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FEE ORI R BE RO (1, ) KB DU Bk BRI ( CBSQGs ) X 47 “HAMETE ARAEVL T LA K 4 Ze AR M SR 12 4> 3 2 DU
Hg.Cd .Cr.As Fll Pb 5 Flify 3 5142 & (1975 YRR AE K HVBAE A= Wy B P KU AT IR AR T WSt 4 R R . OM LR ZVIRY b s M ESE & B
SF-A{E A REIMBUT 9 Cr>Ph>As>Cd>Hg; b He S, gk 4 il &R ¥R —EMEENSE HEEREAEIT 1.2; Q1 RIS EER N
ATRIZVURY T 5 A B0 4 Jm T Y i, BEAR B F 015 Yo sl 05 e -5 YR AS , AT Cr I As 76 10 ST A S T RIS R E ;OE 4R
Z ] Pearson A1 R EURH Cr 1 As(0.896) .Cr Fl Ph(0.708) 4k 8 3 AHIE , As Al Pb 2 i 254056 (0.639) , 487~ Cr As Fl Pb 7] fBH A HH L
PR TR 5 (D4 I TE 5 P BT R Y, TUs< 1.8, ANJR) T 42 J # M URE U 2 Cr>Cd>Ph>As>Hg.
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Assessment on the potential biological toxicity risk of toxic heavy metals in the
surficial sediments of Songhua River

ZHOU Jun'?, GAO Fengjie'* ,ZHANG Baojie?, MA Biao’

1. School of Resources and Environment, Northeast Agricultural University, Harbin 150030

2. Heilongjiang Research Academy of Environmental Protection, Harbin 150056

Received 10 December 2013 received in revised form 10 January 2014 ; accepted 21 January 2014

Abstract: This study aims to discuss the pollution characteristics and potential biological toxicity risk of Hg, Cd, Cr, As and Pb in the surficial sediments
) and

of 12 sections in the Second Songhua River, Songhua River and the other four representative tributaries using the Geo-cumulative index model (1,
the Consensus-Based Sediment Quality Guidelines ( CBSQGs). The results show that: (D average concentrations for heavy metals decrease by the order of
Cr>Pb>As>Cd>Hg; and the heavy metals enrich for a certain extent except for Hg while the enrichment coefficient is not larger than 1.2; @ the Lo
reveals slight heavy metals pollution which demonstrates no pollution or no-to-light pollution, while the slight pollution by Cr and As only appeares in the
section of No. 10. 3 Significant correlations are examined between Cr and As, Cr and Pb, As and Pb with a Pearson correlation coefficient of 0.896,
0.708, 0.639, respectively. This correlations reveal that Cr, As and Pb probably have similar sources. @ the ¥, TUs of each section is lower than 1.8 and
its order for different heavy metals from high to low is Cr>Cd>Pb>As>Hg.

Keywords: toxic heavy metal; Consensus-Based Sediment Quality Guidelines ( CBSQGs); Pearson correlation coefficient; risk assessment;

