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DISTRIBUTION OF TRACE METALS IN THE
SURFACE SEDIMENTS OF TWO PRISTINE
SUBALPINE LAKES IN TAIWAN

JEN-KANG WANN and CHEN-TUNG ARTHUR CHEN

Institute of Marine Geology, National Sun Yat-Sen University,
Kaohsiung, Taiwan, R.0.C.

( Received 31 October 1995; Revised 1 December 1995 )

Sediment cores were collected from two remote subalpine lakes: the rather shallow (1.5 m) Little Ghost Lake
at 2040 m elevation and the deeper, Great Ghost Lake (40 m) at 2150 m elevation. Different early diagenesis of
metals were observed. The seasonally anoxic hypolimnion drives the annual iron redox cycle and causes the
remobilization of metals in the mobile fractions of sediments in the Great Ghost Lake. These result in the
redistribution of metals in the mobile fractions of sediment and poor correlation between metal concentra-
tions. In the Little Ghost Lake, the shallow water column is always oxic with less change of metals in the
mobile fractions of sediments. As a result, most metals have strong positive correlations with each other.

The distributions of metal/Al ratios, total metal contents and acid-leached metal concentrations in the
near-surface sediments of these two lakes suggest that the anthropogenic inputs from the atmospheric
fallouts in recent decades are one of the major factors affecting the distributions of metals such as cadmium,
lead and, to a lessor extent, zinc. The Pb-206/Pb-207 ratios confirm the anthropogenic lead input in these
surface sediments.

KEY WORDS: Limnology, trace metals, sediments, diagenesis, Taiwan.

1. INTRODUCTION

For a number of years the authors have been studying the effect of acid rain on lakes in
Taiwan, With a strong interest in the remobilization of trace metals from the sediment,
it is necessary to understand the factors affecting their distributions in the lake
sediments (Chen et al., 1988, 1993a, 1994; Wann et al., 1995; Wann and Chen, 1995).

The Earth’s atmosphere is known to transport both natural and anthropogenically
mobilized trace elements. Anthropogenic activities, such as the burning of fossil fuels,
wastes, and leaded gasoline, have increased the flux of certain elements to the
atmosphere by up to several orders of magnitude (Lantzy and Mackenzie, 1979; Li,
1981; Salomons and Forstner, 1984). The input of atmospheric anthropogenic matters
plays a major role in controlling the distribution of certain trace metals, especially lead,
in the aquatic sediments (Schaule and Patterson, 1981, 1983; Patterson and Settle, 1987;
Salomons and Forstner, 1984).

Water chemistry, early diagenesis, variable input mechanisms and the preservation
of sediments are also major factors regulating the distributions of trace metals in the
aquatic sediments. The most intensive early diagenesis reactions are usually found
where variations of redox condition take place (Salomons and Forstner, 1984). The
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subject of our study, the Great Ghost Lake, is seasonally stratified and anoxic (Chen
and Wang, 1990; Wang and Chen, 1990). The hypolimnion is anoxic through most of
the year and may cause marked anaerobic mineralization processes in the hypolimnion
(Chen and Wang 1990; Wang and Chen, 1990) and sediment, and subsequently affect
the distribution of elements. Distinctive variations of well preserved organic carbon are
also found in the sediment of the Great Ghost Lake (Wann and Chen, 1995). In
contrast, the shallow water column of the Little Ghost Lake is always oxic (Lin and
Chen, 1992) with the relatively short retention time of dissolved and particulate metals.
The differences between water chemistries, sediment redox conditions and preserva-
tions of organic matters in these two lakes give us a chance to compare different factors
in regulating distribution of trace metals in lake sediments.

Comparing the relative abundance of elements with respect to aluminium, or
leaching the sediments with dilute acid are two methods of reducing the grain-size
effects, in order to differentiate the natural or anthropogenic sources (Kemp and
Thomas, 1976; Kemp et al., 1976; Ng and Patterson, 1982; Forstner and Wittmann,
1983; Finney and Huh, 1989). Iron and manganese oxides/hydroxides, the surface of
clay minerals, organic matters and carbonates are the major mobile fractions and the
major phases of metal association in the sediments. Acid-leached metals measured here
represent most of the metals in these phases but do not include those within in the
lattice of clay minerals and in rock debris. The latter are of natural origin and are not
changed by the anthropogenic inputs or the early diagenesis.

