View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

Regmis: 10384 RS =R
2 5. 200227007 UDC
B 1 K %

M & % Lo X

RMEDHRKHLTIR-RIED
EFEINES

Heavy M etals Contamination Assessment in Soil and
Products of Zoumadai Quanzhou

% mW St

BeEHAHEL:, T R H K

+ ¥ £ F: B F N F

WX ERXAH: 2005 F A

WX A H: 2005 F A

FaZTEH: 2005 F H
EWERRER:
M A



https://core.ac.uk/display/41429121?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

B IR AR SR B A B

ZBEATNIARIR S, FEANAEFITHE T NN SE T
JER e ANAEWRCEAE S5 [ HABA NEERAR IR,
PO AT SR o A NHGE AT AR E e St
ERIBRA DA

FHIN (B544):



e

SRINZE GHER ORI, SR — AN SRR e A St . AT
BUE T TaB I AR T B At BT SEdE, T ICP-MS J¢ AFS Wl L it
X 3 F4)E (Cr, Ni, Cu, Zn, Cd, Pb, As fil Hg) HI&H, 45413
(RISERtE T S M ERIREE 00T T R 528 At e T4 B BT
FroHEE R p X (1D B, EE B B TR R R
FARZIFENT. {5 Cd\ Pb &5 Zn SZERKATHE LUSANHHER St ml, R
T A G IR

AR R 2 BT SRR 5 A TR SR . EE R
FIEAYIA R T T RS )): Cd>Zn>Cu>Ni>Cr>Hg>As>Pb. W R Kk
HIVED), AnoKAESSE, AR EE R R 80% LA AR SAAEAERFIAR T
MY, EEESE B, WE>>22m >80 i s R, Hr
SRS EICHER Zn, Cd IS 2L, KATFEA e Hg Zn. Cd
(15— FZRIE.

K SOBE ) Tessier MELLAIU T, S SEbs L3RRS I¥ Cr, Ni, Cu,
Zn, Cd, Pb MIBAFEA, PETESEAYIRIFNE, Sk GE i p—28
W B Cd LI ASHASFRIRER A G 140, & Bhsoc & 7e T ity
TEAHVBIER N T HAKE Fe-Mn EMIE &3 AP AR H 1)
), HARS S S RLEMR. Cdv Zn AR SRR, NiZES
BN e R E AR 2

ISR e X BRI 0T Ao, AR ORGSR T LR AR}
EUAE, RSB T S, DA IR IR
REEE. LIE CRIEY), EEE: TH






Abstract

Zoumadai dependency farmland in Quanzhou is one of the important rice and
vegetable procreative bases. Our study validates the reliability of microwave-digest
applied to analysis of heavy metal, by ICP-MS and AFS we determine the content of
heavy metal (Cr, Ni, Cu, Zn, Cd, Pb, As and Hg) in the soil around the Zoumadai
area and figure out the concentration and distribution characteristics combining with
the basic property of soil and geographical environment. The collectivity level of
heavy metal content is according with the background of Fujian Minnan area
(Amoy-Zhangzhou), and it is deeply effect by the geochemistry processes. While Cd,
Pb and Zn are affected by traffic and farming, and they have a rising trend comparing
with the background content.

The farm products in Zoumadai area mostly measure up with the standard of
Chinese food and none-social effects of pollution. The mobility of the heavy metal in
the system of soil-plants shows as following: Cd>Zn>Cu>Ni>Cr>Hg>As>
Pb. In vigor roots crops, such as rice, about 80% heavy metal is accumulated in the
root tissue, and the accumulation of heavy metal commonly behave as, root=>>>culm,
leaft>seed. And we can not ignore the leaf absorbability to the heavy metal of Zn
and Cd, when we take the broad-leaved vegetable as consideration. The deposition of
atmosphere may be another main source of Hg, Zn and Cd.

Improved Tessier sequential extraction was adopted to analyse the fractionation
of Cr, Ni, Cu, Zn, Cdand Pb in the soil , and we discuss the biologic utilizing of
heavy metal, experiments help us to screen out suitable reagent for single extraction.
Except for Cd mainly existing as exchangable and carbonates forms, the modality of
all aim elements mainly perform in the residual; second is in the Fe-Mn oxide
fractionation, and partly in the organic; while content of other states are low. High
content of Cd. Zn in bioavailable state should be the primary reason which lead to
accumulation in the vegetable.

