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Class 2

• Water Quality: Characteristics, Pollutants, Parameters
• Water Monitoring
• Point Source vs Non-Point Source Pollution
• Water Quality Data: Management and Assessment

Turkey River near Elkader



IIHR―Hydroscience & Engineering
Research, Education, and Service

4

How do we define 
“WATER QUALITY”?

•Drinking Water
• Streams
• Lakes

• Estuaries
•Oceans 
• Aquifers
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How do we define “POLLUTION”?

Pollution is the introduction of contaminants into the natural 
environment that cause adverse change to other species and 
potentially threaten our own.

• Chemicals
• Heat
• Noise
• Trash

• Light
• Microorganisms
• Radioactivity

One species’ pollution might 
be another’s food or habitat!
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High levels of copper, lead, and potassium in sediments of bays and streams
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Indigenous Farming likely caused water pollution
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312 B.C. Rome
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1954 London

John Snow
1883 Robert Koch isolated Vibrio cholorea

1883-1920 major advances in drinking 
water safety in the western world
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Human Wastewater Conveyance and Treatment

Industrial Revolution brought large migration to the cities

~1900 New York City
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Human Wastewater Conveyance and Treatment

• Conveyance systems constructed in 1850s, Chicago 
and Brooklyn were the first

• Worcester, MA, first US treatment plant with 
chemical precipitation in 1890

• University of Manchester, 1912: discovery of 
activated sludge treatment

• Following WWI, slow but steady adoption of 
conveyance and treatment in Western World Cities
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World War II
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Industrial Discharge
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1960s: Change

1962
• Birds
• Chemical Industry
• Pesticides
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1966 Buffalo River
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Cuyahoga River Fire: 1969
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Earth Day, 1970

1970: First Earth Day
Gaylord Nelson (WI)

John Lindsay, mayor of 
NYC
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1970s

January 1, 1970 Nixon signs NEPA bill

December 2, 1970 Nixon creates Environmental Protection Agency by executive 
order
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Clean Water Act

Proposed in October 1971, Edmund Muskie

Passed Congress October 4, 1972

Vetoed by President Nixon on October 17, 1972
Veto override October 17 and 18, 1972

“Federal Water Pollution Control Act Amendments of 
1972”
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Clean Water Act

• “Restore and maintain the chemical, physical, and biological 
integrity of the waters of the United States”

• Navigable Waters
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Clean Water Act

Point sources may not discharge pollutants to surface waters without a 
permit from the National Pollutant Discharge Elimination System (NPDES). 
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Clean Water Act

Technology Based Standards:

Standards developed based on the performance of pollution control technologies 
without regard to the conditions of a particular receiving water body. 

Best Available Technology Economically Achievable is defined at CWA section 
304(b)(2). In general, BAT represents the best available economically achievable 
performance of plants in the industrial subcategory or category. Factors considered in 
assessing BAT include: cost of achieving BAT effluent reductions.

Created a “level playing field“: 

National discharge standard for all facilities within a category, using a "Best Available 
Technology." 

The standard becomes the minimum regulatory requirement in a permit. If the 
national standard is not sufficiently protective at a particular location, then other 
water quality standards may be employed

TMDL
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Clean Water Act

After application of technology-based standards to a 
permit, if water quality is still impaired, state or EPA 
may add water quality-based limitations to that 
permit. 

Designated uses
Water quality criteria

Antidegradation policy
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Clean Water Act: Financing

Congress created a major public works financing program for municipal sewage 
treatment in the 1972 CWA. 

A system of grants for construction of municipal sewage treatment plants was 
authorized and funded

federal portion 75% 

Transitioned to Revolving Loan Fund in 1987 amendment on the principle of 
"polluter pays".

Controlled discharge lagoon: 
Primary treatment of screening 
and settling

Secondary Treatment using biological 
processes/activated sludge



IIHR―Hydroscience & Engineering
Research, Education, and Service

31



IIHR―Hydroscience & Engineering
Research, Education, and Service

32



IIHR―Hydroscience & Engineering
Research, Education, and Service

33

Non-Point Sources

Not covered:

Stormwater runoff from industrial and agricultural sources

Irrigation return flows

Municipal storm drains
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1999: urban 
stormwater 
regulated

$375 per acre 
per year!
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4% of US area
80% of US population
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Non-point Sources from Ag
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Non Point Sources

The 1987 amendments to the Clean Water Act (CWA) established the Section 
319 Nonpoint Source Management Program.

