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TEHRTUARGEKELRY P ESBE KSR U RSO HRE, RAXK TN A& (RAC) #
Tucker3 MBI HESRNBELENE. HRARY X ELRARNFHIRFEL LT LHH RE,
HERTEA -ENER QuANSESALERN 3% ~68% ;Mn X HE HKREFESALLEN 1% ~
18% 7% ~31% ;Pb.Zn M EEANWE ST H L BB 12% ~53% 4% ~27% ; REES R UK R ALY
HFATHNRBESHE, FHSESSEK 80% LI L. i RACKHRBE Ma(BRRES B)LETFhERBEEIXNK
%4 ;Pb.Zn . Cu JB MK XK B 5 M %N V. Cr Ti BB EESREEME. RERH IR E S KERY A

P fee J e 2 R 4 1 i 9 o S SR AL B2 1K 9

KB w5k, BLIR B, Tucke3 B, R ¥4 455 (RAC) .
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HEEREHFRYSET—RIINYE 2% Y
BRNE LBEAKRY . KRR RN, FE LM
TUREHMESRESHANEIERNR, MESLR
EESRAARAMNATESRERRY - KFEZ
B AR E ST Hl, IR ES R R
SIRRZETZRE, FRAFFREN A —LE
AR

R EREEFORKIRT Z—, % = KE
F AL TUT ME— A 3 R K K R AL, K BE UL AR B Bk B
HESRMERYENERREE, BB KER
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1.1 BEEXHE

2011 4 4 BB KEIARRE, EZX
BAK 22 M BERARERESRRT XEHRY
BEGh. BB K BRI SRAE A 3R 122, BT A SR R
PGPS 2L, i 1 B . BUR M T 55C T4k
RIHE S MBR, MO A R, B— 0 A E
Z 5t 200 H R R, AT T RO EH.
1.2 H#@mawlE

HEREBEAKRTIRYHHBTER B
- AR A B F R 5 6% % (ICP-OES) il 5@ : #R
B2 0. 1000 g JTFR YK & T 2t I ¥ BE 28 B9 Teflon
WES,MA 1 mL H,0,, %8 10 4348, il A 2 mL
HF( 1.15 g+mL"'),1 mL HNO,( 1.41 g-mL™") , 2%
4F Teflon 3, K ANED , ITEWER. BHHEERK
ABEFE R, F 190°C {R 1R 30h. FrF £V A G, BUH
Teflon &, FEEH MR EF 130CEEZET, MA
0.5 mL HNO3( 1.41 g-mL )EEZEF, WL BE
F1R.BEBEMAS mL HNO,( 8 mol-L™") | SFIHF
WES, THAA D 130CHRE 3h, FHERERLHN)E,
B, BEERES, AB4KESB 50 mL, RF
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ICP-OES) %€ Cd.Cr.Cu . Mn Ni.Pb.V.Ti Zn.

B2 0.3000 g B 5% F 50 mL (L& 4, M A 10
mL EK( 50% ) JKIBHRIE ISTHRMAT 2 h, &R
%4 W, EXF S50 mL. FREER 25 mL, A 5 mL
HCI ( 1.19 gemL™") # 5 mL HAR( 50 g-L°") ,4fi
KEAE 50 mL, U8 30 min 5. FFHIEH0E
% (AFS-920, 4t K ) Wi As F1 Hg.

BR—ERdmAEsS, A1 ml/l #RRER LT
W, Z B4 60CHE T 5, A LiquiTOC [E fAHE 5 48 b2
REME L REANKRSTED.

