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ABSTRACT

A high level of metal in an aquatic ecosystem, such as river, can jeopardize the livelihood
of the organisms in the ecosystem. On one hand, some type of metals are needed for
metabolic processes, but a number of metals are toxic that when they are being
accumulated to an abnormal level in the human body, it can be fatal. As bioavailability of
a certain kind of metal is also controlled by its concentration, the distribution of metal
between water and sediment in an aquatic environment also has an impact of its
bioavailability and exposure to organism. A study on how metals are being distributed
between water and sediment will give a better understanding about the fate of metals in
the natural environment. In this study, the data is collected from various research on the
concentration of mercury and lead in the river. Most of the paper report the
concentration of metal in the sediment in the unit of ng/g (mercury) or ug/g (lead).
However, considering that the concentration of the metal in water is mostly reported in
the unit of ng/L (mercury) or pg/L (lead), metal concentrations in the sediment are
converted into ng/kg (mercury) and pg/kg (lead). Assuming that the density of water is 1
g/mL, this conversion is expected to give a better rationalization in comparing metal
concentration between those two different phases. The ratio of metal in water to its
concentration in sediment is compared between lead and sediment, lead has a higher
ratio compared to mercury. This is because dissolution of lead in water is also facilitated
by suspended particle materials in the water. The content of both lead and mercury in
river also comes from atmospheric deposition. Historically, lead has been widely used as
one of the additives in gasoline. Thus, there is a correlation between the level of lead
found in a river with the usage of gasoline.
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INTRODUCTION

a. Background

Metal pollution has been one of the major concern related to the quality of the
environment. Naturally, metals already exist in the environment, mostly can be
found as part of minerals. However, anthropogenic activities have made the
metals being more exposed to open environment (Duruibe et al, 2007). In many
cases, because of this exposure, the amount of metals found in rivers exceed its
natural limit. A high level of metal in an aquatic ecosystem, such as river, can
jeopardize the livelihood of the organisms in the ecosystem. On one hand, some
type of metals are needed for metabolic processes, but a number of metals are
toxic that when they are being accumulated to an abnormal level in the human
body, it can be fatal.

A river as an aquatic ecosystem is a complex system. A river can be considered
as a system comprises of some phases, i.e. the water phase, sediment, and the
organism in the river (Eggleton, 2004). Metals can be found both in the sediment
and in the water. Whether a certain kind of metal will be dissolved in water or
precipitated and bound to the sediment is determined by a number of factors
(Eggleton, 2004). In what phase the metal being present, either it is dissolved in
water or in the sediment is an important thing to consider. This is because it will
determine the bioavailability of the metal to the organism (Goyer, 1997).

The likelihood of exposure to these toxic metals is determined by a number of
factors, and one of the most important factors is the speciation of the metals. As
explained by Goyer, the speciation of metal when it enters the human body
determines how the metal will interact with chemical compounds during
metabolism.

b. Statement of Importance

It is important to understand the distribution of a metal in river, whether they
are being dissolved in water phase, or precipitated in the sediment. As
bioavailability of a certain kind of metal is also controlled by its concentration, the
distribution of metal between water and sediment in an aquatic environment also
has an impact of its bioavailability and exposure to organism. A study on how
metals are being distributed between water and sediment will give a better
understanding about the fate of metals in the natural environment.
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c. Research Questions
This paper will focus on two different metals, i.e. mercury and lead. Both of
the metals are toxic metals, due to the effects that may occur when organisms are
being exposed to them. There are two main questions that this paper will analyze:
1. How is the distribution of lead and mercury between sediment and water in
rivers in the USA?
2. What are the factors that may affect the pattern of the metal distribution
between those two phases?

APPROACH AND METHODS

a. Summary of Previous Works

There has been a number of research that investigates the factors affecting the
speciation and distribution of metals between water and sediment. In general, the
factors affecting metal in an aquatic environment can be categorized into
anthropogenic factors and non-anthropogenic factors. The picture shown in Figure
1 shows how a metal can be distributed into three different phases when it is
present in an aquatic environment.

