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Heavy Metal Pollution in Surface Sediment of Wei River(Baoji), China
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Abstract; The physicochemical properties of surface sediment in Wei River(Baoji) were studied by pH meter, muffle, susceptibility meter,
and laser granularity meter. The results showed that the mean values of pH, Xz, Xur X and LOI in surface sediment were 8.64, 55.2x10% m®
kg™, 54.2x10° m*-kg™, 1.96% and 2.47%, respectively. The sediment mainly consisted of 5~50 wm(45.61%) and above 50 pm(41.47%)
particles. The heavy metals concentrations in sediment were measured by ICP-MS and AFS. The results showed that the mean concentrations
of Cu, Pb, Zn, Mn, Co, Ni, Cr, Cd, As and Hg were 18.43, 17.34, 90.57, 562.94, 15.83, 21.51, 55.20, 0.41, 9.59 pg-g™ and 0.47 pg-g™, re—
spectively. Compared with International, Chinese and Shaanxi Soil Element Background Value, the contents of Zn, Co, Cd and Hg were higher
than them, especially for Cd(4 times of Chinese and Shaanxi Soil Element Background Values) and Hg(7~8 times of International Soil Ele—
ment Background Value; 16 times of Shaanxi Soil Element Background Value). At the same time, the speciation and transfer of heavy metal
elements in sediment were investigated by the modified BCR sequential extraction procedure and ICP-MS. The results showed that Cr, Ni, Zn,
Cu and Co were dominated by residue(over 50% ), Pb mainly existed in reducible part, Mn and Cd were rich in acetic acid extractable part,
and the order of transfer of heavy metal elements was Mn(56.70% ) = Ph(56.65% )>Cd(53.66% )>Co(48.82% )>Cu(43.99% )>Zn(21.93% )
>Ni(15.49% )>Cr(11.43%), in which of them, Mn, Pb, Cd, Co and Cu had higher harm and stronger transfer(about 45%~60% ). The pollu—
tion and ecological risk assessment results of heavy metal elements in surface sediment of Wei River showed that the sediments were mainly
contaminated by Cd and Hg, which had higher potential ecologic harm.
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Figure 1 The sampling sites of river sediment in Wei River(Baoji)
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Table 1 The extracting and analytical flow of the modified BCR
BB $REGH % (g) 7 (mL) B R] i
1 0.11 mol-L"HOAc 1:40 &% 16 h ZHRATHREUS
2 0.5 mol - L""NH,0OH - HCI, pH=1.5 1:40 % 16 h AR ER
8.8 mol+L'H,0,,pH=2~3,85 C/KI 1:10 1 h, H/RIRY
3 8.8 mol-L'H,0,,pH=2~3,85 ‘C/KI& 1:10 1 h, {8/RIE AELS
1.0 mol - L"NH,Ac, pH=2 1:50 % 16 h
4 F ks, HCVHNOYHCIO, 1:10 R

Co.Ni.Cr I Cd ZTEARFIEAF A& RKF-

TR E LR & & a0et, FIFK &R
VIR PIArAE GSD-12 Al 3EhRfE GSS-1(11 A &8
YR AT IR, Tt o R IR ZEHTE 5%
Ao
1.3 A

BT, B NIMER RIS R 15 Y i ik
HE L i SR A 0 7 58 Hh RS YR B0k BT
AR B TSRS LR AT s ok WS
SRATREOE TS YA TR Bk TR B AR R E0E A
WAMEE R B, X T AR A & B MR EUS LS
FATG RS, %F 1 BRUSYREOAE B T AR IESN
IR A AR R B R AE R , A SR
WAREOEE B T BRI R WEN TR P T
B AR XIS B4R 15 YL i BUSHE , AR
HERXIE S EZES W T g5 MR Y
FRIRZ I, AR SCR: P M RS Ye A8 B0 R 7e AR 2 XU
BB PHE W B R BN RO ES B HT5
YURAE SR TEN , PPN 4EHR A Cu Pb.Zn.Cr.Cd.As
#1 Hg,
1.3.1 BRI YLds ok

Hh B ARG G ds $i 2 B AR EE IR R K =TT Y
WFSE T Miiller T 1969 4542 H , J&—RhBF 5T 2K AAUT
B E 4B e 2, Kt E A8

Ico=logy(Ci/kB;)
Lo, Fith RS YARE C N ELBITER § BISE
WUV s B A BTN ST R AT S 0H, AR 5T HUpR
P HETTRE RE (R 6):k HEE k=15, BRYE Lo
BEMIN, TLEESRGEBRESN T MR,
BP:0~6 (% 2),
1.3.2 BEAD KB EE0:

