SOUTH FORK FLAMBEAU RIVER TRIBUTARY MONITORING REPORT, 2010-2011

Introduction

Volunteers from the South Fork Flambeau River Watershed Association monitored five streams that are tributaries of the South Fork Flambeau River during 2010 and 2011.  The volunteers were Kathy Kasecewicz and Marilyn Roberts.  The five tributaries are located between Round Lake and Fifield (figure 1).  Monitoring was conducted to establish baseline conditions for the streams.    
Field measurements made were:

· dissolved oxygen

· pH

· temperature

· transparency

Samples were collected and tested for:

· total phosphorus

· total Kjeldahl nitrogen

· ammonia nitrogen

· nitrate plus nitrite nitrogen

· total suspended solids

· chloride

· fecal coliform bacteria 

Monitoring Sites and Stream Watersheds

The stream monitoring site descriptions and a generalized description of their watershed areas follows:

SA-1, Sailor Creek at Old 13 Road

The site is 1 ½ miles downstream of Sailor Creek Flowage, which is very shallow and mostly less than 5 feet deep.  The watershed is more than 90% undeveloped.  There are some residences present.  Wetlands are moderately abundant to abundant.

RI-2, Riley Creek at Forest Road 147

The watershed is entirely undeveloped.  Riley Lake (less than 10 feet deep) is in the upper end of the watershed.  No residences are present.  Wetlands are abundant.

SP-3, Springstead Creek at Shady Knoll Road

The watershed is more than 90% undeveloped.  Upper and Lower Springstead Lakes are in the upper end of the watershed.  Residential development of the lake shorelines is moderate.  There are few other residences in the watershed.  Wetlands are moderately abundant.

HA-4, Hay Creek at Highway 182

The watershed is almost entirely undeveloped.  Hay Creek Flowage and Hay Lake are in the upper end of the watershed.  They are less than 10 feet deep.  Only a few residences are present.  Wetlands are abundant.

MU-5, Murray Creek at Divine Rapids Road

The watershed is about 70% undeveloped and contains a moderate number of homes and a higher road density than the other watersheds.  It drains an area to the east and southeast of Park Falls.  Wetlands are moderately abundant.

General Water Quality Results

Monitoring results are listed in table 1.  In general, these streams have very good water quality.  With the exception of Murray Creek, all the stream watersheds have more than 90% of their areas composed of undeveloped woodlands and wetlands.  Their water quality largely reflects natural background conditions, with very minor influence from development.  

Conditions during the first monitoring date on August 10, 2010 were unusual.  It was preceded by a few years of drought during which most local wetlands experienced extensive drying.  Heavy rains beginning in mid-summer of 2010 re-wetted the wetlands and began to produce drainage from them.  Drying periods in wetlands can result in accelerated decomposition of organic matter.  This makes larger than usual amounts of nutrients (nitrogen and phosphorus) and particulates available to be “flushed” from the wetlands when wet conditions return.  
 On August 10, 2010, dissolved oxygen concentrations were unusually low.  Four of the five sites had dissolved oxygen concentrations less than 4 mg/l.  Riley Creek had a mid-day dissolved oxygen concentration of only 1.5 mg/l.  High amounts of oxygen consuming materials, including dissolved and fine particulate organic matter, being flushed from wetlands would account for this.  Dispersal of flow out of the stream channel and into adjoining wetland areas also contributes to oxygen consumption.   
Wetland flushing also accounts for the highest concentrations of suspended solids, total phosphorus, ammonia nitrogen and total Kjeldahl nitrogen occurring on this date.  The lowest transparency readings also occurred.