Songhua River
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26,2011 AEDIRWIARZ 15 G, 4 v AERE
PTG, TR PRI BEPE TR K AR 25 B
G ™ AR S, AR AR XU J2 1T AF R
AN G T A R (9 S0 45, 2006 5 AR FE S, 20105 fi%
FAESF,2011) . FE A K A GTRR 15 G S BR B F-
MRS FTT G T 20 g 80 4RAX, JFAEDIAR I 34
5% i im FL YE (Sediment Quality Guidelines, SQGs ) A9
T PO R R TS e W) A WA R S e
me (&) & BIF 9 45 O I IR T 8% K i & ( Chapman,
1989; Burton, 2002 ) , 4A-4t 3 BRI L I KHIE. B v
= A5 DX ) FH A= 0 200 040 PR 125 ( Biological Effect
Database for Sediments, BEDS) ( Long & MacDonald,
1993) . ¥ Ay B B ( Equilibrium  Partitioning
approach , EqP) (US EPA, 1990) . i 1% 7K ~F ¥ J& 3%
( Screening Level Concentration, SLC) ( Neff et al.,
1986)  FE MRV [ {E 72 ( Apparent Effect Threshold,
AET) ( Barrick et al., 1989) , T #14) 5T &t = 7€ %
(Sediment Quality Triad approach, SQT ) ( Canfield
et al.,1996) % JrE AL T+ 2 R EUE B GTRY) Bt
EAEE TR 2R WA S E AN O L T K
TL.(77 V8 MR /INE , 2007 ) BT (330555, 1997)
A FEL AT (AP AR 2 2011 ) LA R JHIIT (o e 2% |
2013 ) SEUTARY) ot KRR, B TS R R i 2 (A 1Y 5P
T 68 1 22 5 AS K ( Wenning and Ingersoll, 2002) ,
H A — PR A R A B R ) G2 AR DL Bl
FHIG L, 2 05 Wy 00 A= 0 A 30 B0 B 22 18y
SEVERT BEUMER A S ARG LA R TR e~ 5 4E
WRBON Z 6] 1 52 25 SC & | IR, 32 4 o 50 2 1 e
1323z N AT TR P45 57 B B (Smith et al.
1996) . — M UL FL ) it & 5 ¥ ( Consensus-Based
Sediment Quality Guidelines, CBSQGs) PAREPERL N il
DR v 3 o S5 DA T LA ok 18 7 R Ik
S FEWTORY) B P TR 22— B o ik )L
T HA RO H AR SQGs , UL 24
SR AT AN BT ) B RO Vi FE , RE A e 1 e PRy
HMERT, T4k T IPA S B, AR T M T
I HL 5T S Ml S e 1 BT W) AR W) &L ( Baudo,
2008) ; Al , CBSQGs 1E Ry —FP k4 AL H ( Weight of
Evidence, WOE) (773, i35 T H 5 52 FRA: M54
PR e (WDNR, 2003)  iF9E 22 1] CBSQGs 7E4:
a5 BT AR W ) B 85 o 15 DN b B e 1Y AT A
P (Swartz, 1999 ; MacDonald et al. ,2000).
PAAETTR TR L& RVLRIK R Z — S R

PR VT e L) S, X ST PR R VT A K 5 R
ARFKAMAEVT 7 52 1 R H ek 4 Ja 7™ B s () B
GEZECSHT BRI ] SRRV 3R
FHBE BB 1 5 Hh 38 BT S5 BRI B T XA AL VLR AT
I REOT R SE AT, MR E 4R 5 G
ARGCHEAT T A4 5T, ZEF 58 ity b ol e T 38
[ B 3 SR A0 7K AR I i s o ( X K AR 41998 ) 5« +-
F RN A TR T OMORT B VT A A S
FAAEVTIR KI5 4 B 36 AR, Y VL 4 Jm Tk s 3y
TR AR IR R0A 2, 171 [ P4 27 5 XS BT 3L
Bl A w5 Yu it T 5T (PR P 4L, 2003 5 %1 5
PREE 2009 ; Fli 4k 845, 2009) , (EXTIL RS A S
WA AR, B FAAE YL — 58 22 55 A PR
TR R RE R [ SR AR 4 AR A 2 Tl i b R R M
LA RIS R 2000 PR e e A i N
TGSl B R ARG P KA Yo 45 0] 8] K 8 4 )& T
T A | AR T AN AE VTR, IF HLVR T
NG Sl (AR TR R ) IR XK i3 3h,
AT BRS04 A TR BRI, T BE R 7K
PR RS e UR. R, SR T ANV VL B 4 S S
PLRRIEBIFFE 1 0 2. [ S8 X0 3 B 4 J 1 Gk )
FEEN, (ESRISRGEENNE T R )
W T E 4 E SR H bR, 22 Hg Cd,
Cr.Pb FIZE4 )8 As. T LU L% 08 AR SCLIAAETT 4
LB MG G W TR Y h 42 )8 Hg . Cd  Crr,
As 1 Ph W VLA A B | 1T BB 9 5 Yo ol s B v
DL FFR, ULV K AR A S5 4 K
L@ TG Y e B R L E R R R

2 ## 57 % (Materials and methods)

2.1 HEXEHWMAE

2011 4F 5 H FEASALTE T 9 B AR S i e A
BT 12 AT (A 1) .

