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Foreword
This report is the product of research conducted by the Midwest Biodiversity Institute (MBI),
Center for Applied Bioassessment and Biocriteria (CABB) that is focused on State biological
assessment programs and their continuing development. As such the conclusions and
statements herein are the product of MBI research and that presented in this report may not
necessarily reflect the policies or views of the Minnesota Pollution Control Agency (MPCA) past
or present. The state program review process developed by U.S. EPA (2013) was used to
evaluate technical aspects of the MPCA bioassessment program for rivers and streams using
the critical technical elements evaluation process. This follow-up review was done to
determine the level of rigor of the current program and to identify progress made by MPCA
since 2002 towards attaining Level 4 status in support of the adoption, development, and
eventual implementation of tiered aquatic life uses (TALUs) and biocriteria. However, this
analysis does not obligate MPCA to adopting such an approach. It may or may not have
implications for other parts of Minnesota programs that focus on other beneficial uses.
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EXECUTIVE SUMMARY
U.S. EPA, Region V has been working with state programs to systematically evaluate their
biological assessment, monitoring and assessment, and water quality standards programs since
2002. A primary objective is to determine at what level of rigor, as described by U.S. EPA
(2013), these programs operate and to determine how each supports water quality
management decision-making. The goal is to improve the level of rigor such that each state
provides for water body assessments, 303[d] and 305[b] reporting, tiered aquatic life uses
(TALU), biological criteria, determining levels of impairment, and associated causes with a TALU
based program1. This report is focused on the Minnesota Pollution Control Agency (MPCA)
biological assessment program. It links to previous efforts to evaluate the MPCA program and
aquatic life designated uses in the Minnesota Water Quality Standards (WQS; MBI 2004, 2010).
Four critical technical elements evaluations of the MPCA bioassessment program for rivers and
streams have been conducted since 2002. A critical technical element is a specific component
that pertains to how biological data is collected, interpreted, and used to support biological
assessment (U.S. EPA 2013). Recommendations accompanied each of the 2002, 2006, and 2012
reviews and included what was needed in the way of technical changes to elevate the score of
each critical element that was below the maximum. Since the 2006 review MPCA has been
engaged in a process to make technical improvements, and amass resources and organization
to implement a TALU based approach for the assessment and protection of rivers and streams.
The December 2014 critical elements (CE) evaluation was the fourth for the MPCA program
since 2002. The 2014 MPCA critical elements evaluation yielded a raw score of 50.5 which at
97.1% of the maximum possible score of 52 represents a Level 4 program (range 49-52). It
shows a continuous improvement from the original CE score of 72.1% (Level 2) in 2002, 81.7%
(Level 2+) in 2006, and 92.2% (Level 3+) in 2012. These technical improvements were achieved
as a direct result of MPCA deciding to pursue the development of numeric biocriteria and
TALUs. It also demonstrates that attaining a Level 4 program status and having full TALU
program support are mutually inclusive. The technical gaps that were identified in the MPCA
program in the series of critical elements evaluations spanning nearly 15 years have been
successfully addressed such that MPCA now has the technical capacity to support the adoption
and implementation of a TALU based approach.
Of the three elements that did not attain the maximum CE score of 4.0, all scored 3.5 and are
sufficient to support TALU implementation. However, as the TALU based approach is
implemented we expect that at least two elements, Stressor Associations (Element 12) and
Professional Review (Element 13) will improve since active efforts to further develop each are
underway. Increasing the Spatial Coverage (Element 2) score may also occur as follow-up
assessments are conducted to fill gaps in the current spatial coverages as part of the
assignment of TALU tiers to individual stream and river reaches.
1

The “TALU based approach” includes tiered aquatic life uses (TALU) based on numeric biological criteria and implementation
via an adequate monitoring and assessment program that includes biological, chemical, and physical measures, parameters,
indicators and a process for stressor identification.
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TECHNICAL MEMORANDUM
Evaluation of the Minnesota PCA Bioassessment Program
January 16, 2015
Purpose
U.S. EPA, Region V has been working with state programs to systematically evaluate their
biological assessment and water quality monitoring programs to support tiered aquatic life uses
(TALUs) and biological criteria since 2002. A primary objective is to determine at what level of
rigor, as defined by U.S. EPA (2013), these programs operate and to determine how each
supports water quality management decision-making. The overarching goal is to improve the
level of rigor such that each state provides for water body assessments, 303[d] and 305[b]
reporting, refined aquatic life uses, developing biological criteria, determining degrees of
impairment, and associated causes with a TALU based program. This process has been used
since 2002 to evaluate the MPCA technical program and to make recommendations for
enhancements relative to design, methodology, and execution for credible data for making
informed decisions regarding the condition of Minnesota rivers and streams. This included a
detailed description of a TALU framework for MPCA to follow in establishing a TALU based
approach (MBI 2012).
Attendance
The December 16, 2014 review was the fourth in a 15 year period and it took place at MPCA in
St. Paul, MN. Participants included 6 MPCA staff and managers in person and an additional 1
MPCA manager via Live Meeting. The list of participants follows:
_________________________________________________________________________________
Name
Representing
Email
_________________________________________________________________________________
Attending In Person
Will Bouchard
Joel Chirhart
Mike Feist
Dan Helwig
John Genet
Mark Tomasek
Chris Yoder

EAO-WAS-WQS Unit
EAO-SWMS-South Biol. Mon. Unit
EAO-SWMS-South Biol. Mon. Unit
EAO-SWMS-South Biol. Mon. Unit
EAO-SWMS- South Biol. Mon. Unit
EAO-WAS-WQS Unit
Midwest Biodiversity Institute

will.bouchard@state.mn.us
joel.chirhart@state.mn.us
mike.feist@state.mn.us
daniel.helwig@state.mn.us
john.genet@mn.state.us
mark.tomasek@mn.state.us
cyoder@mwbinst.com