Water Quality Results Discussion by Parameter      

(additional information on interpreting water quality parameter results is contained in appendix 1)
Dissolved Oxygen 
With the exception of the August 10, 2010 measurements discussed above, dissolved oxygen concentrations were 5 mg/l or higher at all sites on all other dates.  Riley Creek had the lowest mean dissolved oxygen concentration at 5.6 mg/l, while Sailor Creek had the highest mean dissolved oxygen concentration at 8.5 mg/l.  Riley Creek is a very low gradient stream that is fringed by wetlands for nearly its entire length.  Production of oxygen by aquatic plants in the Sailor Creek Flowage and aeration occurring below the dam might account for the higher values there. 

Temperature
Cool weather was present on most sampling dates and water temperatures were low.  Highest temperatures were found on August 10, 2010, when Sailor Creek had the warmest temperature (23.9o C, 75.0oF) and Murray Creek had the coolest water temperature (20.7oC, 69.3oC).  An extended period of temperature monitoring is usually needed to accurately assess a streams thermal regime.  Coldwater streams have peak summer temperatures less than 72oF.  Coolwater streams have peak summer temperatures between 72 and 75oF.  Warmwater streams have peak summer temperatures above 75oF. 
A DNR stream temperature model suggests all but Springstead Creek are cool warm transition headwater streams.  Springstead Creek is a warm mainstem stream.  However, the model is only about 70% accurate.  Murray Creek is listed as a class II trout stream.

pH
Mean pH values for all sites were less than 7 (acidic) and ranged from 6.1 to 6.9.  Riley Creek had the lowest mean pH (6.1), due to strong wetland influence.  Springstead Creek had the highest mean pH (6.9), possibly due to more groundwater inflow.

Transparency
Mean transparency ranged from >71.5 cm. to >90.3 cm.  Riley Creek had the lowest mean transparency (>71.5 cm) due to higher suspended solids concentrations and heavy “staining” due to dissolved organic matter from wetland drainage.  Springstead Creek had the highest mean transparency (>90.3).

Suspended Solids

Mean suspended solids concentrations ranged from 3 for Sailor Creek to 5.6 mg/l for Riley Creek.  The flowage upstream of the Sailor Creek monitoring site might reduce suspended solids there.  Wetland flushing at Riley Creek probably accounts for the higher value there.  Riley Creek had the highest suspended solids concentration of 14 mg/l on August 10, 2010 when extensive wetland flushing was occurring.

Total Phosphorus

 Mean total phosphorus concentrations were similar for all streams and ranged from 38.8 to 43.0 ug/l.  Total phosphorus concentrations were substantially higher on August 10, 2010 when they ranged from 59 to 79 ug/l.  

With the August 10, 2010 results removed, the mean total phosphorus concentration for all samples was 34.8 ug/l.  Applying a stream discharge (“runoff”) value of 13 inches per year, indicates a total phosphorus export rate of 0.11 kilograms/hectare/year (kg/ha/yr).  This is close to the Wisconsin average total phosphorus export rate of about 0.10 kg/ha/yr commonly found for undeveloped woodland and wetland areas.  Areas further south in Price County have been found to have total phosphorus export rates of about 0.20 kg/ha/yr, due largely to high groundwater phosphorus concentrations.   
Ammonia Nitrogen       
Mean ammonia nitrogen concentrations were low, ranging from 0.030 mg/l at Sailor Creek to 0.062 mg/l at Riley Creek.  Uptake of ammonia nitrogen by aquatic plants in the upstream flowage and aeration at the dam might account for lower concentrations in Sailor Creek.  Wetland influence accounts for higher concentrations in Riley Creek.

Nitrate Plus Nitrite Nitrogen
Nitrate plus nitrite nitrogen concentrations were low, ranging from 0.021 at Riley Creek to 0.095 at Murray Creek.  Wetland influence probably accounts for lower concentrations in Riley Creek (ammonia nitrogen is favored under reducing conditions).  Septic systems and fertilizer use may account for the higher concentrations at Murray Creek.