SR R P 32 430 A 15 R R A 14 U 3
PEVEARBRAE A BB AT AL T ik i
HEVS FURIAT RE TS YL U5 Ui, X IR BB 2 4
o V5 G A T 3 U Sk X 3 ) 2R AR R AR
Ve , LBRAEYIGRIA | FORR SR B A, IR M B
BHSHE T A RS0 E L SR N HARKT, HAR
A IS 100 HJE R, B S A 500 mL A7)
P, 2% 3 DR AF 28 FH SR PR 0 i i Ab $4 + e
Al FRER 0.3 g CRE 2 0.0001 g) - KE T 1 il e o
HIA 5 mL &4l HNO, I 1 mL 4l HF, 2R )5 fin 55 B
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Fig.1  Sampling Sections in surficial sediments of Songhua River

FrafAi b, T 120 C gk, A LY RN 58 42, TG
WA U (30 min 2547 ) . IR R A R I fit
SE4 FRHMEERI A HG , 3 L 350 %, A
TR R gD AR TS R SW-2 H R FE T 70l 2
o MIE 120 CAEHF 5 min, IIFAE 180 C 445 20
min. JH i 558 K T f FE R IR BT 135 COm#R
R, NV R 3 WA, R AR DR B — 2 )
5 1A (30 min Z247) G R A1 )E H 2% HNO, %
WIHVENEE 2 50 mL PE i, 3£ 2% HNO, A
WEZ R 25 mL, i LALLM E. F ICP-MS #E47HE i
@U%J%%ﬁﬂ%ﬂﬂ PerkinElmer 300X. 3% H E F b5 i
TR ITAIRE i (GB WO08301 ) A7 5256 Jo - 4 il
WREFEHITE 10% LN SPSS 17.0 £ Origin 8.0 X
B HEAT 3BT b B
22 E4 BRI ERETN T &

SR FH b RS B AT DR ) R 4 R VS Y TR
Hi 2R FFE £ (geo-accumulation index, 1, ) 2 1% [ i
TR AU 58 T IR # K Midller T 1969 4F
P g — b 5% K SR SR DA A R TS Y
HAEPR (Miiller, 1969) ,iZ 7 L LG % 1 T N NG5
XPERBE s W25 8 T BT AR A E R T RE S
SRS SEAS R, gz T BRI
Y 4 @ 15 Y i PE Y ( Azmat Zahra et al. 2014
Asma Binta Hasan et al. ,2013 ; #1 E 45 ,2011) 3154
N=wIR

C,
I, =log, iB. (1)

K, C,BICE n 7E/NT 2 pm VIRY T B & &
(mg-kg™") B, ARG UTAUE (B 45 ) P &R

R HBER LS A (mg-kg ™) sk 2B IR TS HA 4
225 RE 2T I B A S B I MR R B (MBS 1.5,
) .1981 4, Miiller (1981 ) $#3X — 845K 4> 4 6
AT, <0, KI5 0 0<L,, < 1, Foi5 e 5 75
Pesl<l,, <2, 875 52<0,, <3 TS Y B EI5 Y3
<l <4 \E5Y4<], <5, FI5 PPN ETSYS 1, >
5 TG

