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In M = A + B x (Metal bound to iron oxides/Iron oxides)
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M = C + D x (Metal bound to manganese oxides/Manganese oxides)
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Abstract:

The concentration range of iron oxides contents in the Yenshui and Ell-ren river
sediment were larger than those in the Tsengwen, Chishui, Potzu, and Peikang Rivers.
However, the concentration range of manganese oxides contents in the six rivers’
sediment did not have significant correlation with pollution level. The total
extractable heavy metals (Ni, Co, Cr, Zn, and Pb) correlated well in exponential
model and had positive significant correlation with metals bound to per unit weight
iron oxides in 0.89, 0.96, 0.95, 0.95, and 0.80 in the Yenshui river sediment. Similarly,
the exponential correlations for Cu, Ni, Cr, Zn, and Pb in Ell-ren river sediment were
0.91, 0.98, 0.80, 0.85, and 0.98. Also the empirical exponential model could be
expressed as below.

In M = A + B x (Metal bound to iron oxides/Iron oxides)
The correlations between iron oxides contents and heavy metals bound to per unit
weight iron oxides in scarcely polluted river sediment could be expressed as empirical
linear model.



M = A + B x (Metal bound to iron oxides/Iron oxides)
The correlations between manganese oxides contents and heavy metals bound to per
unit weight manganese oxides in heavily polluted Yenshui and Ell-ren river sediment
were significant and could be expressed as empirical linear model.

M = C + D x (Metal bound to manganese oxides/Manganese oxides)
However, the correlations between manganese oxides contents and heavy metals
bound to per unit weight manganese oxides in the Tsengwen, Chishui, Potzu, and
Peikang Rivers were not significant, except Zn.

Keywords: Iron oxides, Manganese oxides, Heavy metal, Sediment.
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% 4 Tron oxides contents in six rivers sediment
Valid N Mean Minimum Maximum Std.Dev.
YENSHUI 60.00 0.86 0.46 2.01 0.43




POTZU 63.00 0.76 0.53 0.98 0.12

CHISHUI 58.00 0.75 0.41 1.12 0.16
TSENGWEN 67.00 0.72 0.35 1.07 0.17
PEIKANG 64.00 0.90 0.61 1.32 0.15
ELL REN 18.00 0.79 0.30 1.36 0.25

# 5 Manganese oxides contents in six rivers sediment
Valid N Mean  Minimum Maximum Std.Dev.

YENSHUI  61.00 0.03 0.01 0.05 0.01
POTZU 63.00 0.04 0.03 0.07 0.01
CHISHUI ~ 58.00 0.04 0.03 0.07 0.01
TSENGWEN  67.00 0.07 0.03 0.20 0.03
PEIKANG  64.00 0.05 0.03 0.08 0.01
ELL REN  18.00 0.04 0.02 0.07 0.01
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In M = A + B x (Metal bound to iron oxides/Iron oxides)
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M = A + B x (Metal bound to iron oxides/Iron oxides)
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# 6. Empirical model coefficients existing among aqua-regia extractable metals,

metals bound to iron oxides, and iron oxides content in sediment matrices

seriously contaminated with heavy metals.

In M = A + B x (Metal bound to iron oxides / Iron oxides)

Rivers = Aqua-regia extractable Constants Coefficient Exponential correlation

heavy metals (M) (A) constant (B) coefficient ( R)

Yenshui Cu 6.27 -2.24 0.83
Ni 2.83 0.67 0.89

Co 2.29 1.83 0.96

Cr 3.49 0.11 0.96

Zn 3.79 0.37 0.95

Pb 2.4 1.62 0.80

Ell-ren Cu 3.33 28.65 0.91
Ni 3.15 1.30 0.98
Co 2.99 -1.40 0.017

Cr 3.07 0.94 0.8

Zn 3.73 0.95 0.85

Pb 3.53 0.65 0.98

# 7. Empirical model coefficients existing among aqua-regia extractable metals,
metals bound to iron oxides, and iron oxides contents in sediment matrices
slightly contaminated with heavy metals.

M = A+ B x (Metal bound to iron oxides / Iron oxides)

Rivers Aqua-regia extractable Constants  Coefficient Linear correlation
heavy metals (M) (A) constant (B)  coefficient ( R)
Tsengwen Cu 16.62 -13.64 0.11
Ni 41.95 -36.31 0.52
Co 25.94 -26.14 0.38
Cr 26.59 -3.54 0.13
Zn 83.27 -5.45 0.1
Pb 13.57 30.86 0.41
Chishui Cu 15.40 4.44 0.026
Ni 36.1 -30.91 0.54

Co 26.35 -30.09 0.57



Cr 19.03 5.72 0.34

Zn 33.27 22.34 0.30

Pb 20.34 9.45 0.11

Peikang Cu 24.89 -32.01 0.18
Ni 34.53 -24.55 0.28

Co 25.54 -29.17 0.38

Cr 16.79 11.52 0.57

Zn 22.85 37.62 0.76

Pb 27.77 4.50 0.046

Cu 17.44 21.52 0.13

Potzu Ni 39.32 -18.2 0.34
Co 23.82 -19.93 0.29

Cr 22.58 8.64 0.62

Zn -7.24 42.97 0.90

Pb 47.65 -21.61 0.31
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M = C + D x (Metal bound to manganese oxides/Manganese oxides)
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M = C + D x (Metal bound to manganese oxides/Manganese oxides)
FEKE AR ER PGB AR Y Zn SUZAP M T BCP BRE § 00 0.65 1 b ok A
SEERBEF RS AP 2 A M Gl (I0k 9) -
# 8. Empirical model coefficients existing among aqua-regia extractable metals,
metals bound to manganese oxides, and manganese oxides content in
sediment matrices seriously contaminated with heavy metals.