One of the most important factors about metal distribution between water and
sediment is the property of the metal itself. Different type of metal being present
in the same area might have different pattern of distribution, due to their different
properties. Some of the metals will tend to form more stable complexes with H20
as their ligands rather than complexes that they can form with these sediment.
Hence, this kinds of metal will tend to dissolve in water rather than precipitate on
the sediment (Kyle et al, 2012). Other types of metals have stronger tendency to
be bound to the sediment. Then again, which fraction of the sediment the metals
will be bound to, either to the organic fractions or to the mineral fractions of the
sediment still depends on the properties of the metal (Prica et al, 2010).
Chromium, for example, has a greater tendency to be adsorbed onto the organic
fraction of sediment while on the other hand, cadmium is often found in the
mineral fraction of the sediment.

Besser et al (2008) have conducted a research on the metal bioavailability in
sediments from Lake Roosevelt, Columbia River, Washington. The result of their
research indicates that most of the metals on the sediment are mostly associated
with iron and manganese oxides. However, according to Garbarino et al (1995),
mercury shows a tendency to form compound with sulfides, and with organic
constituents in the sediment. Another interesting characteristic is shown by lead,
as its dissolution in water is mostly dominated by its tendency to be sorbed onto
the suspended particulate matters (SPM) in the water (Sherrel & Ross, 1999).

As an important property of water, acidity in a certain area, which is reflected
in pH value, also has a significant impact in determining the fate of metals in an
aquatic environment (Kyle et al, 2011, Seidel; 2011; Ugwu et al, 2012). In an
acidic environment where the pH is relatively low, toxic metals tend to be much
more soluble. In this kind of situation, more metals can be found in the water
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instead of on the sediment. In a more alkaline condition, metals tend to
precipitate. Based on their observation, Sherrel and Ross (1999) claimed that there
is an inverse relationship between pH and the concentration of dissolved metals in
the streams where they did their research, and lead shows a stronger tendency to
precipitate on higher pH compared to Al, Cd, Cu and Zn. A higher concentration
of mercury in the water is also found on lower pH, as reported by Journey et al
(2012).

One of the reasons why metals precipitate is the formation of their alkaline salt.
Besides that, acidity also encourages reduction-oxidation reactions that may
change the speciation of metals (Seidel, 2002).

Sediment, as the site where metals will be bound when they are precipitate,
also affects the distribution of metal between sediment and water. One of the
sediment properties that determines how metals will be bound is the composition
of the sediment. While some types of metals tend to have a stronger interaction
with the organic fraction, other types of metal have a stronger tendency to interact
with the mineral fractions of the sediment (Prica et al, 2012). Armstrong et al
(2005) argue that the portions of metals bound to the mineral fraction of the
sediment show a consistent pattern if it is being normalized to either aluminum or
iron content in the sediment.

Besides the composition, the morphological structure of the sediment also
plays a role in determining the amount of metal that it can hold. As described by
Bentivegna et al (2004), sediment that has a high surface to volume ratio is able to
bind more metal compared to sediment that occurs as larger structure. It is
interesting to note that, to what fraction of the sediment is bound to also affect the
bioavailability of the metal. As explained by Nordstrom (2011), the organic
fraction tends to be leached easier through biogeochemical processes. Thus,
according to Velinmirovic et al (2011), metals bound to this unstable fraction of
sediment are often more bioavailable compared to those being bound to the
mineral fraction.

River is a dynamic system, and often exhibits seasonal variability in its content
of metals. In regards with this seasonal variability, the concentration of metal is
mostly regulated by hydrological flow pat (Bradley et al, 2011; Sherrel & Ross,
1999). In certain areas, snowmelt can also be responsible driving force of metal
mobilization. Hydrological flow also one of the explanation on the elevating
concentration of mercury in the sediment downstream, compared to the sediment
upstream (Chalmers et al, 2011).

b. Approach and Methods of This Study

In this study, the data is collected from various research on the concentration of
mercury and lead in the river. The papers which data is used in this paper are the
papers that report the metal concentration in both water and sediment. Some of the
data are adjusted so all the data plotted have consistent units of concentration.
Most of the paper report the concentration of metal in the sediment in the unit of
ng/g (mercury) or pg/g (lead). However, considering that the concentration of the
metal in water is mostly reported in the unit of ng/L (mercury) or pg/L (lead),
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metal concentrations in the sediment are converted into ng/kg (mercury) and
pg/kg (lead). Assuming that the density of water is 1 g/mL, this conversion is
expected to give a better rationalization in comparing metal concentration
between those two different phases.