Attending via Live Meeting
Scott Niemela
EA&O-SWMS-North Biol. Mon. Unit
scott.niemela@mn.state.us
_________________________________________________________________________________
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Basis for Evaluation
U.S. EPA has supported the development of state and tribal bioassessment programs via the
production of methods documents, case studies, regional workshops, and evaluations of
individual state and tribal programs since 1990. Since 2000, EPA has convened and maintained
a developmental and implementation process for incorporating tiered aquatic life uses (TALUs)
and numeric biocriteria in state and tribal water quality programs (U.S. EPA 2005). The
development and implementation of TALUs is dependent on the rigor, comprehensiveness, and
integration of the bioassessment program as an integral component of the monitoring and
assessment (M&A) and water quality standards (WQS) programs. The quality and make-up of
these programs ultimately determines the quality and accuracy of the outputs of the primary
Clean Water Act management programs such as NPDES permitting, TMDLs, nonpoint source
management (319), and watershed planning. A TALU based approach plays a key role in
determining not only the WQS that are applied in a given management scenario, but also in
determining the extent and severity of impaired waters through the application of numeric
biocriteria via adequate M&A (Yoder 1998; Yoder and Rankin 1998). Hence the development
and implementation of TALUs may alter prior determinations and actions that were based on
general uses and less than adequate M&A.
MPCA Bioassessment Program Evaluation
Given the importance that is placed on the MPCA biological assessment program and the
intentions to adopt TALU based biological criteria (MPCA 2014), an updated critical elements
evaluation was requested by MPCA. The following is a description of the development of the
biological program and current status based on the results of the series of critical elements
evaluations performed since 2002.
Bioassessment Program Description: Streams and Rivers
Since the early 1990s, MPCA has utilized the Index of Biotic Integrity (IBI) and biocriteria
concepts in its stream and river monitoring and assessment program. Narrative language
within Minnesota Administrative Rule identifies an IBI calculation as the primary determinant
for evaluating impairment of aquatic biota (Chapter 7050.0150, Subp. 6, Impairment of
biological community and aquatic habitat). Adoption of the IBIs and biocriteria concepts into
rule followed the Minnesota administrative process and were upheld on appeal (Minnesota
Pollution Control Agency 1993 a,b,c; 2002a,b,c; U.S. EPA 1995, 2003).
Between 1993 and 2002, MPCA developed fish and macroinvertebrate IBIs for streams in
specific ecoregions and major basins of Minnesota, and used them conduct aquatic life use
assessments. IBIs were developed for rivers and streams with the Minnesota River Basin
(Bailey et al. 1993), the Lake Agassiz Plain Ecoregion of the Red River Basin (Niemela et al.
1999), the St. Croix River Basin (Niemela and Feist 2000; Chirhart 2003), and the Upper
Mississippi River Basin (Niemela and Feist 2002; Genet and Chirhart 2004). However, nearly
half of Minnesota’s streams and rivers were not covered by these existing IBIs.
5
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Beginning in 2007, MPCA began using a 10-year, rotating watershed approach for
comprehensive monitoring and assessment of Minnesota’s waters. MPCA has used indices of
biological integrity and chemical measures together to assess the integrity of streams since the
mid-1990s. However, existing IBIs were insufficient to support the statewide monitoring and
assessment effort. For example, no biological assessment tools had been developed for the
many miles of streams within the Rainy River and Lake Superior Basins, the Lower Mississippi
River Basin, and the Red River Basin outside of the Lake Agassiz Plain Ecoregion. Furthermore,
existing IBIs had not been developed concurrently, and varied somewhat in terms of their
analytical approaches, classification frameworks, scoring systems, and taxa attributes. To
support comprehensive monitoring and assessment of Minnesota’s streams, it was necessary to
develop new indicators applicable to the entire state of Minnesota, using a consistent,
standardized approach.
Development of the most recent F-IBI (MPCA 2013a) and M-IBI (MPCA 2013b) utilized a
protocol developed by researchers from the United States Environmental Protection Agency
and elsewhere (Whittier et al. 2007). For fish, Minnesota streams and rivers were first
partitioned into nine distinct classes, and a unique F-IBI was developed for each. For
macroinvertebrates, Minnesota’s streams and rivers were first partitioned into nine distinct
classes, and a unique M-IBI was developed for each. Within each stream class, biological
metrics were sequentially ranked and eliminated by a series of tests, and selected for inclusion
in each IBI. Among the most important tests was an evaluation of the ability of each metric to
distinguish most-disturbed sites from least-disturbed sites.
Critical Elements Evaluation: Streams and Rivers
The CE process scores 13 elements about the technical aspects of the bioassessment program
awarding scores from 1 to 4 (in 0.5 increments), with a 4 being the maximum score possible for
an element. The element scores are summed to obtain the CE raw score which is normalized to
a percentage score. Four levels of rigor are recognized and are further described in U.S. EPA
(2013). The implied goal for any state program is to achieve Level 4 although states can
operate a program at a lesser level of rigor. The data we have collected via 24 state program
reviews clearly indicates that a Level 4 program is commensurate with having tiered aquatic life
uses (TALU) and biocriteria in the state WQS (U.S. EPA 2013). The remaining three levels of
bioassessment rigor may be appropriate for some, but not all of the TALU development and
water quality management support needs of state programs. Delineating the extent and
severity of aquatic life impairments and diagnosing categorical and parameter-specific stressors
are the primary tasks for a TALU-based approach to monitoring and assessment that is intended
to support multiple water quality management programs. A narrative summary of each critical
element is indicated on a CE checklist which also communicates the rationale for each CE score.
A second table summarizing recommendations for specific critical elements developmental
tasks is also provided to support the development of a continuous improvement process.
MPCA Critical Elements Summary: Rivers and Streams
The December 2014 critical elements (CE) evaluation was the fourth for the MPCA program
since 2002. The 2014 MPCA critical elements evaluation yielded a raw score of 50.5 which at
6
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Table 1. Performance of the Minnesota PCA state bioassessment program scored by the critical
elements process for lotic ecotypes over a 12 year time frame based on joint scoring with
the state during program reviews in 2002 and 2006 and in 2012 as a result of the dedicated
TALU developmental process. The 2014 scoring is based on a fourth review conducted
December 16, 2014.
Critical Technical Element

2002

2006

2012

2014

1. Index Period

3.5

4.0

4.0

4.0

2. Spatial Coverage

2.5

3.0

3.5

3.5

3. Nat. Classification

2.5

2.5

3.0

4.0

4. Ref. Sites Criteria

3.5

3.5

3.5

4.0

5. Ref. Condition

3.0

3.0

4.0

4.0

6. Taxonomic Resolution

3.0

4.0

4.0

4.0

7. Sample Collection

3.5

4.0

4.0

4.0

8. Sample Processing

4.0

4.0

4.0

4.0

9. Data Management

3.0

4.0

4.0

4.0

10. Ecol. Attributes

3.0

3.0

3.5

4.0

11. Biol. Endpoints

2.0

2.5

3.5

4.0

12. Diagnostic Cap.

2.0

2.0

2.5

3.5

13. Professional Review

2.0

3.0

3.5

3.5

37.5
72.1%
L2

42.5
81.7%
L2+

47.0
92.2%
L3+

50.5
97.1%
L4

CE Raw Score [52 is max.]
CE % Score
CE Level
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Table 2. A checklist for evaluating the degree of development for each technical element of a
bioassessment program and associated comments on the elements for the Minnesota
PCA lotic ecosystems bioassessment program. The point scale for each element
ranges from lowest to highest resolution. Scores based on a Dec. 2014 evaluation are
yellow shaded; green shading is CE score circa 2012 (if different).
Element
1

(Lowest) 1.0

1.5

An index period is
conceptually
recognized, but
sampling may take
place outside of this
period for
convenience or to
match existing
programs; sampling
outside of the index
is not adjusted for
seasonal
influences.

Index Period
[DESIGN]

Collection times
are variable
throughout the
year, and sampling
is performed
without regard to
seasonal
influences.

Spatial Coverage
[DESIGN]

Element
2

(Lowest) 1.0
An individual site
is used for
assessment of
watershed
condition; simple
upstream/
downstream and
fixed station
designs prevail;
assessments at
local scale.

2.0

1.5

2.0

Multiple sites are used
for watershed
assessment; spatial
coverage only for
questions of general
status or locally
specific problem
areas; synoptic (nonrandom) design at
coarse scale (e.g., 8digit HUC common);
spatial extrapolation is
based on “rules of
thumb”; may be
supplemented by
simple
upstream/downstream
assessments.

2.5

3.0

A well-documented
seasonal index
period(s) is
calibrated with data
for reference
conditions, but
sampling may take
place outside of this
period for
convenience or to
match existing
programs; sampling
outside of the index
is adjusted for
seasonal influences.
Index periods are
selected based on
known ecology to
minimize natural
variability, maximize
gear efficiency, and
maximize the
information gained
about the
assemblage.

2.5

3.0
Spatial network
suitable for status
assessments;
statewide spatial
design using
rotating basins with
single purpose
design at coarse
scale (e.g., 8 digit
HUC); may be
supplemented by
occasional intensive
surveys.

3.5

4.0 (Highest)
Same as Level 3,
but administrative
needs and index
periods fully
reconciled.
Scientific basis of
temporal sampling
influences
management
decision framework.

