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Abstract 

Dams create hydroelectric power by converting kinetic energy from water flow to 

electrical energy. This is generally thought to be an environmentally friendly means of energy 

production. However, dams have potential serious detrimental effect on river ecology that must 

be considered as well. Currently the number of proposed large-scale dams outnumber existing 

large-scale dams by a factor of  three to one. Dams stop essential nutrient-rich organic sediment 

from traveling downstream and interfere with the equilibrium of the river. The goal of this study 

is to increase the understanding of the complex interaction of large dams on river ecology by 

studying relevant peer reviewed scientific articles.  Specifically, articles evaluating the 

concentration of organic sediment, methane and carbonic acid relative to water depth and relative 

to the distance upstream and downstream of the dam were critically reviewed, analyzed, and 

graphically displayed.  

This review demonstrated that organic sediment and methane concentrations were lowest 

the farthest upstream of the dam and increased in a parallel fashion as samples were taken closer 

to the dam. For any distance from the dam, Methane and organic sediment concentrations were 

also higher at greater water depths where the organic substances are decomposed by anaerobic 

bacteria which are more concentrated on the river floor. By decomposing organic substances, the 

anaerobic bacteria also produced carbon dioxide which combined with water to form acidifying 

carbonic acid. This acidification was facilitated by the higher higher water pressure that is 

present at greater water depth.  

 

 



THE EFFECT OF DAMS ON RIVER SEDIMENTS         2 

 

 

Introduction 

The Amazon River is home to more than 2,500 

identified fish species (Lessa, 2015). Dams block the 

distribution of essential organic sediments that play an 

important role in maintaining a stable river pH. 

Organisms are only capable of adapting to minimal 

changes in pH. There are more than 50 large dams 

currently in use in the Amazon River and there are 

plans for the construction of approximately 150 more 

dams. (Vaidyanathan, 2012). These dams create 

“clean” energy for the Latin American countries by 

providing an alternative to the burning of  fossil 

fuels in the production of electricity. Latin American 

countries are attempting to utilize hydropower as an 

efficient way to boost their economy. By using renewable energy, these countries can rely less 

on mining or buying fossil fuels (Nazareno & Lovejoy, 2011).  

Hydropower is described as the usage of water as a power source and has been used since 

the ancient Greeks. The Greeks were the first to utilize hydropower by using water to turn a 

wheel that was used to ground wheat. Since then, hydropower has evolved and is now 

predominantly used in hydroelectric dams for a controlled release of water to convert the water’s 

kinetic energy to turn turbines and create electricity (National Geographic, 2009). Hydroelectric 
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power is one of the most common clean energy sources in the United States and is one of the 

primary ways the United States is trying to combat global warming. The higher volume of water 

flow and the greater drop in elevation causes the water to gain more force and velocity which 

turns the turbines faster thereby creating more electricity (Fearnside, 2006; Fraser, 2015; U.S. 

Energy Information Administration, 2017, Figure 2). With the invention of electricity, humans 

have begun to rely more and more on electrical energy. This has caused many countries to 

develop cleaner sources of energy like hydroelectric power in order to reduce pollution and the 

production of greenhouse gases  that contributes to global warming from the burning of fossil 

fuels (Mathews & Tan, 2015). 

 

Figure 2. The typical layout of a hydroelectric dam, complete with long distance power lines that 

allow for potential energy to be transported long distances and a turbine spun by the water (U.S. 

Energy Information Administration, 2017). 
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Hydroelectric power is popular because, in most locations, hydroelectricity is the largest 

and cheapest source of “clean” energy (Fraser, 2015). In fact, in 2008, hydroelectric power 

generated about ten times the energy of solar, wind, and geothermal energy combined 

(Schiermeier et al., 2008). However, the production of hydroelectric power is geographically 

restricted to areas that have rivers with appropriate flow rates and elevation changes. In areas 

such as Brazil, where fast flowing rivers are common due to the Amazon Rainforest, 

hydroelectric power is extremely efficient. Brazil has increased their interest in renewable 

energy, specifically in hydroelectric power, and now produces 47 percent of their energy from 

renewable sources (Duailibe, 2010). 

