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Reduction of nitrate pollution in the Mississippi Watershed is essential to improving 
water quality and reducing the formation of hypoxic zones (also known as a dead zones) 
in the Gulf of Mexico. Further concern about nitrate pollution has been caused by the 
speculation that increased global food demand will bring about an increase in fertilizer 
use per hectare. This research seeks to examine a typical creek in southeastern Iowa 
called Clear Creek. By measuring the nitrate levels in this creek, the amount of nitrate 
leached throughout the Clear Creek Watershed can be estimated. From this data, it is also 
possible to investigate the effect that increasing fertilizer application will have on nitrate 
pollution. This prediction gives a worst–case-scenario of what could happen if farming 
practices are not altered in a way that will decrease the leaching of nitrates from fertilized 
soil to waterways. Preliminary results indicate that a ten percent increase in fertilizer 
application could result in an additional 3,600 kilograms of nitrate in the Clear Creek 
Watershed during a single summer month.  
 
____________________________ 
1University of Iowa, Department of Environmental Engineering 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Notes on the following paper:  

This is a written version of senior project for the Department of Hydrology and 
Water Resources. In the Hydrology department, seniors who choose to take the Capstone 
course must be involved in a research project, analyze the results of this project, and 
present their work at the departmental conference (El Dia Del Agua) in April.  

In order to fulfill my Honors requirement for this course, I was selected to be the 
only undergraduate student to give an oral presentation at El Dia Del Agua. I also created 
a poster for my project and participated in the poster sessions of the conference with the 
other undergraduate and graduate students presenting research.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 



 

Introduction 

Water quality is an important element of healthy ecosystems, and in the case of 

the Mississippi River, the quality of stream water controls the quality of output water into 

the Gulf of Mexico. The increased concentrations of nitrate from agriculture runoff into 

the Mississippi have had serious ramifications for the Gulf ecosystem, causing a hypoxic, 

or “dead zones” that are incapable of sustaining aquatic life. Hypoxic zones in the Gulf of 

Mexico are formed when nutrient-rich water from the Mississippi River flows into the 

gulf. This water, which contains high concentrations of fertilizer runoff, promotes the 

growth of phytoplankton. Commonly called algae plumes, these abundant phytoplankton 

growths are too large to be consumed by natural processes, and so much of the plant 

matter dies and sinks to the bottom of the ocean. Bacteria consume the plant matter, and 

as they do so they deplete the gulf’s lower stratum of oxygen.  During this time of year 

weather and current patterns tend to prevent large scale mixing in the gulf waters, and so 

the oxygen-rich waters of the upper stratum do not reach the deeper layer. If the lower 

layer becomes too depleted of oxygen, then life can no longer be sustained and thus 

anything that cannot swim away dies. Once formed, a hypoxic zone remains intact until 

mixing of the gulf resumes due to a cold front or hurricane.  

The most obvious method of decreasing the nitrate concentrations in the 

tributaries to the Gulf of Mexico would be to decrease the amount of fertilizer used on 

crops in the Mississippi Watershed. Less fertilizer use would equate to less runoff into 

streams and tributaries, and thus lower concentrations of fertilizer in the Gulf. Despite the 

multitude of benefits that this would have on local ecosystems and on the Gulf of 

Mexico, the actual predictions on fertilizer use indicate that no such decrease is likely to 

occur. The following quote from J.F. Power explains this predicted trend:  

  

Most forecasts suggest that global population will increase and 

crop yields will have to increase correspondingly to meet food demands. 

Available land for a global food base is being offset by urbanization, 

transportation, erosion, and salinization. In order to achieve these future 

yield goals on a limited land area, the use of N fertilizers and animal 



manures will increase, compounding our present water quality problems. 

Increased N demand for higher yielding crops cannot be met by greater 

use of legumes because this would take land out of cereal production 

(Power and Papendick, 1985). Thus, there is a pressing need to improve 

our farming systems to alleviate further degradation of water quality 

(Power, 2001). 

 

Power hypothesizes that fertilizer use is likely to increase in coming years due to 

economic demand. If this is correct, then there is a great need for innovation in 

decreasing agricultural pollution. In addition to understanding the trends and behavior of 

nitrate in agricultural areas, this paper will also examine methods of pollution reduction 

that can be implemented in hopes of off-setting increased fertilizer use.  