In this paper, metal concentrations and Pb-206/Pb-207 ratios in the leachate, total
metal contents, metal/Al and acid-leached metal/total metal ratios, and correlations
between metals in the sediments are reported in order to understand the factors
affecting the distributions of trace metals in these two subalpine lakes in Taiwan. This is
a follow up of our preliminary investigation (Wann et al., 1995) which was based on
fewer elements at much coarser vertical spacing.

2. MATERIALS AND METHODS

The Little Ghost Lake (Hsiao-Kuei Hu), located at 22°40'N, 120°53'E, is a rather
shallow, 2040 m high lake which used to be quite isolated until 1991 at which time
a road was constructed to within a few km. Some wind mixing and bioturbation are
expected to have occurred because the maximum depth is only 1.5 m and the lake is rich
in fish and other biota.

The Great Ghost Lake (Ta-Kuei Hu), situated at 22°52'N, 120°51'E, is a 2150 m
high lake and one of the best preserved natural lakes in Taiwan, with little human
perturbation because of its isolation-it takes two days to reach this lake by foot from
the nearest road. The sediments are well preserved as the lake is not only deep
{maximum 40 m) but also anoxic in the deeper water through most of the year (Chen
and Wang, 1990; Wang and Chen, 1990). Little or no wind mixing or bioturbation is
expected to have occurred.

A home-made gravity corer with a plastic barrel was used to collect the sediment
samples. The cores were sealed with wax immediately after recovery and then opened at
the home laboratory by being cut with a fishing line (Chen et al., 1993b). The
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near-surface sediments (< 25c¢m) in the cores are studied here including one core
(140 cm) from the Little Ghost Lake and two cores (82 cm and 93 cm) from the Great
Ghost Lake. The cores collected from the Great Ghost Lake show signals of climatic
changes {Chen et al., 1993b; Lou et al., 1995).

In the leaching procedure, the dried sediment (0.3 g) was treated with 15ml of 1.6N
nitric acid and was shaken overnight (Ng and Patterson, 1982; Giblin et al., 1990) in a 50
ml centrifuge tube. The leachate was separated by centrifuge and was then removed with
a quartz pipette for the measurements of metals and Pb-206/Pb-207 ratios. The dried
sediment (0.3 g) for the determination of the total metal content was digested with an acid
mixture (40% HNO,;, 15%HCIO, and 20% HF) in a pressure bomb or was digested by
a microwave system with an acid mixture (42% HNO; and 17% HF). Metals and
Pb-206/Pb-207 ratios were measured by an ELAN 5000 ICP-MS with a Ryton spray
chamber and cross flow nebulizer to which sample solutions were delivered with
a peristaltic pump at a flow rate of 1 min~'. Carbon-14 dating was done by both
conventional and AMS methods, Pb-210 dating was done using the method of Chung
and Craig(1983)(Lin and Chen, 1992; Chen et al., 1993b). The total carbon was measured
by the LECO CS-244 element analysis system (Chen et al., 1993b).

The National Institute for Environmental Studies No.2 Pond Sediment was used to
test the accuracy and precision of the trace metal determinations. Most of the
accuracies (the relative error) are better then 10%. In every set of sample treatment and
metal determination, the NIES sediment was included. A correction was made only
when the accuracy (the relative error) of the NIES sediment determination was worse
than 10% (Wann et al., 1995). The precision (the relative standard deviation) for the
measurements of Al, As, Cd, Ce, Cr, Cs, Cu, Fe, Mg, Mn, Ni, Pb, Rb, Sr, V and Zn are
roughly + 15.9,10.7,7.3,9.5,84,7.1,3.2,5.3,4.5,4.1,2.1,10.5,4.1, 11.5, 1.7 and 3.8%,
respectively. The accuracy of the Pb-206/Pb-207 determination was calibrated by the
NIST SRM981 but we did not have a reference sediment to check for the bias of the
sample preparation. The precision of the isotope ratio measurement was roughly
+1%(n=>5).