While receiving 47 percent of energy from renewable resources is a step in the right 

direction, hundreds of dams are used as a way to control the release of water and produce 

electricity (Latrubesse et al., 2017). Dams can have a number of deleterious side effects such as 

forced relocation of people, destruction of local habitat, interrupted migration of fish, sediment 

build up above the dam and reduced soil fertility below the dam, and deforestation which occurs 

during the construction of the dam (Macmillan Publisher, 2011). On the positive side, 

Hydroelectric power also helps the local economy by providing construction jobs and selling 

clean energy. Some countries, such as Greenland, profit off of electricity by selling it to other 

countries (Rosen 2016). All these factors must be considered is evaluating the value and 

economic viability of the construction of a  hydroelectric dam.  
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With respect to the deleterious effect on the organic sediment concentration caused by a 

hydroelectric dam,  Latrubesse tested the sediment concentration before and after a dam was 

built, from 2001-2015 (Figure 3). He reported a decrease in the mean annual surface suspended 

sediment concentration of 20 percent in the Amazon River (Latrubesse et al., 2017). 

 

 

Figure 3. This figure shows the sediment levels for the years before and after the construction Porto 

Velho damn. The extreme drop represents a lack of sediments in the rivers which in turn affects 

micro bacteria, fish, and other neighboring organelles (Latrubesse et al., 2017). 
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          It is important to evaluate the effect of a dam on sediment buildup to assess its overall 

environmental impact. Organic sediments can be any size and act to enrich the soil with 

nutrients. Areas where sediments are deposited are often very fertile and rich in biodiversity 

(Rutledge et al., 2012). A major problem of dams is they stop or slow the passage of organic 

sediment and topsoil into lower levels of the river (Figure 3)(Winemiller et al., 2016).  By testing 

the sediment concentration over a long period of time, including before and after the dam was 

created, Latrubesse proved that dams block the travel of sediments downstream and starve the 

downstream of river of nutrients. Latrubesse conducted his study over a period of 15 years to 

show a consistent trend before the dam was placed that couldn’t be thrown off by one anomalous 

year. His study supports documents a fairly consistent sediment concentration before the 

construction of the dam. After the dam was constructed, sediment concentration dropped 

downstream of the dam. This occurred because the the dam disrupted the transport of sediment 

by slowing the river’s  natural water flow thereby causing sediment to slowly sink and become 

deposited at the bottom of the river upstream of the dam. Dams starve the lower parts of the river 

of nutrients that allow biodiversity to flourish. Dam’s restriction of sediments not only deprives 

the lower river of nutrients, but also shortens the lifespans of dams. When the sediments settle on 

the bottom, they eventually interfere with the passage of water through the turbines of the dam 

which then becomes less efficient (Perlman, 2016).  

Another major problem that occurs when dams block sediments is the release of the very 

same greenhouse gases that were supposed to be mitigated from the reduction in the burning of 

fossil fuels. When dams block organic sediments, the sediments may decompose into carbon 

dioxide, methane, and nitrous oxide (Deemer et al., 2016).  Dams usually release less greenhouse 
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gases, but in some cases they can release an amount similar to that of burning fossil fuels 

(Tollefson, 2014). Accordingly, it is important to investigate and carefully evaluate the 

consequences of constructing more dams. Although decomposition of organic sediment is a 

natural cycle, the decomposition of sediment above a dam produces methane and carbon dioxide 

and is much more deleterious and different from its decomposition when it flows downstream 

and fertilizes fields and is incorporated in new plant growth. Unfortunately, the dam creates the 

perfect place for anaerobic bacteria to thrive. If the creation of dams could be improved by 

reducing its blockage of sediments, it would improve the efficiency and lifespan of the dam and 

there would be less deleterious  decomposition of organic sediment, less carbonic acid 

production, and less methane release. 

The carbon dioxide gas emitted from the 

decomposing organic substances acidifies the 

water (Perlman, 2016). The carbon dioxide and 

water react to form carbonic acid, which lowers 

the pH of the water (Penn State, 2017). 

Normally the organic sediments would be more 

dispersed and their decomposition would 

regulate the river’s pH. However, dams cause 

sediments to decompose together and 

significantly lower the pH in that region by 

releasing carbon dioxide gas that reacts with the water to for carbonic acid (Castello & Macedo ). 

As a result, the river is left extremely acidic in some areas, while other river areas become basic 
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due to the lack of carbonic acid. In ocean acidification, carbon dioxide comes from the air. 

However, with hydroelectric dams, the additional carbon dioxide comes from the decomposing 

organic sediments (Figure 4). Both ocean acidification and river acidification result from carbon 

dioxide in water in the form of a gas, but the extra carbon dioxide comes from different sources. 

The pH of the water lowers as it becomes more acidic. As the pH decreases, the solubility of 

toxins such as mercury, lead  and other toxic metals increases.  The higher solubility means that 

the toxins are more mobile and move faster throughout the rivers, endangering more people and 

organisms alike (Fondriest Environmental, 2013). With proper investigation and modification, 

dams that produce greenhouse gases similar to that of burning fossil fuels can be avoided.  