Comments
MPCA employs a
standardized
seasonal index
period; mid-June –
September 30 for
fish and AugustSeptember for
macroinvertebrates; no
impetus to operate
outside this period
for management
program support.

Points

4.0

3.5

4.0 (Highest)
Comprehensive
spatial network
suitable for reliable
watershed
assessments in
support of multiple
water quality
management
programs at more
detailed scale (e.g.,
11-14 digit HUC);
statewide rotating
basin approach or
similar scheme to
complete statewide
monitoring in a
specified period of
time; multiple
spatial designs
appropriate for
multiple issues.

Comments
Rotating basin approach
at 8-digit HUC level within
which watershed scale
assessments (12-14 digit
HUC) are performed by
sampling at “pour” points
and selected watershed
scale sites with follow-up
surveys to resolve
specific issues and
stressor i.d. in a second
year. Long-term
reference sites
established at fixed
locations. Large rivers
are treated as distinct
assessment units.
Statewide probabilistic
network per level II
ecoregions.

Points

3.5

8

MBI/MPCA

Critical Technical Elements Review – Dec. 2014

January 16, 2015

Table 2. (continued)

Natural Variability
[DESIGN]

Element
3

Reference Sites Selection
[DESIGN]

Element
4

(Lowest) 1.0
No partitioning of
natural variability
in aquatic
ecosystems.
Minimal
classification
limited to
individual
watersheds or
basins with
generalized
stratification on a
regional basis;
does not
incorporate
differences in
stream
characteristics
such as size,
gradient.

(Lowest) 1.0
No criteria, except
informal BPJ
selection of
control sites. May
be little
documentation
and supporting
rationale.

1.5

2.0

2.5

Classification
recognizes one
stratum, usually a
geographical or other
similar organization
such as fishery based
cold or warmwater,
and is applied
statewide; lacks other
intra-regional strata
such as watershed
size, gradient,
elevation,
temperature, etc.

3.0

3.5

Classification is
based on a
combination of
landscape features
and physical habitat
structure (interregional); achieves
highest level of
classification
possible by
considering all
relevant intraregional strata and
subcategories of
specific stream
types.

4.0 (Highest)
Fully partitioned
and stratified
classification
scheme based on a
true regional
approach that
transcends
jurisdictional (i.e.,
State) boundaries
to strengthen interregional
classification and
recognizes
zoogeographical
aspects of
assemblages.

Comments
Fully partitioned
framework is
developed for all
lotic warmwater
and cold water
ecotypes and
stream/river sizes
including headwater, wadeable,
and low gradient
streams and
boatable rivers.

Points

4.0

1.5

2.0

Based on “best
biology”, i.e., BPJ on
what the best biology
is in the best
waterbody; minimal
non-biological data
used.

2.5

3.0
Non-biological
criteria supported
by narrative
descriptors only;
combine BPJ with
narrative description
of land use and site
characteristics; may
use chemical and
physical data
thresholds as
primary filters.

3.5

4.0 (Highest)
Quantitative
descriptors used to
support nonbiological criteria;
characteristics of
sites are such that
the best biological
organization
expected to be
supported;
chemical and
physical
characteristics of
sites used only as
secondary and
tertiary filters to
avoid circularity in
other criteria.

Comments
Reference site
criteria primarily
consider abiotic
indicators including
land use of upstream catchment,
proportion of
modified habitats,
proximity to point
sources, condition
of stream channel,
immediate land
use, condition of
upstream riparian
corridor, buffer
width; chemistry
and habitat may be
used as secondary
filters.

Points

4.0
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Table 2. (continued)

Reference Conditions
[DESIGN]

Element
5

Taxa & Taxonomic Resolution
[METHODS]

Element
6

(Lowest) 1.0
No reference
condition;
presence and
absence of key
taxa or best
professional
judgment rather
than established
reference
conditions may
constitute the
basis for
assessment.

(Lowest) 1.0
Gross observation
of biota; single
assemblage only;
very low
taxonomic
resolution (e.g.,
order/family level
for macroinvertebrates.;
family for fish by
non-biologists).

1.5

2.0

2.5

Reference condition
based on biology of a
‘best‘ site or
waterbody; a sitespecific control or
paired watershed
approach may be
used for assessment;
regional reference
sites lacking.

1.5

2.0

Single assemblage
(usually
macroinvertebrates);
low taxonomic
resolution (e.g., family
level) by experienced
biologists.

3.0

3.5

Reference
conditions based on
site-specific data,
but are used in
watershed scale
assessments;
regional reference
sites are
conceptually
recognized, but are
too few in number
and/or spatial
density to support
the derivation of
biocriteria.

2.5

3.0
Single assemblage
with high taxonomic
resolution (e.g.,
“lowest practical”
i.e., genus/species);
if multiple
assemblages,
others are lower
resolution or
infrequently used.

4.0 (Highest)
Applicable regional
reference
conditions are
established within
the applicable
waterbody
ecotypes and
aquatic resource
classes; consist of
multiple sites that
either represent
reference or are
along the BCG in
such a manner to
allow extrapolation
of expected
conditions for
assessing and
monitoring within
waterbody ecotype.
Re-sampling of
reference sites
done systematically
over a period of
years.

3.5

4.0 (Highest)
Two or more
assemblages with
high taxonomic
resolution (e.g.,
“lowest practical”
i.e.,
genus/species);
capacity to use
each assemblage
concurrently is
maintained;
practitioners are
certified in
accordance with
available offerings
(e.g., NABS, state
credible data
provisions).

Comments
Regional reference
conditions are
defined by a
consistent and
quantitative
process that is
applied statewide
and within the
different strata of
lotic ecotypes.

Points

4.0

Comments
For
macroinvertebrates,
POET taxa
identified to species
with remaining taxa
identified to genus
level including
Chironomidae; fish
to species; NABS
certification
required for
macroinvertebrate
taxonomists (as
specified by
contract).
Points

4.0
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Table 2. (continued)

Sample Collection
[METHODS]

Element
7

Sample Processing
[METHODS]

Element
8

(Lowest) 1.0
Approach is
cursory and relies
on operator skill
and BPJ,
producing highly
variable and less
comparable
results; Training
limited to that
which is
conducted
annually for nonbiologists who
compose the
majority of the
sampling crew.
Documentation of
methods more as
an overview.

(Lowest) 1.0
Biological
samples are
processed in the
field using visual
guides; sorting
and identification
are dependent on
operator skill and
effort.

1.5

2.0

2.5

Textbook methods are
used rather than inhouse development of
detail of SOPs to
specify methods; a
QA/QC document may
have been prepared;
training consists of
short courses (1-2
days) and is provided
for new staff and
periodically for all
staff.

1.5

2.0

Organisms are
identified and
enumerated primarily
in the field prohibiting
ample QC but done by
trained staff; for fish
cursory examination of
presence and absence
only; no in-house
development of SOPs.

3.0

3.5

Methods are
evaluated and
refined (if needed)
for State purposes;
detailed and well
documented; SOPs
are updated
periodically and
supported by inhouse testing and
development; a
formal QA/QC
program is in place
with field replication
taken; rigorous
training is for all
professional staff,
regardless of skill
mix to raise skill
levels and enhance
interaction and
consistency.

2.5

3.0
Laboratory
processing of all
samples (except for
fish); A formal
QA/QC program is
in place; rigorous
training is provided;
vouchering of
organisms done for
ID verification.

4.0 (Highest)
Same as Level 3,
but methods cover
multiple
assemblages.

Comments
Program
documentation,
QA/QC, and SOPs
are in place; field
methods are tested
and validated; inhouse training and
orientation for all
field staff.