HE&RBIEERBURA Tessier A EERERE .
@ WREEA(F1) LS TR AR OREES
1.0 g F 100 mL 4T+, fm A 1.0 moL-L ™' MgCl,
EW (M E KRR ST pH £ 7.0)10.0 mL,
AR FEEE 1 h,3000 r-min~' &4 F 2.0 30
min, HFAAZAH, RFRKNE LRERFELRE
HWE. QIBRELESE(R2) B EE B LB
B LWEA—1 100 mL FIEM S, A 1.0
moL-L ™' CH,COONa % ( F§ 1: 189 CH,COOH ¥
pH Z5.0)10.0 mL,2E 5 h,3 000 r-min "' &4 F
B0 30 min, AR Z G, R FRENE LER S &
HERBRHWEE.Q B ELSELHBRESHEA—
4~ 100 mL #FE# + , i A 0. 004 moL-L™' NH,OH-
HCL % ¥ (25% ¢ ( CH,COOH ) £ %5)20. 0 mL, K%
RIB(96 £3C) , [ BRHHE, ZEEH 6 h,3000 r+min '
4T B0 30 min, K E [ JFREN E LE
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KPS EERMEE. OF PSS (F4) K L
HBO TR R S A —4 100 mL MR+,
A 0.02 moL-L™" HNO, 3.0ml # 30% H,0, ( HNO,
W pH2.0)S5. 0 mL, KIF{RIE (85 £29C) , [A] &K i
LB 2 h; B 30% H,0,(HNO, i35 pH2.0)
3.0 mL, KRR (85 +2°C) , I BRI PSR T, %
B3 h%HE, MA 3.2 mol-L™' CH,COONH,
(25% $(HNO,) E 2 )5.0 mL, FH 4k R % 30 min;
3000 r-min "' £/ T B0 30 min, KAEH, EFR
WE LBEBRFEELBNKE. ORES(FS):
BEERLBRERM 4 MBEZM.

Fi A % % Al ICP-OES ( Varian 720ES, USA) i
iE.

HFEREROEFRME, 2L BRH LT KR
TR br S % #E i GBWO7309(GSD-9) HE LR
TENER, HETTERNIMIRETE 5% M E U
.

2 HBR59W
2.1 REYHELRSRNH

MAREIRYTESBREETUTHARK
BRBERAR. R1FIBTIARTERKERER
FYHESRSEIMRI. HEELER: A,
7.43 ~13.47 mg/kg; Hg, 0.03 ~0.32 mg/kg; Cd,
0.22 ~ 0.33 mg/kg; C162.27 ~ 97.72 mg/kg; Cu,
15. 80 ~ 60. 54 mg/kg;Mn,503. 69 ~1379. 14 mg/kg;
Ni,20. 43 ~56. 35 mg/kg; Pb,15.27 ~46.25 mg/kg;
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HEHARREEH.

FHEERRELRB TR A YRS A K
MBETFHEANTS, REEREMZGTA TS
mi ENEET CWEBTHEMBTE, SHEK
2.86 ~67.88% , XA S Cu B T 5 A VLR ERM
BR 45 A T UAME 53 R 1 78 HLEE B 1) A AL 4 25 X 23
RB- PR A X, Cu Ni J1 Pb HHLG A S E T
BEEAYEAR, Cr X FA NS HRAM Y, KA
HERANSE RS ERTHRERLYESS.

FAAESRB (R Mn 5b) DIERE S & 48 X 11 &
(P18 >50% ) , H o Ti 1 Cr LR LURBESE R
FECEHME >91%)  REZHER TSR, BE
A 75 RS B 1K

IR EEBTREWEBEES K/ UGG
EBRRBCRHER IR RABHTRHRESSEENE
AHdE™ M F B EBM AR /N K Mn > Cu > Pb
>Zn>Ni>Cr>V>Ti, B ,Mn FHEHER, R
¥ #0.08,Cu.Pb.Zn Kk, 4N 0.01. Ti Y TBER
¥ =~0.0002, JLEARTH.

H4E B TR BRI A IE A B o] 32 BUE K /N

A:Mn>Pb>Cu>Ni>Zn>V >Cr>Ti. Mn ({7 &
BEEBEG, ASEM 18 ~97% ,Pb.Cu 45K 19
~87% .9 ~95% , % H] Mn Pb.Cu )Y H M 8
ERTHMTE. SETLEFRMEMLE,Mn Cu
AT LEE R R KT 96% ,Pb BRIFY
B, B R K FE KR RV Y 5 Mn Pb. Cu {7
ERRMBEA R AT FHEBIITNEREEE.
3 3 8
331 EERTRSEBHBEXSW
R2INBTHEKETNRYHELBEZHEM
Pearson AHSRPEFITEER. WK 2 Rl IEH ,Zn V.,
CuMn,Pb Ni FEBZRAFAEBFEMRE (p <
0.01) BEMAXURIAXLTERAEMFAH AN
ARG LRIE. Mo 5 Cd.Cr,Pb 5 As,V 5 As.Cd,
Zn 5 Cd.Cr R EIEMHRX, RHUBHKITTE AT BA M
FSEMELUMRE. TISHEREELBTEER
FXRRER, R T SHETEREAR. Hg 5H Al
HERE,TOCHESBIUTRMXHEAHE.

