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Summary

This chapter provides summaries of the main research concerning chemical substances
changes in rivers. It is considered from four aspects: chemical, physical, biological and
geo-scientific. In Section 2, approaches to changes in quantity are discussed, whereas
Section 3 examines changes in quality, such as exchange processes. Section 4 examines
research directed at approaches, such as models to explain phenomena.

1. Introduction
Rivers have played many important roles in the development of civilization since some

7,000 years ago, and have conferred various benefits on mankind. Rivers have been
used as sources of drinking water, irrigation, and industrial waters, for transporting
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various products, as a force to generate electricity, and for recreation. Rivers are also
important as habitat for algae, rooted-plants, benthic animals, fish, and other wild life.

Rivers play a significant role in the transport of carbon, nitrogen and other mineral
nutrients from upstream to downstream regions, and these substances also influence the
geochemical processes operating in water. Material balance is estimated from fluxes of
chemical elements between upstream and the downstream points.

As illustrated in Figure 1, important biogeochemical processes occur in river water,
transforming chemical elements during downstream transport. These processes include
production, respiration, decomposition, nitrification, denitrification and others carried
out by micro- and macro-organisms.

Chemical and physical factors such as temperature, light, riverbed substrates, and
dissolved substances in the water are the main factors that influence the biogeochemical
processes occurring in water.

At the land-sea boundary, especially in estuaries, various physical-chemical changes in
chemical constituents occur during mixing of fresh and seawater, however, these
processes are not included in the present review. In this article, the biogeochemical
processes within river systems including transformation of organic carbon, nitrogen and
other nutrients will be focussed on.
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Fig. 1. Biogeochemical processes in River Systems (Ogura, 1980)
2. Geochemical Approach -Mass Balance
There are two major geochemical processes for mass balance. One is“Input Process”and
the other is “Output Process.” There are five main types of inputs taken into account in

the former process: "Precipitation,” "Dry fallout,” "Tributaries,” "Sewage," and "Gush
out.” These provide many chemical substance inputs to the river system. On the
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contrary, two types of outputs, "Permeation” and "Evaporation,” eliminate many
chemical substances from river systems. The quantity of input and output should be
balanced in the ecosystems of rivers. However, it is usually not balanced because of the
Exchange process, which is detailed in Section 3. This section focuses on water quality
and self-purification from a mass balance approach.

Exchange

Metabolism

|I]]‘,'I.H Biogeochemical Cycle OLH[’)LII

Mass Balance

Fig. 2. Mass balance approach in river systems

The first study is about both point source and non-point source inputs of nutrients that
are received by rivers. Delaune et al. (1991) conducted a water quality study of the
Calcasieu River, which discharges into a major Louisiana Gulf Coast estuary (Calcasieu
Lake). Data was used to characterize the water quality and trophic state of the river,
with results showing the importance of nitrification and denitrification reactions in
minimizing the effects of nitrogen input.

The next two studies are about water quality management in river systems. Correll et al.
(1992) carried out extensive research in the Chesapeake Bay estuary and its drainage
basin, and demonstrated that atmospheric deposition and diffuse land discharges are the
largest sources for many parameters affecting estuarine water quality. For example,
phosphorus and sediments are transported through water. Many pesticides and other
toxic materials are present in surface waters and atmospheric deposition, and silicate is
found primarily in groundwater. Concerns over point sources such as sewage treatment
and industrial outfalls have led to greatly improved treatment methods, alleviating the
relative magnitude of these sources. The realization of the magnitude and importance of
diffuse sources has led to research on improved land use in the Chesapeake Bay
landscape. One example is the use of and improved management of forested riparian
buffer zones in the coastal plain part of the drainage basin.

Kadlec and Hey (1994) reported that the Des Plaines River Wetlands Demonstration

Project has reconstructed four wetlands in Wadsworth, Illinois, USA. The river drains
an agricultural and urban watershed, and carries a non-point source contaminated load
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of sediment, nutrients and agricultural chemicals. Up to 40% of the average stream flow
is pumped to wetlands, and allowed to return from the wetlands to the river through
control structures followed by vegetated channels. From this research, sediment removal
efficiencies ranged from 86-100% for the four cells during summer and from 38-95%
during winter. Phosphorus removal efficiencies ranged from 60-100% in summer and
27-100% in winter. The river contains both old, persistent chemicals, and modern
degradable agricultural chemicals. The principal modern pollutant is atrazine, of which
the wetlands remove approximately 50%. The project is successfully illustrating the
potential of artificial wetlands for controlling non-point source pollution at an
intermediate position in the watershed.

