
Welcome to the 1st Webinar in the Series
Monitoring & Assessment for Watershed Plans: 

Identifying, Accessing, and Using Data 
to Protect and Restore Indiana’s Waters

Each Monday in May at noon

Today’s Webinar: 

Types of Monitoring and Assessment Data 
and What They Mean

Presented by Barry Tonning, Tetra Tech



Types of
Monitoring and 

Assessment Data
and What They Mean



Top Two Questions for State 
Water Resource Agency Personnel:

• Where are the best 
places to fish?

– Aquatic life support

• Is my water safe to 
drink?

– Human health 
considerations



Watershed planning & management

• Watershed planning is 
a weight-of-evidence 
based cycle of 
assessments and 
actions to improve 
water quality

• What measures can we 
use for assessments?



What should we monitor?

• Indicators that:

– Characterize the watershed

– Define and/or refine your 
understanding of the 
problem(s), such as water 
quality criteria violations, etc.

– Show changes in targeted water 
quality or habitat conditions



Measuring watershed health

Measurements can be taken:

• In the stream, river, lake, or 
wetland

• Along the bank area

• Within the uplands regions

– Land uses/cover/mgmt practices

• Agricultural – crops & livestock

• Logging and mining sites

• Towns and cities



Measurements in the 
stream or river



How scientists conceptualize the 
variables affecting water quality: 
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Structural, functional, & other elements impacting water quality



Quick review of the most common (and 
useful) in-stream water quality indicators 





How sediment is measured

• Total suspended solids: part of 
sample filtered; ~ 0.45 microns 
(µm) and larger weighed (mg/L) 

• Suspended sediment concentration: 
same, but all of sample filtered

• Settleable solids: Imhoff cone, 1 hr 

• Bedload sediment: Scour chains, 
volumetric estimates

• Suspended and bedload sediment: 
both are added together



We can also 
measure water 
“cloudiness,” or 

turbidity



We can also measure water 
“cloudiness,” or turbidity



Parameter Target Reference/Other Information

Suspended 
Sediment 

Concentration 
(SSC)

Max: 25.0 mg/L
U.S. EPA recommendation for 
excellent fisheries

Range: 25.0-80.0 mg/L
U.S. EPA recommendation for good 
to moderate fisheries

Total Suspended 
Solids (TSS)

Max: 80.0 mg/L
Wawasee Area Conservancy 
Foundation recommendation to 
protect aquatic life in lake systems

Max: 30.0 mg/L IDEM draft TMDL target

Range: 25.0-80.0 mg/L
Concentrations within this range 
reduce fish concentrations (Waters, 
1995)

Max: 40.0 mg/L
New Jersey criteria for warm water 
streams

Max: 46.0 mg/L
Minnesota TMDL criteria for 
protection of 
fish/macroinvertebrate health

Turbidity
Max: 25.0 NTU

Minnesota TMDL criteria for 
protection of 
fish/macroinvertebrate health

Max: 10.4 NTU U.S. EPA recommendation

Target values for solids & turbidity



Dissolved oxygen: a 

key water quality 

measure
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Dissolved Oxygen Levels

Over 14? Check your test!

10-14 mg/L – excellent

7-10 mg/L – good

4-7 mg/L – fair

0-4 mg/L - poor
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pH: an important parameter!

• Measures hydrogen ion strength

• Indicates acidity or alkalinity

• pH is affected by:

– Geology (e.g., limestone)

– Acidic precipitation

– Disturbances (mine wastes)

– Polluted runoff 

– Discharges



Indiana 
WQC



The importance of maintaining 
acceptable pH ranges . . . 



Nutrients: phosphorus & nitrogen

Lab analysis 
required



Phosphorus

• Major concern for inland 
fresh waters

• Sources include 
wastewater plants (~ 1 – 5 
mg/l) and polluted runoff 
(variable)

• Runoff sources: dissolved 
& particulate

• Major portion from 
cultivated fields (~ 75-
90%) is soil-based



Phosphorus

• Dissolved form is usually 
less, but is IMMEDIATELY 
bio-available to algae

• Dissolved phosphorus 
increases in pastures, 
reduced tillage fields

• Concentrations of >0.3 
mg/l linked to water 
quality impairment (.05 
mg/l for lakes)



Nitrogen
• Nitrogen is measured as 

nitrate (NO3) plus nitrite 
(NO2)

• Supports algae growth; 
mostly a concern in 
coastal waters

• Drinking water limit is 10 
mg/l (nitrate)

• Ammonia toxic at very 
low (~ .02 - .2 mg/l) 
concentrations (higher 
temp & pH = more NH3 
ammonia, less NH4 
ammonium)



Parameter Target Reference/Other Information

Nitrate-nitrogen
(NO3)

Max: 0.633 mg/L U.S. EPA recommendation *

Max: 1.0 mg/L

Ohio EPA recommended criteria for 
Warm Water Habitat (WWH) headwater 
streams and Modified Warm Water 
Habitat (MWH) headwater streams

1.5 mg/L
Dividing line between mesotrophic and 
eutrophic streams (Dodd et al. 1998)