2 tRBEEZAENRYHIESRESR.GNRZEAPNAXEL
As Hg Cd Cr Cu Mn Ni Pb \ Ti Zn TOC
As 1 0.277 0.194 0. 356 0. 395 0.323 0.394  0.494* 0.442° -0.303  0.387 0.794*
Hg 1 ~0.439*  0.026 -0.067 -0.035 -0.013 -0.047 -0.073 -0.054  0.003 0.374
cd 1 0.138 0.508*  0.448*  0.37 0.601* 0.469*  -0.510° 0.429*  0.057
Cr 1 0.595* 0.437* 0.781* 0.421 0.521*  -0.279  0.447°  0.271
Cu 1 0.812*  0.871* 0.812* 0.931™ -0.522" 0.866* 0.272
Mn 1 0.774** 0.714* 0.891™ -0.541" 0.813™ 0.235
Ni 1 0.726™ 0.817™ -0.580"" 0.846™ 0.307
Pb 1 0.841" -0.682" 0.764** 0.323
v 1 -0.438* 0.870* 0.292
T 1 -0.523° -0.375
Zn 1 0. 262
TOC 1

HE: "RAME005 KV ERABFMXM, K P "70.01 KF LREBEMRE.

3.2 WA Tucker3 MENNELERSDS

Xt 8 = K RULAR Y P 4B V5 YR 150 43 17 A )
Bf, B A Tucker3 B — B E LR . RFE
B RBEAZEWHEAR, EREHBUEATESR
BRNEBERENE.

Matlab 73+#7 T [1 1 1]8][3 3 3] Fi A BB RE AR
BT EZA D, % =K Tucker3 R[22 2]
fRBET 99.871% Wy 2, W BUIF M. Il 4 FF
7N

KISt T BB KEEERBM Tucker3 AL,
BIRAEA(A) EEB(B) JEE(C)3 MEFHERHE

Ty FERR R ACRAERD 5B — E WA Al o, RAE
REBAEMAIE, B = F R0 A2 H R E 1.2,10,12
~15.19.20.22 SM AT {0 1, H & 6 FI 18 37T
HAEHER A KA B(EER) % — FE M5 Bl
FIAEERARIANAEM, B - EW0 B2 HE
Tish REESBARBHE HE COES) H—
EBCl1 A RMENR B ERD C2HRAFE
B S(REDS) BESRME.

Tucker3 BRI S #T AT A1, 9 = K A2 \B2.C2 )
HMERRBEAEE, KRR 6.17.18 #1 Mo &
A S(FRES) KR MERIE. REEA 12,1315 fl
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FHEE B KENUHYHESRITR M R AR

BEEREZE, IEXKANTBDELE L7
PreE RanE 6. 15 Je 72 5 i 5 BMRAKIK R : Cd > Zn >
Pb>Ti>Cu>V >Mn>Cr>As >Ni>Hg Hef, Cd
BRETE, HRPEFEIREE R AKFE; Cu,
Pb.V.Ti.Zn M EE RFEE, MHIRESLBRETS
Y ; As Hg Cr Mn Ni fT 5 R B R 40 1 WK F.

4

— T T T T
As Hg Cd Cr Cu Mn Ni Pb V Ti Zn

Ho6 i RREHIEIFME R Wisker- box

3.3.2 XKIFH R

RE PR HE (RAC) BRE TR HELRE
MARFERS REARME S TR, 2
KX BESMKRES SN ESRNAE K
gy, B THE RIS A SR LR PR LAY
o E g R A R, 2 T X BRI XU #EAT PR R
TRERBIE, RE PN oK B SR P B
TR R G5 A AP i BB HHIS RH S AER ]
F 4.

Fd4 RETNHENSEE

BRI S AR
RE%R ﬁ&%@gﬁﬁm%
JC IR <1
fEXUB 1~10
o 45 R 6 11 ~30
BERES 31 ~50
A5 w5 XU >50

R ESBEERNRRBEME 7 fiR,Cr,
0.22 ~ 0.75% ; Cu, 2.17 ~ 10.60% ; Mn, 7.99 ~
48.60% ;Ni,0. 83 ~5.34% ;Pb,3.42 ~22.01%; V,
0.20 ~ 2.30% ; Ti, 0.002 ~ 0.02% ; Zn, 2.27 ~
12.35% . Foop , Cr Ti X E XX ; Ni V& F AT
A B AR XUBS: 7K S 5 pb . Zn , Cu J& AR XU 1) H 46 R
B 4%, (B K HR 7 RAE AT AL TR XUBS: % 4. M [BR A3
18 Sh , R Z AL AR 4b T o S KU B 2 /5 R S5 4.
BARKEHELSBLEMNEREEN 3.4.14.21.22

