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Abstract 
 

Inorganic anion concentrations in the Red River were analyzed with ion 
chromatography for the purpose of understanding the impact of the Fargo-Moorhead area 
on these possible pollutants.  Samples were taken upstream and downstream of Fargo-
Moorhead.  Results show that phosphate levels decreased, nitrite levels were undetectable, 
nitrate levels increased and sulfate levels remained relatively constant.   
 
Introduction 
 

Inorganic anions play a vital role in the health of a water ecosystem.  The runoff of 
these nutrients into the world’s water bodies is becoming a problem that affects millions.  
The high level of nutrients (primarily phosphorous and nitrogen) washed out of the 
Mississippi River into the Gulf of Mexico has resulted in a “dead zone” covering 
approximately 6,000 square miles.1  A “dead zone” is an area in a body of water in which 
oxygen levels reach a level so low that the water can no longer support life.  This dead zone 
is a result of very large algal blooms taking advantage of the excess nutrients spilling out of 
the river delta.  At night, when these organisms stop photosynthesizing and begin to 
respirate, they deplete oxygen levels in the area to the extent that other aquatic life 
suffocates and dies.  Effects such as this cripple fishing industries, stifle tourism, and 
disrupt the aquatic ecosystem in ways that we cannot fully understand.   

Understanding how the Fargo-Moorhead community contributes to the introduction 
of these possibly devastating nutrients into the aquatic environment may influence positive 
action.  Those anions investigated in this research were: phosphate, nitrite, nitrate, and 
sulfate. The method followed for determining the concentrations of these inorganic anions 
with ion chromatography was taken from the EPA.4  The method allowed the analysis of 
several different inorganic anions in water simultaneously.  

Phosphorous is imperative in the growth and development of plants and other 
organisms.  Phosphorous is present in water in orthophosphate (PO43-), metaphosphate (a 
phosphate complex) and a limited number of phosphate salts.2  It is often the limiting factor 
in production (total biomass produced) and thus is an important nutrient in a water body. 
While low levels of phosphorus may lead to decreased production in water bodies, high 
levels have a similarly detrimental effect.  High levels of phosphorus may lead to algal 
blooms and similar production increases.  These algal blooms often lead to anoxic 
conditions in a water body, as seen in the Gulf of Mexico.  These anoxic conditions severely 
disrupt fish populations as well as other aquatic life.  Sources of phosphorous can be 
external to the water body or internal.  Internal sources originate within the water body 
and are usually linked to the sediment.2  External sources of phosphorus enter a water 
body through point sources (i.e., storm pipes and wastewater discharge) and non-point 
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sources (i.e., overland water flow). Non-point sources can pick up large amounts of 
phosphorus from agricultural fields, septic systems or impervious surfaces before they 
empty into the water body.   

Nitrogen makes up about 80 percent of the atmosphere and is an essential element 
to plant metabolism. Similar to phosphorus, nitrogen is important in the primary 
production of an aquatic system. When phosphorus is in abundance, nitrogen will often be 
the limiting agent in biomass production.  Nitrogen can be present in a water body in 
several forms which allow for several reactions to take place that are important in the 
nitrogen cycle. Sources of nitrogen vary widely, ranging from fertilizer and livestock waste, 
to sewage treatment plants or failing septic systems, to groundwater, air and rainfall. 
Different forms of nitrogen are present under varying oxic conditions. NH4+ (ammonium) is 
released from decomposing organic material under anoxic conditions.  If NH4+ comes into 
contact with oxygen, it is immediately converted to NO2– (nitrite) which is then oxidized to 
NO3– (nitrate).  Both NH4+ and NO3– can be used as a nitrogen source for aquatic plants and 
algae. 

Urban areas such as Fargo-Moorhead can increase inorganic anion levels in nearby 
water bodies through water runoff from storm drains and sewer systems.  To determine 
Fargo-Moorhead’s contribution to these anion levels in the Red River, samples were 
collected both upstream and downstream of the cities.  These samples were analyzed with 
ion chromatography and ion peak areas were compared with those of standard solutions.  
Qualitative conclusions can be drawn on the increase or decrease of these anions as well as 
quantitative conclusions on the concentrations in the Red River. 
 
Experimental 
 

The IC eluent was prepared by dissolving 0.1722 g of Na2CO3 and 0.0433 g of 
NaHCO3 in about 200 mL of filtered, degassed, ultrapure water. This was then poured into a 
500-mL volumetric flask and diluted with the same water. 

Standard solutions were prepared from 1000-ppm stock solutions of sulfate, 
phosphate, and nitrate (all Metrohm-Peak), and nitrite (Fluka Analytical).  Table 1 lists the 
concentrations of standard solutions (ppm) prepared by dilution of the appropriate stock 
solution with ultrapure water in 50-mL volumetric flasks.  