Currently, there are no methods to reverse the effects of dams on the water quality and 

the biodiversity (Figueres et al., 2017). There are still ways to minimize the impacts of a dam, 

but once the dam is in place the river will never be the same again. However, this does not mean 

that the whole river will die. The river loses a large part of its microorganisms due to its lack of 

sediments, which creates a ripple effect because now there is now less food for every level, 

leaving the animals competing for food. Many animals starve or are eaten, but in the end, those 

species best able to adapt survive. This also results in a lack in biodiversity. Unfortunately, like 

putting a broken plate back together, you can never get everything in the same place it used to 

be, the river ecosystem will not ever be the same as it once was. 

The academic conversation pertaining to hydropower would be benefited by researching 

the the role the Belo Monte Dam on the organic sediment concentration. The academic 

conversation would gain a new detailed perspective about the role anaerobic bacteria and water 

pressure play in the decomposition of organic sediments. This project is relevant because there 
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are over 150 dams that are being planned on being implemented in upcoming decades (figure 1) 

(Fraser, 2015). If dams harm rivers, then it is important that construction of new dams is 

modified. The current number of planned dams would dramatically alter  more than 150 

ecosystems. It is important to know the difference between a worthwhile hydroelectric facility 

and a harmful one. The academic conversation about whether hydroelectric facilities are 

worthwhile would be more completely measured by including the impact of the change in the 

concentration and type of sediments in the river ecology. One possibility is to avoid building 

dams in rivers with high concentrations of organic sediments. Additionally, modifying dams to 

avoid trapping organic sediment and topsoil will be most important. The academic conversation 

on hydroelectric power could help determine a dam will be cost effective and where they will be 

most beneficial for the longest period of time.  

Purpose 

The purpose of this study is to investigate the effects of the Belo hydrodam, on rivers in 

the Amazon. These findings could help prevent the creation of new destructive dams in the 

Amazon River as well as, many other important rivers around the world. Preventing the creation 

of harmful dams is essential in halting the destruction of river ecosystems. The effect of dams are 

often neglected with people not understanding the widespread repercussions. This article gives 

specific examples of how dams directly interfere with sediments and their essential role in the 

survival of a river ecosystem. The purpose of this study is to show that hydropower has serious 

consequences and there should be increased regulations on the allowed locations for dams. This 

would minimize the destruction dams can play in the Amazon River. 

Overarching Research Question 
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How does the presence of dams influence the decomposition of organic sediments in the Amazon 

River? 

Research Questions 

Do dams influence the decomposition of organic sediments in rivers? 

Alternate Hypothesis: 

Dams increase the decomposition of organic sediments at the location of the dam. 

Null Hypothesis: 

Dams have no effect on the decomposition of organic sediment in rivers. 

Dams decrease the decomposition of organic sediments at the location of the dam.. 

 

 

 

Methods 

Research was obtained through systematic literature review, through public publishing of 

peer-reviewed journals and articles. Research Engines such as Google Scholar, Ebscohost, 

Nature, U.S. Energy Information Administration, and mentors with a Phd were used to collect 

papers published primarily between 2007 and 2018. Keywords and phrases, such as sediment 

depletion, organic sediments, anaerobic bacteria, sediment decomposition, methane 

concentration, and concentration of organic compounds, were used to help identify papers and 
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useful information. Papers were analysed to show a correlation between dams and decreased 

sediment levels. Then references of articles with multiple figures were additionally used. Then 

all papers including methane, carbon dioxide, and organic compound sediments at differing 

depths and distances from the dam were recorded and combined to create data tables.  

Studies were included in a systematic literature review based on the following standards 

1. The range of studies taken were from 1995 to 2018 

2. The studies focused on the the environmental impact of hydroelectric dams in order to 

narrow the topic. 

3. Articles relating to organic sediments, sediment blockage, methane release, and organic 

sediment distribution were all accepted, but articles not including the specific distances 

from the dam and depths were omitted from being part of the data tables. Then all 

concentrations were converted into microMolars to show correlation between different 

studies. 

Results 
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Figure 5 shows the increase of methane concentration as depth increases just before the 

dam (Kemenes, 2017; Fearnside, 2012) 
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Figure 6 shows the increase in carbon and organic matter closer to the dam and the 

decrease in methane as one gets farther from the dam (Kemenes, 2017; Torrente-Vilara, 

2011; Fearnside, 2012; Cardoso, 2013) 

The methane gas levels were increased as depth was increased and were measured using 

the dissolved concentration of methane, water quality, and bubble occurrence from a 

multiparameter probe. Methane gas levels just before the site of a dam were near zero when 

close to the surface but increased to a micro Molarity of 375 and 240 when at a depth of 30 

meters in two different rivers (Figure 5). Inversely, as depth decreases so does the methane 

concentration and as you get further from the bottom of the dam, the methane concentration 

drop. The methane concentration at 20  meters down and at the site of the dam was calculated to 

have a micro molarity of 90, which then at the same depth but 10000 meters downstream there 

was decreased to a micro molarity of 37. Methane levels decrease as they get farther from the 

site of a dam and as the depth of the sample is decreased (Figure 6).  