By analysis and assessment to the heavy metal in the area of Zoumadai, we
provide so basic scientific thereunder to safeguard the farm, and provide doable
prevention and cure project to protect our precious arable soils.
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F—F B o 1
11 BEBRESTIEETSINE ..ot 1
2 o1 ) = 1 7 8
13 BEEBATITE cooooooeeoeeeeoeeeeeeeeeeeeeeeeee s 11
14 HRPHEERIESSEREHIE ..o 14
15 HIREERISRIEERARTTIHER ..o i 17
BEFETTRR ...oooovvvvveveeeeeeeeeeeeeeeessssssssssssssssssssesssses s sssssssssssoses st essssssees 20
ETE INESRRALEEEREIERTHIHIFE............ 29
21 FEBESTTIE oo 29
22 BEBRETTIR cooooooeeeeeeeeeeeeeseeeeeeeee s stnsssssesessssssssssssssses s 34
2.3 BEI oo 60
57 OO 61
=T EMNESRRENESHFEHEREERI ..o 63
AR 1 L= ST T U 63
B2 ZEREGITIL cooooooeeeeeveeveeeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 66
B3 ZHIR R 76
BEFETIRR .o ssssssssssssssssssesssees s sssssssssssssssesese s ssssssses 77
BME HIEPEEENRMERSESEITHALE . 79
AL BFBEETIIE cooooeeeeeeeeeeeeeeeeeeessssssssseeesesssssssssssessssssssssssessssssssssssssssees s 80
42 BEREGTHE oot sss s 83
A3 ZEIL oo 93



51 EDREERIARIEM .oooooeeeoeeeeeeessssssesressssssssssssssssssss s %
5.2 EEBITRAIBIAIEHE .......oovoooooveeeeeeeeseesssssssssssssssssssssssssssssssssssssssssssssssssssens 101
BEENTHR c.ooooocoeevvoeeeeeeeesessss e ss s 104
BETSEE LEIE .oocccceooeeeoeeeeeeeeeesesessssssssssmmss s 105
(I S st T S 105
B.2 FFTTHITIR oo 107
B.3 BUBRRBIR .coooooooooeeeeeeeessssssssssssssee s ssssssssssss st ss st 107
TERRRSIEIIE .......vvvvvvvvvvvsssssssssssss s 107
T e - T - I e 108



Contents

Chapter LINTrOQUCLION. ..o sssssssssssns 1
1.1 Heavy metals and soil @nVIFONMENLE .........cceueiieeurrriieiriieeieieieeieiseseesenenas 1
1.2 Studies on the assessment of heavy metals contamination in soil ................ 8
1.3 Heavy metal analysis methods............ccccevurieueirinireiniieeieceeeeecee e 11
1.4 Speciation and bioavailability of heavy metal in soil..........cccccooeveereeennnnsne. 14

1.5 Advances in the remediation technique of heavy metals contamination
I SOLLu ettt e 17
RETCTEIICES. ....cevvreveeeiiiirietrtet ettt e 20

Chapter 2 Heavy metals concentration and digtribution characterigtics in the

INFIEld Of ZOUMBAAI .......oeueeeereeeeeeeeeese et 29
2.1 Materials and MEthods..........c.cvuveeueirinieeiiisee e 29
2.2 Results and diSCUSSION.........cucueueieueueeiineieesiicineieiseieiseie e sesesaens 34
2.3 CONCIUSIONS ...ttt ittt ettt st ettt seaeae 60
RETCTEICES. ....cvovrviriieieieiirtie ittt saee 61

1521 0] 0] 1= T 63
3.1 Materials and methods...........ccceueureieuririences e 63
3.2 Results and diSCUSSION.........c.veereeuricerieirieesieeseeieeeiseesseeseeeseeeseesesesesessens 66
3.3 CONCIUSIONS ..ottt 76
RETCTEINCES. ....cvvvrveriiieiicireie ettt 77

Chapter 4 Speciation and bioavailability of heavy metal in the soil of
A U1 0= o - R 79
4.1 Materials and METROAS. .....ooueeeeeeeeeeeeeeeeeee ettt ee et et eeeeeeeeeeseenaan &0

