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Using Diel Changes in Water Chemistry to Understand how nitrate loading is altering stream ecosystem 

function in the West Fork of the Gallatin 

 

Storb is interested in socially relevant science. This talk is focused on one chapter of her dissertation. Co-

authors are Dr. Rob Payn (MSU) and Dr. Juliana D’Andrilli (Lumcon, formerly MSU). 

Summer is the season when we observe lower nitrate concentrations in stream water, we think that this 

is due to uptake by algae.  

Photosynthesis by algae and other aquatic organisms occurs during the day. They take CO2 out of water 

and produce oxygen. At night photosynthesis does not occur so CO2 is not removed and O2 is not 

produced, it is consumed. pH changes over 24-hour period also occurs this is driven primarily by changes 

in CO2.  

Other research has looked at patterns in nutrient concentrations over 24-hour periods. In general, there 

are patterns in nutrients; typically, higher concentrations are observed at night and decreases during the 

day when there is a sufficient mass or organisms photosynthesizing.  

Big Sky is really interesting because it is undergoing rapid development. It is also a higher alpine setting 

where we anticipate seeing earlier impacts from climate change. Big Sky also has impaired streams and 

the West Fork was listed as an impaired stream for both sediment and nutrients under the 2010 TMDL.  

 Storb collected data from 2015-2018. In 2015 she looked at Beehive, above and below Lake Levinsky, 

the North Fork, and then in several sections of the West Fork. The longer-term data set for Meadow 

Village area was collected from 2015-2018. 

She collected hundreds of water chemistry samples and collected large amount of biomass data. Light 

and temp data were also collected. 

 For this particular research two sites on the West Fork we used, one upstream and one downstream of 

the golf course. All for this particular study data were collected in 2016.  The Meadow Village stretch of 

river is about 3.5km, but there is an order of magnitude increase in nutrient concentrations over the 

reach. The source of nitrate causing the increase is likely linked to treated wastewater which is land 

applied to the golf course to dispose of it. 

Data was collected once per hour, every hour for a minimum of 24 hours. This was done at each site. 

Storb looked at both the 24 hour and seasonal signals in conservative water chemistry measurements in 

addition to dissolved oxygen and nitrate.  

It is possible to see differences between night and day and between the two different sites. 
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They also looked at conservative indicators. Sulfate is probably a good indicator of groundwater in this 

area and there appears to be little diel variation for sulfate (i.e. biologically conservative). Higher 

concentrations of sulfate are observed when discharge returns to base flow conditions. 

Chloride is a not removed during wastewater treatment and is therefore a good way to track the 

movement of treated wastewater, since it is biologically conservative.   The chloride concentrations 

increase at downstream site when golf course is watered. The pattern is consistent over the watering 

season at the site below the golf course. There are also some episodic spikes that appear real that only 

occurred in June. It might be related to water conveyed via tile drains in the golf course, but it isn’t clear 

if that is it, so ideas are welcomed. 

Nitrates are not biologically conservative. Concentration is lower during the day than at night and it is 

related to photosynthesis. The downstream site has nitrates higher concentrations relative to upstream 

site while watering occurring and concentrations return to similar levels when GC watering stops. 

The State established an instream target maximum concentration for N in the West Fork of the Gallatin 

= .1 mg/L in the TMDL. However, in September, the amount was higher than that during the day and 

significantly higher at night. In terms of total daily load, it is important to understand discharge and 

concentration for 24-hour period for constituents that are not conservative biologically. Concentrations 

based on midday sampling, will be biased by the effect of primary production. If the change in nutrient 

concentrations over an entire 24 hr. period is considered we observe a larger exceedance of TMDL 

targets. 

There is more biomass of algae and autotrophic organisms at the downstream site compared to the 

upstream site. We suspect that the difference is in part drive by a fertilization effect from the treated 

wastewater land application. In other words, the nutrient loading regimes are different, with more 

nutrients, more biomass seems to grow at the lower site, which in turn alters the stream metabolism in 

each reach.  

In human altered systems, it is difficult to tell if undersampling occurs? It is clear though that daytime 

concentrations alone for non-biologically conservative systems are not sufficient to get a full picture.  

 

Questions: 

Q: Does this show that the land application is actually a point source? A: The current regulatory 

framework does not label it as a point source, so there is no established waste load  

Q: Since 2016, we have learned further potential sources that are upgradient of the golf course. Some 

may flow into West Fork, so this may be a nutrient contributor. Septic is likely having an impact as well. 

A: Yes, nutrients are likely to come from multiple human sources 

Q:  The harm to recreation beneficial use are based on algae levels. All these uses are based on daytime 

measurements in the impairment assessment.  There is a lower Gallatin stream that has no load 

reduction of nitrates, and this is acknowledging this. 
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Q: How do we make detection limits work, using 24-hour data? A: For DEQ, if automatic sampling was 

good enough, this would solve the problem. On the Smith they looked at it, but calibration a real 

problem. Technology may have it solved in the next 5-10 years. 

 The data are pretty consistent and shows the highest nitrate concentrations right before daylight. 

Q: Would we see a difference with data taken after 2016? A: The pattern is likely to be the same. 

 


