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Abstract: Geochemical behavior of major and trace elements in the sediment of the Songhua River was studied. 39 bottom sediment samples
were collected from the Songhua River and total contents of As; Cd» Co» Cr» Cu> Hg» Zn,> Ni> Pb, Sbs Scs V, Mn, Ti» Al, Fe; Mg, Ca,
Na and K in these samples were measured. The objectives of this study were to identify the contents and spatial variations of these metals in the
sediment investigate geochemical relationships among the elements, and develop baseline relationships between 9 trace metals and conservative
reference element Sc to quantify the contamination of these 9 elements. Results indicated that the concentrations of toxic trace metals, such as
As, Cd» Co> Cr» Cus» Hgs Zn, Ni> Pbs and V in the sediment, were 2.7-11.5, 0.05-1.38, 4.8-14.7, 15.9-78.9, 2.4-75.4, 0.01-1.27,
21.8-403.1, 6.2-35.8, 12.6-124.4, and 22.1-108.0 mg/kg, respectively. Due to the input of anthropogenic sources, temporal and spatial
variation of Cd> Cus Hg» Zn, and Pb contents in the sediment was higher than that of major elements. In addition, correlations between these
melals and their mineral matrix elements such as Fe, Mg, and Sc were decreased. The baseline relationships between general metal
contaminants and Sc were developeds with high correlation coefficients for Co» Crs Cus Zn,» Ni>» Pb, and V and relatively low correlation
coefficients for As and Cd. These baseline relationships provide a way to quantitatively evaluate the sediment contamination by these metals.
Generally, sediment contamination of the Songhua River by trace metals was less than that of the Zhujiang River and the Changjiang River, and
similar to that of the Huanghe River.
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Fig.1 Schematic graph of sampling sites of sediment in the Songhua River
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Table 1 Detection limits of elements and basic statistical parameters for replica analysis and reference material measurement

P Kot __ %?fﬁk*ﬁ:ﬁﬁ&i‘%;%i&/% _ __ %@%Eﬁk*ﬂfﬁii%/% ___

SEREY N /M SFME? N e /ME
As 1 pglg 4.5 9.9 1.4 -1.01 1.45 -2.62
cd 30 ng/g 5.8 18.6 0.2 3.20 9.28 -7.83
Co 1 pglg 5.4 10.6 2.0 1.24 10.44 -5.02
Cr 5 uglg 5.4 12.5 0.1 3.70 13.85 -4.38
Cu 1 pg/g 3.3 6.0 0.8 -0.13 5.15 -3.70
Hg 2 nglg 6.5 18.4 0.0 2.64 7.74 -4.93
Mn 10 pg/g 3.3 6.3 0.1 0.65 5.46 -2.98
Ni 2 pglg 5.4 14.8 0.4 -0.98 3.18 -6.20
Pb 2 pglg 5.8 14.4 0.1 1.67 8.03 -2.72
Sh 0.1 pg/g 7.2 22.6 0.0 3.00 24.33 -6.10
Sc 1 pglg 3.1 5.5 1.5 -0.94 2.10 -7.00
Ti 10 pg/g 3.6 8.4 0.4 -0.05 4.63 -3.25
7n 2 pglg 3.9 7.1 0.6 1.40 5.83 -2.89
A\ 5 pglg 3.1 6.8 0.3 0.08 2.43 -0.78
Al 05 0.2% 3.5 5.5 0.9 1.57 5.29 -4.94
Fe, 05 0.05% 2.4 6.9 0.5 0.22 5.43 -2.88
MgO 0.05% 2.6 5.8 0.9 -0.40 1.79 -2.06
Ca0 0.05% 4.8 10.3 1.3 1.62 5.31 -0.89
Na, O 0.05% 2.3 5.9 0.3 -1.02 0.86 -2.47
K, 0 0.05% 1.6 4.8 0.3 -0.62 -0.07 -1.30

Dn=12; 2) n=4
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Table 3 Correlation matrix of element concentration in the sediment of the Songhua River (n = 39)
As. CGd Co C Cu Hg Zn N Pb Sb Sc V. Mn Ti ALO; Fe, O3 MO CaO Na,O K, 0