Points

4.0

3.5

4.0 (Highest)
Same as Level 3,
but is applicable to
multiple
assemblages;
subsampling level
tested. Notations
made on fish as to
diseased, erosion,
lesion, tumors.

Comments
Program
documentation,
QA/QC, and SOPs
are in place;
macroinvertebrates
sorted and i.d. by
external lab; fish
i.d. in field by
qualified staff;
vouchers retained;
DELT anomalies
recorded.

Points

4.0
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Table 2. (continued)

Data Management
[METHODS]

Element
9

Ecological Attributes
[INTERPRETATION]

Element
10

(Lowest) 1.0
Sampling event
data organized in
a series of
spreadsheets e.g.,
(by year, by datatype, etc); QC
cursory and
mostly for
transcription
errors.

(Lowest) 1.0
Linkage to the
BCG or adherence
to the basic
ecological
attributes as a
foundation is
lacking; simple
measures of
presence/absence.

1.5

2.0

Separate quasidatabases for
physical-chemical and
biological data (Excel,
Access, dBase, etc)
with separate GIS
shape files of
monitoring stations;
data-handling
methods manuals
available; QC for data
entry, value ranges,
and site locations.

1.5

2.0

Only inferences can
be made for a few of
the comparatively
simple ecological
attributes, e.g.,
sensitive/tolerant taxa
of a ubiquitous nature;
single dimension
measures used.

2.5

3.0

3.5

True relational
database containing
biological and
sampled site info
(Oracle, etc); fully
documented and
implemented data
QAPP; structure
allows for data
export and analysis
and biocriteria
development;
includes dedicated
database
management.

2.5

3.0
Ecological attributes
used as a
foundation for
bioassessment, but
may not be fully
developed, or may
be lacking. BCG
incorporated into
conceptual
underpinnings.

4.0 (Highest)
Relational database
of bioassessment
data (including
indices and
biocriteria) with
real-time
connection to
spatial data
coverage showing
monitored sites in
relation to other
relevant spatial
data layers
(population density;
impervious
surfaces;
vegetation
coverage, low-flight
photos, nutrient
concentrations,
ecoregion, etc);
fully documented
and implemented
data QAPP; data
available from
multiple
assemblages to
enable integrated
analysis.

3.5

4.0 (Highest)
The ecological
attributes of the
BCG form the
conceptual
foundation; level of
rigor represents or
extends to all
underpinnings of
the ecological
attributes.

Comments
True relational
database
containing
biological,
chemical, physical
habitat and
sampled site
information; data
available from
multiple
assemblages to
enable integrated
analysis; external
data access tool
allowing public
viewing of
biological data and
associated spatial
location coverage.

Points

4.0

Comments
A formal BCG
process was used
for fish and
macroinvertebrate
assemblages and
across all
warmwater and
cold water lotic
ecotypes and
bioregions.
Bioassessment is
fully incorporated
into the waterbody
assessment
process.

Points

4.0
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Table 2. (continued)

Discriminatory Capacity
[INTERPRETATION]

Element
11

Element
12

(Lowest) 1.0

Assessment may
be based only on
presence or
absence of
targeted or key
species; (Some
citizen monitoring
groups use this
level); attainment
thresholds not
specified; this
approach may be
sufficient for
Coarse problem
identification.
Coarse method
(low signal) and
detects only high
and low values.

(Lowest) 1.0

Stressor Associations
[INTERPRETATION]

Diagnostic capability
lacking.

1.5

2.0

2.5

A biological index or
endpoint is
established for
specific water bodies,
but is likely not
calibrated to
waterbody classes or
statewide application;
index is probably
relevant only to a
single assemblage;
presence/absence
based on all taxa; BPJ
thresholds based on
single dimension
attributes. Limited to
pass/fail
determinations of
attainment status that
does not reflect
incremental
measurement along
the BCG.

1.5

2.0

3.0

3.5

A biological index,
or model, has been
developed and
calibrated for use
throughout the
State or region for
the various classes
of a given
waterbody type; the
index is relevant to
a single
assemblage;
attainment
thresholds are
based on
discriminant model
or distribution of
candidate reference
sites, or some
means of
quantifying
reference condition.
Can distinguish 3-4
increments along
the BCG; supports
narrative
evaluations based
on multimetric or
multivariate
analysis that are
relevant to the
BCG.

2.5

Coarse indications of
response via
assemblage attributes
at gross level, i.e.,
general indicator groups
(e.g., EPT taxa);
Supporting analysis
across spatial and
temporal scales limited.

3.0

Biological
index(es), or
model(s) for
multiple
assemblages is
(are) developed
and calibrated for
use throughout the
State or region and
corresponds to the
BCG; integrated
assessments using
the multiple
assemblages are
possible, thus
improving both the
assessment and
diagnostic aspects
of the process;
multiple
parameters for
evaluation, based
on integrated data
calibrated to
regional reference
condition. Able to
detect status
(integrated signal)
on a continuous
scale along the
BCG; power to
detect at least 5-6
categories of
condition.

3.5

More detailed
development of
indicator guilds and
other aggregations to
distinguish and
support causal
associations; usually
involves refined
taxonomy (at least
genus level);
supported by analysis
of larger datasets
and/or extensive
case studies;
patterns repeatable
across different
sources; developed
for a single
assemblage only.

13

4.0 (Highest)

4.0 (Highest)
Response patterns
are most fully
developed and
supported by
organized and
extensive research
and case studies
across spatial and
temporal scales;
results are actively
used in biological
assessment and in
assigning associated
causes and sources
for program support
purposes; involves
refined taxonomy;
accomplished for two
assemblage groups.

Comments
Fish IBI and
macroinvertebrate
IBI development
followed
conventional
process and latest
procedural
techniques; initially
used to determine
status using a
single threshold for
CWA goal
attainment –
TALUs being
incorporated now;
new indices are
evaluated for ability
to discriminate
along BCG, can
distinguish 5-6
categories of
condition.
Impairment
decisions now
based on TALUs.

Points

4.0

Comments
Formal
development of
diagnostic tools is
underway; the
database is
sufficient to support
detailed exploratory analyses;
development of
biological response
signatures is
underway.

Points

3.5
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Table 2. (continued)
Element
13

(Lowest) 1.0

Professional Review
[INTERPRETATION]

Review limited to
editorial aspects.

1.5

2.0

Internal scientific
review only, Outside
review for objectivity
left for higher levels.

2.5

3.0

Outside review of
documentation and
reports conducted.
However, selection
of peer review can
be subjective.

3.5

4.0 (Highest)

Formal process for
technical review to
include multiple
reference and
documented
system for
reconciliation of
comments and
issues. Process
results in methods
and reporting
improvements.
Can include peerreviewed journal
publications.

Comments

Review process
includes informal
review by outside
sources; TALU
development
process is
incorporating a
formal external
stakeholder
process and we
expect the new
indices and BCG
will result in peer
reviewed
publications.

