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What do we need to know to 
make management decisions to 
address the water quality issue?



Cuyahoga River on Fire
Time Magazine:

“the river that oozes rather than flows”

Photo from the Cleveland State University, Michael Schwartz Library, Special Collections



The “Fishable and Swimmable” Standard

 303: Water Quality Standards

 319: Nonpoint sources

 402: Point sources

Health based drinking water standards
 Drinking Water Standards

 Source water protection



 Bottled Mineral Water

 Distilled Water

 Disinfected water

 Water with a pH of 7

 Water with low calcium and magnesium (hardness)

Can’t answer the question in the absence of a beneficial use (it is subjective)



Water Quality Standards 

• Narrative  Standard for Sediment 
• “No increases are allowed above naturally occurring concentrations of sediment, 

settleable solids, oils or floating solids, which will or are likely to create a nuisance or 
render the waters harmful, detrimental, or injurious to public health, recreation, 
safety, welfare, livestock, wild animals, birds, fish, or other wildlife"

Need to account for 
natural variability to 
understand human 

caused issues

Standards Incorporate: Use & Stream Classification

• Numeric – 
• Specific metrics (concentrations or other things you can put a number on)



Impairment of Montana Streams and Rivers

1,174 Assessment Units; 1,101 are rivers and streams  



Point vs. Nonpoint Source Pollution
Section 402

National 
Pollution 
Discharge 

Elimination 
System

Section 319 
Non-Point 

Source 
Pollution

Permit System Voluntary







Current Annual Load = 650 kg/yr

Annual Load Limit = 450 kg/yr

Required reduction = 200 kg/yr
Forest road and upland erosion

Contributing 100 kg/yr

Eroding stream banks

Contributing 300 kg/yr

Municipal Storm Water Runoff

Contributing 100 kg/yr

Waste Water Treatment Plant

Contributing 50 kg/yr

Natural Background

Contributing 100 kg/yr
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Chemical Biological

Mississippi River Delta

visualizingearth.ucsd.edu

Physical



Soil Loss

Images/graphics from : Adam Sigler; Stanley Szczytko; NRCS; State of CA

Sediment Transport is a 

Natural Process

Cover streambed gravels 



Nephalemetric Turbidity Units (NTUs)

Turbidity

Grab Samples Channel Substrate

Pebble Counts Pools Tail Fines

Gravelometer

(Water Column)



N -P

 Eutrophication

 Reduced Dissolved Oxygen

 Fish kills or displacement

 Recreation Impairment

 Economic Impacts



How to collect a grab sample: MSUEWQ YouTube







 DEQ-7

 Chronic Standards

 Acute Standards 

Aquatic Life





 Escherichia coli

 Fecal indicator 
bacteria



 Impacted 
by weather, 
light and 
other 
factors.

 Grab 
sample

 Short hold 
time  



 Temperature

 pH

 Dissolved Oxygen

 Specific Conductivity



Calibration and maintenance = most important part

How to Calibrate a YSI Pro Plus Meter: MSUEWQ YouTube



 How much electricity 
does a water sample 
conduct?



pH data from long-term monitoring

Similar issues pH issues with another program

Detailed calibration log with time to pH equilibration

Blue = probe

replacement

Green = 

calibration & 

maintenance

probe

replacement





Concentration
1000 mg/L

Discharge
1 cfs

Concentration
10 mg/L

Discharge
1000 cfs

Load
900,000 kg/yr

Load
9,000,000 kg/yr



Float Method

Rating Curves and Hydrographs



Water Quality - Patterns in Nature

Flow

Sediment
(Particulate)

Salinity
(Dissolved)

SpringWinter Summer Fall





1. Primary sources?

2. Spatial distribution of sources?

3. Pathways of delivery to receiving water?

4. Timing of delivery to receiving water?

5. Driver of the issue –what is the causal 
mechanism that links the above elements to 
explain the root of the issue?

Overland Flow
• Fast response to precipitation
• Particulate and dissolved transport
• Can be important during storm events or 

spring runoff
Subsurface Flow
• Slow response to precipitation
• Dissolved transport
• The source of discharge during baseflow



Riparian Vegetation = Natural Pollution Filtration
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Photos from Adam Sigler



1.5 m 
(5 feet)

Lost opportunity for crop 
productivity



Drake and Bauder, 2005 Ground Water Monitoring and 



Nitrate – Helena, MT 1970 Nitrate – Helena, MT 2000

Drake and Bauder, 2005 Ground Water Monitoring and Remediation



1. Primary sources

2. Spatial distribution of sources

3. Pathways of delivery to receiving water

4. Timing of delivery to receiving water

5. Driver of the issue

Driver: What is the causal mechanism that links the 
above elements to explain the root of the issue?

Surface Runoff

Groundwater Pathway



1. High quality water,” is a subjective term that requires knowledge of an intended 

beneficial use for definition

2. Nonpoint source pollution currently impairs more stream miles in the US than point 

source pollution and requires public engagement because compliance is voluntary

3. Fish care about concentrations vs. managers who care about loads

4. Solving water quality issues requires understanding:

1. Primary sources

2. Spatial distribution of sources

3. Pathways of delivery to receiving water

4. Timing of delivery to receiving water

5. Driver of the issue –what is the causal mechanism that links the above 
elements to explain the root of the issue?





What is a SAP? 
• It’s all in the name…

Purpose
• Document WHO, WHAT, 

WHEN, WHERE and WHY of 
your monitoring. 

• To guide your volunteers

• To communicate your plans

Audience
• You
• Volunteers
• The lab
• Funders
• Data users
• Future monitoring coordinators

Key components
• Background

• Goals, Objectives

• Project team and responsibilities

• Sampling design

• Monitoring procedures and 
equipment

• QA/QC

• Data management

• Data analysis 

• Reporting

• Health & safety

• Budget



• Started as a compilation of 
field methods

• Developed into a 
framework for identifying 
appropriate field methods









Catalogue (page 6)





Tributary Sample Site 
(Muddy)

Downstream Mainstem  
Sample Site (Sun)

Upstream Mainstem





Compare to Threshold Calculate Tributary Loads Statistics for Time Trends

What analysis would you do on your data 
to answer your question?
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