Total Kjeldahl Nitrogen

Mean total Kjeldahl nitrogen concentrations were moderate, and fairly similar for all streams, ranging from 1.0 to 1.4 mg/l.
Chloride
Mean chloride concentrations were low, and similar for most streams (3.0-3.9 mg/l), except for Murray Creek with a mean of 7.1 mg/l.  The Murray Creek watershed is more developed.  Road salt, septic systems, and fertilizer are potential sources of chloride in Murray Creek.  

Fecal Coliform Bacteria

Mean fecal coliform concentrations were fairly low, ranging from 8.8 / 100ml in Springstead Creek to 62 / 100ml in Murray Creek.  The highest concentrations for individual samples were 150 / 100ml in Murray Creek, followed by 130 / 100ml in Riley Creek.  In the Murray Creek watershed, septic systems and livestock may be potential sources of fecal coliform bacteria.  Wildlife, such as beavers and waterfowl are likely to be the primary fecal coliform sources in the other streams.  Fecal coliform concentrations ranging from 40 to 130 / 100ml sporadically occur in those streams.   
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	TABLE 1.  SOUTH FORK FLAMBEAU RIVER TRIBUTARY MONITORING DATA, 2010-11
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	Nitrate
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	Suspended
	Total
	Ammonia
	plus Nitrite
	Kjeldahl
	
	Fecal

	
	
	
	Oxygen
	
	
	Transparency
	Solids
	Phosphorus
	Nitrogen
	Nitrogen
	Nitrogen
	Chloride
	Coliform

	Field i.d.
	Site Description
	Station no.
	(mg/l)
	Temp(C)
	pH
	(cm)
	(mg/l)
	(ug/l)
	(mg/l)
	(mg/l)
	(mg/l)
	(mg/l)
	per 100ml

	SA-1
	Sailor Ck at Old Hwy 13
	10021054
	5.4
	23.9
	6.1
	40
	5
	64
	0.066
	0.044
	1.99
	4.5
	70

	RI-2
	Riley Ck at FR 147
	10031611
	1.5
	23.2
	6.1
	20
	14
	79
	0.157
	0.019
	2.59
	6.2
	40

	SP-3
	Springstead Ck at Shady Knoll Rd
	10029437
	3.5
	23.4
	6.7
	95
	5
	60
	0.082
	0.048
	1.66
	4.2
	<10

	HA-4
	Hay Ck at Hwy 182
	10029435
	2.8
	22.9
	6.2
	50
	7
	59
	0.085
	0.023
	2.2
	5.2
	60

	MU-5
	Murray Ck at Divine Rapids Rd
	10021052
	3.3
	20.7
	6.3
	76
	<2.8
	60
	0.045
	0.03
	2.15
	8.5
	50
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	Total 
	
	

	
	
	
	Dissolved
	
	
	
	Suspended
	Total
	Ammonia
	plus Nitrite
	Kjeldahl
	
	Fecal

	
	
	
	Oxygen
	
	
	Transparency
	Solids
	Phosphorus
	Nitrogen
	Nitrogen
	Nitrogen
	Chloride
	Coliform

	Field i.d.
	Site Description
	Station no.
	(mg/l)
	Temp(C)
	pH
	(cm)
	(mg/l)
	(ug/l)
	(mg/l)
	(mg/l)
	(mg/l)
	(mg/l)
	per 100ml

	SA-1
	Sailor Ck at Old Hwy 13
	10021054
	8.5
	11.8
	nd
	65
	<2
	36
	0.024
	0.023
	1.18
	2.8
	50

	RI-2
	Riley Ck at FR 147
	10031611
	5
	11.1
	nd
	95
	<2
	26
	0.03
	<0.019
	0.93
	2.5
	<10

	SP-3
	Springstead Ck at Shady Knoll Rd
	10029437
	6.3
	11.6
	nd
	89
	<2
	28
	0.022
	0.027
	0.97
	2.9
	<10

	HA-4
	Hay Ck at Hwy 182
	10029435
	5.7
	11.8
	nd
	75
	<2
	32
	0.028
	0.023
	1.48
	3.1
	10