The following is a list of research papers that include the keyword “water quality.”
Hunsaker and Levine (1995), Vandijk et al. (1994), Vaux et al. (1995), Quinn et al.
(1997), Ichino and Kasuya (1998), Alexander et al. (1998), Krizan and
Vojinovicmiloradov (1997), Kelly et al. (1995), Somlyody et al. (1998), Kalkhoff et al
(1995). Prochazkoza et al (1996). These are some additional research papers in which
the keyword “water quality” is also included. (see bibliography for details of each
paper). Zagorc-Koncan et al. (1999), Libois and Hallet-Libois (1987), Koussouris et al.
(1989), Zagor-ckoncan and Dular (1992), Cao et al. (1993), Suschka et al. (1994), Cao
et al. (1996)

3. Biogeochemical Approach -Metabolism and Biogeochemical Cycles

In this section, some research is introduced which takes a biogeochemical approach to
river systems. "Biogeochemical processes in river systems" can be rephrased as
“metabolism,” “biogeochemical cycle,” or “exchange process.” These processes are
shown in Figure 1. Most of these processes are carried out by aquatic plants, algae,
benthos, fish and other biota.

3.1 Bioaccumulation (Bioconcentration)

The words bioaccumulation and bioconcentration mean an accumulation of a substance,
such as a toxic chemical, in various tissues of a living organism. Chemical substances
are not decomposed in river systems. The concentration of such kinds of substances in
river water is normally low, however, the chemical concentration in organisms in the
river is extremely high. This high concentration of chemical substances is caused by the
accumulation without discharge by organisms living in the same area. This
sub-section introduces some research on bioaccumulation in river systems.

The first two research projects are about heavy metals. Eglin et al. (1997) reported a
study with the purpose of demonstrating the efficiency of two biological methods in the
study of exchange between the canalized Rhine River and its riverside aquifer. The
infiltration of Rhine water into groundwater is revealed by a high level of nutrients and
the micropollutant mercury. One method made use of aquatic macrophyte communities
as bio-indicators of the degree of eutrophication based on phosphorus and nitrogen, and
the second method made use of the capacity of the bryophyte to accumulate mercury.
The results obtained from both methods show that bio-indication using autochthonous
aquatic macrophyte species can be used as an efficient method in river and groundwater.
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Zakova and Kockava (1999) carried out a monitoring project of heavy metal content
(lead, mercury, cadmium) in biomass of water plants (algae, mosses, macrophytes) and
sediments in the Dyje/Thaya River basin during the period between 1992-1994. Heavy
metal content was investigated in all the more abundant species or groups of plants in
14 localities along the entire Dyje/Thaya River. High heavy metal concentrations were
also measured in sediments and in algal water blooms in the Vranov and Nove Mlyny
Reservoirs. A substantial part of lead, mercury and cadmium contamination in the
Dyje/Thaya River basin has its origin in non-point sources of pollution. These sources
include agricultural application of mineral fertilizers containing trace elements,
preservation of cereal grains before planting with mercury agent until 1990, and
atmospheric deposition, despite the fact that atmospheric deposition of lead from traffic
emissions has been decreasing.

The next study is about organic chemical compounds. Pereira et al. (1996) reported a
study conducted in 1992 to assess the effects of anthropogenic activities and land use on
the water quality of the San Joaquin River and its major tributaries. This study focused
on pesticides and organic contaminants, looking at distributions of contaminants in
water, bed, and suspended sediment, and the bivalve Corbicula fluminea. Results
indicated that this river system is affected by agricultural practices and urban runoff.
Sediments from Dry Creek contained elevated concentrations of polycyclic aromatic
hydrocarbons (PAHS), possibly derived from urban runoff from the city of Modesto;
suspended sediments contained elevated amounts of chlordane. Trace levels of triazine
herbicides atrazine and simazine were present in water at most sites. Sediments, water,
and bivalves from Orestimba Creek, a westside tributary draining agricultural areas,
contained the greatest levels of DDT and its degrades DDD and DDE. Sediment
absorption coefficient Koc, and bioconcentration factors (BCF) in Corbicula of DDT,
DDD, and DDE at Orestimba Creek were greater than predicted values. Streams of the
western San Joaquin Valley can potentially transport significant amounts of chlorinated
pesticides to the San Joaquin River, the delta, and San Francisco Bay. Organochlorine
compounds accumulate in bivalves and sediment and may pose a problem to other
biotic species in this watershed.
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