& Miiller f L SRERTE B0k b, R AR B DT
TEFPERR R 5UE (A4 T <2 pm BORG R TR
(V- SN2 LA, 1H B R 7E 3 IF 58 ] i
R, KRR AR < 63 wm Bi< 50 pm HYEE
AT AIEST X RE, DIRiAR < 2 wm [ TUA HRAE
Z AR AR A 1530 1 10 5 4 J 75 Yok 1 55 9 1K
(CBESCRLSE, 1997) i 2 [ 45 (2002 ) SR H I P 41 SC
kb A JLRR (2 Bk-F X oea A R A
ilioe b rh Rl 78 ) M ER AL~ 5 SHEATSE T 001 28 A
AEH D RS IR 2 2 R Zn 0TS G AR AR, 25 R 3R
B Zn A3 RBE RO B WS HE TR R kL
FER/IN W5t 20 B B ) 2 B 2 o b B2 FR 48 B 4
SRR 3 J M. R L, 7RI 5 b DR A v
4 1) kb RARFR B, N LLZ X DU A B 5ol
YBT3 1 SRR B0 o Bk Ak 24 15 S (8, AARIET
S B BHR BT 5% X S BRI DA ORIE g
AR 4 15 5 0 M . % T A (1992) XA 46
LR PG R TR T R EHE T TS, (Bl T
ISR TR 52 56 07 5 A A B 25 5 AR AH b 22 B
BOR, IF BRI R R DU S0 24 N AR UET Bt
(B i 3 2 DT AR W 2R 031 | S5 36 R B 7 12— 3L,
2011 4F 5 H BB 700 6 55 —AMETL IS KA D
ot B Sk H R AR R Sk KUBL L 4 PR
LA IR T 23 A RIRWRR Je Sl , 4T
THEGRT AT EAIE.
23 EARBREEENEUERNEIFNT &

R H— EME TR W 5 1 BE 1 ( Consensus-Based
Sediment Quality Guidelines, CBSQGs ) KM LN
T EE 4 B R I AE R KR TR — A s
CBSQGs f 45 P> IE, RV {8013 ¥ FE ( Threshold
Effect Concentration, TEC ) 5 B] fig &% W ¥ B
( Probable Effect Concentration, PEC) , §j & &/~ KT
Z S E I A E AP RO K A B AT RE MRS, TS
HIFRIR =T PEC I, A FH A= R0 & Az 4l e
BER . —BMETTAR W Jo i BE U S5 5 07 1 T IROK AR 2
ARG TR I B P, i T AT SR AR A
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A5 HAS LIAE T 1 ], 38 FH X 42918 il IR 7K AR
PR BN T S K RO TR (Rl 4
2011) A3 5 P BEEE 4R 1) CBSQGs fHA T3 1.

*1 sHEFELRE CBSQGs &

Table 1 CBSQGs of 5 toxic heavy metals

CBSQGs i Hg cd Cr As Ph
TEC 0.18 0.99 43.40 9.79  35.80
PEC 1.06 498  111.00  33.00  128.0

1 Bk I8 T MacDonald 45 (2000) .

Pedersen 45 (1998 ) 4 UL FL 4 & 4 @ i & JE U
it —20 K e Ry 3 PR B TP V. A A ( Toxic

Units, TU) % Xk 5 P 9 0t b 2% vk B 5 X D7 1Y
PEC {HZ th, DAMEX 45 Pl e 42 JC R A B R HE AT b
HEAL , DT A AR BE R RON . A5 R T e S 5
PEF S e 4@ M SR RVRT ( X TUSs ) SR FRAE.

3 Z RS (Results and analysis)

31 METRENRYHEEEL BN A RT L
A
FAEIT R 20U 5 i S 4 8 TS Yk i
D3R 2, i AR 1, A B s Y A A DL LR 3.

R2 MEIRERRYPEEESRETEFHE

Table 2 Toxic heavy metal pollution characteristics in surficial sediments of Songhua River

TR R (ke ) WEREC, MR eEes
Epas(] FHE TEC PEC
Hg 0.07 0.18 0.82 4 0.08 1.06
Cd 1.09 1.26 1.16 9 0.99 4.98
Cr 32.15 38.52 1.20 8 43.40 111.00
As 5.89 6.75 1.15 8 9.79 33.00
Pb 28.62 29.61 1.03 6 35.80 128.00

TE: R R CONFME/ 75 57 (H.