M = C + D x (Metal bound to manganese oxides / Manganese oxides)

Rivers  Aqua-regia extractable Constants Coefficient Exponential correlation

heavy metals (M) ©) constant (D) coefficient ( R)

Yenshui Cu 48.47 0.31 0.59
Ni 5.61 1.83 0.65

Co 3.11 2.94 0.54

Cr 61.50 0.92 0.49

Zn 22.93 1.38 0.75

Pb 43.52 -1.31 0.46

Ell-ren Cu -25.68 1253.2 0.75
Ni 24.01 2.70 0.97

Co 45.09 -24.94 0.24

Cr 39.84 20.35 0.87

Zn 75.16 3.05 0.99

Pb 13.94 13.67 0.97

# 9. Empirical model coefficients existing among aqua-regia extractable metals,
metals bound to manganese oxides, and manganese oxides contents in
sediment matrices slightly contaminated with heavy metals.

M = C + D x (Metal bound to manganese oxides / Manganese oxides)

Rivers Aqua-regia extractable Constants  Coefficient Linear correlation
heavy metals (M) ©) constant (D)  coefficient ( R)
Tsengwen Cu 18.0 -2.0 0.57
Ni 37.92 -5.51 0.51
Co 22.97 -1.72 0.21
Cr 28.3 -5.95 0.53
Zn 94.85 -1.98 0.46

Pb 36.33 -3.79 0.54




Chishui Cu 48.47 0.31 0.59

Ni 5.61 1.83 0.65
Co 3.11 2.94 0.54
Cr 71.09 0.83 0.36
Zn 22.93 1.39 0.75
Pb 43.52 -1.31 0.46
Peikang Cu 19.4 541 0.19
Ni 25.35 -0.97 0.065
Co 19.09 -2.29 0.18
Cr 22.38 -0.69 0.04
Zn 58.44 6.39 0.86
Pb 29.54 4.22 0.21
Cu 18.81 47.58 0.3
Potzu Ni 31.61 -1.1 0.11
Co 18.08 0.95 0.12
Cr 35.16 -0.022 0
Zn 48.67 73 0.9
Pb 82t 53 1.89 0.15
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B] 4. Correlations between aqua-regia extractable heavy metals and heavy metals

bound to iron oxides in per unit weight iron oxides content at different depth of
Tsengwen River sediment matrices. (a) Cu, (b) Ni, (¢) Co, (d) Cr, (e) Zn, (f) Pb.



(@)
————y = 15.403 + 4.4425x R=,0.026201
35
o o)
30— e}
o
~ 25— ©) 0
g o 5 ° o
o)) ] 0 Q
20 fo}=
é e) S NeYe) © o
3 e @)
3 15 Otwc)éggg’c)/
o o _
10— OOOOO 0BG o
o0
5 T T

|
0.05 0.1 0.15 0.2 0.25

mg of Cu-iron oxides/g iron oxides

(c)
y = I26.35Il - 30[087XIR: 0.|5654'3

Co (mg/kg)

015 02 025 03 035 04 045
mg of Co-iron oxides/g iron oxides

(e)

y= I33.27i[ + 22|.338XI R= Oi3037

N

140

120

100

Zn (mg/kg)

40
1.2

14 16 18 2 22 24

mg of Zn-iron oxides/g iron oxides

Ni (mg/kg)

Cr (mg/kg)

Pb (mg/kg)

(b)

—y :I 36.1|01 —|30.9]|.lx Fi: O.5|37l'%

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
mg of Ni-iron oxides/g iron oxides

(d)
y = l|9.025 +|- 5.720|2X R= 9.34141

0 T T T T
0 05 1 o ) 25

mg of Cr-iron oxides/g iron oxides

()

y = 20,343 + 9.4459x R= 0.1079
60 Co™ 1 0
o
50— o
o
40— o ©
O o
© B o
30— O
¢ O
20— ogogo
o 0D o
10 T T T T T 1

0.4 05 06 07 0.8 09 1 1.1 1.2
mg of Pb-iron oxides/g iron oxides

Bl 5. Correlations between aqua-regia extractable heavy metals and heavy metals

bound to iron oxides in per unit weight iron oxides content at different depth of
Chishui River sediment matrices. (a) Cu, (b) Ni, (¢) Co, (d) Cr, (e) Zn, (f) Pb.
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Potzu River sediment matrices. (a) Cu, (b) Ni, (¢) Co, (d) Cr, (e) Zn, (f) Pb.
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] 8. Correlations between aqua-regia extractable heavy metals and heavy metals
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] 11. Correlations between aqua-regia extractable heavy metals and heavy metals
bound to manganese oxides in per unit weight manganese oxides content at
different depth of Chishui River sediment matrices. (a) Cu, (b) Ni, (c) Co, (d) Cr,
(e) Zn, (f) Pb.
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] 13. Correlations between aqua-regia extractable heavy metals and heavy metals

bound to manganese oxides in per unit weight manganese oxides content at
different depth of Potzu River sediment matrices. (a) Cu, (b) Ni, (¢) Co, (d) Cr,
(e) Zn, (f) Pb.