As organic compounds, or almost all carbon containing compounds with the exception of 

carbonates, approach the dam, their concentration increases. The organic compound micro molar 

concentration 25000 meters before the dam was 14 while at the dam it increased to 18 once it 

reached the site of the dam. The carbon compound concentration increased by a micro molarity 

of 4 when staying at a depth of 20 meters. The decrease in organic compound concentration and 

increase in carbon compound concentration, which are the same thing as organic compound but 

from a different study, from 30000 meter before the dam to 25000 meters before the dam or from 

a micro molar concentration of 42 to 14 represents the area considered to be the reservoir. The 

reservoir is considered to start on average 25000 meters before the dam, at which point the 
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sediment levels nearing the dam begin to accumulate as their concentrations increase (Figure 6). 

As compounds neared the dam and were submerged at deeper levels, their concentrations 

increased. 

Discussion 

Dams lead to a buildup of organic sediments which then decompose, releasing the 

methane and carbon dioxide gas (Figure 6). The organic and carbon compounds, both of which 

technically are organic compounds, received a change in sediment concentration as they 

approached 25000 meters upstream of the dam, or around the beginning of the dams’ reservoir. 

Both slopes then at the beginning of the reservoir stabilized and stayed on a constant increasing 

concentration as the organic compound approached the dam. This increasing organic sediment 

concentration supports the fact that sediments become blocked at the dam and begin to 

chemically decompose, releasing methane and carbon dioxide gas. 

Once the sediments have either passed through the dam or gotten stuck at the dam, they 

often times will begin to decompose. The highest concentration of methane gas released closest 

to the dam represents the most organic sediment decomposed was at the dam too (Figure 6). 

Methane levels decrease as you get further from the dam, supporting the fact that as you get 

further from the dam the downstream river sediment concentration decreases and also it proves 

that dams block a majority of the sediments, leaving but a fraction of what there used to be to be 

distributed evenly along the same sized river. 

As the depth of the methane increased so did the concentration, meaning that more 

methane was being produced at lower depths from the decomposition of another probably 

organic, substance (Figure 5). However, decomposition in areas of high pressure favor the 
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reactants, meaning usually they don’t decompose very much. So this means that something else 

aided in the break down into methane and carbon dioxide. The biggest hint is that while 

increased depth increased methane concentration, but not because there was a strong pressure, 

but because the anaerobic bacteria like in oxygen free dark places and just happen to also be in 

strong pressure. The anaerobic bacteria decomposed the organic material and produced methane 

gas and carbon dioxide gas. The methane levels near the surface were close to zero because the 

anaerobic bacteria prefers dark and non-oxygenated waters rather than the surface. 

The carbon dioxide gas then reacts with the water to create carbonic acid and the waters 

that have high concentrations of decomposing organic sediments are more acidic. This increased 

acidification is dangerous for animals near the dam. In addition, the area below the dam is 

deficient in organic sediments, meaning it has too high of a pH. While pH changes in very small 

increments, it is still best to avoid any changes, no matter how small. Even the slightest change 

in pH can have a drastic effect on nature’s equilibrium. The river’s pH is extremely sensitive and 

even the slightest change can be catastrophic. The pH can change overtime giving animals time 

to adapt, but dams and other human caused changes present an immediate change, with little to 

no time for rivers to adapt.  

The change can be compared to that of ocean acidification, where the exoskeletons of 

minute organisms are weakened or destroyed, allowing only a small fraction of them to be 

survive. In addition, changes in pH also increase the solubility of elements in water, specifically 

toxins. This increases the mobility of toxins in the river, causing them to be absorbed by fish and 

humans. Even the smallest changes can affect plant growth and microorganisms levels. The 
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correlation between river sediment levels and their effects from dams is apparent, with dams 

destroying the ecosystem where they are implemented.  