4.2 RESUILS ANd AISCUSSION ......eeeveeeeeeeeeeeeeeeeeetetereeeeeeeeeeeteeeseesensesseseenesseteessessessenes 83



4.3 CONCIUSIONS ...ttt sttt ettt et 93
RETCTEICES. ....cvvvrevereiieiiicirtie ettt 94
Chapter 5 Heavy metals assessment and contamination prevention in the
ZOUMAUBH B BBL......vvreereereereeseessesseesessesessesssss s sss bbbt 9%
5.1 Heavy metals contamination assessment in the Zoumadai area................... 96

5.2 Prevention and remediation of soil heavy metals contamination in Zoumadai

QUANZNOUL ...ttt ettt ettt 101
REICTEICES. ....cuvvrevieeieitreeiee ettt 104
Chapter 6 CONCIUSION ..ottt 105
0.1 INNOVALION. ... cutieiiecirieeieieeeectetet ettt e et eeae 105

6.2 DEIICIENCY .....covureieeererireeieeieieieetetetetetet ettt s s se s s s esesesesees 107

0.3 OULLOOK ..ottt bbb 107
WOrKiNg SUMME@TIZALION .......c.cuueiereereneieensesessiieis st ssessesssssssssesssss s ssssseens 108



A

HoE iR

F—E &it

THER NI EAF I I BRI BBl —, — HREA IR )
o, ISR GIER AR ERE T, W SECETEIELL,
G H R e KILRNA PR IRV A 51032, BRI AL 7,
Amflivt TER A, YIS, VRS, SEUTRYIRI R AR
TR ERAR . P 1998 FELTHBERERY], AR =I5 AR HIRIUA
2000 J3 o', 29 HRHLERIAR 1/5, ERETHIA 2000 1278, d1 T BE)ET
Gt AL B ™14 1000 J7 t /4R,

TGRSR B B YW, BUIA S g, H—
BIHFEFERFIR, JELLER . EAM TR A EGE BRI, &
W] R I R R E R CRIE RS, ittt AR AL I HAOK G (Hg
R, B (Cd ) R IVRBELE. S5, EREIBb IR SR
EEIUR, PRI S X g m I A A s T A
P, IFRBEISEAA TR TSR, R R SRR

1.1 EERELIRESINE

R LU TEEE TN Rt . FEARM ARSI, A
FHIER 2 AR, —Je i NS N, s A e s e,
WATeER. TR AR, HF o (AR AL KITCER, K.
W HAJEITFENENG R O i NREREE R T fas, HrItbok. .
B RRAEREE RN, XUEES R AN G Y2 H S, SostEH, IF AR
AR, FATEIAN AT B, il (b N RN 3 P05 i
#HEGB15618-1995) , KLU T\ FPEp)ms o) B plifaocas: . k. by 4.



SR AE S HOR I A - AR A 5w DR VP

AN NI

11,1 88 ZocsAIRRIIBIR T MERKIANE T ROTE, i rah112. 41,
WLy gk A [kr]4d®ss’, RITTER AT PR, BHOMA24r, TmoMCdArl e
eI e AT, IR PRI E A KPR G ) .

WR—MWAEOTE, AR RIS R PYTE0. 1~0. 2mg/kgZ [Ale
AT R I A B AR 00 001 ~11mg/kgo ATT Y32 rb ks - Bk Tt
B, A0 & B 80, 01~2mg/kg, HHEA0. 35me/kg, FeH 1
BRI BHIE 0. 097 0. 017~0. 33) mg/kg, KTHA (0. 413mg/kg) FIHEH
(0. 62mg/kg) M7,

VERTEDARL T CE, CABENAEYIAR BB, R A
Wo WIFERCIRMAK . AL, AN, A A S A AH)
S, FHINE . oKL P SR, FAEEREAAA, 1  HAE KR 2
FERRAE /N, BEEE. PR RERESEIR™ o CantREIAE Kt s, i Sk Kok
HRBHE . B, KRG AT, CAFRERHEI a4y, ikl
WA, RS ML Y], SRR O, ISR, Bl
ARG, CANI T TPk Py - A FIF AL o

TIEREE R, A AR TE 0. 2~0. 8mg/kge BRI IR
SRR —, HH A e )k 1200me kg, KRR AR AR S5l +-
HEPICd™ . VEMIRT R IBSCRIAR SR K — AN B3R RURAT I A KR 2 S 5 m,
(R S RIS P ARRRUER UG EE 2 )L AL b

