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Contamination Level and Behavior of Heavy Metals in Stream Sediments
Within the Watershed of Juam Reservoir
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We investigated the contamination and behavior of heavy metals in stream sediments within the watershed of
Juam Reservoir. Many abandoned mines within the reservoir can act as a potential contaminant source for water
quality. Heavy metal concentrations (Cr, Cu, Ni, Pb and Zn) in stream sediments from watershed are very low, indi-
cating that content of heavy metals in the sediments probably do not affect the water quality in Juam Reservoir.
However Pb concentration in the stream sediments increases downward streams, suggesting the possible diffusion of
Pb contamination. According to the leaching ratio for stream sediments at a strong acidic condition in the aban-
doned mine areas, the relative mobility for metals decreases in the order of Pb>Zn=Cu>Ni>Cr, indicating that Pb
can have a bad effect upon the water quality in Juam Reservoir. Moreover, if contaminated sediment is placed in
the bottom of reservoir (i.e., reducing condition), the relative mobility of Pb is the highest, indicating that Pb in the
bottom sediments can be leached to water at interface between water and sediment with changing in physicochemi-
cal conditions.

Key works : Juam Reservoir, stream sediments, heavy metal contamination, chemical speciation, mobility
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Ag. 1. A geologic map for the watershed of Juam Reservoir (AR & PR, Precambrian metamorphic rocks; P-T & C, Paleozoic
sedimentary rocks; Kgr & MQP, Cretaceous igneous rocks; K3, Cretaceous volcanics).
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Fig. 2. Locations of the abandoned metal and coal mines within the watershed of Juam Reservoir.
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Table 1. Sequential extraction procedure.
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Chemical Extractions

I(exchangeable)

II(carbonate)

IlIamorphous Fe-Mn hydroxides)
IV(organic matters and sulfides)
V(residuals)

IM MgCly(pH=7)

IM NaOAc(pH=5)

0.04M NH,OH HCI in 25%(V/V) HOAc

0.02M HNO;+30%(V/V) H,0,+3.2M NH,OAc in 20% HNO;
HNO;+HClO4+6N HCI

Table 2. Background concentrations(ppmy) of heavy metals for each geologic unit within the watershed of Juam Reservoir.

Geologic Unit No. of Samples Cr Cu Ni Pb Zn
Paleozoic Sedimentary Rocks 5 84 24 26 23 81
Cretaceous Volcanics 8 85 18 39 22 108

. . Granitic gneiss 74 117 25 32 20 100
P b Mets hic Rocks

recambrian Metamorpiic BOCKS b phyroblastic gneiss 57 12 24 4l 2w

mean

112 24 36 21 101
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Fig. 4. A geochemical map for Zn distribution within the watershed of Juam Reservoir.
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Table 3. Comparison of heavy metal contents(Lg/g) between 12" and 39-4™ order stream sediments within the watershed

of Juam Reservoir.

Statistics Cr Cu Ni Pb Zn

mean 112 25 35 21 100

1% & 2™ median 113 24 33 21 95
stream sediments std. 43 8 19 3 32
(n: 233) max 386 65 196 30 274
min 14 6 2 8 20

mean 54 22 26 42 90

34 & 4t median 55 21 27 40 81
stream sediments stdev 31 11 12 13 38
(n: 32) max 159 69 59 85 223
min 9 5 6 24 43

n; number of samples.
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Fig. 5. Distribution for Pb concentration of 3™ & 4" order stream sediments within the watershed of Juam Reservoir.
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Tobie 4. Chemical partitioning of heavy metals(%) for 3-4% order stream sediments within the watershed of Juam Reservoir.

Sample FI Fil FIlI FIV FV Total
JAS 0.0 13 8.4 142 76.1 100
JA10 19 0.0 119 7.3 78.9 100
o IA15 0.0 1.7 9.4 12.1 76.8 100
JA18 0.0 1.4 10.5 6.4 81.8 100
JA25 0.0 1.0 9.6 8.0 814 100
mean 04 1.1 10.0 9.6 790 100
JAR 26 1.1 42 147 774 1060
JA1S 0.5 1.4 34 11.8 82.9 100
Cu JAI8 0.7 26 6.1 3.5 872 100
JA25 0.1 23 12.0 63 79.4 100
mean 1.0 2.0 8.5 8.3 80.1 100
JAS 0.0 6.7 24.4 6.3 62.6 100
JA10 0.0 94 219 3.0 65.6 100
Ni JALS 0.0 75 18.5 4.7 69.3 100
JAIS 0.0 10.8 16.0 N 2.7 70.5 100
JA25 0.0 52 14.1 " 3.1 77.6 100
mean 0.0 79 19.0 39 69.1 100
JAR 0.0 38 279 8.6 59.7 100
JAIO 0.0 73 41.9 6.1 44.6 100
Pb JALS 0.0 43 27.0 4.4 64.3 100
JA25 0.0 35 21.7 6.0 68.8 100
mean 00 43 28.0 6.3 61.3 100
JAR 27 1.8 16.0 2.9 76.6 100
JA10 0.0 15 214 1.8 75.4 100
- JALS 0.8 53 299 2.7 61.4 100
JALS 0.0 7.6 37.5 25 523 100
JA25 0.7 1.6 26.3 3.0 68.3 100
mean 0.9 35 262 2.6 66.8 100