3. RESULTS AND DISCUSSION

The vertical distributions of metal concentrations in the near-surface sediments of the
Little Ghost Lake are given in Figure 1 for Al, As, Cd, Ce, Cr, Cs, Cu, Fe, Mg, Mn, Ni,
Pb, Rb, V and Zn. It can be seen that the average concentrations of aluminium and iron
near the surface are about 30—-40% less than those below. Aluminium and iron are the
main elements in the earth crust and are the dominant inorganic elements in the
sediment matrix (Kemp et al., 1976). Aluminium also has a strong positive relationship
with clay in the sediments (Kemp et al, 1976; Lin and Chen, 1992). The lower
concentrations of aluminium and iron near the surface are probably caused by the
dilution of organic matter (about 10—20%), carbonates (about 10%) and quartz, which
usually contain low metal concentrations. This near-surface dilution also results in
alower content of clay-size ( < 4 um) sediment (Wann et al., 1995), which has a relatively
Jarge surface area to enrich metals. These factors also led to the lower concentrations of
Ce, Cr, Cs, Cu, Mg, Ni, Rb and V in the surface sediments.
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The distributions of metal concentrations in the surface sediments of the Little Ghost Lake.

Figure 1
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The regression coefficients (R) between these metals in the surface sediments are
shown in Table I. Ce, Cr, Cs, Cu, Mg, Rb and V have strong positive correlations with
aluminium and iron. This suggests that, like aluminium, these metals mainly come from
the lithogenic sources, and their distributions are almost unaltered in the early
diagenesis. Arsenic, manganese, nickel and strontium show weak positive correlations
(R < 0.6) with aluminium, probably because of the other source inputs and/or redis-
tributions of these metals in the mobile fractions of the sediments in the early
diagenesis. The distributions of acid-leached arsenic and manganese are very similar to
that of organic carbon in the surface sediments (above 20 cm depth). This suggests that
large amounts of arsenic and manganese are associated with organic matters (Wann
et al., 1995).

Figure | shows that cadmium and lead (probably also zinc) are enriched in the
surface sediments of the Little Ghost Lake. They also have negative correlations with
aluminium. The vertical distributions of metal/Al ratios in the sediments of this lake are
shown in Figure 2. Also seen are the marked surface enrichments of cadmium, lead and
zinc, which may have been caused by the anthropogenic inputs. These metals have
significantly enriched in the atmospheric particles because of the increases in industrial
activities and the use of lead alkyls in the gasoline (Kemp et al., 1976; Lantzy and
Mackenzie, 1979; Forstner and Wittmann, 1983; Salomons and Forstner, 1984). In
order to confirm this, the vertical distributions of acid-leached lead and the Pb-206/
Pb-207 ratios in the sediments (Fig. 3) were measured (Chen et al, 1993b; Wann
et al., 1995). The anthropogenic source of lead is relatively easy to identify as most lead
in the ores have Pb-206/Pb-207 ratios measurably less than the natural lead of soil
related components (Shirahata et al., 1980). The higher acid-leached lead concentra-
tions but lower Pb-206/Pb-207 ratios near surface (Fig. 3) confirm that the surface
enrichment of lead was mainly caused by anthropogenic inputs, especially the wide-
spread lead emissions from automobiles since about 1940. The marked surface
enrichments of acid-leached cadmium and lead (acid-leached zinc was not measured)
are also found (Wann et al., 1995).

The vertical distributions of ratios of acid-leached metal/total metal for Al, As, Cd,
Cu, Fe, Mn, Ni, Pb and V are shown in Figure 4. These ratios are relatively constant
throughout the core, with the exceptions of higher ratios for copper, iron, manganese
and lead near the surface. These reveal that the association phases of metals and the
sediment composition have not changed very much. Instead, the anthropogenic input
and the early diagenesis are involved to increase the metal content in the mobile
fractions and/or to change the association phases of copper, iron, manganese and lead
in the upper sediments. Iron and manganese are redox-sensitive elements. The upward
migrations of reduced iron and manganese in the pore water are usually observed in the
anoxic sediments and may have caused the high ratios of acid-leached metal/total Pb
mainly result from increase of the anthropogenic lead, which is usually associated with
the mobile fractions of sediment (Forstner and Wittmann, 1983; Salomons and
Forstner, 1984). The surface enrichments of total cadmium, Cd/Al and acid-leached
cadmium are probably also caused by the anthropogenic input. But, since a large
amount of cadmium (> 60%) is associated with the mobile fractions of sediment
(Fig. 4), this will diminish the signals of anthropogenic input observed in the distribu-
tion of ratios of acid-leached Cd/total Cd shown in Figure 4.
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Figure 2 The distributions of metal/Al ratios (x 10000) in the surface sediments of the Little Ghost Lake.
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Figure 3 The Pb-2066/Pb-207 and lead leached from the sediments of the Great Ghost Lake and the
Little Ghost Lake as a function of the dates of deposition (taken from Wann et al,, 1995).