	MU-5
	Murray Ck at Divine Rapids Rd
	10021052
	8
	10.7
	nd
	98
	3
	40
	0.033
	0.06
	1.28
	6.1
	10
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	Nitrate
	Total 
	
	

	
	
	
	Dissolved
	
	
	
	Suspended
	Total
	Ammonia
	plus Nitrite
	Kjeldahl
	
	Fecal

	
	
	
	Oxygen
	
	
	Transparency
	Solids
	Phosphorus
	Nitrogen
	Nitrogen
	Nitrogen
	Chloride
	Coliform

	Field i.d.
	Site Description
	Station no.
	(mg/l)
	Temp(C)
	pH
	(cm)
	(mg/l)
	(ug/l)
	(mg/l)
	(mg/l)
	(mg/l)
	(mg/l)
	per 100ml

	SA-1
	Sailor Ck at Old Hwy 13
	10021054
	12.2
	7.7
	6.5
	>120
	<2
	24
	<.015
	0.043
	0.65
	2.2
	<10

	RI-2
	Riley Ck at FR 147
	10031611
	10.1
	7
	5.7
	>120
	<2
	17
	0.018
	0.025
	0.55
	2.8
	<10

	SP-3
	Springstead Ck at Shady Knoll Rd
	10029437
	11.3
	8
	6.7
	>120
	<2
	20
	<.015
	<.019
	0.56
	2.8
	<10

	HA-4
	Hay Ck at Hwy 182
	10029435
	10.5
	8.5
	6.1
	>120
	<2
	21
	<.015
	<0.19
	0.7
	2.2
	<10

	MU-5
	Murray Ck at Divine Rapids Rd
	10021052
	11.7
	6.6
	6.4
	>120
	3
	23
	0.075
	0.104
	0.67
	5.7
	<10

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	06/01/2011
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	Nitrate
	Total 
	
	

	
	
	
	Dissolved
	
	
	
	Suspended
	Total
	Ammonia
	plus Nitrite
	Kjeldahl
	
	Fecal

	
	
	
	Oxygen
	
	
	Transparency
	Solids
	Phosphorus
	Nitrogen
	Nitrogen
	Nitrogen
	Chloride
	Coliform

	Field i.d.
	Site Description
	Station no.
	(mg/l)
	Temp(C)
	pH
	(cm)
	(mg/l)
	(ug/l)
	(mg/l)
	(mg/l)
	(mg/l)
	(mg/l)
	per 100ml

	SA-1
	Sailor Ck at Old Hwy 13
	10021054
	8.4
	17.4
	6.8
	102
	5
	37
	0.028
	0.053
	1.16
	2.8
	10

	RI-2
	Riley Ck at FR 147
	10031611
	6.4
	16
	6.3
	83
	4
	35
	0.029
	<0.019
	1.08
	3.9
	130

	SP-3
	Springstead Ck at Shady Knoll Rd
	10029437
	7.2
	16.9
	7
	75
	8
	39
	0.043
	0.031
	0.98
	2.7
	20

	HA-4
	Hay Ck at Hwy 182
	10029435
	6.9
	17
	6.5
	85
	5
	33
	0.037
	0.028
	1.18
	2.8
	40

	MU-5
	Murray Ck at Divine Rapids Rd
	10021052
	8.6
	15.7
	7.1
	85
	7
	37
	0.039
	0.118
	1.1
	7.2
	<10
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	Nitrate
	Total 
	
	

	
	
	
	Dissolved
	
	
	
	Suspended
	Total
	Ammonia
	plus Nitrite
	Kjeldahl
	
	Fecal

	
	
	
	Oxygen
	
	
	Transparency
	Solids
	Phosphorus
	Nitrogen
	Nitrogen
	Nitrogen
	Chloride
	Coliform