Points

3.5

CE Score = 50.5
CE % = 97.1%
Level = Level 4
Level 4: >94.2%
Level 3+: 91.2-94.1%
Level 3: 85.8-91.1%
Level 3-: 82.7-85.7%
Level 2+: 79.6-82.6%
Level 2: 65.4-79.5%
Level 1: <65.3%

97.1% of the maximum possible score of 52 represents a Level 4 program (range 49-52). It
shows a continuous improvement from the original CE score of 72.1% (Level 2) in 2002, 81.7%
(Level 2+) in 2006, and 92.2% (Level 3+) in 2012. These technical improvements were achieved
as a direct result of MPCA deciding to pursue the development of numeric biocriteria and
TALUs. It also demonstrates that attaining a Level 4 program status and having full TALU
program support are mutually inclusive. The technical gaps that were identified in the MPCA
program in the series of critical elements evaluations spanning nearly 15 years have been
successfully addressed such that MPCA now has the technical capacity to support the adoption
and implementation of a TALU based approach.
14

MBI/MPCA

Critical Technical Elements Review – Dec. 2014

January 16, 2015

Of the three elements that did not attain the maximum CE score of 4.0, all scored 3.5 and are
sufficient to support TALU implementation. However, as the TALU based approach is
implemented we expect that at least two elements, Stressor Associations (Element 12) and
Professional Review (Element 13) will improve since active efforts to further develop each are
underway. Increasing the Spatial Coverage (Element 2) score may also occur as follow-up
assessments are conducted to fill gaps in the current spatial coverages as part of the
assignment of TALU tiers to individual stream and river reaches.
TALU Development for Minnesota Rivers and Streams
The MPCA streams and rivers bioassessment program now operates at Level 4. This
achievement is the result of a dedicated developmental process that included addressing the
technical improvements needed to elevate the CE score, developmental projects to support a
WQS rulemaking to include TALUs and biocriteria in the Minnesota WQS, and an
implementation framework to direct the implementation and maintenance of a TALU based
program. The latter consisted of a TALU development project beginning in 2008 to determine
the key steps and attributes of a process for implementing TALU and biocriteria as part of the
MPCA water quality regulatory and management programs. The framework and rationale
outlined in this framework document (MBI 2012) was based, in part, on the TALU and
biocriteria developmental experiences of other TALU states and guidance and methods
documents that were produced by U.S. EPA. The process outlined in the TALU framework
document (MBI 2012) is a collection of existing “best practices” in the development and
implementation of state-based TALU frameworks. In addition, draft language for the
Minnesota Water Quality Standards (WQS) was recommended to support a TALU rulemaking
process that will take place in 2015.
Numeric biocriteria for Minnesota streams and rivers were developed using a multiple lines of
evidence approach which relied most heavily on reference condition and the Biological
Condition Gradient (BCG). Both were used in a complimentary manner to set numeric
biocriteria. A biocriteria development support document (MPCA 2014) details the approach
and how it was used to develop Exceptional, General, and Modified Use biocriteria for each
class of Minnesota streams and rivers. Detailed descriptions of the bioassessment and TALU
components related to the development of the numeric biocriteria include biological
assessment guidance (MPCA 2012a), the stream and river classification scheme (MPCA
2013a,b), a human disturbance score (HDS; MPCA 2013c), and a Biological Condition Gradient
(BCG) for Minnesota streams and rivers Gerritsen et al. 2012). This body of work represents the
necessary preparation for positioning MPCA to conduct a rulemaking to incorporate TALUs and
biocriteria into the Minnesota WQS and follow that with program implementation and
maintenance.

15

MBI/MPCA

Critical Technical Elements Review – Dec. 2014

January 16, 2015

References
Bailey P., J. Enblom, S. Hanson, P. Renard and K. Schmidt. 1993. A fish community analysis of
the Minnesota River Basin. Minnesota Pollution Control Agency, St. Paul, MN. 65 pp.
Chirhart J. 2003. Development of a macroinvertebrate index of biological integrity for rivers
and streams of the St. Croix River Basin in Minnesota. St. Paul, MN. 41 pp.
Genet J. and J. Chirhart. 2004. Development of a macroinvertebrate Index of biological
Integrity (MIBI) for rivers and streams of the Upper Mississippi river basin. Minnesota
Pollution Control Agency, St. Paul, MN. 20 pp.
Gerritsen J., L. Zheng, E. Leppo, and C. O. Yoder .2012. Calibration of the biological condition
gradient for streams of Minnesota. Prepared for the Minnesota Pollution Control
Agency, St. Paul, MN. 48 pp.
Karr, J.R. and C.O. Yoder. 2004. Biological assessment and criteria improve TMDL planning and
decision-making. Journal of Environmental Engineering 130(6): 594-604.
Midwest Biodiversity Institute (MBI). 2012. Framework and Implementation
Recommendations for Tiered Aquatic Life Uses: Minnesota Rivers and Streams.
Technical Report MBI/2012-4-4. 97 pp.
Midwest Biodiversity Institute (MBI). 2010. Region V State Biological Assessment Programs
Review: Critical Technical Elements Evaluation and Program Evaluation Update (20022010). MBI Tech. Rept. 2010-12-4. 43 pp. + appendices.
Midwest Biodiversity Institute (MBI). 2004. Region V state bioassessment and ambient
monitoring programs: initial evaluation and review. Report to U.S. EPA, Region V.
Tech. Rept. MBI/01-03-1. 36 pp. + appendices (revised 2004).
Minnesota Pollution Control Agency. 2002a. Statement of need and reasonableness: In the
matter of the proposed revisions of Minnesota rules chapter 7050, relating to the
classification and standards for waters of the state. April 2002. 81 pp.
Minnesota Pollution Control Agency. 2002b. Staff post-hearing response to public comments: In
the matter of the proposed revisions of Minnesota rules chapter 7050, relating to the
classification and standards for waters of the state. July 8, 2002. 31 pp. + attachments.
Minnesota Pollution Control Agency. 2002c. Report of the administrative law judge: In the
matter of the proposed revisions of Minnesota rules chapter 7050, relating to the
classification and standards for waters of the state. July 8, 2002. 31 pp. + attachments.
16

MBI/MPCA

Critical Technical Elements Review – Dec. 2014

January 16, 2015

MPCA. 2014. Development of biological criteria for tiered aquatic life uses: Fish and
macroinvertebrate thresholds for attainment of aquatic life use goals in Minnesota
streams and rivers, Minnesota Pollution Control Agency, Environmental Analysis and
Outcomes Division, St. Paul, MN. November 2014. 49 pp.
MPCA. 2013a. Development of a fish-based Index of Biological Integrity for assessment of
Minnesota’s rivers and streams. Minnesota Pollution Control Agency, Environmental
Analysis and Outcomes Division, St. Paul, MN. 59 pp.
MPCA. 2013b. Development of a macroinvertebrate-based Index of Biological Integrity for
assessment of Minnesota’s rivers and streams. Minnesota Pollution Control Agency,
Environmental Analysis and Outcomes Division, St. Paul, MN. 47 pp.
MPCA. 2013c. Development of a Human Disturbance Score (HDS) for Minnesota streams.
Minnesota Pollution Control Agency, St. Paul, MN. 11 pp.
MPCA. 2012a. Guidance Manual for Assessing the Quality of Minnesota Surface Waters for
Determination of Impairment: 305(b) Report and 303(d) List. Minnesota Pollution
Control Agency, St. Paul, MN. 52 pp.
Niemela S. and M. D. Feist. 2002. Index of biological integrity (IBI) guidance for coolwater rivers
and streams of the Upper Mississippi River Basin. Minnesota Pollution Control Agency,
Biological Monitoring Program, St. Paul, MN. 56 pp.
Niemela S. and M. Feist. 2000. Index of biotic integrity (IBI) guidance for coolwater rivers and
streams of the St. Croix River Basin in Minnesota. Minnesota Pollution Control Agency,
St. Paul, MN. 47 pp.
Niemela S. L., P. E, T. P. Simon, R. M. Goldstein & P. A. Bailey. 1999. Development of an index of
biotic integrity for the species-depauperate Lake Agassiz Plain ecoregion, North Dakota
and Minnesota. In: Assessing the Sustainability and Biological Integrity of Water
Resources using Fish Communities. (ed T. P. Simon) pp. 339-365. CRC Press, Boca Raton,
FL.
State of Minnesota - Minnesota Pollution Control Agency. 1993a. Statement of need and
reasonableness: In the matter of the proposed revisions to the rules governing the
classification and standards for waters of the state, Minnesota rule chapter 7050. April
27, 1993. 143 pp.
State of Minnesota – Minnesota Pollution Control Agency. 1993b. Post hearing response to
public comments: In the matter of the proposed revisions to the rules governing the
classification and standards for waters of the state, Minnesota rule chapter 7050.
September 29, 1993. 143 pp.
17