Ve 2 KBS F8 B SR B L 24 % Lars Hikanson
FE 1980 40 VTR R g M — BN ES RS
Y DA B A 25 RBP4 20, R A K

R2 WRRSEERSR
Table 2 The grade of the geo—accumulation pollution index

TR oy, BE PR PE (L wEyp R

gu 0 1 2 3 4 5 6
Iw <O 0~1 12 23 34 45 =5
OEEBILEERAK
Ci=C'IC:

K:CIHEREITR | WIS RREGC HESRE TR
L SRR GO E SR ILR | KT S HE, —
KAT AU RRRAY P ESE TR RS E RE
(3R 3), A B TR B =HE, AT LA
TP LRI TLRR Y P S B TT R B B R (E AR PG
B EHOTR B RENEN S,
®3 ESERNREESTENEURY
Table 3 The background value and toxicity coefficient of heavy

metal elements

TR Hg Cd As Cu Pb Cr Zn
Cilpgg’ 025 1 15 5 70 9 175
T} 40 30 10 5 5 2 1
QEERIGYFE

C=Ci+ Ci+++++Cj++(i=1-""m)

QEEBITE | MIEEES KK R

El=T!-C;
K E NERITR | BRSNS T VE
ERITR | MEEMEm N R R, B E S R TR B
K LA R A vt B 4 TR 15 G O BEURRR B (3R 3)

TFIRY SR ESR TR B HBTELES KK TS
B Ey % TP A B4R TR I TE A S XU 2R 50 B
L REAHCE:

Erp=XE!(i=1-+m)= XT/+C;(i=1--m)

=T} -C/Ci(i=1--"m)
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Table 4 The grade of the potential ecological risk index
C;  BETIERYNGYEE C, SRR E; BRFILRYESEERE En BB LSRR
<1 1% <8 1% <40 1% <150 1%
1~3 [afers 8~16 [afry 40~80 [afers 150~300 [afers
3~6 = 16~32 = 80~160 BE 300~600 ER
=6 e =32 JEE 160~320 Ei =600 e
=320 JoE

2 HREWE

MARYEREL MR
=5 450 TIBWEXGERETRY B EARHEL
PRI BT EAGBER ZUURYIRY pH Y2 8.22~8.98,
EHME SR 8.64, 2 UGB ; RATRE Tb 28 (xu) FH G A0
AR 2R (Xer) TR PR 4350122 (39.2~80.5 ) x 10 m*- kg™ Fl
(38.3~80.3)x10° m?-kg™, FHIE 3 FIE 55.2x10° m’-
kg™ 1 54.2x10° m’-kg™; ARBEALER (xw) BRERER
0.25%~5.22% , E-HIE R 1.96% ; a2 8 (LOT) fY 7 FEl 2
1.74%~3.94% , " F-BHESE: 2.47% ; KAz 2B 1B &
XERBEIIFY T2 W 5~50 pm (45.61%) #1150 pm
DA b (41.47% ) Wi A2 500 20 A
22 MBMHPESEETESEKTF

B EEEREIRYHESE TR WIS
TEERILER 6, B3R 6 AL, B EWERETRY

2.1

H Cu.Pb.Zn Mn,Co.Ni.Cr.Cd.As 1 Hg i & &7
4 7 A 9.31 ~26.33.11.63 ~24.62.38.28 ~321.04.
456.29 ~748.05.12.13 ~18.35.15.78 ~29.59.43.04 ~
73.13.0.23~0.84.,6.39~13.67 pg-g™ 1 0.07~1.96 pg-
g BB ARk 18.43.17.34.90.57.562.94 .15.83
21.51.55.20.0.41.9.59 ng-g” 1 0.47 pg-g's LR
JGE Zn.Co.Cd Fl Hg B P& BN E THA . FH
LB BT R R, UHAR Hg Fl Cdo B EXS
BREVREY S Hg (P& ERTE KA 1+ 5
TCEEREN 7~8 5 PP LT R T REM 16 15,
Cd F)F3 8 22 B KBEPE LT R T REm 4
f. WS RPORE , Hg Zn F1 Cd R REEK, Ui
IS BEZ N E SR
23 MBAYHTESEERZRFELSRERE

Bl 2 45 TIBW S EREZTRY HE ST
RHESTEANE . ATLESR, BRI EGERZET

RS ARTRMELMER

Table 5 The physical and chemical properties of river sediment

b pH X/x10%m kg x/x10%m’ kg Xi/% LOV/% <S5 um/% 550 pm/% >S50 pm/%
B/ME 8.22 39.2 383 0.25 1.74 4.76 30.89 8.07
BRE 8.98 80.5 80.3 522 3.94 30.86 61.06 62.02
SEE 8.64 552 542 1.96 247 12.92 45.61 41.47