	Field i.d.
	Site Description
	Station no.
	(mg/l)
	Temp©
	Ph
	(cm)
	(mg/l)
	(ug/l)
	(mg/l)
	(mg/l)
	(mg/l)
	(mg/l)
	per 100ml

	SA-1
	Sailor Ck at Old Hwy 13
	10021054
	7.8
	19.4
	7.3
	115
	3
	40
	0.023
	0.116
	0.78
	2.5
	10

	RI-2
	Riley Ck at FR 147
	10031611
	5
	17.9
	6.3
	88
	8
	58
	0.075
	0.04
	1.42
	4.2
	40

	SP-3
	Springstead Ck at Shady Knoll Rd
	10029437
	7.1
	18.9
	7.1
	102
	9
	53
	0.075
	0.066
	0.99
	2.7
	no result

	HA-4
	Hay Ck at Hwy 182
	10029435
	6.3
	19.1
	6.3
	77
	6
	49
	0.06
	0.063
	1.25
	2.9
	100

	MU-5
	Murray Ck at Divine Rapids Rd
	10021052
	8.2
	16.2
	7.2
	88
	8
	48
	0.038
	0.163
	0.98
	8.2
	150

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	5 date means*
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	Ammonia
	plus Nitrite
	Kjeldahl
	
	Fecal

	
	
	
	Oxygen
	
	
	Transparency
	Solids
	Phosphorus
	Nitrogen
	Nitrogen
	Nitrogen
	Chloride
	Coliform

	Field i.d.
	Site Description
	Station no.
	(mg/l)
	Temp©
	Ph
	(cm)
	(mg/l)
	(ug/l)
	(mg/l)
	(mg/l)
	(mg/l)
	(mg/l)
	per 100ml

	SA-1
	Sailor Ck at Old Hwy 13
	10021054
	8.5
	16.0
	6.7
	> 80.5
	3.0
	40.2
	0.030
	0.056
	1.2
	3.0
	29.0

	RI-2
	Riley Ck at FR 147
	10031611
	5.6
	15.0
	6.1
	> 71.5
	5.6
	43.0
	0.062
	0.021
	1.3
	3.9
	44.0

	SP-3
	Springstead Ck at Shady Knoll Rd
	10029437
	7.1
	15.8
	6.9
	> 90.3
	4.8
	40.0
	0.046
	0.036
	1.0
	3.1
	8.8

	HA-4
	Hay Ck at Hwy 182
	10029435
	6.4
	15.9
	6.3
	> 71.8
	4.0
	38.8
	0.043
	0.029
	1.4
	3.2
	43.0

	MU-5
	Murray Ck at Divine Rapids Rd
	10021052
	8.0
	14.0
	6.8
	> 86.8
	4.5
	41.6
	0.046
	0.095
	1.2
	7.1
	62.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	*Numeric transparency values are based on 4 dates.

	
	05/04/2011 transparencies were > 120 cm at all sites , so the 5 date mean is > the 4 day mean.

	
	pH means are based on 4 dates.

	
	The Springstead Creek fecal coliform mean is for 4 dates only.


APPENDIX 1.

WATER QUALITY PARAMETER DISCUSSION FOR

SOUTH FORK FLAMBEAU RIVER TRIBUTARY MONITORING

2010-2011

Monitoring of South Fork Flambeau tributaries by volunteers from the South Fork Flambeau Watershed Association included measurements or testing for the following water quality parameters:

Field measurements  
Dissolved Oxygen (D.O.) measured in milligrams per liter (mg/l).

pH measured in standard pH units.

Temperature measured in degrees Celsius.

Transparency measured in a transparency tube in centimeters.

Lab tests

Total phosphorus reported in milligrams per liter (mg/l), but easier to discuss when converted to micrograms per liter (ug/l).  mg/l divided by 1,000 = ug/l.

Total Kjeldahl nitrogen reported in mg/l.

Ammonia nitrogen reported in mg/l.

Nitrate plus nitrite nitrogen reported in mg/l

Suspended solids reported in mg/l.