MBI/MPCA

Critical Technical Elements Review – Dec. 2014

January 16, 2015

State of Minnesota – Office of Administrative Hearings. 1993c. Report of the administrative law
judge: In the matter of the proposed revisions to the rules governing the classification
and standards for waters of the state, Minnesota rule chapter 7050. November 5, 1993.
39 pp.
U.S. EPA. 2013. Biological Assessment Program Review: Assessing Level of Technical Rigor to
Support Water Quality Management. EPA 820-R-13-001. Office of Water, Washington,
D.C. 144 pp.
U.S. EPA. 2005. Use of biological information to better define designated aquatic life uses in
state and tribal water quality standards. Office of Water, Washington, DC. EPA 822-R05-001. 188 pp.
USEPA. 2003. US EPA's final approval of MN 7050 water quality standards revision. June 17,
2003. 18 pp. + attachments.
USEPA. 1995. US EPA's final approval of all portions of MN 7050 water quality standards
revision. November 28, 1995. 2 pp.
Whittier T., R. Hughes, J. Stoddard, G. Lomnicky, D. Peck and A. Herlihy. 2007. A Structured
Approach for Developing Indices of Biotic Integrity: Three Examples from Streams and
Rivers in the Western USA. Transactions of the American Fisheries Society 136: 718-735.
Yoder, C.O. and E.T. Rankin. 1998. The role of biological indicators in a state water quality
management process. Journal of Environmental Monitoring and Assessment 51(1-2):
61-88.
Yoder, C.O. 1998. Important concepts and elements of an adequate state watershed monitoring
and assessment program, pp. 615-628. in Proceedings of the NWQMC National
Conference Monitoring: Critical Foundations to Protecting Our Waters. U.S.
Environmental Protection Agency, Washington, D.C.

18

MBI/MPCA

Critical Technical Elements Review – Dec. 2014

January 16, 2015

Appendix A: Key Characteristics of TALU Based Programs
A common observation made during nearly 12 years of conducting these types of reviews is
that some states have focused exclusively on monitoring designs that support 305[b] reporting
and 303[d] listing as a singular output. This contrasts with the states that meet the
305[b]/303[d] objectives, but which also provide day-to-day support for the mainstream CWA
management programs such as WQS, NPDES permitting, TMDLs, NPS planning and
implementation, 404/401 dredge and fill, compliance/enforcement, and any other program
where surface water quality and aquatic life goals are at issue. These latter examples
demonstrate that it is possible to do both, i.e., meet the 305[b]/303[d] obligations under the
CWA and provide “value added” functions for CWA and non-CWA programs alike. Key to
achieving the latter is the spatial design of the monitoring networks that are employed. This
factor alone can determine whether a state M&A program becomes limited to 305[b]/303[d] or
meets the broader goal of full CWA program support which is further buttressed by adherence
to a TALU based approach.
The EPA critical technical elements process (U.S. EPA 2013) was used to evaluate the technical
capabilities and needs of the MPCA biological assessment program and to identify logical next
steps for overall program development. It is a fundamental tenet that attaining full TALU
program support and implementation and attaining a Level 4 program status are mutually
inclusive. Understanding the characteristics and programmatic capacity of a Level 4 program is
therefore important. Appendix Table 1 describes these key program capabilities and outputs
that are characteristic of Level 4 programs that in turn provide support to water quality
management programs via a TALU based approach. These key program capabilities are:
1. Establish protective guidelines (e.g., refined designated uses) and thresholds (biological
criteria) in the WQS to protect existing conditions and support continued
improvements; and,
2. Integrate the determination of response (biological) and causal variables (water quality,
habitat, etc.) as a matter of routine in producing assessments.
The integration of the monitoring program into the overall WQ program and development of a
routine stressor identification process should be an integrated effort within the development of
the biological assessment program. This way, as the technical rigor of a program is
strengthened, the state can successively use the monitoring and assessment data to address
increasingly complex issues. Furthermore, this practice is incorporated as an integral part of
the assessment methodology and also accomplishing it in a reasonable time frame. A key
attribute of these programs is to provide a cause or causes for all observed biological
impairments to not only better support CWA 303[d] listing and Total Maximum Daily Load
(TMDL) development, but all aspects of WQS, permitting, and assessment in general. This is an
inherent outcome of a well-integrated monitoring and assessment program that routinely
provides the right types of paired stressor/response data (U.S EPA 2013).
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Appendix Table 1. Key program capabilities and outputs that are characteristic of a Level 4
state program that in turn provides support for a TALU based program.
Key Program Capabilities:
1. Establish protective guidelines (e.g., refined designated uses) and thresholds (biological criteria)
in WQS to protect existing conditions and support improvements.
2. Integrate monitoring of response (biological) and causal variables (water quality, habitat, etc.).

Programmatic Output

Explanation

ALUs in WQS are sufficiently detailed to express
differences in natural classification strata and
levels of protection above CWA minimum
thresholds.

Narrative descriptions of ALU classes and
attendant numeric biological criteria incorporate
elements of natural classification strata and are
consistent with underlying distinctions of aquatic
ecotypes and levels of restoration and protection
including the minimum for CWA goal attainment
and attainable levels of protection for higher levels
of biological quality. Able to effectively deal with
use attainability issues for impairments caused by
legacy impacts.

Monitoring and assessment program is designed
and conducted to support multiple WQM program
objectives and includes multiple biological,
chemical, and physical indicators and parameters
that are used within defined roles as indicators of
response, exposure, and stress.

Monitoring and assessment is integrated into the
overall management of surface WQ beyond the
determination of general condition or status.
Spatial design is sufficient to detect and
characterize both chemical and non-chemical
pollution gradients at an appropriate scale and to
support the assignment of ALUs to individual
water bodies. Results are expressed to support
multiple program uses including reporting, WQS
attainment, and watershed, reach, and sitespecific support (i.e., permit effectiveness,
investigations, watershed planning, use
attainability analysis [UAA] etc.).

Methods and tools are developed for stressor
identification and are implemented as part of
M&A program. Information is used to support
multiple WQM program needs.

