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 BACKGROUND 
The US EPA and state agencies are attempting to develop nutrient 
criteria to help monitor and sustain delivery of clean water and protect 
aquatic ecosystems.  However, the factors that control stream nitrogen 
export from headwater streams are not well enough understood to 
meet this challenge.  A number of approaches to generate and assess 
numeric nutrient criteria are underway; a combination of high-
frequency monitoring of well-characterized sites and spatially extensive 
synoptic sampling will likely be needed to capture the dominant sources 
of variability.   
 

The US Forest Service Experimental Forest and Range (EFR) Network 
measures stream chemistry weekly to monthly at sites in untreated 
forest catchments across the USA.  Originally designed to evaluate the 
effects of forest practices and other disturbances across a broad range 
of catchment size, vegetation, soil and climate conditions, these data 
records are also pertinent to discussions of nutrient criteria for least-
impaired streams.  
 
 
 
 
 
 
 
 
This comparison of current conditions for a common length of record precludes 
consideration of important long-term changes observed at EFR sites with longer 
stream chemistry monitoring records. 

 

Stream N  Concentrations Exceed Draft Thresholds 
Total N and nitrate concentrations exceeded draft numeric thresholds at most of the 
reference catchments.  At over half the catchments, stream TN and nitrate exceeded 
draft concentration thresholds in more than 10% of summer samples. Stream TN 
and nitrate were above concentration thresholds in 78 and 100% of samples, 
respectively, at two sites.  Across all seasons, TN and nitrate concentrations 
surpassed draft thresholds in 22 and 30% of samples analyzed at the 18 reference 
catchments.  Furthermore, for 7 catchments summer nitrate concentrations 
surpassed draft TN thresholds.  .   

Atmospheric Deposition 
Atmospheric N inputs span two orders of magnitude across EFRs 
(i.e.,  0.2 to 23 kg N ha-1 yr-1).  Stream N concentrations in the 
catchments that received the highest wet deposition loads (San 
Dimas and Fernow) surpassed EPA’s draft thresholds across all 
seasons.  Maximum stream nitrate concentrations at these sites 
exceeded 1 mg NO3-N L-1.. 
 

Variability in Stream Nitrogen 
Median annual nitrate concentration for the 18 
reference catchments was 0.012 mg NO3-N L-1 and 
spanned two orders of magnitude (0.001 - 0.1 NO3-
N L-1). The median total nitrogen concentration, 
analyzed as dissolved nitrogen at most EFRs, was 
0.09 mg N L-1, 8-fold higher than nitrate 
concentrations.   
 
For most western and northern catchments nitrate 
was highest during winter or spring and lowest 
during summer.  For the 11 sites that showed this 
pattern, median summer nitrate was 39% lower 
than other seasons.  An opposite pattern emerged 
at the southeastern EFRs where summer nitrate was 
2.5 times greater than the other seasons on 
average.   
 
Median nitrate differed between co-located 
catchments.  At HJ Andrews, Fraser and Coweeta, 
respectively, summer median nitrate differed 50-, 
5.8- and 2.7-fold among reference catchments. 
 

Stream Nutrient Criteria  
EPA’s draft numeric stream nutrient criteria (US EPA 
2002) approximate concentrations found in 
minimally-impacted streams.  Draft nitrogen criteria 
were derived from the lower 25th percentile of 
annual concentrations in all streams sampled within 
an Ecoregion.  The numeric thresholds for TN and 
nitrate-N are considered one approach for 
estimating reference conditions for streams within a 
region.   For each EFR basin we compared the 
proportion of seasonal samples that exceeded 
threshold concentrations developed for nitrate-N 
and TN.  As dissolved or other form of total  
nitrogen is not analyzed at all sites, we also 
compared nitrate-N to TN thresholds as a 
conservative exceedance index.    
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Analyte         

TN (mg N /L) 0.12 0.38 0.31 0.71 

NO3-N (mg N /L) 0.01 0.03 0.09 0.07 

Differences Among Adjacent Catchments 
At Coweeta, in western North Carolina, summer TN concentrations 
were below draft criteria in 2 catchments but above thresholds for 
2.5 and 23% of samples in two other catchments.  These 
differences persisted across seasons and were similar for stream 
nitrate.  Similar within-site differences were noted at HJ Andrews 
and Fraser.   

For Additional Details: 
US EPA 2002.   Ecoregional Nutrient Criteria.  Available 
on-line:  www.epa.gov/ost/standards/nutrient.html 
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Implications 
For a subset of these least-impaired forested watersheds  proposed 
nutrient criteria may not be achievable.  Even in in areas free from 
elevated nitrogen deposition,  seasonal variation in stream water 
nitrogen and differences between adjacent basins are a concern for 
attainment.  Thus, to be both protective and attainable, nutrient 
criteria should  consider sources of variation in stream water 
nitrogen that span  local to regional scales and that vary as forests 
age and respond to natural disturbances.  Long-term trends in 
streamwater associated with variability in climate, atmospheric 
deposition and other factors should also guide nutrient critieria 
development. 
   