 

Methods and Site Description 

For this project, grab samples of an Iowa waterway called Clear Creek were taken 

weekly at four locations. The first collection site, T-Avenue, is located forty-three 

kilometers upstream of the point of confluence with the Iowa River. The final collection 

site, Camp Cardinal, is four kilometers from the point of confluence. The other two sites, 

Amana and Oxford, are located between T-Avenue and Camp Cardinal. Marked 

differences can be noted between these four sites, both in terms of their environmental 

setting and the measureable characteristics of their water samples.  

 Clear Creek begins in a rural district near the Amana Colonies and joins the Iowa 

River in the medium-sized town of Coralville, Iowa (population under 20,000). Over its 

forty-three kilometer course, the creek interacts with a variety of settings. At its 

beginning, Clear Creek runs through highly agricultural districts typical of eastern Iowa. 

In this region, corn, soybeans, and pasture cover approximately ninety-seven percent the 

land (Loperfido, 2010). As the water flows downstream, however, the agricultural areas 

are interspersed with more urban and wooded regions.  

 

 

 



 

Site 1- T-Avenue 

 T-Avenue is located near the headwaters of the southern branch of the creek (Fig 

2). The channel at this site is small and often blocked by natural dams. It is surrounded by 

agricultural fields and upstream of most, if not all, of the in-field groundwater drainage 

systems known as tile lines in the Clear Creek watershed.  

 

Site 2 -Amana 

 Amana is situated only a few miles farther downstream from T-Avenue, after the 

north and south branches of the stream meet. At least two tile lines (or other types of 

drainage lines), feed into the creek between T-Avenue and Amana. Loperfido (2010) 

suggests a drainage area at this site of approximately 26.1 square kilometers. The channel 

is wider here and very susceptible to erosion during high flow events.  

 

Site 3- Oxford 

 The Oxford site, is located over ten miles from Amana just outside of the town of 

Oxford, IA. The drainage area at this site is approximately 151 square kilometers 

(Loperfido, 2010). The creek is wider here, and also at it’s deepest. Samples taken after 

rainstorms tend to have drastically higher total suspended solids at this site than the upper 

two sites. The USGS stream gauge number 0545220 is located at this site.  

 

Site 4- Camp Cardinal 

 The channel at Camp Cardinal is wide and shallow and the drainage area is 

approximately 254.3 square kilometers (USGS, 2009). Another USGS stream gauge is 

located here. Unlike previous sites, Camp Cardinal is not surrounded by agriculture but 

rather by a riparian area in a public park.  The attached figures will hopefully allow 

further insight into the project location.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2- Sampling sites on Clear Creek. Labeled sites were measured once a week, additional 

sites measured once a month (Emma Stapleton, 2011).  

 

Figure 1- Location and topography of Clear Creek Watershed (Putney, 
14). Darker red regions indicate steep topography. Area is approximately 
267 square kilometers (Loperfido, 2010).  



Sampling Methods 

Water samples were collected in the approximate center of the flow path from an over- 

creek bridge. The samples were vacuum filtered, then reacted with a TNT856 pack of 

pre-mixed solution. Reacted samples were then placed in a Hach DR 5000 UV 

spectrophotometer, which gave a direct reading of nitrate concentration. The nitrate was 

measured as the mass of Nitrogen (NO3-N) concentration. 

 

Trends in Nitrate Concentration 

Nitrate concentrations are highest at the beginning of the summer when farmers 

typically apply nitrate to their fields. Rain events that occur soon after fertilizer is applied 

wash the nitrate away before it can be absorbed by plants or into the soil, causing the 

most leakage from fields to surface water. Peaks observed later in the summer often 

correlate with large rain events, when still more unused nitrate is washed into the creek. 

The concentration of nitrate also varies depending on the sampling location. The 

concentration of nitrate is higher upstream, at T-Avenue and Amana, than downstream at 

Oxford and Camp Cardinal. It is thought that this is due to the amount of nitrate input at 

these locations. Crop fields surround T-Avenue and Amana, while the landscape near 

Oxford and Camp Cardinal is more urban. It is likely that nitrate in the creek is diluted as 

the size of the creek increases and the surroundings become less agricultural.  

 
Figure 3- Nitrate concentration throughout the 2011 summer, taken at four locations. 