1.1.2 5R: TR AMRIIBE, R 4200.6, SNZH R 45d76s,
WO E O +2, IEAMBTATLLOMY. +1IAEAE. RAE ASRTLAATHANI S o
RITFR=FENO0. 284mg/ kg, TEHIER B ZHoR I : 15T (0. 08mg/kg) -



Ape

HoE iR

Hubg (0. 0lmg/kg) + Hitx (0.008mg/kg) o WbAb, ANFZREFEAAH, LUKt
EATORIFEEfm (0.nmg/kg) , ARIFIHKUCHEENES (0. 09mg/kg) « RMES
(0.08mg/kg) « il (0.04mg/kg) , 1 LAHIEMEA RN N AR
(0. 01mg/kg) s

IR R RS TSR, R R A A ORI AR
B, T EHYTRVE R B 1 ORI & S A, UG L AR E AT
HUR DA 1358, HORI AR S . HFRys Yo T HREE oR i &
7 0.03(0. 01~0. 3)mg/kg. H1E TIEHHIR I S E=A0. 04 (0. 06~-0. 272)
mg/kg, SMA LAETT TIEEREAL, ARIEEUD: BT RS R E R, AIEECK.

ARATFVEN BRI S 5 g PIEAEE T, RO AR A v]
BEF= EARI DA K. RE S BRSO, A ARG~ R4 F Rl
Thee LrAeth, SHEY). 0. AER AT IR R . ok
MHAEE TS SFIERE, FEN N =R SR, THAESRIAEIAESK,
o, AR O FREDR) BT ER . TR, R A- S EREE I 5
AP, LI ORI R N AR, SRR LA RO R RSN ) ) 2 S22 7K
FIFCADA TR SR, XA AL A T LI 4R

1.1.3 ®: JAWRVABICS, JRTRNT4. 92, MUEAMICER, HRFFATLIO0,
=3v  +IMHBINAELE, (A RIS AT AT DA+ 3 S I MMN S AF AT . HiFe s
AP bR A SO . 5~2me/ ke, WA HRIE A 5mg/ ke, B 7 i) 3- 2
JE A S EREIAREHER V2T s K T S AR IR AR, 1~
3mg/kg, TMYIBLA SRS LEA (1. 0~16. 6 mg/kg), “TH4410. Omg/kg.
PRI PRI T LAY A FVRSRIER A SRR RS, NG 8l st
FEAET PR I BEN 25 /MLEAE (1976) Seit- T 1 8 -3 b1
A9, 36mg/kg™ o TMiBowen (1979) Wit F -3 Hp i) & 496. 0.(0. 1~



SR AE S HOR I A - AR A 5w DR VP

58. 0)mg/kg"” s P LIRS A 10mg/kg. MEVEIAR, e ¥
TR PRI B (AN . AR I IS, mkE T
teie WIS e B EIb P I SR AR I

RVE Il CUE WU S B Qs T 75 1, ARG 280D, TR AR A
FURGAEEE, IR RO A AR TG R MC e 18 SERG U I
N, N R ZERR . R IRANR IR K BRI s
FIHKAG NI EFRAK, T CDNA TR IR L A T (1), Wif7K
REREFRII BN, S RRIRREIE . ThAg A K2 BRI ZE LR AE

1.1.4 $8: BER2AMmMEETocR, SUBEIGocR, 1 FocRAMRIB
W&, JEF-EN63. 55, ANZEHTEEE3d s AT T S R A T0mg kg, TH:
ARSI }2~100mg/ke, P R20~30mg/ kg, Fe[E I Sl k24
(15~60) mg/kg. EARFH, HLICL. Cu's Cu” =M SR IAIFE L, (2
frt3gEd, U2 RIS PIEAT A, AR E, Ao RN
Al BENTIERRIE, SR, AT SRR I ETE, IR
R Wi, SCSEHURAE R A
i RSP E KT e #, AR e A E R, T n]

PRI, BERGE, ISR A s e s =R, e G1E
FHURSS, WHEpRsg, SIEEER, IMEIAK, S8 Y. B

ERADPRUPERFER, T HEA et (AEm Btk 1
—EEPRBEIA T, WipH. IR JRRAL, HHETRIA SRR BN R,
LB IR AR AR 25 RE R 7 itk . JerbpHi2 i 25 (1 m i)
T M RE AR R REDHAE ARG b, 4 R SRt g8 pH A AT T e
LV~ N O O 0 s 78 = P Ly SN L SN S/ 2 S A | 7T LN
200, 300mg/kg"™.