M 2 ATLUE Y METE R E VTR b 5 Fic
T A R i (E KRB/ Cr(38.52
mg-kg™' ) >Pb(29.61 mg-kg™')>As(6.75 mg-kg™' ) >
Cd(1.26 mg-kg™" ) >Hg(0.18 mg-kg™" ), Hrf Cr F0I
Pb (& i s T R I VL A T R
Wi A8 He 4 4~.Cd 9 4 Cr 8 4~ As 8 >

FIPh 6 N HEERE CATUE W, B Hy BERK
INF LA 4 FESEHRT 1 HBER LA
it 2, UEHAATETIRS 2R ) He T5 OB 814
FOARH, HEHEERA — & 15 KRR
3 AT LIE W R EAAETL S P RS
JE TG Y i AR T TS Y sk TG Y- s etk

R3 MEIRENRYESESRESRBRREH L, RETEER

Table 3 Geo-accumulation index (I,,,) and its contamination level of toxic heavy metal in surficial sediments of Songhua River

SR g Hg Cd Cr As Pb
Lyeo %% Tyeo i Loeo 9% Tyeo e Loeo v 3
1 0.58 1 0.72 1 -0.19 0 0.17 1 0.17 1
2 0.32 1 0.48 1 0.41 1 0.06 1 0.08 1
3 -0.42 0 0.40 1 0.43 1 0.02 1 -0.03 0
4 -2.00 0 0.37 1 -0.33 0 -0.83 0 -0.02 0
5 -0.42 0 -0.14 0 -0.64 0 -0.64 0 -0.50 0
6 -2.00 0 0.04 1 0.16 1 0.16 1 -0.07 0
7 0.81 1 -0.15 0 0.64 1 0.39 1 0.39 1
8 -1.00 0 0.09 1 0.21 1 0.17 1 0.13 1
9 -0.19 0 0.30 1 -0.04 0 -0.22 0 -0.07 0
10 0.32 1 0.10 1 1.03 2 1.35 2 0.25 1
11 -2.00 0 0.20 1 0.55 1 0.61 1 0.23 1
12 -1.00 0 -0.15 0 0.11 1 -0.20 0 -0.17 0
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A, HA Cr fAs 78 10 S Wik 2] 72T Ju %
& Hg 7255 “AMETTAY 1 50 2 5 i LA & T A9
751 10 S WG Y AE R 1, 3K 5 W I A LA
AHOE. 1 S W 6 F I3 58 135 42w R K HETS 11 R
T, 7E 20 /AR AR 1R S TR T A R
Hg & {3k 5] 39.70 mg- kg™ (XA 45 1998) ;7
510 5 B AL T3 T HETS R Bl DR T
R R TR A AR, £ M ESEHG =
K, SIS Y. Cd . Cr As F1 Pb 7E8 K &
—RPL WSS 1, x5 5 M ES R EERE
Sy HTEE A —2K.
3.2 EAEFE KRB

FHICAIHT AT L) 45 7% YT 3 vp A [R) B 4 J =22 ] 1Y)
KFEXR, A EEIEITEZ AL LER, VL
EATRTREA FHBLA AR | 25 A A7 A6 AH E 56 22 0] 3¢ B
F WA (R RTELE 2010) .35 1] SPSS #fsk Hy 12
ARAE SR 5 FhEE 4 B Wk B R] 1) Pearson AH ¢ £
BUHRFEIL R 4, R4 R WA 2.

®4 RENRYMESESEWXSM

Table 4 Correlation  analysis ~ of  heavy  metal content in

surficial sediments

FAE Hg Cd Cr As Pb
Hg 1

Cd 0.221 1

Cr 0.340  -0.166 1

As 0326  —0.093 0.896** 1

Pb 0.492 0.175 0.708**  0.639" 1
GEYE Hg cd Cr As Pb
Hg 1

Cd 0.553 1

Cr 0513  -0.216 1

As 0.475  -0.110 0.811" 1

Pb 0.683 0.295 0.732 0.833* 1

o BEME(p<0. 05), = = W EEMHI(p<0. 01).

