILEABERR, X
R BRASHSHSRTRTEY!

RS T 12 i B TR W SOHAT 1 0 5 16 B 0 B AL S KB BR  At
&!

e TH#A

2008 £ 6 H THRBRHKE '

52



	封面
	声明
	摘要
	英文摘要
	1前言
	2国内外研究进展
	2.1金属矿区土壤重金属污染研究进展
	2.2重金属超富集植物的筛选研究进展
	2.3污染土壤重金属生物有效性研究进展

	3研究地区自然概况
	4研究方法
	4.1福建主要金属矿区土壤重金属污染的研究方法
	4.1.1重金属污染调查方法
	4.1.2土壤重金属的测定方法
	4.1.3土壤重金属污染评价方法

	4.2福建金属矿区植物对重金属富集效果的研究方法
	4.2.1富集植物的筛选方法
	4.2.2植物样品分析方法
	4.2.3不同植物富集重金属效果的评价方法

	4.3土壤浸提剂提取重金属有效态量方法
	4.3.1DTPA浸提法
	4.3.20.1 mol·L-1 HCl浸提法


	5结果与分析
	5.1福建金属矿区重金属污染现状分析
	5.1.1不同金属矿区Mn污染现状
	5.1.2不同金属矿区Zn污染现状
	5.1.3不同金属矿区Pb污染现状
	5.1.4不同金属矿区Cd污染现状
	5.1.5福建金属矿区土壤重金属污染评价

	5.2福建金属矿区植物对重金属的富集研究
	5.2.1福建金属矿区生长植物的种类
	5.2.2不同植物对重金属富集效果的比较
	5.2.3不同植物修复重金属污染土壤的潜力评价
	5.2.4不同植物对重金属富集效果的聚类分析

	5.3土壤重金属的有效态量与植物富集量间的相关性分析
	5.3.1土壤中DTPA浸提态重金属的分布特征
	5.3.2土壤中HCl浸提态重金属的分布特片
	5.3.3两种浸提剂对土壤中重金属的提取能力的比较分析
	5.3.4DTPA、HCl浸提剂提取的有效态量与土壤全量间的相关性分析
	5.3.5不同浸提剂提取的重金属有效态量间的相关性分析
	5.3.6植物地上部分重金属含量与土壤中全量和有效态量间的相关性


	6讨论
	6.1矿区植被类型特征
	6.2植物对重金属的富集特性

	7结论
	参考文献
	致谢



