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Abstract

Six main rivers (the Yenshui, Ell-ren, Tsengwen, Chishui, Potzu, and Peikang
Rivers), located in southern Taiwan, were contaminated with heavy metals and
carbonates in different level from industry, domestic, and agricultural wastewater. The
carbonates content in the Yenshui and Ell-ren river sediment correlated significantly
with heavy metal bound to per unit weight carbonates which could be expressed with
linear empirical mathematic model as below.

M = A + B x (Metal bound to carbonates/Carbonates)
However, the linear correlations between the carbonates and heavy metals bound to
per unit weight carbonates were not significant for the sediment collected from the
Tsengwen, Chishui, Potzu, and Peikang Rivers which have lower heavy metals
pollution, except Zn.

The carbonates concentration ranged from 0.29 to 2.17% for the Potzu river
sediment, from 0.05 to 0.96% for the Yenshui river sediment. The enrichment factor
of heavy metals (Cu, Co, Cr, Ni, Zn and Pb) in the Potzu river sediment ranged from
2.5 to 4.6 based on the concentration of heavy metals found at the river sediment. The
enrichment factor of heavy metals (Cu, Co, Cr, Ni, and Zn) in the Yenshui river
sediment were larger than 25, except fro Pb (9). The largest enrichment factor for Cu
was 134. Those meant that the Yenshui river sediment was seriously polluted with
heavy metals.
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# 4 Characteristics of sediments from high and low heavy metals polluted rivers

Characteristics Yenshui River Potzu River
Sampling sites 7 6
Sediment segments 61 63

Max. Min. Enrichment Max. Min. Enrichment

Conc. Conc. Factor Conc. Conc. Factor

Cu (mg/kg) 7267 5.2 134 43.8 94 4.6
Co (mg/kg) 191.6 74 26 35.1 127 2.7
Cr (mg/kg) 8429 10.3 82 61.9 20.6 3.0
Ni (mg/kg) 4453 103 43 51.0 18.7 2.7
Pb (mg/kg) 77.9 8.6 9 472 19.2 2.5
Zn (mg/kg) 876.6 34.5 25 298.1 68.8 4.3
# 5 Contents of carbonates in sediment from 6 rivers
Valid N Mean  Minimum Maximum Std.Dev.
YENSHUI  61.00 2.19 0.54 9.18 1.43
ELL REN 18.00 4.69 2.31 21.24 2.84
POTZU 63.00 2.91 1.04 5.46 1.04
CHISHUI 58.00 3.65 1.69 6.19 1.03
TSENGWEN  67.00 4.62 2.58 7.49 1.13
PEIKANG 64.00 2.19 1.21 6.01 0.95
SRR TiaE LAY 22 £ £/ Cu-Ni~Cr~Zn~ 2 Ph)E £ £

Bz BT PR T Ap R Gl W% £ 089099097080~ % 097 %
F CoYmBBLELSEERT Y CoREfrEmp @2 4% Co & M I4p B 127
BA (rd 62 R3)-3RAL P ARAPECERHMBL Y O AR
REEBEHLEEHTE LM BT T A AP AP M EE A T

M = A + B x (Metal bound to carbonates/Carbonates)

He M AP " AREY 23R 7ERE £ FH4 Cu~Ni~Cr~Zn~Co % Pbo ¥
=i mgkgo A G FETIR2E 7Y YRPERE - BLIAFT ¥ R L H =
TERMBAMLEEHN S 241 B B EH LI REALLLEHER
oo BORGERGE P R BAc 4 B2 bR 4 833 A 5 Zn>Ni>Co>Cu>Cr
SRR RERI A RSN 4 835 A 5 Pb>Ni>Zn>Cr>Cu (40
6)
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# 6. Empirical model coefficients existing among aqua-regia extractable metals,
metals bound to carbonates, and carbonates content in sediment matrices
seriously contaminated with heavy metals.

M = A + B x (Metal bound to carbonates/Carbonates)

Rivers = Aqua-regia extractable Constants Coefficient linear correlation

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

Yenshui Cu 48.78 83.34 0.60
Ni 46.27 25.86 0.68

Co 12.94 81.81 0.75

Cr 100.44 83.68 0.39

Zn 130.23 17.71 0.48

Pb 37.49 -39.5 0.16

Ell-ren Cu 63.12 1338 0.89
Ni 21.98 195.75 0.99

Co 46.43 -838.57 0.11

Cr 29.66 580.57 0.97

Zn -71.11 570.39 0.80

Pb 7.03 251.81 0.97

ERAAZE 2 EEFREHFEZ MR EALPHE I REBAY SRER
ELLEHIRELEHTE M BT T S M4 B EF 1 A T (4o
43 7):
M = A + B x (Metal bound to carbonates/Carbonates)

@%*ﬁ~%4ﬁaL%ﬁ:ﬁﬁ“f@%%Znﬂ’r*%¢ﬁ@%ﬂipb
HELBREGHCEIRMMEAY EREBELLEHE T LR H Gid
06211+ > Hepd T2 3 AP 2ZAMEAPM Gl (Ick 7)-

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

M = A + B x (Metal bound to carbonates / Carbonates)

Rivers Aqua-regia extractable Constants  Coefficient Linear correlation
heavy metals (M) (A) constant (B)  coefficient ( R)
Tsengwen Cu 12.48 74.07 0.18
Ni 18.72 339.51 0.44
Co 15.95 150.83 0.39
Cr 21.30 546.27 0.35

12



Zn 61.39 214.56 0.29

Pb 23.96 92.54 0.27

Chishui Cu 11.12 185.47 0.35
Ni 19.47 101.6 0.19

Co 14.30 97.64 0.33

Cr 20.68 134.73 0.23

Zn 59.09 54.91 0.62

Pb 25.18 34.06 0.77

Peikang Cu 18.05 27.63 0.15
Ni 26.41 -28.22 0.09

Co 17.36 9.23 0.05

Cr 21.1 48.88 0.18

Zn 63.38 36.53 0.86

Pb 29.66 9.28 0.05

Cu 245 -25.73 0.09

Potzu Ni 29.58 0.59 0.003
Co 17.67 26.72 0.14

Cr 26.87 149.92 0.43

Zn i o 45.17 0.79

Pb 33.13 1.98 0.014

T~ B

dRE SR L D CERBRERRCETIZE AR E BB RRE > FIRRF
FRCATIREEP R EERHRELICEEREBY OREBLLL £
BERF AP ABAPM G2 7 ﬁ“#a.xg NIRRT £ e
ARG A AP > RFLEMZG 2 ESEFRE N FEE A BERED E
EREREDERFFIR ORI LEPRELI L IMMBY SRE PSR
£ EBHERE Zn thF G B2 SULAR M 7 -

L~ R8s
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Peikang River sediment matrices. (a) Cu, (b) Ni, (c¢) Co, (d) Cr, (e) Zn, (f) Pb.
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