 

Analysis 

As earlier referenced in this paper, Power (2001) suggests an increase in fertilizer 

use in coming years. In order to anticipate the potential consequences of such an increase, 

a brief analysis was conducted at the Oxford sampling site. This analysis gave the 

approximate increase in total nitrate leached into the stream after a given increase in 

fertilizer use. The process for estimating this increase is detailed below:  

First, the total mass of nitrate being washed into Clear Creak during the summer 

of 2011 was calculated. This total mass was then divided by the area of the watershed to 

find the average mass of nitrate leached per hectare. These values were then calculated 

again, this time assuming a ten percent increase in fertilizer use compared to the 2011 

use.  The value of ten percent was chosen simply based on the fact that nitrate use is 

expected to increase in coming years and is not based on any quantitative prediction of 

future nitrate use. Using USGS stream flow data, the mass of nitrate flowing through the 

Oxford sampling site was calculated by integrating under the mass of nitrate vs. time 

graph (Fig. 4). Distributing this total mass over the area of the watershed (151 square 

kilometers) gave an average 2.37 kg-ha-1 leached during the summer sampling time.  

Further analysis of this data led to the conclusion that a 10% increase in fertilizer 

application would lead to an additional 3,600 kg of nitrate-N leached to the creek during 

a similar time period.  

 
Figure 4 



 

This predicted increase is based on the fact that there is a linear relation between rain 

events, the amount of fertilizer on a field, and the concentration of runoff to a stream. 

This linear relation exists because nitrate ions are considered “mobile ions”, or ions 

which are unlikely to react or adsorb to soil, but rather travel with water once they are 

captured 

 

Analysis Calculations 

-Current Stream Conditions 

 

Calculation of the total mass of nitrate found in the creek during the 31day-sampling 

period: 

 

€ 

0.0385x 4
0

31

∫ − 2.7573x 3 + 67.681x 2 − 704.26x + 3814.7dx  = 35792 kg of NO3-N  

	  

Dividing by the area of the watershed (USGS, 2012) gives the average nitrate leached 

per hectare: 

35792 kg = 2.37 kg/ha 

                                                     15100 ha 

 

 

 

 

 

 

 

 

 

 

 



-Future stream conditions given a 10% increase in nitrate application 

Assumptions Justification 

A 10% increase in fertilizer application rate 

would result in a 10% increase in the 

amount of nitrate leached from fields 

If 10% more nitrate was placed on fields, 

then 10% more come into contact with 

water and be washed into a stream. Nitrate 

is very soluble and not likely to be 

removed from solution once absorbed (i.e. 

a mobile ion). For this reason it is fair to 

approximate that the amount of nitrate 

applied is directly related to the amount 

that ends up in surface water.  

This assumption does ignore the affects of 

some natural denitrification processes that 

remove nitrate from solution, however 

these processes have not been shown to 

have a significant impact in the Clear 

Creek area.  

Only nitrate fertilizer application increases 

while all other farming practices go 

unchanged.  

An important point of this analysis is to 

picture a “worst case scenario” in which 

farmers do nothing to mitigate the amount 

of nitrate that is leached from fields while 

adding 10% more nitrate.  

Later in the paper some farming practices 

that may mitigate leaching will be 

discussed, but for the purpose of this 

analysis it is assumed that farmers not 

currently using these practices do not begin 

to use them.  

 

 

 



Calculation of the total mass of nitrate in the creek given 10% increase: 

1.10 x 

€ 

0.0385x 4
0

31

∫ − 2.7573x 3 + 67.681x 2 − 704.26x + 3814.7dx  = 39371 kg of NO3-N  

Average nitrate leached per hectare: 

39371 kg = 2.61 kg/ha 

                                                     15100 ha 

Difference between current mass NO3-N in streams and mass after 10% increase: 

39371 kg – 35792 kg = 3579 kg ≈ 3600 kg increase in NO3-N over 31 days 

 

Summary of Analysis Results 

 

 Total Nitrate Mass in Creek 

(kg) 

Application Rate (kg/ha) 

2011 35800 2.37 

10% Increase Estimates 39400 2.61 

Difference 3600 .24 

 

 

Analysis Conclusion Summary: 

A 10% increase in fertilizer use could lead to an additional 3,600 Kg of nitrate-N leached 

to Clear Creek in a summer.  