• Addressed the need for greater federal leadership to help focus state and 
local nonpoint source efforts.

• States receive grant money that supports a wide variety of activities 
including technical assistance, financial assistance, education, training, 
technology transfer, demonstration projects and monitoring to assess the 
success of specific nonpoint source implementation projects.

• Average funding: $156M/year
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Other Non-Point Source Programs

Farm Bill conservation programs
CRP: Conservation Reserve 
EQIP: Environmental Quality Incentive 
WHIP: Wildlife Habitat Incentive
CSP: Conservation Stewardship
AWEP: Agricultural Water Enhancement
RCPP: Resource Conservation Partnership
WRP: Wetland Reserve Program
GRP: Grassland Reserve Program
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BREAK
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Safe Drinking Water Act

Introduced in the Senate 1/18/73 by Warren Magnuson 
(WA)

Signed into law by President Ford 12/16/74
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Safe Drinking Water Act

Unlike CWA, many states did have 
regulatory programs
Improved laboratory detection techniques 
showed many water supplies to be 
contaminated
Regulated drinking water for 155,000 
public water supplies (PWSs) across the 
U.S.

89% of Americans drinking 
water regulated by SDWA
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Safe Drinking Water Act

6 organic chemicals

10 inorganic chemicals (nitrate was one)

Turbidity

Coliform bacteria

Now: about 100 regulated contaminants



IIHR―Hydroscience & Engineering
Research, Education, and Service

44

Safe Drinking Water Act

Utilities (PWSs) must:

• Monitor for regulated contaminants

• Install treatment to remove contaminants to safe levels (MCLs)

• Report Contaminant levels to the public

• Much less controversial than the CWA
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Safe Drinking Water Act

Some Contaminants Come from Water Distribution Systems
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Defining the Pollutants
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The Pollutants

Chemical
Natural or Manmade

Organic
Inorganic/salts

Medicines
Acids/Bases
Pesticides
Nutrients

Physical
Temperature
Sediment/soil

Light/cloudiness
Trash

Radioactivity

Biological
Bacteria
Viruses
Algae

Cyanobacteria
(Blue-green algae)
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Pollution Can be the Absence of Something

Dissolved 
Oxygen
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One type of pollutant can produce 
another

N and P
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Effects of water pollution

Human Health 
(Ingestion)

Aquatic Life Contact Recreation
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Effects of Water Pollution

Irrigation Industrial Uses
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NO3

PE coli

Pesticides

Sediment

Toxic 
chemicals

Endocrine 
Disruptors

temperature

Human Health 
Ingestion

Contact Recreation

light

NH3

metals

pH

Bluegreen
algae

Giardia

Viruses

Green algae

Aquatic Life
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Measurement and Monitoring

Lab
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Measurement and 
Monitoring

Field
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Measurement and Monitoring

Human Observation
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Measurement and Monitoring
Measurement technology can drive policy and 
science of pollution



http://iwqis.iowawis.org/

WQIS

http://iwqis.iowawis.org/
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Watershed Monitoring Design: Project Scale
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Watershed Monitoring Design: Upstream/Downstream
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Watershed Monitoring Design: Reach Scale
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Watershed Monitoring Design: Landscape Scale



IIHR―Hydroscience & Engineering
Research, Education, and Service

63

Biological 
Monitoring and 
Water Quality 
Indices
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Bioindicators

Smallmouth bass

Brook trout

Channel catfish
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Biological 
Indicators

• IBI: Index of Biotic 
Integrity

• BMIBI: Benthic 
Macroinvertebrate Index of 
Biotic Integrity 

MONITORING 
IS EXPENSIVE!
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Water Quality Index

• Single value index that objectively translates 
a body of data into one value

• Concept dates to at least 1848

Two types:
• Water Quality Index (high #’s for good water, low 

#’s for bad water)
• Water Pollution Index (low #’s for good water, 

high #’s for bad water)
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Confounding factors

• Spatial variation in natural condition
• No reference streams (what *should* good 

water quality look like?)
• Hydrological changes

Billy Beck
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Process
1. Selection of water quality parameters that will determine the index 
value
2. Transformation of parameter data to common or arbitrary unit

3. Weighting of the parameter (not always done)
4. Aggregation of index values to final index score.
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Iowa
• WQI created by DNR in 2005
• Modification of WQI created by the National 

Sanitation Foundation
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Then 2014 happened

-IWQI: 
• subindex of any parameter without a result to be assigned a score of 50 

for that subindex. 