10.0 mg/L IDEM draft TMDL target

Ortho-Phosphate; a/k/a
Soluble reactive phosphorus 

(SRP)
Max: 0.005 mg/L

Wawasee Area Conservancy Foundation 
recommendation for lake systems

Total Kjeldahl Nitrogen 
(TKN)

Max: 0.591 mg/L U.S. EPA recommendation *

Total Phosphorus

Max: 0.076 mg/L U.S. EPA recommendation

0.07 mg/L
Dividing line between mesotrophic and 
eutrophic streams (Dodd et al. 1998)

Max: 0.08 mg/L
Ohio EPA recommendation to protect 
aquatic biotic integrity in WWH

Max: 0.3 mg/L IDEM draft TMDL target

Target values for nitrogen & phosphorus





Conductivity meter (and you get a thermometer!)



Temperature: different ranges for 
different biological functions



Metal 
monitoring info 
is available at 
the NEMI web 

site

www. 
nemi. 
gov



Fish consumption 
advisories – based on 

fish tissue analysis



Bacteria – a human health 
threat. Most programs now 

measure E. coli bacteria 
“colony-forming units” per 
100 milliliters of raw water



Water quality criteria for Indiana surface waters
Parameter Target

Total Ammonia 
(NH3)

Range between 0.0 and 0.21 mg/L depending 
upon temperature and pH

Dissolved Oxygen 
(DO)

Min: 4.0 mg/L Max: 12.0 mg/L

Min: 6.0 mg/L in coldwater fishery streams

Min: 7.0 mg/L in spawning areas of coldwater 
fishery streams

E. coli

Max: 235 CFU/ 100mL in a single sample

Max: Geometric Mean of 125 CFU/ 100mL 
from 5 equally spaced samples over a 30-day 
period

Nitrite-N + 
Nitrate-N

Max: 10 mg/L in waters designated as a 
drinking water source

Temperature
Dependent on time of year and whether 
stream is designated as a cold water fisheries



Assessing biota and habitat



Mayfly Larva

Mayfly Adult

Stonefly Adult

Stonefly Larva

Dragonfly Larva

Dragonfly Adult

Hellgrammite Larva Dobsonfly Adult

Macroinvertebrate analysis: 
inexpensive & comprehensive



Organisms can be categorized according 

to their tolerance for pollution or poor 

habitat conditions

Good Mid Range Poor



Hoosier 
Riverwatch 

Summary ID 
Key

Method is simple & 
volunteer-friendly



Note: Organisms in 

the river or stream 

will vary . . .  small 

headwaters streams 

are different from 

large rivers!



Birds

Vascular Plants

Amphibians

Other biological indicators

Algae

Fish



Symptoms of lower quality

• Bigger percentage of 
tolerant species

• Lower proportion of 
predators 

• Higher numbers of 
"generalists”

• Greater proportion of 
exotics (invasive species)

• More DELTs – deformities, 
eroded fins, lesions, tumors



Flow data at US Geological Survey web site: 
http://waterdata.usgs.gov/nwis/rt

Why is flow important?



Temperature, 
flow, and 

some water 
quality data 

is available at 
the USGS 
web site



Optimal

Suboptimal

Marginal

Poor

Siltation and 

other structural 

(physical) 

aspects of the 

stream affects 

habitat



Stream Bottom Structure & Critter Cover

Optimal Poor Range



Embeddedness

Optimal Poor Range



Velocity-Depth Combinations

Optimal
Poor Range



Sediment Deposition

Optimal Poor Range



Channel Flow Status

Optimal Poor Range



Channel Alteration

Optimal Poor Range



Frequency of Riffles

Optimal

Poor Range



Indiana’s 
Qualitative 

Habitat 
Evaluation 

Index
is based on 

Ohio’s approach

http://monitoring
protocols.pbwork
s.com/f/IDEM+Q

HEI+SOP.pdf



Qualitative Habitat Evaluation Index

• Substrate – stream bottom & composition

• Instream cover

• Channel morphology – shape and alterations

• Bank erosion & riparian zone 

• Pool and glide quality

• Riffle quality

• Gradient

• Human impacts



Hoosier 
Riverwatch 
QHEI form 
summarizes 
the same 

parameters ...



Measurements along 
the bank area



Measureable indicators

along the bank area:

Riparian buffer



Bank Stability

Poor Range

Optimal



Bank Vegetative Protection

Poor RangeOptimal



Riparian Vegetative Zone Width

Optimal

Poor Range



Summary: types of data needed 
for holistic assessments

• Chemical
– DO, pH, nutrients, 

metals, pesticides

• Physical
– Flow, temp, turbidity, 

habitat, pool/riffle

• Biological
– Indices of biological 

integrity, macro 
invertebrates, bacteria, 
riparian cover 



Future Webinars in this Series

May 10:  Which Data Are Important and Why?  

May 17: Using Data to Support Watershed 

Protection and Restoration Decisions  

May 24: Dealing With Uncertainty in 

Watershed Assessments 

Information and Registration at 

http://www.purdue.edu/watersheds; Click on the “Webinars” 

tab

http://www.purdue.edu/watersheds