Chloride reported in mg/l.

A brief discussion of these parameters follows.  The tributaries being monitored have watersheds which are mostly undeveloped, so the discussion focuses on naturally occurring variations of these parameters.

Dissolved oxygen (D.O.) in water is needed by fish and other aquatic animals for respiration.  Even aquatic plants need D.O. when they are respiring at night.  Oxygen can slowly move into water from the air, or it can be produced by the photosynthesis of aquatic plants and algae.  In warmwater streams, a D.O. concentration of 5 mg/l is generally considered necessary to support a full range of aquatic life.  Mortality of fish can occur when D.O. concentrations fall below about 1 mg/l.  Decomposition of organic matter in water consumes oxygen and lowers D.O. concentrations.  Under natural conditions, the organic matter, such as leaves and dead vegetation, that enters a stream usually does not cause serious depletion of D.O.  However, streams heavily influenced by wetlands can show naturally occurring D.O. depletion due to the larger inputs of organic matter.  Stained (“tea-colored”) water seen in wetland drainage contains dissolved organic materials that are still in the process of decomposition and are consuming oxygen.  Wetland streams also tend to be low-gradient, slow-moving streams with large amounts of organic materials deposited on the stream bottom.  This material is also decomposing and consuming oxygen from the water.

Human inputs of organic wastes such as inadequately treated sewage or industrial discharges or manure runoff can also result in D.O. depletion in a stream, in some cases causing catastrophic fish kills. 

pH is a measure of the hydronium ion concentration in water.  It is often expressed in terms of acidity (pH less than 7) or alkalinity (pH greater than 7).  A pH range of 6 to 9 can be tolerated by most aquatic organisms.  Some organisms are adapted to tolerate lower or higher pH ranges.  pH is influenced by the local geology and the water’s source.  Areas with carbonate minerals (limestone, dolomite) in soils and bedrock, such as southern Wisconsin, will have higher stream pH’s.  Areas without carbonate minerals, such as much of northern Wisconsin, will have lower stream pH’s.  Groundwater discharging to a stream will tend to have a higher pH.  Under low flow conditions, most streamflow is groundwater discharge, so pH’s tend to be higher then.  Rainfall and surface runoff tend to have lower pH’s, so during high flow conditions when there is a lot of runoff, pH’s tend to be lower.

Photosynthesis by aquatic plants and algae can also affect pH.  During the day, when photosynthesis is occurring plants remove carbon dioxide from the water which causes pH to increase.  Streams with an abundance of aquatic plants or algae will have higher daytime pH’s.   At night when plants respire and release carbon dioxide, pH decreases.

Wetland influenced streams tend to have lower pH’s as a result of the enhanced organic decomposition that occurs in these areas.

Temperature maximums in summer generally determine the type of fish community that will be present in a stream.  Streams with greater groundwater inputs will have cooler summer temperatures.  Shading will reduce temperature gains caused by sunshine.  Maximum daily mean water temperatures less than 22oC are required for coldwater (trout) streams.  Coolwater streams have maximums between 22 and 24oC.  Coolwater streams can sometimes support limited trout populations as well as several minnow species that prefer cool water.  Warmwater streams have maximums greater than 24oC and generally support only warmwater fish species.

Temperature in centigrade times 9/5, plus 32 = temperature in Fahrenheit.

Transparency is a measure of water clarity and is reduced by both suspended solids (particles) and the dissolved organic materials that cause staining.  Suspended solids usually have a greater influence than dissolved organic materials.  Runoff from areas of exposed soil, such as agricultural fields, construction sites, and unpaved road surfaces can be major sources of suspended solids.  During runoff events and high stream flows, more suspended solids will be present.  Resuspension of solids that settled on the stream bottom during low flow periods, also contribute.  Dissolved organic materials are present mostly in wetland drainage as a result of decomposition of plant tissue.  

