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i B OAIMERAFERLOHE. EHEZHERENN, HET Cd, Pb, Cufl Zn %% R — + WH
BREHBZURARARERA L EPORSHBRENEE. SRRY, IERBLPILELRNESH
- RBEE>ANEAS >RELEDS >BRELB AL >TRARS, MBEERNETZREESLR
MEREN. UEAMARERBRRIBASGHTES R EYIEHEN, HERLPEYBERDHNIRF Y.
Cd>Cu>Zn>Pb. HRATENLE, ELRNVEYEREMAZIORBRIMATER, AEHBR P LRAR
HEREEYESE. SRESRELRPHTENEYEE, RH2 MSRAKE L H Cd A Pb X 4K
Ak A 7 A K %2 4 2 A4 ALY 7E B B -

X8R BREL, BELRE, BE, £PEk

AR EERRS, B+ Cd, Pb, Cu M ZIn ZELENSBAKTEAERPEN LAY, 1
HRE-STRIENHBFENRE RS 410, tEHTELRNSEABHBERNNE, 3
S E R T YT R EMER MRS R R (GB1995)". HEUARRESE
MBS WEIEM T8, AR RIS R LR EE N Y MEL B LW WY E S, ¥
HESBERMNK- RV RENEERE.

AXEEWBHAEER, M2/ N ERENAENBEIHESEHETELBNES AT ALY
EYEHATHN, UTHSRBELTBESROESHHNE, ANEELBESRI S EYELR
MR, FESRBETPESEN K- E- B REOBERE.

1 sLEFEs sy
L1 Bt

BYRBEREBRITAWRET /L THE R (45° 45'N, 126° 43'E) FIMEA IS # L (47°28'
N, 126°57°E), HES/E (Cd, Pb Ml Zn) MEREHEYATIY. HHEREL (HEER) REF
EA B AR SR R AR BE L (47°26' N, 126° 38" E), 8 4K HEAEMRFAILER

BTG R R SRS LR S PR A R SR E S R RS R LR R 10 4, 33T 60
A, BAREAHRBEERA 200’ REFEHE R 0—20cm, JE#E N 20—40cm. i+ 38k %
VEMSEYREAS BART, 3100 B (0.17 mm) 4.

TR AEUEFEMESRE Cd, Pb, Cu, ZnWEERLEL

®1 HRBLERBEAHER

Table 1 Basic physiochemical properties of the tested phaiozem

AHLE BN 8P 2K S H/mg - kg!
B pH -1 -1 -1 -1
(g-kg™') (g-kg™') (g-kg™') (g-kg') @ % 4 &
MRESHRREL 6.33 29.7 3.32 0.54 19.3 2.29 57.5 18.2 214.3
BFEL 6. 47 32.4 2.93 0.52 20.4 0.32 22.1 15.5 103. 2
HBiERt 6.58 45.8 2.56 0.61 26.0 0.15 11.1 13.0 58.7
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1.2 JERSEIT

RH Tessier 73k HTHAR DR : FIHA(F,) A MgClL, (1mol - 17", pH % 7.0) R EL; BAREL
ZAK(F,) B NaOAc (1 mol - 17", pH J 5.0) B B; BE AW L &% (F,) A NH,OH - HC
(0.04 mol - 17") MIHOAc (25% , V/V) #£8,; AHNEEZS (F,) A HNO, (0.04 mol - 17') Fi 6ml
H,0, (30% ) X NH,OAc (3.2 mol -17") $2H; BEA (F,) F HNO,H HCIO, 4.

TIRAEF, BERR—ATEREERE, HEREMA 10ml £ FKMEE2 k. LA 5000 r - min "' B.L
58, REFER, AABPENECd, Pb, Cu MZn HESEE.
1.3 AYREHTEM

TEIBLBROEYERAEEYIR A, IRMMERESL. Kb, £OTRBETRERE
R

o IS + BREE RS _ F,+F, )
- 28 "F +F,+F, +F, +F,
EeRETEIIBEHNOKRD, TTETTHRICEHARD .
L F/T
M= 3 : : (2)

=1

AR, MABERHWIBRE, i PRI, FRHJLRELR i PIRBREWSE, TLRGE)
ErXHivMeR, n ALERFANHE. MESREIEPMHBEDOR/D, RFHAMNE R
Tk

Lﬁ=iMj (3)
AF, LALROWBERE, MATRT TR TBRL

2 HRS5WR

2.1 BEHHE (Cd) WESSH

A AR LS, CdEHENEHRENRIMAFERRER. ERRESEBLINHES,
Cd FEUREBE ., RS SENGHEERTERFE, Kb, TXHSHERLEETHINLEL R
M31.1%H132.8% , BRERELAEGE L 22.3%, ENGEESSMRESTREM, Rb9.4% M 4. 4% ;
MEESRE L EP, WERUAXREMBRAESERXFLE, RRELGSSHENESSHERER
e, EEEUES. B EHEMEHES A L2BANEHSOHE, TUEKSTLESHE L ES
CAMEFERBFARKRAMLET, MEAXBEHERKE S CAAEYFHALE. EHBAEBESL
T, BERRMERBPAXKREAEEES S AN EF LAY, BEHZSPRRESEEEMAN
GRSMERUAS, KBIURBESEAFE. BERIHERESZE P Cd WBSS AR NEL,
FHEUBBSHFETLED, IXBRESHNRELE SNSRI 20% F1 9% K&K