Ro ARNAMEESREE(ng g
Table 6 The content of heavy metals in river sediment( g-g™)

TR RMHE BRMH FHH FRUEIR 2 A5 A HAEHETRED  PEIETRED P EEERED
Cu 9.31 26.33 18.43 7.56 0.41 30 22.6 214
Pb 11.63 24.62 17.34 4.50 0.26 35 26.0 214
Zn 38.28 321.04 90.57 93.72 1.03 9 742 69.4
Mn 456.29 748.05 562.94 101.58 0.18 1 000 583 557
Co 12.13 18.35 15.83 1.99 0.13 8 12.7 10.6
Ni 15.78 29.59 21.51 4.62 0.21 50 26.9 28.8
Cr 43.04 73.13 55.20 10.29 0.19 70 61.0 62.5
Cd 0.23 0.84 0.41 0.26 0.64 0.35 0.097 0.094
As 6.39 13.67 9.59 2.61 0.27 6 112 11.1
Hg 0.07 1.96 0.47 0.64 1.37 0.06 0.065 0.030
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FYh ,Cr.Ni.Zn.Cu fl Co FELUBRKIERELE
(BRADE 4 B EM 50%L) | );Pb FELAAIE
WRELE G 55%);Mn Fl Cd EE L 2 BT HREGS
WA 50%) . 7ET0E BCRIESSHTH , FRARD
RTRER”, Wl , T BB Y v A RS
/D PR R I AR ) ZBRFTHR IS TR R
DA EASRIERES”, WHliR , TR .
AR R R R, X R AR K

HE 2 AL, EREAGT  EL B TRNTRE
JIFE 5 5 Mn (45.94% )>Cd (43.75% ) >Co (31.53% ) >Cu
(11.32% )>Zn(4.54% )>Cr(2.30% )>Pb=Ni(0.00% ) ,
H1 Mn.Cd I Co fEFH AR ERELMT , EE&EN
TERIRFE R Ph(54.85% )>Cu(28.92% )>Co(16.90% )>
Zn(14.33%)>Cd(9.51% )>Mn(8.59% )>Ni(7.23% )>Cr
(4.44% ) , Horh Pb 1 Cu fEF R TEAMFM T, E
LB TBINFEZE Ni (827% )>Cr (4.69% )>Cu
(3.75% ) >Zn (3.06% ) >Mn(2.17% )>Pb (1.80% )>Co=
Cd(0.40%) , B4 J& fa FE X BN FEF B i 4
BARTFBHIRFR Mo (56.70% ) ~Pb (56.65% )>Cd
(53.66% )>Co (48.82% )>Cu(43.99% )>Zn (21.93% ) >
Ni(15.49% )>Cr(11.43% ), H:# Mn.Pb.Cd.Co F1 Cu
fa ERR, BT 45%~60%7] LA & A= E R AL, #EAK
e AR A, e YA g
R o
24 MBYESESLIEN
2.4.1 BT b BEG Y850k 75 M

= 7 RET Miller #h BFRT5 L4850 TR
HEBIBRIEMEER, TTUESR, B EGERZET
¥ Cu.Pb.Zn . Cr F1 As Ay BFRI5 Ye 8 B F

WEB/NFE, SR B RZ15Y {8 Zn ##h RF5 4
BEMBERERT 1, WHRRBBITRYH Zn H
Pw P REEIS Y, TR+ Cd F1 He (o3 BFI5 Y48
BOEIE S A8 1.33 78 2.48, 4374k F 0w B TS5 4L
TR FOE V5 YK, Cd F1 He o 2 AR5 Juts B
B RAE A3 RR 2.58 F1 5.44, UiBATER BB
EUTEYH Cd #1 Hg 43 B35 3] o 5 ek f =&
BYIKF . FIERT, B A BR BRI A 5
BYILE R Cd fl He,
#7 ETHERSLESSESRESLEN