CASE 0 5 10 15 20 25
Label NUIM 4o e oo cec oo e e e e e et
Cr 3 epeeececeeien
As 4 -3 boommmmeiieeng
Pb 5 4 8 -
Hg 1 !
Cd 2 .4

B2 REIRERPRUESERESNER
Fig.2 The Cluster analysis of heavy metal content in surficial

sediments

HIZE 4 W45, 5 FhE & )R 9 S 8] A9 A5G &R

R Z KT KA, UL BT 5 FhEE 4 )8 15 4 #0
—EFEEZ N A TR 2. Ho | As A1 Cr Pb A
Cr Z[0] F 75 5 (5L B4 Sk 38 P G A vm R B A G 2 A
FISRAE A S AR OC, A Cr As AT Pb H% AT g
HAMPI ERE R AN T, M RESESEZ
[E) B R S A B 559 , U B A B VT i I 42 JB e R
HIFEAEL I 2 1R M 5 etk — E S 4 45
TR Toll o 2 AT BE R Ak 2E TR T, 24K
TG ShER | Cd {53 R R, #8251 Cr 153,
MACH LA RERHRBE (R ML) KRN HE ik
SR TURR Tl ok i v i ) B2 HE ) 25 35 A Cd
Vg M= Cr Ak, Cd — B aT 1 R4l A 25
AL R &5 A b 1% Bl 1 BR 1R I8 % (Pedersen et al. ,
1998) , NI HERT Cd =R IR T H J7 REUR S Al A=
7= H W8 0 (i 5 B2 B0 A6 3k T HE VS 11 BRI, AR
& 4 AR 2 eI B EORIE T AL T AT L. As I {E 7E
10 5 Wi, # 7 G 32 R U5 T A0l A 7 (R 4 A,
2010) , Cr Bk J5 AP ) 32 ZE R U5 T8 ol il 25
AT, Ph 5 Cr Fl As [R5 — K J5 ) 2
A 32 T A T R R

33 HEEARETEANENENRITHN

MR 2 #0d B & Wikl S A SEARE S
2 FHAR TEC F1 PEC MR EERYSC R (Bl 3) , #i5 Hi
2.3 1 NS B4 WA B AR AR YR L
M ZTUs) (K 4).

HE 3 T LAE Y AR AT A5 Wi 5 Fh A
B4 B W FE Y AN W D () PEC W, R E 4
JE A F AN & A AT BEVEAS K. He 7844 W
EINF TEC;Cd 16 7 5-H1 12 SWiiE /T TEC, Hidy
Wi 44b F TEC 5 PEC Z[8]; Cr #£ 7 5 .10 5
11 S Wi f AL T TEC F1 PEC Z [H) 4, FHo Ay 4 W 1 2
/NF TEC; As BRTE 10 5 A1 11 S Wi 4k F TEC 5
PEC Z[H5h, HAY £ Wrifi ¥ /N F TEC; Pb BR 7 5 Wi
Ak F TEC Ml PEC Z [&] Ak, H 4% 4% W 1 2 /)N
F TEC.

M 4 ATLAE H 80k B4 FE S X TUs< 1.8, 4%
VB TE0 P B2 R K NIBE K210 5 >7 B >11 5>2
F>1 553558559556 5512 5>4 5>5 %5,
BRI, AT AR A — 2 s — SR
Cr BRI, B 1.4 Bl S 5 Wi ok, AR 4%
WA 24 R e K Cd BIREPE RN 7E 1 5 W i e K, 78
2.3.4.5.6 F19 S Wb TR E ; Heg I REPERL
IV FE 4145 Wi A e IR 7 As 55 Pb M ELER,
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B 10 R0 11 S Wi Pb B9REPERON L As /AR,
RAWIHIL HE As I TR AAETLRIZVTRY) 5

P 7 B 4 B BEPERUV R A Cr>Cd>Pb>As>Hg.