Total phosphorus includes both dissolved and particulate bound phosphorus.  Phosphorus is an important plant nutrient that often limits the growth of non-rooted plants in aquatic systems.  The amount of filamentous algae and diatom films on rocks and other surfaces in streams are regulated by phosphorus concentrations.  When streams flow into lakes, the amount of planktonic algae that grows is also regulated by phosphorus concentrations.  Phosphorus concentrations are usually low in streams draining undeveloped areas.  Additional phosphorus inputs can result from cropland runoff, soil erosion, manure runoff, fertilizer use, and sewage.  Properly functioning septic systems will retain most sewage phosphorus in the soil, but poorly functioning systems can allow phosphorus to reach streams.

Nitrogen – 3 forms of nitrogen are being measured: total Kjeldahl nitrogen, ammonia nitrogen, and nitrate plus nitrite nitrogen.  Nitrogen is an important plant nutrient, especially for rooted aquatic plants.  Increased nitrogen can result in increased abundance of rooted aquatic plants.  Nitrogen concentrations are usually moderate in streams draining undeveloped areas.   Additional nitrogen inputs can result from cropland runoff, soil erosion, manure runoff, fertilizer use, and sewage.  Removal of nitrogen by septic systems is quite variable and dependent on soil type.  Sandy soils are most likely to allow most sewage nitrogen to reach streams in the form of nitrate.

Total Kjeldahl nitrogen (TKN) includes nitrogen bound by organic material and ammonia nitrogen.  TKN minus ammonia nitrogen = organic nitrogen.  Organically bound nitrogen is not available for plant use until it is released by further decomposition.

Ammonia nitrogen (NH3) is readily available for plant use.  Ammonia nitrogen tends to be higher under low oxygen conditions.  When oxygen is abundant, ammonia nitrogen gets converted to nitrate nitrogen.  Ammonia nitrogen is toxic to fish at high concentrations.

Nitrate plus nitrite nitrogen – Nitrate nitrogen is also generally available for plant use.  It is the most oxidized (NO3) and stable nitrogen form in streams.  However, it can be converted to ammonia nitrogen under low oxygen conditions.  Nitrite is an intermediate, slightly less oxidized (NO2) form of nitrogen.  It can be converted to nitrate under high oxygen conditions, or ammonia under low oxygen conditions.

Total nitrogen is sometimes used as a basis of comparison between streams.  Total nitrogen = TKN plus nitrate plus nitrite nitrogen.

Suspended solids is a measure of particulate matter suspended in water.  Soil particles and tiny particles of decomposing vegetation account for most suspended solids.  Suspended solids are usually low in streams draining undeveloped areas.  Suspended solids reduce water clarity and so there is a general relationship between suspended solids concentrations and transparency measurements.  Coarse bottom materials such as gravel and cobble that are of high value to fish and invertebrates can be blanketed and degraded when suspended solids settle on them.  Suspended solids are higher during runoff events, when runoff is carrying soil and organic particles to streams and resuspension of settled solids occurs.  Additional suspended solids inputs can result from cropland runoff, soil erosion, road runoff, and manure runoff. 

Chloride concentrations in streams draining undeveloped areas are usually low and result from the slow decomposition of minerals in soils and bedrock.  Chloride ions are very inert and once released, will travel freely with surface water or groundwater.  Additional sources of chloride include road salt, fertilizer, manure, and sewage. 

Fecal coliforms are bacteria present in the feces of mammals and birds.  Fecal coliforms do not commonly cause disease, but their presence indicates a water is receiving inputs of fecal material and so other disease causing bacteria, viruses, and parasites can potentially also be present.  Average fecal coliform concentrations > 200 / 100ml indicate a water is unsafe for full body contact.  Wildlife can be a source of fecal coliforms, but concentrations are typically low when wildlife are the only source.  When high concentrations of fecal coliforms are found, poorly treated sewage and livestock manure are most commonly the sources.   
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