AFRRFEROBLP, CdHESOHABRHERE. ERRESERL P CANERESTERES, W
RESRD, ELRT CANESHAR: BRLEES >TXRS >HKRELAE >HNEEES >
RES; MEBRHELHET CARESOHAY: RBS >IXHRE >HNLEEE >HKRELEAS >
BREEDS; HHERLPHC ZEUREDSEARE, HPRES >AXHRE >HEEE4S, LA
. REEEREIRFESHANIES, —REEXAHRLEEHEEK, tRELBTIHREHN
TEREEIRBSNTR, ESRNABIESHULE S EL BT YPURBENEAFE. &
HE, FEREF CANBEAHTHERESARLESEPYBTEMERE R, HETHAMR
ERGRELYS. ANGEESHRESHEEMNS0%. URFRBLAFERL, TURKAR
MGRRETERER Cd ARESAMMEERE. NG ERARLESHESAMTUEL, P
BREAHLGTITWE, — S0 UMSREKEEH#RALE, AT W BREXFGMBRSIES
JRREZERT Cd ELEFREHEDERM.
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2.2 BAH4E (Pb) MRS

Pb7E3 R LB RSB P T EURBSERAEE. ERREGLBELH, BHEMIESHZ Pb
BABSHAT RO SEREER: RES >EEEAD >HNERS >BMUBEAS >TRHES. #
BRESHEFE TSP MELBNAOLERANER, #HETRESHS RN 36.2%, WiE#H
BRESIKT2.2%. AEHETHEEEEBNENEAS PP ESTESHE, WAL @3+ HET
P £BMUE, HETHEPb AR (51.5mg-kg™') BLEHELE (164 mg-kg') =%,
BHEANRS L EOIBRICLERHELE P LRAWIIEHBE. PhAEBSEELREEER
THEMEHENESHTAERES >HNSES >HEEAD >HREERDS > TRESHE
iE. BHREELESHELEPRBREEASILPRARE, TANSHESLEEE THE, Edit
B, FFLEDHRHRS Ph S BEY, X 5N KERERNKEEX. HERIHBRAESE
B Pb )2 B 14 NTE S 4 Eo ) K AR )

EIAMRFEBLIEED, Pb MBS HUE—EHNED. ERRESRBELREILESE Pb Y
BEASBRERTANAFMEHWEL, TERFAAZB AN T HETENRAE—EBRENNE, 58
RIEFER. MEEEESPERTERGELMEERL.
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Fig. 1 Distribution of cadmium and lead speciation in surface and subsurface phaiozem

2.3 BAd (Zn) WSS

MWE 2 TTUEY, ER—TEASHEREHEF In NG HEEESR. ERREBTRRLN
B, RRELEASHENESS In BETEHE, RESSERTEHNZ. EXESHELE
b Zn K RED >HIEEE >HALEEA >BRBLEES > sk ; MESE In B4
H: RAS >HEEEED >TRRS >ENEEST >HERELEAE. BREELNEERLMHETD
In WIBE AR HREEAMR, HAaHREN: RES >EELEEGT >ANEEGT >BRELEAT >
A EHEFZIn MAHR: RES>EHINEEE >BHEEETS >HREGED >TXHES. HTHER
BEAR, BRTR/RESRELTSEMEHZ P ACHRA Zn HE T 55 L ES 2 MEHZ P
T ZIn. BEBRERHZRAOSNIBIE, TS In ERFEE - ERENKERARRE.
2.4 BA+dH (Cu) MBS

ER—BIW#EHESELES, CO B HFEHEE: RES >HISEEE > TXHRE
SHEEEE >HRELES, LE?2, BURAREGLEFTHETE CuMLBEE TEHEN, A
b, BAREEMEDHERL O SEYRTESHE, —FEEEERE®AS, EP BT
BERA FREESRRALR SRS FBERYLBKE, MR Co AR AHBEE T EHEFER
B, B—HE CuETEPHIBEARE, EMETNKKBNEYESHEREBEHESIEHE