Averages of the ratios of acid-leached metal/total metal for Al, As, Cd, Cu, Fe, Mn,
Ni, Pb, and V are 0.036, 0.126, 0.690, 0.231, 0.263, 0.410, 0.371, 0.305 and 0.069,
respectively. These ratios suggest that less aluminium and vanadium exist in the mobile
fractions of the sediments, with little in the acid-leached phase. In contrast, more
cadmium, manganese, nickel and lead are associated with the mobile fractions of the
sediments, with more in the acid-leached phase. As a result, the mobility of metals in the
sediments is in this order: Cd > Mn > Ni> Pb > Fe > Cu> As > V > Al. The probability
of remobilization of metals from the sediments caused by leaching of lake water should
the lake become acidified is also in this order.

The distribution of Al, As, Cd, Ce, Cr, Cs, Cu, Fe, Mg, Mn, Ni, Pb, Rb, V and Zn in
the surface sediments in two cores (82 cm and 93 cm) collected from the Great Ghost
Lake are shown in Figures 5 and 6. Only lead enriches significantly in the surface
sediments of the 82 cm core (Fig. 5). In Figure 6, cadmium, manganese and lead
(probably zinc, too) show slight surface enrichment, whereas the concentrations of
other metals are nearly uniform vertically. Similar distributions are also found in the
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Figure 4 The distributions of ratios of acid-leached metal/total metal in the surface sediments of the
Little Ghost Lake.

ratios of metal/Al in the same cores (Figs. 7 and 8). The Pb/Al ratios, which eliminate
the grain size effect, again show an increase near the surface. The surface enrichment of
lead caused by the anthropogenic input is also confirmed by the distributions of
acid-leached lead and the Pb-206/Pb-207 ratio (Fig. 3), but the surface enrichments of
cadmium and manganese shown in Figure 8 are not found in Figure 7.

The correlations between the metal concentrations in the 82 cm and 93 cm cores are
shown in Tables II and III (organic TC is included), respectively. There are negative
correlations (R < —0.4) between TC and caesium, magnesium, rubidium and
vanadium (Tab. I1I), but positive correlations among caesium, magnesium, rubidium
and vanadium (R > 0.4) (Tab. II and III). These metals also have low ratios of acid-
leached metal/total metal (< 0.2; Fig. 9). These suggest that caesium, magnesium,
rubidium and vanadium mainly came from the same lithogenic sources and have not
changed much in the mobile fractions of the sediments during the early diagenesis.
Although aluminium and strontium also have low ratios of acid-leached metal/total
metal (< 0.2) in the sediments, their correlations with TC, magnesium and rubidium
(Mg and Rb have strong negative correlations with TC throughout the 93 cm core;
Wann and Chen, 1995) are not clear. These suggest that the mobile fractions of
aluminium and strontium in the sediments have markedly changed in the early
diagenesis and/or these metals came from different lithogenic sources.

The interactions between organic matters and the clay surface may also cause weak
correlations between aluminium and TC and other lithogenic metals. There are no
obvious correlations between other metals listed in both Tables II and IIL. This is



J-K. WANN AND C-T. A. CHEN

76

depth (cm)

depth (cm)

o~

10
12
14
16
18
20
22
24

As(ug/g) Cd(ug/g) Ce(ug/g) Cr(ug/g) cs(ug/g) Cu(ug/g)

Fe(%)

6 12 4 8 12 0.0 0.3 0.6 50 100 25 50 75 3 6 9 40 50 60 3 4 5
] L ] ) L Lt ] ! I 1 ] [ R [ B 1 L L
e S0 v DUNY- S . h% ..... o SR - v TR S ... o,o ...... 1..%...1940
X 3 T S o . RS T WO S mw ..... 1..%..1850

AT T
Mg(%) Mn(ug/g) Ni(ug/g) Pb(ug/g) Rb(ug/g) Sr(ug/g) V(ug/g) Zn(ug/g)
0.40.60.8 100 200 24 32 40 20406080 60 90 120 30 60 90 60 90 120 100 120 140
1 1 1 | { 1 1 I | 1 i 1 1 1 I 1 | 1 | | | i | ]
S W - Beo e T L {1040
............... T Map@ mmgg

H 4 - i . me . 1 2

i H i i i w\ov i & ] QM

TT0Z AJtenuer GT TO:¢T IV Papeo |jumog

Figure S The distributions of metal concentrations in the surface sediments of the Great Ghost Lake

