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Abstract: In order to evaluate the pollution status possible sources and bioavailability of heavy metals (As Cd Pb Sb Zn and
Tl) 33 surface sediments were collected from Longjiang River Southern China. The total concentrations and potential bioavailable
concentrations of the heavy metals were analyzed using ICP-MS. Enrichment factors ( EFs) Pearson correlation analysis and principal
component analysis ( PCA) were used to further assess their pollution degree and potential sources. Results showed that the surface
sediments of Longjiang River have been suffering heavy metal ( As Cd Pb Sb and Zn) pollution to different degrees. The maximum
concentrations of As Cd Pb Sb and Zn were 67.0 7.42 227 229 and 807 mg*kg™" respectively while the Tl concentration
were very low with little variation. Moreover the polluted sites were mostly located in the middower of the main stem and in
tributaries ( Dongxioajiang and downstream of Dahuanjiang) and the pollution degree of the heavy metals in a descending order were
Cd >Sb >Zn>Pb>As >TIl. Pearson correlation analysis and PCA indicated that As Cd Pb Sb and Zn predominantly originated
from anthropogenic inputs including nonferrous metal mining and smelting municipal sewage and agricultural activities and TI
mostly derived from natural rock weathering. The bioavailability of heavy metals in the sediments tended to be controlled by their
sources. The percentages of bioavailable heavy metals (As Cd Pb Sb and Zn) in the highly anthropogenic impacted areas ( the
midHower of the main stem and downstream of Dongxiaojiang tributary) were also high with the average percentages of bioavailable
As Cd Pb Sb and Zn of 26% 51% 49% 38% and47% respectively. High EF values and high bioavailable percentages of
heavy metals easily and greatly cause high ecological risk of Longjiang River.
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Fig. 1 Sketch map of the study area and sampling locations
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Table 1 ~ Enrichment factors and class of pollution
1.4
( EF) EF <2
3 16-18 2 <EF<S5
’ 5 <EF <20
: Al. Fe. Mn. Sc. Ti 7r 20 < EF <40
3171920 Ti Ti EF >40
2
EF = (C,/C,) /| BE/BE, 2.1
c, C, n Ti 2 As. Cd.
BE,  BE; n Ti  Pb.Sb.Zn TI
2 /mgekg !
Table 2 Ranges and average concentrations of heavy metals in the surface sediments of Longjiang River/mg*kg ™'
As Cd Pb Sbh Zn Tl
15.7 ~45.2 0.38 ~7.42 20.9 ~192 2.65~23.7 60 ~558 0.28 ~1.36
27.4 3.40 76.7 11.4 262 0.78
8.2 2.06 48.0 6.6 52 0.29
/% 29.8 60. 5 62.5 58.4 51.9 37.2
15.3 ~40.3 0.04 ~0.44 29.5~41.0 2.15~77.8 46 ~ 170 0.91 ~1.43
29.2 0.26 36.6 36.2 121 1.10
10. 4 0.17 4.7 27.4 46 0.20
1% 30.5 63.3 12. 8 75.6 38.4 18.6
12.7 ~23.9 0.18 ~0. 64 20.0~43.6 2.26 ~6.21 72 ~129 0.39 ~1.31
17.1 0.31 30.7 1.95 101 0.71
4.6 0.18 9.0 1.75 27 0.32
1% 26.9 59.4 29.3 44.3 26.5 45.5
14.2 ~67.0 0.12~2.15 24.4 ~227 1.55 ~229 107 ~ 807 0.30 ~0. 80
31.2 0.71 84.2 59.1 301 0.49
24.9 0.97 96.0 113 339 0.22
/% 79.8 138 114 192 113 44.5
25.9 2.00 61.5 19.3 211 0.78
11.5 2.13 50. 4 40.6 163 0.31
1% 36.2 110 73.5 121 65.3 39.9
2 20.5 0.267 24.0 2.93 75.6 0.782
» — 1.72 102. 6 — 383.4 —
u2 25.4 2.46 60 0.5~2.7 174 —
2 13. 68 — 26. 39 — 89.8 —
z 17. 42 0. 19 40. 51 — 109. 09 —
28 14.3 0. 87 48.08 — 161.3 —
Gardon  ( ) 33.6 0.47 66. 1 8.7 146 1.0
Tubardo ( ) ¥ 5.35 — 13.9 0.13 56.5 0.21
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Fig. 3 Spatial distribution of total concentrations and bioavailable concentrations of heavy metals
in the surface sediments of the main strem and tributaries of Longjiang River
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Fig. 4 Histogram distribution diagram of heavy metal (As Cd Pb Sb Zn and Tl) EF values in the surface sediments of Longjiang River
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Table 3  Pearson coefficient matrix of elements (As Cd Pb Sb Zn TI and Ti) in the surface sediments of Longjiang River
As Cd Pb Sbh Zn Tl Ti
As 1
Cd 0. 507 ** 1
Pb 0.795™ 0. 626™ 1
Sh 0.725* 0. 121 0.592** 1
Zn 0. 801 0.637* 0.936™ 0. 638 1
Tl 0. 063 0.030 0. 001 -0.104 0.019 1
Ti -0. 149 -0.091 -0.087 -0.217 0.037 0.388" 1
1) ™ 0.01 ;o 0.05 ; n =33
PCA N
! ( )
PCA 4 . 2 As. Cd+ Pb. Sb  Zn
PC1 pPC2
50.7%  20.65% 72.35% .
As. Cdv Pb. Sb Zn .TI  Ti
;T Ti .
Ti 0.11% ~ 0.41%
4 As. Cd. Pb. Sb. Zn. 0.30% (
T Ti (PCA) 0.45%) *' . Tl
Table 4  Principal component analysis ( PCA) of heavy metal ( 0.28 ~1.43 mg'kg - 1)
(As Cd Pb Sb Zn Tl and Ti) concentrations in the 1y o .
. . . (0.782 mgekg ™) TI Ti
surface sediments of Longjiang River
PCl1 PC2
As 0.910 -0. 066
) 2.5
Cd 0. 678 0. 091
Pb 0.945 -0.012 As. Cd. Pb. Sb. Zn Tl
Sh 0.714 -0.297
Zn 0. 959 0. 065 3 5
Tl 0. 054 0.811
Ti -0.085 0. 826
Pearson PCA As. ( 115 ~5 )
Cd. Pb. Sb Zn (30 ) As. Cd\ Pb. Sb Zn
As. Cd. Pb. Sb  Zn 26% ~ 51% ~ 49% ~ 38%  47% .
5
Table 5 Ranges and average values of heavy metal bioavailability contents
and their percentages in the surface sediments of Longjiang River
As Cd Pb Sh Zn Tl
Jmeeke -] 0.65~15.5 0.07 ~4.26 2.29 ~126 0.12 ~118 20. 1 ~403 0.01 ~0.22
mg*
e 5.94 1.03 27.3 8.32 94.0 0.08
/9 4.5~38.6 30.9 ~61.1 1.5~55.5 6.0~55.0 26.3 ~58 1.3~18.5
0
21.2 45.3 38.7 28.9 41.5 9.7
b 5 As. Cd.

Pb. Sb.Zn TI EF
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Fig. 5 Scatter diagram between EF values and the bioavailable concentration
of As Cd Pb Sb Zn and Tl in the surface sediments of Longjiang River
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