FEB.
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HF Culy2BN: BMREFRERL (BRIH) >HBRL>ELHEL, LHEFEHS Cu
MEBHLRMREGLEL >EEL >BREERL. E2EMBERY, RRESRBLPENLES
ACuBTEREEL, BREELNETHERL. B3R LEPZMESHE 5 LE Cu o9 L HINE
2 .
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B2 Znfl Cu EHEMEHERLFWEELG
(F—TRBE, - RMBGAS, —RE%EES5, L—ANEAEE, F—RES)

Fig. 2 Distribution of zinc and copper speciation in surface and subsurface phaioze

2.5 BETESRHNEVERNL. IBESHEEN

TROBAERMNBEERERLPHEYERENIBES = ERM. RERX 1 A2 TGS
NHESBRE=FTRPHEYERENTIBREAIOKRD. FREYN, A%, ELBEEH
EHEYERERERTEHRE, ERISRIEDPRALAINAE (EH3). ERREBSRBL$ Cd
EHEMESHBETRNEYEREI BB —EHNKF, ARKEHRET CAELHIHUESHIANEY
AR #HEPEE CdNTRRSCEZHTIEHZE, Cd ETBEEPEIHNBHERS. SR Cd#
ATHESHBREMGARRBABRRNEE, BEFRERGMRE, TURALIBFSEC, U4t
PRTEERBAAREAFE. $ELED In WEYERERBAR L EHZLEE—F, HELE
Zn KB Y RE, E+RRECERT —EREHBR. BRSEELFHE Pb
EYMARER TSR LES Co BHEREHZEYARELEIRAE.
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Fig.3 Comparison of bioavailability and mobility of heavy metals in phaiozem

AR BPESRTRNEDERE, TURBRE AR A L B AR ELREYH A H 2
Al (E3), Cd, Cofll Zon WAMAMMERB/REGSREL >ERISEL >HHER L. PhABRIIGE
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THRREMERERAR, K EEEDO0.103, X 5YM A T W EKERE X, BKER—J @k,
BRI YE Pb, A — A M BEFRAS, WP, FHAYAAAERE. USEMIESH
BRESRIBABNFHEFEARNESREI B RIWEBES (H3), SREY, 4HELRE
ERETHEBEAMAFN Cd>Cu>Zn>Pb, HEBRAKRNSLHN BT RBEML, EBEREE
BAFEMNRREGERLFHIBERTEAEFEL, BRSELI XX THEERL. KEX3 Bt
B, 3MIEMNESBMRBEERNIUFARRESREL >BEBEL >EERL

3 g

ZdMERB[LNFERLHEZNEHEPESRESH I LR, RUFE—BL LHPH
ERMEHZESROESANFERRKES. BT ARESHN LEHRDURERMIBEESEYEE
SPELIEERE, GRAHELRTESRY2BNAEHESBYT TEME.

REIFEEBRHAES - BERBES >HIERE >BES D >BMEL S > TRHESX A
Bipfromdn, EAREERMAEE, BB RNEZEMALMEH TR ELER L PHXFI A
B HTHEREREAR, FRGRLEUEMNEE RN ESRESIAURRE, ERREBRE
RiF, REBURHRS . RREFESNERESSDIEXEE, RESETEEY, MESAI2 /L
R ERURASEAFE.

UAEBREMEIBERES TN ESLBRAREAR L EIWEYEY, RUILBELBTRE
REIPEDEEORDAR>E > >4 TEGLERSESRTENEYEEFIMEX. HREA
FEHLR, RESRTRNEYBEUHUAR. LTI RPESRE RS ENREAEDTHEYES
MEEX—FX, GRBEIPESBEOFRENR™BELMM T KERBR™ERY, FNEE
SRS B REAE— LR R EE
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SPECIATION DISTRIBUTION AND BIOACTIVITY
OF HEAVY METALS IN CONTAMINATED PHAIOZEM

GUO Guan-lin'** ZHOU Qi-xing"?®
(1 Key Laboratory of Terrestrial Ecological Process, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang, 110016
2 Graduate School of Chinese Academy of Sciences, Beijing, 100039 )

ABSTRACT

After sequential extraction of the surface and subsurface soil of contaminated and clean phaiozem, the
speciation distribution and bioactivity of heavy metals in surface-subsurface of different sites were studied. Re-
sults indicated that the species distribution of heavy metals in clean phaiozem was residue > bound to organic
matters > bound to Fe-Mn oxides > bound to carbonates > exchangeable fraction. Pollution occurring would
change the general distribution trend and increase the exchangeable fraction percentage. The bioactivity of four
heavy metals based on assessment of bioavailability and mobility index were cadmium > copper > zinc >
lead. The ingravescence pollution would increase metal bioactivity and soil leachability. Down movement and
high bioavailability of metals would appear in the subsurface soil. Considering with the increasing concentration
and bioactivity, cadmium and lead in the two contaminated sites had threatened safety of agricultural produc-
tion and groundwater.

Keywords: contaminated phaiozem, heavy metals, speciation, biological activity.