(82 cm core).
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Figure 6 The distributions of metal concentrations in the surface sediments of the Great Ghost Lake

(93 cm core).
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Figure 7 The distributions of metal/Al ratios (x 10000) in the surface sediments of the Great Ghost Lake

(82 c¢m core).
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Figure 8 The distributions of metal/Al ratios (x 10000) in the surface sediments of the Great Ghost Lake

(93 ¢cm core).
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Figure 9 The distributions of ratios of acid-leached metal/total metal in the surface sediments of the

Great Ghost Lake (93 ¢cm core).
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mainly due to the variation of source input (such as anthropogenic inputs of lead and
cadmium), high ratios of acid-leached metal/total metal (> 0.2) of these metals, and
redistribution of mobile fractions of these metals in the sediments during early
diagenesis. The redistribution of these metals is mainly driven by the annual redox cycle
of iron in this lake, and/or is caused by the remobilization of these metals and
subsequent association with other phases (especially organic phases), and/or reprecipi-
tation. Strontium and manganese tend to form carbonates in the reduced sediments,
this is probably one of the factors resulting in the positive correlation (R > 0.4) between
manganese and strontium. We believe that the remobilization of these metals is mainly
caused by the dissolution of metal oxides in the reducing condition as iron and
manganese oxides/hydroxides are good scavengers. Complexing with dissolved or-
ganic substances can markedly increase the solubilities of metals.

The distributions of acid-leached metals in the surface sediments of the Great Ghost
Lake (93 ¢m core) are shown in Figure 10. Cadmium, caesium, lead, strontium and zinc
are enriched in the surface sediments, in part, due to the anthropogenic input. The high
ratios of Cd/Al, Pb/Al and, to a lesser extent, Zn/Al are also found in the surface
sediments (Fig. 8). In addition to the anthropogenic input, the variation of organic
matter contents also plays a major role in regulating the distribution of metals (Wann
and Chen, 1995).

The concentrations of arsenic and cadmium have good positive correlations with
organic carbon throughout the 93 ¢m core (R =0.77 for arsenic and R =0.65 for
cadmium; Wann and Chen, 1995). Good correlations between organic carbon and
acid-leached arsenic (R = 0.87) and acid-leached cadmium (R =0.71) are also found
(Wann and Chen, 1995). These suggest that arsenic and cadmium are mainly associated
with organic matter. In contrast, aluminium, cerium, magnesium, rubidium and
vanadium have negative correlations with organic carbon in the sediments. The R values
between organic carbon and aluminium, cerium, manganese, rubidium and vanadium
throughout the 93 cm core are —0.74, —0.81, — 0.86, —0.83 and — 0.69, respectively
(Wann and Chen, 1995). These metals mainly came from the lithogenic sources.

The vertical distributions of ratios of acid-leached metal/total metal in the surface
sediments of the 93 cm core and the 82 cm cores are shown in Figures 9 and 11. Average
ratios of Al, As, Cd, Fe, Mn, Ni, Pb, V and Zn in the 82 cm core are 0.154, 0.337, 0.597,
0.284,0.363,0.178,0.558,0.097 and 0.261, respectively. In the 93 cm core, average ratios
of Al, As, Cd, Ce, Cr, Cs, Cu, Fe, Mg, Mn, Ni, Pb, Rb, Sr, V and Zn are 0.144, 0.302,
0.551,0.364, 0.144,0.124, 0.455,0.394, 0.165, 0.309, 0.245, 0.654, 0.041,0.053, 0.101 and
0.288, respectively. The probability of remobilization of metals from the sedimentsif the
lake becomes acidified is thus Cd>Pb>Mn>As>Fe>Zn>Ni>Al>V in the
82cmcorecand Pb>Cd>Cu>Fe>Ce>Mn>As>Zn>Ni>Mg>Al=Cr>Cs>V
>Sr> Rb in the 93 core. Both sequences are very similar and are also similar to the
sequence found for the Little Ghost Lake. These also suggest that aluminium and
vanadium mainly occur in the immobile fractions of the sediments whereas more
cadmium, manganese and lead are associated with the mobile fractions of the sedi-
ments in both lakes.