FI, exchangeable; FII, carbonate; FIII, amorphous Fe-Mn hydroxides; FIV, organic matters and sulfides; FV, residuals.
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Fig. 6. Partitioning of heavy metals within different fractions(FI-FV) by sequential extraction in 3"-4™ order stream

sediments from watershed of Juam Reservoir.
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Table 5. Leaching ratio of heavy metals and final pH for 3-4% order stream sediments after 24h interaction with HNO,

solution of various acidity.

Sample HNO; (1x107° M ) Final pH Cr Cu Ni Pb Zn

JA 8 0.0 5.73 0.00 0.59 0.59 0.00 0.00
JA 8 0.01 5.66 0.00 0.58 0.62 0.00 0.00
JA 8 0.03 5.66 0.00 0.46 0.90 0.00 0.00
JA 8 0.1 5.59 034 0.54 0.64 0.00 0.00
JA B 03 5.67 0.00 0.25 0.49 0.00 0.00
JA 8 1 5.39 0.28 0.38 0.00 0.00 0.00
JA 8 3 3.59 0.00 0.26 478 0.80 5.21
JA 8 10 246 1.59 732 10.21 5.03 10.70
A8 30 1.50 3.87 25.73 12.32 2553 12.66
JA 8 100 1.07 721 36.67 14.73 35.92 16.98
JA 10 0.0 6.50 0.00 0.00 0.00 0.00 0.00
JA 10 0.01 6.36 0.00 0.00 0.00 0.00 0.00
JA 10 0.03 6.29 0.00 0.00 0.71 0.00 0.00
JA 10 0.1 641 0.00 0.00 0.00 0.00 0.00
JA 10 03 6.15 0.00 0.00 0.00 0.00 0.00
JA 10 1 5.79 0.00 0.00 0.00 0.00 0.00
JA 10 3 371 0.00 1.48 425 0.65 4.16
JA 10 10 24 2.68 16.36 8.67 22.31 8.59
JA 10 30 1.48 6.73 26.05 12.66 4722 15.21
JA 10 100 1.06 9.29 27.90 15.39 53.17 19.30
JA 15 0.0 646 025 0.00 045 0.00 0.00
JA 15 0.01 6.26, 0.00 0.00 0.38 0.00 0.00
JA 15 0.03 627 0.00 0.00 0.00 0.00 0.00
JA 15 0.1 6.20 0.00 0.00 027 0.00 0.00
JA 15 03 6.26 0.00 0.00 0.00 0.00 0.00
JA 15 1 6.20 0.00 0.00 0.26 0.00 0.00
JA 15 3 5.09 0.00 0.00 0.78 0.00 0.41
JA 15 10 3.36 0.45 3.27 8.51 231 18.81
JA 15 30 1.63 5.11 36.05 12.61 3031 27.94
JA 15 100 1.12 9.58 45.14 17.54 43.03 34.24
JA 18 0.0 6.76 0.14 0.00 0.17 0.00 0.00
JA 18 0.01 6.56 0.00 023 0.28 0.00 0.00
JA I8 0.03 6.54 0.13 0.00 0.00 0.00 0.00
JA 18 0.1 6.56 0.00 0.00 0.00 0.00 0.00
JA 18 0.3 6.48 0.00 0.00 026 0.00 0.00
A 18 1 6.43 0.00 0.34 0.00 0.00 0.00
JA 18 3 5.33 0.15 0.00 0.93 0.00 0.47
JA 18 10 3.43 0.29 6.81 6.30 227 20.30
JA 18 30 1.66 5.56 32.79 11.56 32.91 35.57
JA 18 100 1.12 11.15 38.78 1591 43.25 45.19
JA 25 0.0 6.26 0.00 032 0.20 0.00 0.00
JA 25 0.01 6.12 0.00 0.16 023 0.00 0.00
JA 25 0.03 6.03 0.00 0.25 0.00 0.00 0.00
JA 25 0.1 6.01 0.16 0.27 0.00 0.00 0.00
JA 25 03 5.84 0.00 0.00 0.40 0.00 0.00
JA 25 1 5.71 0.00 0.00 0.00 0.00 0.00
JA 25 3 411 0.00 025 3.69 0.00 234
JA 25 10 270 1.13 15.18 8.64 5.36 8.17
JA 25 30 1.59 591 45.08 1375 26.15 16.73
JA 25 100 1.07 9.90 49.05 17.71 36.27 21.48
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