  

Limitations 

The limitations of this work include the inability to perform physical tests measuring the 

change in pH because there was a large deficit of articles that included a well documented 

calculation of pH and organic sediment concentration before the dam was created, after the dam 

was created, and at different distances from the dam site. While there are plenty of results 

recording the pH of different dams at the dam sites, these cannot be combined because the dams 

are located too far from one another and there is an absence of long term results due to the length 

of time required for such a study. As a result, I was unable to determine how acidic the dam 

would make the water because I could not make exact calculations because I didn’t know how 

many organic sediments were decomposing and I since I did not take any personal tests and very 

few articles included toxin levels in the water, which would become soluble in an acidic solution. 

If you’re near the dam where its acidic, there also are higher toxicity levels with varying danger 

levels depending on how many toxins are in the water. 

Another limitation was how different articles measured sediment concentrations at 

different depths, making it far harder to combine the research from various articles. The largest 

limitation is however time. Like for the pH, time is essential for measuring the organic sediment 

concentration change before and after the dam is created. In addition there will need to be 

multiple spots where the samples are taken from. In order to have legitimate data there must be at 

least five years or more before the dam to show there isn’t a bad year to throw off the values and 
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another one year for the finish of the dam, and then five more years years to ensure all your 

answers are correct and not based off a bad year. 

Conclusion 

The data presented in the figures rejects the null hypothesis and proves dams do increase 

the decomposition of organic sediments at the site of a dam by creating the perfect living place 

for anaerobic bacteria to thrive because there is a continuous organic sediment income, minimal 

light, and minimal oxygen levels. The increased pressure causes the reaction between carbon 

dioxide and water to shift towards the products, because it has the lesser number of moles, 

resulting in more carbonic acid.  The harmful effects of dams through blocking the release of 

river sediments was proven through various peer reviewed studies. Sediments were shown to 

increase methane concentration at the site of a dam, increase acidification at and above the dam, 

and decrease nutrient rich sediment levels downstream. The creation of new hydroelectric power 

dams, specifically in the Amazon Rainforest, should be prevented in order to protect the natural 

environment. The creation of dams creates a flood plain above the site of the dam which often 

holds many organic compounds such as plants. These plants are swept away by the now larger 

river, bringing them downstream until the organic compounds are blocked by the dam. The dam 

blocks all organic compounds that previously would have flowed freely and picks up more 

organic substances that would not have been moved had the dam not been created. This now 

increased sediment concentration decomposes, abruptly releasing large levels of carbon dioxide 

and methane gas, both of which are dangerous greenhouse gases. The carbon dioxide gas also 

reacts with the water, causing increased acidification in areas with high carbon dioxide gas, 

increased solubility of toxins, and decreased acidification in areas deficient in organic substance 
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decomposition. Through changing the acidification levels, stopping nutrient rich sediments from 

enriching downstream rivers, and the release of dangerous greenhouse gases, dams negatively 

impact the environments they are created in. While the complete prevention of new dams is more 

of a dream than a reality, dams should still stopped being placed in rivers with high sediment 

concentrations. Rivers with high sediment concentrations not only will release more methane 

than rivers with lower concentrations, but they will also will block up the dam, shortening the 

amount of time it can function. 

Further Work 

One of the major reasons hydroelectric dams are so devastating is because organisms 

have a small amount of time to adjust to their new environment. One possible solution to at least 

minimize the results of dams, would be to calculate the estimated change in the river’s pH and 

organic sediments, and calculate how long the river would take to adjust to the changes with a 

minimal environmental effect. The river sediments could then be slowed before the creation of a 

dam giving the river an adjustment period. By allowing the river to adjust over just a small 

period of time the organisms would at least be given the chance to adapt and adjust to their new 

environment.  

 However, the best option would be to educate people about the destruction of dams, 

causing them to invest in solar power, tidal power, wind power, or other cleaner sources of 

energy. In coastal areas with strong currents, hydropower can be used similar to a dam, but 

without blocking off rivers. The ocean current turns turbines, creating kinetic energy, which then 

is transferred into electrical energy. Turbines in the ocean would not block the spread of 
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sediments, eliminating one of the main environmental impacts of dams. Also unlike dams, it 

wouldn’t create massive flood plains above the hydropower station.  

It would be beneficial to perform a long term term study on the change in pH, above and 

far below the dam to see how the pH raises as the samples get further from the dam. Due to the 

decreased decomposition of organic sediments downstream and increased neutralization of the 

carbonic acid the acidity would slowly decline, This would cause the water quality to become 

less and less regulated. In addition to taking samples, the concentration of fish and thickness of 

fish egg shells would be measured to better see the negative effects of small changes in pH in 

their environment. 

Finally it is essential that people learn how to conserve energy and that current 

technology is improved to use less energy. People can limit their energy usage by investing in 

solar panels as a way to take increased responsibility in saving their planet.  
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