Table 7 The assessment of heavy metal pollution based on

geo—accumulation pollution index

I Cu Pb Zn Cr Cd As Hg

B/ME -179 -147 -144 -112 068 -138 0.64
A -029 -038 163 -036 258 -026 544
EH¥fE -093 -093 -057 -079 133 -085 248

2.4.2 BEFUEIEA SRR EOE M A S XS PEA
8 EUT M ALRIFRY P EERTRERE
BEREANITNSEE, ZT Lars Hakanson 7EA A
RS HEEE N ESRITYIEN R, ARSI, &
S BIT YL R C, AL B TE A S RETE B En
53518 4.68 F1 98.74, RETE R RSB R ZVIFRYE
&R B FARE YK A S ARG, MR
MNEEBITR TR CF X TEED KR REE!
%% ,Cu.Pb.Zn Cr.Cd Fl As AbFEEETE YK A
FHhBIEEKFE B Zn L RFRR BN P T YK X
F Hg, 5 QUK P RAEREE KRR T hEEKFE,
[ s 7E R PR B T PR VS YK AR A S A EK

BHzmmids O TdESs B ek I 22
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Figure 2 The distribution of speciation of heavy metals in river sediment
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Table 8 The potential ecological risk index based on heavy metal
background values before industry period

TR Cu Pb Zn Cr Cd As Hg
C; ®/ME 019 017 022 048 023 043 028
BAME 053 035 184 081 084 091 7.84
¥HfE 037 025 052 061 041 064 1.88
Ej &/MH 093 083 022 096 679 426 11.22
BAME 263 176 1.84 163 2525 9.11 31354
EHME 184 124 052 123 1237 639 7515
C, 4.68
Exn 98.74

I U T AL AR P E S B LR B R T RN S5 H.

£ 9 RUPHE HEE SN SEE, EF
Lars Hakanson Y& 7EAE S KK 8 E0E M E L & 15 Y F
WEER, NERITLUER, BEEBISRBRETRE C M
STETELE XK AE 8L En 53524 24.76 F1 777.85,
KB Y BRBENFYESE BRL TEBY
K, BFEES KR E, NEANEESR TR
R CIHANEEA DG E R ERE ,Cu Pb.Cr fil As
b FAREE TS AR AR AE B L FE K, Zn g G
IK¥E,Cd &b FEIFYOKEMBEARBEKE; XF
Hg, 15 Yok RS EK A3 T PEH K. H
AT, T B R ETIRY + Cd 1 Hg 15440y
MEEAKTITEM.,

®9 BETRAELRE REMNEBEESKRIELZ
EERBFHTN
Table 9 The potential ecological risk index based on Shaanxi soil

element background value

TR Cu Pb Zn Cr Cd As Hg
C; &/ME 044 054 055 069 241 058 234
RAE 123 115 463 117 895 123 6532
F¥fE 086 081 130 088 439 086 15.66
Ej ®B/ME 218 272 055 138 7219 575 9349
A 615 503 463 234 26857 12.31 2612.81

FIE 431 405 130 177 13156 8.64 62622
Cq 24.76
Ex 777.85

T DABRE R B SHE IS B {E

(1B E XS B R B VTR pH. X Xae Xep FlI
LOI 4331k 8.64.55.2x10%.54.2x10% m*-kg™.1.96%
M1 2.47% , TR £ k4% 5~50 pm(45.61% )F1 50
pm DA (41.47% ) B F50R02H A

Q)ELBEEESERM, B ENERZIH
Y14 Cu.Pb.Zn Mn,Co Ni Cr.Cd.As 1 Hg & &415
B 18.43.17.34.90.57.562.94.15.83.21.51.55.20,0.41 ,
9.59 pg-g™ F 0.47 ng-g?, [RIHF [ FIpEYE 1+ 5
TLEEFAE BRI, Cu . Pb Ni #1 Cr B/NFHEF
Hp [ R P 1 8T R S 5 {E , Mn . Fe fil As f F =%
ZIA],Zn.Co.Cd F Hg ¥im F 7 . v E APy 1 1%
JCEE fE, JLHJE Cd #1 Hg,

(3) B ENEEEZNBYESBRESOTE
BH,Cr.Ni.Zn,Cu #l Co FEPIBRABSHERGFE(FR
ARZS H DUZS B 50%LL 1), Pb FE LR ESTE
RAETE (3K 55% );Mn F1 Cd FE DL Z R AT BT
KRAETEGE 50% ), THEYAFE & :Mn(56.70% ) ~Pb
(56.65% )>Cd (53.66% )>Co (48.82% ) >Cu (43.99% )>
Zn(21.93% )>Ni(15.49% )>Cr(11.43%) , H:H Mn . Pb.
Cd . Co il Cu fEFEH K, BT 45%~60% 7] LA K& A= T
FeAl, AR RSO AR YR R R A L B
ANRSEE R

(4)#th BART5 YedB BB TE A SRS BOTN 45

REH, BNEYBRRBZVBEY EEZ Cd fl Hg 15
gy, BA R MEBTEASEE 0 25 A T =
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