Empirical relationships between biological
measures and chemical/physical parameters and
indicators are well developed, providing a
reasonable prediction of biological attainment.
Information supports statewide and regional
development and refinement of WQ and other
criteria as well as moving the findings of biological
impairment beyond generic listings (e.g., 4c
category) by supporting stressor identification
implicit in the M&A process.
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Executive Summary
The purpose of this report is to provide an initial assessment of the current status of the
monitoring and assessment programs in the Region V states and initiate a process to determine
what is needed to improve the capacity and quality of those programs. This review specifically
emphasizes biological assessment as a critical linchpin to the success of state monitoring and
assessment programs. Specifically, the report focuses on the use of biological assessments to
support the integrated assessment of status and trends, reporting, and other primary water quality
management programs (WQS, planning, TMDLs, permitting) for aquatic life uses. It was
prepared based on information gathered during on-site interviews with each state that took place
in January 2002, information that is published by each state, and other information and
experiences gained by MBI in supporting various U.S. EPA and state projects. Furthermore, the
extent of overlap with national and regional EPA initiatives was exploited and evaluated whenever
possible. The guiding principles of this report are based on the belief that monitoring and
assessment programs should achieve the highest levels of standardization, rigor, reliability,
reproducibility, accuracy, comparability, comprehensiveness, and cost-effectiveness that is
reasonably attainable under current technologies. Achieving these depends largely on the ability
and willingness of states to access and effectively execute the use of that technology.
While all of the states operate monitoring and assessment (M&A) programs, the quality and makeup of each varies widely in terms of organization, design, indicator development and use, and
extent to which water quality management programs are directly supported by M&A. The
assessment of status for 305b reporting and 303d listing purposes is a significant, and in some
cases the de facto driver of state M&A programs. The recent emphasis on TMDLs and now the
CALM process has amplified this dependence. However, there is evidence that an over-emphasis
on this function of M&A can deter the ability of states to address emerging issues such as refined
uses, use attainability analyses, and improved integration between and within water quality
management programs in general.
The report is organized by the major program areas addressed in the interview process:
Monitoring and Assessment, Reporting and Listing, Water Quality Standards, Assessment and
Integration, and Biological Monitoring and Assessment. Each section was subdivided into a
summary and description of general findings, major issues and challenges, and program
implications and recommendations. A principal goal of this review is to determine the status of
the biological M&A programs in each of the six Region V states, with emphasis on how it is
integrated with other monitoring tools and programs and how it used to support all water quality
management programs. While there has been a great deal of emphasis on the role of M&A in
producing reliable estimates of status, this review focused on how the M&A framework
simultaneously supports baseline water quality management functions such as water quality
standards (WQS), watershed assessment and management (including nonpoint sources), TMDLs,
and permitting programs such as NPDES permits, CSO/SSO, stormwater phase I and II, 404/401
dredge and fill, and other related issues (e.g., CAFOs).
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The report also includes information regarding important details about key technologies and
approaches that will be needed to successfully address many of the findings and recommendations
of this review. These are appended to the report and include the key conceptual underpinnings,
elements, and concepts of an adequate approach to M&A and surface water monitoring design
options. Such detail is necessary to develop a blueprint by which the Region and the states can
better develop an integrated program that will address deficiencies noted by recent reviews (e.g.,
GAO 2000, 2003a,b; NRC 2001; Karr and Yoder 2004). Making informed choices about
monitoring network design, indicators, and technical issues such as indicator development and
calibration will need to be under girded by ongoing technical assistance and applied research
aimed at answering specific questions before and as they arise. Gaining management
understanding and appreciation for the principles of adequate M&A is crucial to realizing
improved management outcomes. This includes addressing embedded issues that have thus far
served as serious impediments and disincentives to the development of more comprehensive
programs (e.g., negative perceptions of refined uses, impact on 303d listings, implications for
permitting, policy of independent application, etc.). Managers must be engaged in and
comprehend this process and understand the pitfalls of operating water quality management
programs in its absence. The following are important highlights of the findings and conclusions:

Monitoring and Assessment Issues
•

Each Region V state operates an active M&A program, which includes biological, habitat, and
chemical/physical sampling methods, indicators, and assessment techniques. Each state
believes that current resources are insufficient to meet present and future M&A demands (true
of biological assessment in particular). This not only includes staff, facilities, and logistical
support, but also includes technological needs in terms of sampling designs, indicator
development, data management, data analysis, and assessment and reporting.

•

States are genuinely interested in further developing and improving their M&A programs.
Regional support should be made available via direct assistance to support detailed technical
assistance with the development of state monitoring strategies and implementation of
improved monitoring programs. Grants should also emphasize the types of applied research
that are needed to provide improved and new tools, indicators, and integrated assessment
processes.

•

Although M&A programs have recently become a more visible priority for the states, each
receives varying levels of comprehension and understanding from their respective program
management. This ranges from solid conceptual understanding and a genuine interest in how
the results can be used to support water quality management to a principal interest in singular
M&A derivatives (e.g., 303d listings) and an acceptance of limited programs. It is
recommended that training and orientation be developed and aimed at program managers to
accomplish a greater appreciation of the need for and utility of improved M&A.

•

There is a need to better frame and organize the issues and questions that determine M&A
design and use. This includes explicitly communicating how adequate M&A can improve and
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streamline water quality management end outcomes and what is required to attain truly
adequate M&A. This includes the conceptual principles and processes outlined in the report’s
appendices.
•

Water quality management in most states is focused primarily on administrative outputs,
especially in the permitting and TMDL programs. The explicit disconnection of administrative
actions (i.e., termed outputs after GAO 2003a) from the M&A program has the effect of
limiting the further development of the latter as an end outcome of water quality management.
Even in states with well-developed and integrated assessment processes, there is tendency to
digress to a principal reliance administrative outputs. Successful implementation of an
environmental outcomes driven approach requires adherence to the principles outlined in the
appendices and time to develop and implement the supporting indicators and integrated
assessment processes. Accomplishing this in each state first requires an assessment of where
the state M&A program stands in terms of attaining the professionalism, technology, facilities,
and process needed to execute an environmental outcomes driven approach to water quality
management.

•

M&A program design in some states has been driven predominantly by status. This mirrors a
similar emphasis by U.S. EPA at the national level. An important question remains: does an
emphasis on status affect the ability of state M&A programs to support other water quality
management program needs at the same time? Perhaps the greatest influence of this issues is
on spatial sampling design, which ultimately influences the usefulness of M&A to support all
water quality management program needs.

•

A number of spatial monitoring designs are employed by the Region V states; the attributes of
each are described in detail in the appendices. However, there are two strategic approaches
being employed in Region V. One approach attempts to cover all aquatic resources within a 5year cycle and represents an important trade-off emphasizing statewide coverage at the expense
of spatial detail due to limited resources. The second approach opts for concentrating
available resources emphasizing a spatially intensive approach in individual watersheds. In the
latter, states have made the opposite trade-off, favoring spatial intensity and detail over
statewide coverage. In these cases, complete coverage of the state is accomplished over a longer
time frame (e.g., 10-15 years or more) or 100% coverage is not an overriding goal, with subsets
of assessed waters used to evaluate long-term trends and program effectiveness. There are
important consequences involved with these trade-offs, which are in need of a more critical
and thorough evaluation.

•

Assessment error tendencies and biases in different types of indicators used by the states needs
to be better understood and documented. The propagation of type I and II assessment errors
can occur as a result of these choices, with the latter being more prevalent in programs that
emphasize surrogate indicators. The assessment “trickle-down” affects all resulting
management products including impaired waters listings; it is a major source of inconsistency
between the states (NRC 2001).

3

MBI

•

Region V State M&A Review

January 30, 2004

The role of a consistent, standardized, and robust M&A program to produce a spatially robust
dataset that supports applied research and development is largely unrecognized by the states
and EPA. Yet this strategic function of M&A is critical to the continued improvement of
water quality management. This type of support is critical to the refinement of WQS (i.e.,
designated uses and criteria), indicators (e.g., appropriate roles and process), assessment tools
(e.g., improved chemical, physical, and biological criteria), and implementation tools (e.g.,
better TMDL development). Some of the Region V states showed tangible evidence of a
process to support the type of research and development process that is needed to achieve this
vital program function, but it varies widely in terms of consistent conceptual understanding
and support.

Water Quality Standards: Designated Uses
•

Refined uses were identified as a critical developmental and implementation need in the NRC
(2001) TMDL report as a replacement for the prevalent one-size-fits-all approach employed in
most states. This would serve to more appropriately scale protection and restoration
requirements to the capabilities and potentials of individual water bodies, thus making
assessments of status more accurate. This is a pivotal issue for the Region and the states and
will be a national program priority in the near term. This is also consistent with the U.S. EPA
headquarters initiative and working group on refined aquatic life uses.