However, the ratios of acid-leached metal/total metal for lead (0.558 and 0.654) and
arsenic (0.337 and 0.302) in the Great Ghost Lake are much higher than those (0.305 for
lead, 0.126 for arsenic) in the Little Ghost Lake. The relatively higher ratios of lead and
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arsenic in the Great Ghost Lake are mainly caused by the higher concentrations of
acid-leached lead (averaging 25.3 pg ™ ') and arsenic (averaging 3.68 ug = comparing to
those of the Little Ghost Lake (the averages of lead and arsenic are 14.6 and 1.16 pg 1,
respectively). The higher acid-leached arsenic in the Great Ghost Lake is probably
caused by the high organic matter content which has good positive correlations with
acid-leached arsenic (R =0.84) and total arsenic (R =0.77) through the 93 c¢cm core
(Wann and Chen, 1995). The acid-leached aluminium contents (averaging 1.40%)in the
Great Ghost Lake is much higher than those (averaging 0.29%) of the Little Ghost
Lake. This may result from the contents of the amorphous gibbsite and the clay-size
minerals (about 10%) in the surface sediments of the Great Ghost Lake are higher than
that of the Little Ghost Lake (the clay-size minerals are about 6%). A large amount of
acid-leached lead is associated with the amorphous gibbsite and the surface of clay
minerals.

Although both lakes are located in the mountainous area of southern Taiwan and
have similar elevation and geological background, the water chemistry is different. The
anoxic hypolimnion in the deep Great Ghost Lake results in good preservation of
organic matters in the sediments, and drives the iron redox cycle in the lake. Subse-
quently metals in the mobile fractions of sediments, especially the iron and manganese
oxides/hydroxides, are redistributed during the early diagenesis. All these cause the
weak correlations between metals in the Great Ghost Lake (Tab. II and III). In
contrast, the shallow Little Ghost Lake is always oxic and the retention time of
dissolved and particulate metals in the water column is relatively short. As a result,
metals in the mobile fractions of the sediment does not change much in the early
diagenesis, resulting in strong positive correlations between most metals, especially
those of lithogenic origin (Tab. I).

The correlations between the acid-leached metal and total metal in these two lakes
are also very different (Tab. IV). Most of the metals in the Little Ghost Lake show
strong positive correlations between the acid-leached metal and total metal. In the
Great Ghost Lake, most of the correlations between the acid-leached metal and total
metal are not significant. Some differences are even found between the two cores
collected from the same lake because of different carbon content (Tab. IV).

Aluminium and iron are the most abundant metals in the earth’s crust. Aluminium is
also a major lithogenic metal occurring in the aluminium silicates and clay minerals. In
the hydrocycle, a large amount of iron forms the iron oxides/hydroxides, which are very
sensitive to the redox conditions, occur in the oxic sediments. In the Little Ghost Lake,
strong positive correlations between the acid-leached aluminium and total aluminium
(R =0.799) and the acid-leached iron and total iron (R = 0.918) are found. In contrast,
weaker correlations are found in the Great Ghost Lake (Tab. IV). All of these suggest
that the metals in the mobile fractions of sediments in the Little Ghost Lake are not
much changed during the early diagenesis. In contrast, the redistributions of metals in
the mobile fractions of the sediments are obvious in the Great Ghost Lake during the
early diagenesis.
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4. CONCLUSIONS

Marked difference of water chemistry causes different early diagenesis of metals in these
two lakes. The seasonally anoxic hypolimnion in the Great Ghost Lake drives the
annual iron redox cycle and causes the remobilization of metals in the mobile fractions
of the sediments. These result in the redistribution of metals in the mobile fractions of
sediments and cause weak correlations between metals. In the Little Ghost Lake, the
shallow water column is always oxic with less change of metals in the mobile fractions
of sediment. As a result, most metals have strong positive correlations with each other.
Strong positive correlations also exist between most acid-leached metal and total metal
in the Little Ghost Lake but the correlations are relatively weak in the Great Ghost Lake.

The Little and Great Ghost Lakes located in the isolated mountain regions of
Taiwan have been affected by metal pollution mainly coming from the atmospheric
fallouts which have played a major role in regulating the distributions of metals in
recent lake sediments. The worldwide lead emissions from automobiles since 1940 have
probably been important in the sharp increase of lead in the sediments of these two
subalpine lakes.

The ratios of acid-leached metal/total metal in the surface sediments of these two
lakes indicate that aluminium and vanadium are mainly from the lithogenic sources
and are associated with the immobile fractions of the sediments. On the other hand,
cadmium, manganese and lead are relatively mobile with higher ratios of acid-leached
metal/total metal, as large amounts of these metals mainly occur in the mobile fractions
of the sediments.
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