As 1.00 0.56 0.79 0.81 0.66 0.50 0.60 0.78 0.60 0.72 0.77 0.74 0.75 0.70 0.64 0.79 0.79 0.34 -0.55 -0.71
Cd 1.00 0.59 0.60 0.48 0.53 0.70 0.47 0.71 0.54 0.45 0.35 0.69 0.56 0.43 0.56 0.50 0.34 -0.20 -0.30
Co 1.00 0.97 0.69 0.54 0.73 0.93 0.66 0.76 0.88 0.85 0.88 0.91 0.86 0.98 0.94 0.70 -0.46 -0.65
Cr 1.00 0.78 0.59 0.72 0.94 0.66 0.81 0.91 0.86 0.84 0.92 0.85 0.98 0.94 0.64 -0.54 -0.72
Cu 1.00 0.88 0.66 0.68 0.59 0.77 0.70 0.64 0.63 0.68 0.70 0.76 0.70 0.37 -0.50 -0.60
Hg 1.00 0.78 0.40 0.64 0.52 0.37 0.28 0.59 0.52 0.55 0.56 0.42 0.39 -0.14 -0.21
7n 1.00 0.57 0.94 0.47 0.50 0.41 0.8 0.63 0.62 0.71 0.57 0.53 -0.17 -0.26
Ni 1.00 0.57 0.79 0.96 0.95 0.75 0.83 0.82 0.95 0.97 0.58 -0.67 -0.84
Pb 1.00 0.48 0.52 0.46 0.87 0.56 0.51 0.64 0.54 0.37 -0.33 -0.37
Sh 1.00 0.83 0.82 0.60 0.72 0.65 0.80 0.80 0.3 -0.70 -0.79
Se 1.00 0.98 0.69 0.85 0.78 0.93 0.98 0.4 -0.74 -0.89
\Y 1.00 0.66 0.81 0.74 0.89 0.95 0.4 -0.77 -0.91
Mn 1.00 0.77 0.68 0.83 0.74 0.54 -0.35 -0.48
Ti 1.00 0.73 0.91 0.839 0.62 -0.44 -0.64
Al 04 1.00 0.8 0.81 0.76 -0.33 -0.49
Fe 1.00 0.97 0.68 -0.52 -0.72
Mg 1.00 0.56 -0.63 -0.83
Ca 1.00 0.100 -0.15
Na 1.00 0.90
K 1.00
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Fig.2 Metal-scandium plots with element”s baselines and baseline equations
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Fig.3  Comparison of element concentrations in the sediment of the
Songhua River with those in the sediments of Zhujiang

River, Changjiang River and Huanghe River

g WK, IMIETL VTR H Ses Crs Vs Mns Mg-
Fe Al & 5 5 ERVL) N BL TR AR H AR, CaNa 1)
TR BRI UURI R Cos Nis Cu FO 25 M AR T BRIT
DU, PbZn 15 LEERVEDURUIRAR 2 . 0 405 Hb
DX i Z XK R I8 P ) B 855 4% A 1 i Dk BR VL DT AR
Ca A1 Na & BAR TAAETL YR 16 5 22 5 A1, i Bk
LU = P A Zn & & ] g 243 PhZn
W IR TR IR SE NN 75 G AT K

KAT TR DY )1 R 3R T 90 s ) K 2 4L
JCE TR AL LR m L 3(h) ], Bk
FFOCHE IEARN T 1.4:1 HEk b X ATRER TR
BRI YL URUTT 5 40 OR R s im)D) 3 3501
J3— 5 T SR TG ZE CoNinCu- VAL T 1.4:1 HEM
by FEKILYTRRY) SRR DU AR L, KT 0T
B CoNivCu~ V V5 458 K 7™

BB ) QL P8 21 AR D RN A
TCE M i HIAELI TR AR E AL, R Ca I
I TR LIURY) R4 SR T 5
H DX, SRR T Ca 0 Fr 0 i L 1y

3 it

(DY T E IR 7 REUL T R L%
HEBIuE R UTRPIFEA b B 5 = W
Bt R < 40%, M E 48 Cds Cus Hgs Zn\ Pb 1]
W RBAE 66% ~ 114% 2 7] 3X Lo fl it 42 i 7 ik
O Sl LT s o B el NS ) o TR/ 2
154,