-In 2014, budget problems ended pesticide monitoring
-IWQI with one subindex score of 50 and the rest at a maximum‐best of 100 
produced a total IWQI of 87
• excellent rating was mathematically impossible.
-Total pesticide levels:
• below 1.5 parts per billion (ppb) received a subindex score of 100
• 1.5‐3 ppm receive a 50; 
• greater than 3 ppb received a 10. 
• Historically, 90% of the Iowa samples measured below 1.5 ppb.
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• Compare the parameters used for IWQI with those of other well‐known water 
indices, within the context of their relevance for Iowa waters.

• Use available water quality from IDNR's water monitoring program to assess how 
the different indicators compare when applied to Iowa waters.

• Develop alternative(s) to IWQI that will more accurately assess Iowa waters 
while increasing utility of the "Index" concept for policy‐makers, agencies, and 
lay people.

Three components of our work:
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Tasks

1. Literature search and review
2. Data Aggregation
3. Apply Iowa data to existing 

indices
4. Develop potential alternative to 

IWQI
5. Reporting
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Aggregated data from 12 
watersheds that would be 
representative of the state 
as a whole (landforms, 
latitude, longitude)
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Alberta WQI

47 variables (metals, 
ions, pesticides, 
nutrients and related 
variables, bacteria).

“Performance 
Indicator” i.e. 
calculated based on 
the fraction of 
samples that meet 
designated 
thresholds.

Thresholds can be 
set at whatever level 
the user wants.

Index 
accommodates any 
number of 
parameters > 2
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Considerations

• Easy to understand by the public and policy makers.
• Focus on stressors most important to water quality in 

Iowa.
• Necessary monitoring is not prohibitively expensive.
• Sufficient flexibility to endure changes in budget.
• Able to allow incorporation ideas from DNR staff and 

scientists.
• Able to change with changing public perceptions and 

expectations.
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What parameters are driving water quality in Iowa Streams?

What parameters can be easily and inexpensively monitored?

1. Dissolved Oxygen 
2. Total Nitrogen (Kjeldahl N, 

Nitrate, Nitrite)
3. Total Phosphorus
4. E. coli
5. Turbidity



IIHR―Hydroscience & Engineering
Research, Education, and Service

80



IIHR―Hydroscience & Engineering
Research, Education, and Service

81

Threshold Scenarios

Dissolved Oxygen. 
• Proposed 5 mg/L. Both Illinois and Minnesota use a standard of 5 mg/L with some 

caveats. Illinois rules state DO must always exceed 5 mg/L with a daily mean over a 
week-long period exceeding 6.25 mg/L. The Minnesota standard for Class A streams 
(essentially trout streams) is 7 mg/L. 

Turbidity. 
• 25 NTU, which is the Minnesota stream standard for all waters except Class 2A 

waters, where the standard is 10 NTU.
• Acknowledging the possibly natural turbidity associated with lower reaches of 

Missouri River tributaries, we also considered a 50 NTU threshold. North Carolina 
considers instantaneous turbidity of 50 NTU in aquatic life protections.
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Total Phosphorous 

0.18 mg/L = 45% reduction in current mean phosphorus levels 
(‘99-’13) by Wang et al. 2013.
MN Southern Regions streams: 0.15 mg/L

Total Nitrogen

3.5 mg/L = 45% reduction in mean N concentrations (’98-’12) 
by Chan et al. (2013).
Also some evidence that this is protective of larval forms of 
some fish species (Carmargo et al. 2005).
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New EPA Guidance on E. coli
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3/44 improving (>5%)

16/44 <5% change

25/44 declining (>5%)
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Overall Statewide Averages

2000-2006: 38.1
2007-2013: 40.8
2014-2020: 37.5

Two streams on continuous decline:
Old Man’s Creek, West Nodaway
One stream on continuous improvement: North 
River
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KJN 7.7 mg/L!

River runner

https://river-runner.samlearner.com/?utm_source=morning_brew
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What parameter(s) are separating Iowa streams?
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Water Quality Index

Hopeless

Best
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What Can Be Done?

1. Ban cropping in the 2-year Flood Plain

2. Ban fall tillage

3. Ban manure on snow and frozen ground

4. Make farmers adhere to ISU fertilization guidelines

5. Reformulate CAFO Regulations
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