 
 
 
 
 
  
 
 

The samples were collected upstream of Fargo-Moorhead at 60th Ave S and 
downstream at 72nd Ave N. The samples were gathered from the bridge mid-stream at the 
surface level using a Van Dorn water sampler. One-liter bottles were filled to the brim and 
capped. Samples were stored overnight at 4°C and analyzed the following day. Each of the 
samples was filtered through 11.0-cm Whatman #1 filter paper. The first few milliliters 

Anion Standard 1 Standard 2 Standard 3 Standard 4 
PO43- 
NO3- 
NO2- 
SO42- 

0.2 
2.0 
0.2 

20.0 

0.4 
4.0 
0.4 

40.0 

0.6 
6.0 
0.6 

80.0 

0.8 
8.0 
0.8 

100.0 

Table 1. Concentrations of standard solutions (ppm). 
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were discarded. The filtered water was further filtered using a Fisher brand nylon 0.45-µm 
filter, again with the first few milliliters being discarded. This was the sample solution. 
Samples were diluted 1:1 with ultrapure water. 

The sample solution and standards were run through a Metrohm modular IC system 
equipped with conductivity detection and a conductivity suppressor. The column was a 
Metrosep A supp 5 (1000 mm/4 mm) manufactured by Metrohm. The flow rate was 0.7 
mL/min with an injection volume of 20.0 µL. The column temperature was set at 35.0 ºC 
and the system used a H2SO4 regeneration solution. The pressure varied between 800-1000 
psi. 
 
Results and Discussion 
 

Figure 1 shows examples of chromatograms obtained for standard and sample 
solutions.  The absence of a nitrite peak is evident in the sample chromatograph.  We 
observed this for all sample solutions. 
 

 
 
 
 
 
 

 From the results obtained after running the standard solutions of inorganic anions 
in the IC, the calibration curves in Fig. 2 were obtained.  Each graph corresponds to the 
standard curve of one analyte. 

Figure 1. Chromatograms obtained from standard and sample solutions.  Figure 1a shows an example of 
a chromatogram obtained from a standard.  Figure 1c shows an example of a chromatogram obtained 
from our samples.  Each analyte is labeled at its given peak.  Figures 1a and 1c show the full range of the 
chromatogram.  Figures 1b and 1d, inset, show an expanded view from 0 to 600 seconds. 
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Figure 2. Plots of peak area vs. varying concentrations of standards obtained from running the standards 
through the IC. 
 

The R2 values show good reliability of results for the sample and allow 
concentrations of samples to be predicted with good accuracy. 

Table 2 shows the results obtained for the concentrations of the different inorganic 
anions tested. This was done by averaging the respective peak areas and plugging them 
into the equation obtained from the calibration plots. A total of 8 trials were performed for 
the upstream and downstream samples (n= 8). The sulfate concentration is not reported in 
either sample because the results showed they were out of the linear standard range. 
Concrete quantitative analysis could therefore not be performed. 
 

Table 2.  Analyte concentrations. 
 
 
 
 
 

 
The data for the diluted downstream sample cannot be accepted.  Therefore, the 

sample number for our downstream samples overall is four. The regeneration solution ran 

Anion Sample Concentration (ppm) Standard deviation 

Nitrate Upstream 3.495 0.086 

 Downstream 3.751 0.019 

Phosphate Upstream 0.603 0.057 

 Downstream 0.526 0.033 

Sulfate Upstream NA NA 
 Downstream NA NA 
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out before these solutions were run.  The analysis was paused, the regeneration solution 
was refilled, and a baseline was established again.  The results showed a significant change 
in peak area, however, that is due to a change in instrument measurement and not a change 
in the sample. 

In the analysis of our results, no peaks appeared for nitrite.  A possible explanation 
for this is that the river was in a highly oxic state due to the flood causing all nitrite present 
to be converted to nitrate.  The nitrate levels measured in the Red River increased from 
upstream to downstream.  This shows a measurable contribution of the Fargo-Moorhead 
area.  Possible sources of this pollution include fertilizer runoff and/or sewage leakage, as 
well as water runoff from storm drains.  Our results show that the phosphorus levels 
decrease from upstream to downstream sample.  This is contrary to intuition, but is 
possibly a result of varying sediment composition.  If downstream sediment contains high 
levels of phosphate salts it may release it into the water altering the phosphate 
concentration.  The sulfate samples were out of the linear standard range and quantitative 
numbers, therefore, cannot be assigned.  Qualitative data can be gathered.  When looking at 
the undiluted samples, a slight decrease in peak areas is witnessed from upstream to 
downstream.  This change is not statistically significant. Statistical analysis were performed 
on all data obtained using t-test. This showed that the change in both phosphate and nitrate 
concentration was significant. However the change in sulfate concentration was 
insignificant.  
 
Conclusions 
 

This study concludes that Fargo-Moorhead does have an impact on the levels of 
inorganic anions in the Red River.  Sulfate levels in the Red River remain relatively constant 
and a small change in observed peak area is not statistically significant. Both the change in 
phosphorous and in nitrate were statistically significant.  Phosphorous levels decrease by 
9.89%, which is likely a result of varying sediment compositions upstream and 
downstream.  Nitrate levels increase by 4.97%, likely due to sewage leakage and fertilizer 
runoff from lawns in the area.   
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