TEC 707 PEC
0.14 F .
012f 60 |-
Tep 0.10 =50}
- [
& on
2008 4 TEC
- 2040 +
= £
2006 F <
& L
o} { { . { { { [
00zp Pl X ! [ L I I .
01 2 3 45 6 7 8 910 111213 0 1 2 34 5 6 7 89 1011 1213
PEC 16T PEC
18F ¢ r
141
~ 16F 12F
E‘D TCDIO—
bo14r r oS
= % 8 TEC
O 12F . < ¢tk
4
1.0
1T T_IeC { ‘ il [ { .
612 3 45 67 8 910 11 1213 2001 2 34 5 6 7 89101 1213
PEC S
38
36 TEC
34
e 32
%30
E 281
5 261
= oaf
2
20F
01 2 3 4 5 6 7 8 910 111213

M W T

3 BETEASESRE TEC # PEC X
Fig.3 TEC and PEC effects of heavy metals in every section

kB

5 7
B e

E4 EHESHEEESESHAMREEHEMBT
Fig.4 Toxic Units (TU) and X TUs of 5 metals in every section

4 118 (Discussion)

HEMEPR(2012) BHEETFREEOA
R B3 IR DR ) B 4w Sk 51 G 3t 34478 4~k

FE SR, XT L4 B v - ROK R A e TS Y
TIE A5 2598 A A6 VT ) 4 J A 25 KU 48 50 T
BRIT. ] 2 S HESRS =40, He  H 0 A 25 KUK S5 4%
Sl , Cd B A A AR S5 Ry, e iRk, o
JE R R 7 s AN AETT. He V5 Yl & ™ 5, AT+
T VAR AN AR T E Ak T A Mk HE TS AR
R Ye— . 52 XF e, AR SC He A1 Cd V55
DA EL 2 8 PRI, 3 -5 A A6 VT 5 4 J ¥ i B KT
e lb HETS 1 A %5 PE AT 24 (2003 ) XA AL
VLW RV BE 1996—2000 4 J5 Jii 5 4 Ja Wi il 5
PEATI5 YA MT A5 H WA AE VT JR T VT B o 1) 7 4
JR 5 Y VAR E AR T I 45 T ) 22 S0 K Bl -3
Fs 2 B F T, X S5 A SCF s 4518 A M
BL2Z Ak, D ER] 2 B9 37 3 T A & e P 37 3 R
Beis ek it m, e E ARG B R BT 2 M AETL
Tl 1o A R B T S G R A R 4 T HE R DL R
K SE L AL TR 7 A B A BOR T Tt , FAETTK
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8 ig R G ERTE UG
5 25 ( Conclusion)

1)5 P 5 5 4R VR BT 24908t K E/NIUT A
Cr>Pb>As>Cd>Hg. B Hg #b, HiA 4 R 4 Jm 56
MR —EMEERNR A EERB RS 1.2 R
FRIE R TR AN T A K 4 R s e i, ok
AJFF TGP T T Y- 05 RS HA Cr 1 As
£ 10 ST A TR TS YR

2) H 4 )& Z (0] Pearson FHOCREFI Cr A1 As |
Cr il Pb Z [AIH 2 & AHOC , As Fl Ph 22 [6] i 5 AH G
W Cr As A1 Pb T GEHL A AL R 25 5
FAHTHEWT I Cd B ZORIE T H S REVR SRk A
77 Heg FERFE T TATL, As EESRIETF LA
7=, Cr BRAMV WEAIMU) 32 Bk U T i M il 24 | s 4R 55
17k, Pb 5 Cr F1 As [R5 — R IR ) 2 22 i i
S A T R

3) VLAY b I A JE A W B M N AR
( XTUs<1.8) , & Wit 2 PE S0 FR/ NI Hy - 10 5
>7 5511 552 5>1 553 5>8 5>9 556 5>12
5>4 555 5 H4 B E ROV N Cr>Cd>Ph>
As>Hg.

BREMEEE N G AAS(1981—) , &, W+, Bl # 4%, A+ 4
B, EEH R F AN VIR I 2 KL E-mail: gaojiecumt @
126.com.
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