(D HT &R C EZAAEAR MU,
T AH FL 2 B I HH AN 8] RO A DGR BE . Ak, N AU
BN, 10 CdvCusHg. Zn+ Ph, FEAIE T X 2870 5 5 HIR
PTG F, i1 Fes Mg~ Sc 2 IA] 1 AH DG 1 L T8 %) 39
ANTURRIAE i 78 22 AR DGPE 73BT, BL Se b AR 57 IR %
HETCE, L T DU b W5 35 44 W) Ass Cds
Co~CrCu~Zn<Ni+ Ph V IR I8 e 2 i 55, 0 B A8 A1
WK Al AR AETLUTRA )G G4 T B A4

3DFAETL 5 MR T 28 0 R T B Ut R ) 1 i 4 s
R T R TSRV MBI KLY
I PR AR VL5 S 5 B UUAR ) BT I v ZE 0% &8 1l
ARIE M B R Sl SR I i N SR Y, R
ERUL KL S TR IR A R A/, {H gt B 2
4 B R IRTL A YL TR oA & 4R 30 2 LU
B,

B AWFFAERAE R, 1530 7 R B
ARG BE 55 AV AR 2R AIE 7T P ) B % UR A 1 35 )



2130 7O A - B 29 %
TELFR I 193-195.
Lo FH%, T, BAM, & MG KBRS FSE RS R AE
S k- ISl ], KA MR 57 54R 5 1994, 24C1): 102-109.
[1] gkwgdk, o, B2, % K05 EmytiY 4 08t Z i Ek{k L1017 ilzicAek, 3757 B . R R0 PR RS SR I PR 38 Sl A F ol g ). K
ZRPIE S IL P AL ] M PR 224, 1998, 53(4): 314-322. HLE BT, 1998, 14(4): 48-55.
2] T30%, sksAE BRI NIV BOK AR DU B F ) b 27 Fh L] PR ERA TR IR R 1 A s g — L)) Ay
JCHEM S EATEA S AREAEL ] N ] Bl 5 TRER #2234, 5, 2004,29(2):33-35.
1999,17(1):12-20. L12] MRHEET, M, 0PN 45, 55  AA 1 VLK AR DR R V5 G e LR
[3] Qu C» Yan R. Chemical composition and factors controlling AREELI] RES R 2243, 2007, 27(3) : 466-473 .
suspended matter in three major Chinese rivers [ J1. Sci Total [13]  BOHRIR, JAE, sk AL, 25 | Rt SRR 5 PPN O 1 VAT AR
Environ, 1990,97/98:335-346. Yy G JE VG L T] LTI S IR, 1997, 17(4): 41-44.
[4] BipA . WK R EE & b EA K B O M. db ot B R L14] JAFEH, £ R, A EF RIS ORI 4 s (75 G F
#t,2006.222-223. MrLT]. BREE 45,2004, 23(3): 321-325.
(5] frsis, T, mds s Sk Tyl & 4 ) v 4 AR C15] B, Y0 s, MR, 25 RS TUR 3 48 v5 Y & L
SR LT ]. FR R, 1999, 20(1): 7-10. TEAERSEFHVFN L] L IR, 2005, 29C1): 43-45.
61 XSCH, ZIEH, AT AR 22 L UTAR Y b 4 v G 1 B 8 2 [16] Schiff K C, Weisherg S B. Tron as a reference element for
AN L] A=, 1999,19(2):206-211. determining trace metal enrichment in Southern California coastal
L7 3% MWAR, FRetR, & iRy h & & E 75 Y B ek shelf sediments. J]. Marine Environmental Research, 1999,48: 161-
AfEH VML ] FREET5 B 5 B0, 2004, 26(3): 207-208, 231 . 176.
[81 ks, #RAL Z IR, 45 5 B CGE AR RILBOIL (171 BRSLE, WRid A, 52k, 46 b B B3 21 stE M. dbat:

IKFNGCR ) 7 5 Yot e L] 3R 5% 5 4 B 2% 5 1994, 11(5):

o B AR R AL 1990.