Concentration of mercury and lead in the sites being investigated in the report
are tabulated in Table 1 (for mercury) and Table 2 (for lead).

To have a better visualization on comparing the data, metal concentration in
sediment and in water is presented as a bar graphic, presented in Figure 2 and 3
(for mercury) and Figure 4 and 5 (for lead). It has to be noted that for a better
display of the graph, the concentration of mercury found in the Red Devil Creek is
not shown on Figure 2 and 3, due to an exceptionally high level of mercury found
on that site. To compare the ratio of metal in water and sediment, the data are
presented in stacked bar graphic shown in Figure 6 (for Mercury) and Figure 7
(for Lead).

ANALYSIS AND DISCUSSION

Based on the Table 1 and Figure 2, it is clearly apparent that for mercury found
in the sediment is much higher in than the dissolved concentration ion water. It
indicates that mercury have a stronger tendency to be accumulated in the sediment
instead of being dissolved in water by forming stabile complexes in water. The
retention of mercury in the sediment is very likely because of the strong affinity of
mercury to be bounded on the organic fraction of the sediment. This is in line with
the argument from Schelker et al (2011), the mobilization of mercury is highly
dependent on the organic fraction of the sediment. The importance of mercury
association with organic matters in the river is also highlighted by Garbarino, et al
(1995) as a characteristic about mercury found in river. An interesting finding is
the level of mercury which is exceptionally high in the Red Devil Creek, Alaska.
The level of mercury found in the sediment and water are much higher, even
higher than the average mercury found in the sediment and water of mined basin
in the USA (Scudder et al, 2009). This is due to the sampling site which is located
near an abandoned mining site. This fact comes in accordance with what has been
reported by Alpers et al (2005), that mercury had often been used in historical
gold mining, and thus, often found in a large quantity in abandoned mining sites.

Table 2, Figure 3 and 4 shows the concentration of lead found in the water and
sediment. This metal too, like mercury, found in a bigger quantity in the sediment
instead of in water. This is in line with the findings from Sherrell and Ross (1999)
that lead tends to show more retention on the sediment. Compared to mercury,
lead has more mechanism to be accumulated in the sediment. As stated by Sherrel
and Ross (1999), the precipitation of lead as the pH of the system gets higher is
more apparent for lead compared to other metals. There is no consistent pattern of
the relationship between organic matter and lead in the sediment (Jara-marini et
al, 2013). According to Garbarino et al (1995), the amount of lead associated to
organic fraction of the sediment is usually less than 10%. In line with this, most of
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lead in the sediment are commonly found in the inorganic fraction (Garbarino et
al, 1995), and with the manganese and iron oxide (Besser et al, 2008).

If the ratio of metal in water to its concentration in sediment is compared
between lead and sediment, lead has a higher ratio compared to mercury. This is
because dissolution of lead in water is also facilitated by suspended particle
materials in the water (Sherrel & Ross, 1999).

Even when the concentration of lead and mercury are expressed in the same
unit (microgram), the concentration of lead either in sediment or in water is
always higher than concentration of mercury. This is not solely because lead
naturally has higher abundance than mercury. The content of both lead and
mercury in river also comes from atmospheric deposition. Historically, lead has
been widely used as one of the additives in gasoline. Thus, as suggested by
Alexander & Smith (1988), there is a correlation between the level of lead found
in a river with the usage of gasoline.

CONCLUSION

Based on the above description, there are a number of conclusion that can be
inferred:

1. In a river ecosystem, metal like lead and mercury will be distributed between
the water and sediment.

2. More lead will be found in the sediment instead of in the water, and it will
mostly associated with the inorganic fraction of the sediment. Increasing pH of
the water will also increase the amount of lead being precipitated in the
sediment

3. Mercury tends to accumulate more in the sediment instead of being dissolved
in water. This is due to its affinity to interact with the organic fraction of the
sediment.

4. Compared to mercury, lead has a higher solubility, because its dissolution is
facilitated with its sorption to suspended particle materials in water.
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