 

Recommendations 

 Considering the above results, it is clear that an increase in nitrate fertilizer use 

will lead to a directly related and proportional increase in surface water pollution. If 

similar fertilizer increases occur across the Mississippi Watershed, this will have severe 

implications for the water quality in the watershed and in the Gulf of Mexico. In areas 

surrounding the Mississippi, surface water will need to be treated more heavily for 

nitrates before it can be used for municipal purposes. The current Environmental 

Protection Agency maximum contaminant level for nitrate is 10mg/L in drinking water. 

Concentrations greater than this level are found in natural areas frequently during 



summer months, and if concentrations increase, this problem and the danger associated 

with high nitrate concentrations in drinking water will continue to increase. In addition to 

worries about drinking water, there is also concern about the effect that nitrate-rich water 

will have on natural ecosystems in the Mississippi tributaries. 

 In the Gulf of Mexico, increased nitrate concentrations will cause hypoxic zones 

to form over larger areas and to last longer amounts of time. If aquatic life is unable to 

survive in growing areas of the Gulf, this will further degrade the ecosystem by causing 

overcrowding and loss of food sources.  

 It is clear that increased use of nitrate fertilizer will significantly worsen what is 

already a serious problem. The extent to which this problem is worsened, however, will 

be decided by the other choices that farmers make in coming years. The analysis done in 

this paper assumes that fertilizer use is increased and no other changes are made to 

farming practices. If farmers do alter their methods in specific ways, however, other 

research has shown that the percentage of nitrate applied to fields that is leached to 

surface water may be decreased significantly. The final part of this paper will briefly 

investigate a few of these farming methods and explain how they have the potential to 

decrease the impact that an increase in fertilizer use could have on surface water 

pollution.  

 

-Nitrate Soil Testing 

 A method of soil testing call the pre-sideress nitrate test (PSNT) has been shown 

to be a very effective way of preventing over-fertilization. Testing soil before applying 

fertilizer helps to ensure that fields are not being over-fertilized. Over-fertilization can 

occur when the amount of nitrate added to soil does not accurately account for the 

amount of nitrate that is already in the ground. When this happens, the applied nitrate is 

less likely to be absorbed by plants, and is therefore more likely to be removed from soil 

by rain events and end up in surface water. In order to test their soil using the PSNT, 

farmers send samples of their soil to one of many laboratories or universities that conduct 

soil testing for a fairly small fee (around ten dollars per sample). Farmers who do this 

typically save money in the long run by not having to add as much fertilizer to their 



fields, and fields that have been tested typically produce less nitrate pollution (Power, 

2001).  

  

-Crop Rotation 

 Soybeans, alfalfa and other crops contribute nitrate to the soil that can be used by 

corn and other plants that cannot fix their own nitrate. The idea of crop rotation is to 

naturally replenish the soil with nitrate by growing a nitrate-fixing crop every two or 

three years. In the years following the nitrate-fixing crop, the soil will naturally contain 

more nitrates and less nitrate fertilizer will need to be added when corn is grown again. 

This naturally occurring nitrate from soybeans and other legumes is less likely to be 

transported to surface water than topically applied nitrate fertilizer, and so if fertilizer 

application on rotated fields is appropriately reduced to account for natural nitrates, then 

rotating crops can reduce leaching.  

 

-Reduced till, ridge till and no till 

 In order to make planting and cultivating easier, traditional tillage practices 

involve overturning the top levels of soil before planting and again during harvest. 

Though this makes it easier to get seeds into the ground, it has been found that the less 

the soil is disturbed during the tillage process, the more Nitrogen, Carbon and water are 

retained within the soil. For this reason non-traditional tillage practices such as reduced, 

ridge, and no-till have been shown to help keep naturally occurring nutrients, such as 

nitrate, in the soil to be used as plants grow. This in turn reduces the need for artificial 

fertilizers and thus can help prevent the leaching of nitrate into surface water.  

 

Conclusion 

 These are just a few of many practices that could be implemented in an effort to 

reduce nitrate leaching. Many of these practices have been shown to be effective and to 

save farmers money over a long- term period. However, convincing farmers to change 

their methods is understandably difficult considering that any change could potentially 

result in a financial loss for the farmer. In order to provide better information on the 

effects of these farming practices it is essential that more research be conducted. 
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