Contact: crhoades@fs.fed.us 

Biogeochemistry Mean Annual Nitrogen

Experimental Forest Sampling Precipitation Temperature Deposition

Location Initiated (mm) (oC) (kg N / ha) Dominant Vegetation

Hubbard Brook 1963 1400 5.6 6.0 Northern hardwoods, spruce-fir

White Mountain NF, NH

Marcell 1966 775 3.3 3.9 Forested peatlands, upland hardwoods

Chippewa NF, MN

H.J. Andrews 1968 2200 9 0.9 Douglas-fir, western hemlock

Willamette NF, OR

Coweeta 1972 1800 13 5.8 Mixed-oak, northern and cove hardwoods

Nantahala NF, NC

Fernow 1969 1446 8.7 7.4 Mixed mesophytic hardwoods

Monongahela NF, WV

Santee 1976 1350 19 2.7 Upland & bottomland mixed pine, hardwoods

Francis Marion NF, SC

San Dimas 1979 714 14.4 23.3 Mixed chaparral

Angeles NF, CA

Fraser 1982 737 0.5 2.6 Subalpine forest, alpine tundra

Araphaho-Roosevelt NF, CO

Tenderfoot 1992 880 2 0.8 Subalpine forest

Lewis & Clark NF, MT

Concentration: TN NO3-N TN NO3-N

Samples >TN >NO3-N >TN >TN >NO3-N >TN

Exceeding Threshold % -----   %   ----- % -----   %   -----

Spring HJ Andrews 16.7 0.0 0.0 Hubbard Brk 13.1 45.3 1.6

Summer Mack 0.0 0.0 0.0 6 0.7 4.3 0.6

Fall 0.0 0.0 0.0 2.6 11.5 0.8

All 2.1 0.0 0.0 9.7 33.9 3.2

Spring 2 0.0 12.1 0.0 Marcell 61.4 37.7 2.6

Summer 4.9 27.2 0.0 S2 61.7 11.6 7.0

Fall 0.0 8.0 0.0 62.5 20.8 0.0

All 1.6 16.7 0.0 66.5 30.3 2.7

Spring 8 0.0 100.0 0.0 S5 73.8 14.3 0.0

Summer 28.0 92.0 0.0 78.0 24.4 12.2

Fall 5.6 83.3 0.0 76.9 23.1 3.8

All 11.0 91.8 0.0 76.6 31.9 5.7

Spring 9 10.6 21.2 1.2 Fernow 100.0 100.0

Summer 4.8 6.5 0.0 4 100.0 100.0

Fall 28.0 35.8 6.3 100.0 100.0

All 15.8 23.3 2.6 100.0 100.0

Spring Tenderfoot 27.3 60.0 0.0 Coweeta 0.0 0.0 0.0

Summer Bubbling 44.4 0.0 0.0 2 0.0 0.0 0.0

Fall 80.0 40.0 0.0 0.0 0.0 0.0

All 44.0 33.3 0.0 0.0 0.0 0.0

Spring Stringer 30.0 18.2 0.0 18 0.0 0.0 0.0

Summer 55.6 0.0 0.0 0.0 2.3 0.0

Fall 0.0 0.0 0.0 0.0 0.8 0.0

All 33.3 8.0 0.0 0.0 0.8 0.0

Spring Fraser 91.7 97.6 5.9 27 5.1 6.9 0.0

Summer E. St. Louis 52.4 67.8 0.4 23.1 15.9 0.0

Fall 33.3 68.8 0.0 30.0 3.1 0.0

All 61.5 74.4 1.5 15.7 7.3 0.0

Spring Lexen 0.0 42.2 1.1 36 2.6 2.3 0.0

Summer 14.3 3.7 0.5 2.6 3.8 0.0

Fall 0.0 22.1 0.0 4.0 0.0 0.0

All 7.7 17.2 0.5 2.9 1.5 0.0

Spring SanDimas 96.5 77.2 Santee 46.2 0.0 0.0

Summer Bell 803 91.7 16.7 80 74.4 0.8 0.0

Fall 81.3 56.3 48.1 0.0 0.0

All 97.0 74.0 40.9 2.3 0.6

Western Forests Eastern Forests

Approach   We examined 
stream nitrate and total 
nitrogen concentrations for the 
most recent decade for 18 
reference catchments at 9 EFRs 
relative to stream N criteria 
currently under consideration.  