A

HoE iR

1.1.5 §6: JEIeHAIERIVAIG I — M RotR, T EA207.2, ANZRT
JRAE K AAL5d 65" 6p" s HITEA B 1 AT A+ 2RI+ AN AEAE, BT+ 4N B s e,
LT HEAEE PORRERREATAE, W3R PO S 2 A 4. Hh
Fea AP R  16mg kg, LA TP R AR A 1 ~150mg/kg »
IS AR AE2~200mg/ kg 0], TR E AR K13 ~42mg/kg™”, Ik
] I TS SUE 23 me/kg.

BRI SR 2 BRI AN 1 M e v, A s 2D
AR PRI AR SR AR, AR TR R 2 (R . RN S T
40. 05~3mg/kg. YL - FIAR R BRI A A U P IR 2k
BRI Y], RIS AR SO, AR IN ] ik L Tmg/kgo
FEREDIR,  H53ZELAPD, (PO,) AIPbCO ST AT AE,  LERIMI TR Pt AT =g
TAREESH . HTREE B EN, (IR ZR TR 35
BIE IR, 90%LA AT EATERR R . AP WSO R T A B SRS, T
e A A G, LR RS S R A v L e e
NIRRT S TN Sy = S i S T S e e

1.1.6 &: BdXJizx, SNZHFHEA3A's,, BANEMIA s TS K2
AP dXICER -, SRR AT AR S Inpc, I s 2R s
(RREvE, PTRL, BEEREE Il E A DUMAELES: 0. +2. +3F1+6, B BhEL
TIMHE PRI AL PP AEAFERIPIRINZ5Cr (D MICr (VD A4 JLTAH
S APEIT, i ICr (L) W] AR A M A (R MR, o A A B 25
PE, (EUEREAIRIIACHS, SR AR N e 48 1Cr (VD) W2 — s
WA, BATIREUEL. SRR, SO, ARG HERRT Y,

A eI 125 (80~200) mg/kg. IR BRI TR



SR AE S HOR I A - AR A 5w DR VP

BEZ, IFRSCERETIANR], SrEZEmRR. KE TIBEUH T HIE S5 & ] mik
3000mg/kg, MMt EH K E I TIEEHANG mg/kg™ o WPy ISR R
{EA70 (5~1500) mg/kg. FkIH TIHRMICRTT FEA65 (2~1209) mg/ke,
AT PR S AT N o RN, TR AR R A 2,
BRI S AR I E R, Qi R X > e SR X > B X > S >
RAEX >TERIX o 3XBR T TERCEIERETUAN R R IKI LSS, b, ik,
pH. TSEA LIS A X I TN RS 3 B B B A Y L
LE]PSE

BRI E T TioeER, (RS AP ST AT IR,
WIS . FRAERIMIRPN S BZI00. 05~0. 50mg/ke, Tcts vl il K,
Pmreat, WS N OKE WY, DR RS, YIRS e,
TR A =R BN ER, AAHPIRRRE AR TR AR, Wil kRE . oK, k.
M B NEHEDINAER, XESEYI R TR R I AR AN IR R, H
FARKIN N BEAAEIRI AR, 5 R v Sk, BHASVEDIRR ATt Jd e
WIMIFIER ™. Chatter jee (2000) WFFEE I, 1 HFICr, (SO, SHTEAFSI K144
Hoit, FelfIREE. M4kaka, MEkamb. &R AR AIEIER, [
B PAAEMSE  ILE o PRV PR, S2MAP. Sy Cun ZnffJn%™

117 $F: BRREENEFCR, WRNIITHE. M TIosAIRIIBE, JiT
HON65. 38, HLT)245H [Ar]3d 4s”s A BB T34 5 FE80mg /kg, TR PRI
FrEA50 (10~300) mg/kg, FRIE T REFE B3 ~T09mg/kg 1], ~FEME A
100mg/kg, HCHF LIRSS PR m . TIEP RS R SRR
FEENEROCREY), RE IS EEE SR AR CR) T, P
£E200mg/kgA by JLUCOEAERIIORELTIE, LT HE, e, ARILmkits!
AR, PI47E150mg/kg A by PRI FITIAREE A b ARG b skt R



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