AHBEMESE,HE Cr.Ti XIHXRBELXNES, R E
Mn 1 Pb 7E 3 26 #h 25 47 76 P = S ) U AR B, i
A, 7E 5 15 4k Cu Mn Pb Zn 4bF 85 XK -,
BRETAMBEBENETEDHERSEL, 7 LE
FK I HE R R BB B RD 6 K U 4 R BT 2, H At b g B AR
1%.

BRESBILEVFHASKNERZABHRIG N
Mn>Pb>Zn>Cu>Ni>V>Cr>Ti.

08 A

0.7 A

06 A

05 A

04 A
03 A1

Q
S 02 .
0.1 A o : L:_;;*;:_;] Ty
00 | ﬁ: __“iv___ 1 SRR
-0.1 A
-0.2 T T T T T T T T
Cr Cu Mn Ni Pb v Ti Zn
E7 UBYPESBEENRER
4 & it

DR XN ESBE LY EEHE s
THEFRME HREDITEREH, Zn V. Cu Mn,
Pb.Ni FBZBHFAERBFEMX, RUAXLETEAH
EMEHA R BRI LRE.

DELEBRESOMERRN ELBTE(R
Mn S ) FBLIR SN E. BEL BT E T RSN
MR RN :Mn>Pb>Cu>Ni>Zn>V>Cr>Ti. &4
Mn.Pb.Cu 84t 2 +EH ZEW IR, B Mn,
Pb.Cu FAERBMBENREE.

3) Tucker3 HEI 7 T % = K ETIRR Y P R A
R E2R ESZRWEFRME, E—LHBRT
MBRYHEREENES BT RENBERFE.

HWERR NG RRY , PR X WA SR
EZHHBAFE AN :Mo>Pb>Zn>Cu>Ni>V>Cr>
Ti.

Hofr, Cr Ti Xf 3550 R ; NiLV 4R F B R
I I RUBS: 7K - 5 Cupb \Zn £bF MR XU 2 5 55 R
WK EREA R R T RAR SR BAK
ZHESRBTENMEBERFEA 34142122 F
HEKESE,HE Cr . Ti ¥FEIXKES, RA Mn
M Pb fEX Lt S FE T HFRO RN
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Analysis on Distribution and Partition of Heavy
Metal in Sediments of Miyun Reservoir

Qiao Minmin' Ji Hongbing'® Zhu Xianfang', Gao Yanxin' Cao Wangjie' Xie Yugian®

(1. The Key Laboratory of Metropolitan Eco-Environmental Processes, College of Resource Environment and Tourism,
Capital Normal University, Beijing 100048, China;2. State Key Laboratory of Environmental Geochemistry,
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002 ;

3. Civil & Environmental Engineering School, University of Sciences & Technology Beijing, Beijing 100083 )

Abstract

Contents and spatial distribution of heavy metals in the sediments of Miyun Reservoir in Beijing were
researched in this article, and the potential hazards of heavy metals was analyzed by the method of Risk assessment
code(RAC) and Tucker3 model. The results showed that the contents of all heavy metals were higher than the
background values of Beijing soils, and Heavy metals appeared certain enrichment. Organic matter fraction content
for Cu accounted for 3% —-68% of the total concents; exchangeable and Bound to carbonates for Mn respectively
accounted for about 1% - 18% , 7% — 31% of the total concents; Fe — Mn fractions contents for Pb, Zn
respectively accounted for 12% -53% , 4 % —27% of the total concents; other heavy metals were dominated by
Fe — Mn oxides fraction and residual fraction, they accounted for more than 80% of the total contents. RAC showed
Mn (except the sampling point 18) was a medium risk or high risk level; Pb, Zn and Cu were from low - risk to
moderate risk level; Ni, V and Cr, Ti potential ecological risk was low. The conclusions will help in Beijing water
source protection and providing a scientific basis for the formulation of security measures to protect human health.

Key words; Miyun Reservoir, heavy metals, speciation, Tucker3 model, risk assessment code (RAC)
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