•

Use designations in four states consist of either general aquatic life or fishery based uses. Only
one state has a fully developed set of refined uses that are codified in the WQS. Use
attainability analyses (UAAs) are used extensively in two states, sparingly in three states, and
not at all in one state. The one state with refined uses is where UAAs are employed as a
routine outcome of M&A. Some states are reluctant to develop refined uses due to
uncertainties in terms of the resources needed to manage them, the difficulties in supporting
and maintaining the administrative rulemaking process, and concerns about abuses such as
inappropriate downgrading.

•

The value of M&A in support of the development of improved and refined water quality
criteria, designated uses, and implementation tools is generally not recognized by most states.
Making this connection is essential to improving its use and meeting the goals described by
this review. Much more needs to be done in terms of communicating the benefits of refined
and tiered uses.

Status and Trends Reporting
•

Determining status is the principal driver of M&A in several states. The 305b process in all of
the states drives the 303d list, in part. In some states the 303d list is a subset of the 305b
impaired waters list while in others it is nearly identical. Only one state reports trends in
aggregate status (i.e., statewide or region wide) over a significant time period. Most states
either do not have sufficient data over a sufficient time period or do not have it sufficiently
organized to analyze and show trends.
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While the 305b reporting process has been supplanted by the Integrated Report, the basic
M&A process still has the potential to be an effective filter for the 303d process. However, a
general lack of discipline in the level and types of data that are “admitted” into the assessment
process affects its ability to fulfill that role. Dealing effectively and systematically with the
underlying issues outlined in this report and the appendices should result in a more consistent
database and assessment process for producing more reliable outputs like 303d listings.

Biological Assessments and Biological Criteria
•

All six Region V states operate biological assessment programs with at least two organism
groups sampled on a routine basis. Most commonly macroinvertebrates and fish are sampled
in rivers and streams, with some states adding algal indicators. Some states are developing
indicators for other waterbody types including higher plants and other aquatic invertebrates
and vertebrates in wetlands and primary headwater streams. The development of biological
assemblage indicators for lakes and reservoirs has lagged behind these other waterbody types,
although noteworthy efforts exist in at least two states.

•

Variability in terms of methods, protocols, equipment, and assessment procedures exists
between the states. The significance of these differences are variable and range from
inconsequential to significant, the latter of which influences the effectiveness and utility of the
resulting data and assessments. There is a need to compare the net effect of different methods
and protocols between states to objectively determine if different methods, equipment,
protocols, etc. have a significant influence on the resulting biological assessments. A
standardized framework for developing biocriteria is needed to guide the states in this process.

•

One Region V state has developed and adopted numeric biological criteria in the WQS. The
remaining states are in various stages of developing and working through the process from
which numerical biological criteria could be developed. At least two other states have adopted
a narrative biological criterion and one of these has a plan to develop numerical biocriteria.

•

Some states questioned the need to formally adopt numeric biocriteria when they see their
current biological assessment framework as delivering the same end result. Some face internal
barriers to developing biological criteria, the most prevalent of which is a perceived negative
impact on NPDES permits.

•

The policy of independent applicability has historically been seen by the states as a prohibitive
issue for the eventual adoption of biocriteria. Some, but not all, of the Region V states echoed
this view. In terms of ambient assessments, at least four adhere to a weight-of-evidence
approach; one state strongly advocated an adherence to independent application.
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Principal Recommendations
Building and maintaining a capacity to conduct integrated assessments that serve multiple water
quality management program needs is the highest priority identified in this review. This means
that in addition to the collection of adequate chemical, physical, and biological data, a consistent
and meaningful process for translating that data into information and assessments must be
developed. Such an approach requires the intellectual capacity to execute and communicate the
results and effectively translate these into criteria, standards, plans, and management actions.
While we recognize the limiting influence of current budget and administrative issues, we strongly
recommend that this be accomplished in-house as much as possible. This better institutionalizes
the conduct and use of M&A tools, information, and outputs within the state program. The most
critical needs for each Region V state M&A program are as follows:
1) Building and maintaining adequate M&A must become institutionalized, i.e., it must be
an integral part of water quality management by validating the environmental end
outcomes of management program outputs. This must be based on meeting the needs of
programs beyond the determination status to include support at all scales, especially at the
same scale(s) at which management is being applied.
2) Adequate facilities and resources are an equally important issue in each state. We found
that each state provided some or all of the basics, but the capacity to deliver the quantity of
assessments and at varying scales is an issue. Each state should have the capacity to support
multiple field crews capable of conducting integrated assessments at different spatial scales.
A more detailed analysis of FTEs and their utilization is needed to determine the resource,
capacity, and technology needs of each state.
3) Better integration between different programs is needed, especially in how M&A supports
all management programs without the need to create and maintain separate efforts for
each. Some problems include disparate goals and how each program measures success
(e.g., 305b may be measured in biological terms, yet NPS uses load reductions and
chemical quality). This reflects the absence of a comprehensive and integrated approach to
M&A and a lack of integration to how programs are managed. Adherence to the baseline
principles of adequate M&A and sound indicator discipline would solve many of these
disparities.
4) Better integration of M&A and WQS is needed, especially in the development of tiered
uses and the simultaneous adoption and implementation of biocriteria. Adequate M&A
and WQS is vital to the success of watershed based management programs and initiatives.
Accomplishing this also makes standardized and robust environmental indicators,
methods, QA/QC standards and best practices, assessment methodologies, and assessment
criteria available to external users. By providing such a supporting infrastructure of
indicators and WQS, state programs fulfill their custodial role for M&A and WQS. This
not only makes the data and information produced by each state of sufficient quality and
reliability, but makes it comparable and of a known quality. Other users, i.e., watershed
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groups, academic institutions, the regulated community, and other organizations would
have a consistent and standardized process to follow in conducting their own assessments.
These latter efforts now constitute an important supplement to the baseline M&A
provided by a state and would help fulfill many baseline M&A goals. Presently, the lack of
such a systematic approach in most states results in the production of external data that is
of highly variable quality, quantity, and reliability.
5) The water quality management programs that stand to benefit from an adequate approach
to M&A must be willing to incorporate the findings of such in their programs, policies,
and actions. This report documents how well designed and executed M&A can support
better implementation and end outcomes in these programs. However, the management
programs must be convinced that this is in their best interest. Thus far, there has only
been limited success as most programs are driven by programmatic outputs, not
environmental end outcomes. The former functionally serves as a strong deterrent to
building and maintaining adequate monitoring and assessment. One example is the strong
perception that resources to carry out administrative functions are either inadequate or
insufficiently managed and allocated. Hence the emphasis frequently is on making the
execution of management programs and the delivery of administrative outputs better,
oftentimes at the implicit expense of monitoring and assessment. A major conclusion of
this review is that producing better information about environmental end outcomes can
achieve better administrative management programs, thus resulting in the streamlining
desired in the latter and the environmental outcomes of the former.
6) If the benefits of M&A in terms of supporting all water quality management programs and
activities is to be more fully realized, it must be performed routinely and regularly over long
periods of time. Unpredictable support frequently debilitates two of the most important
functions of monitoring and assessment; 1) building a systematic and consistent database
that serves as a resource for developing new and improved tools and criteria, and 2)
addressing emergency needs as they arise and developing trends through time. Examples of
how long term databases have been used to support the development of new and improved
tools and criteria and demonstrate changes through time need to be marketed to state
managers.
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Region V State Bioassessment and Ambient Monitoring Programs: Initial
Assessment and Review
INTRODUCTION
The Midwest Biodiversity Institute (MBI) was tasked by U.S. EPA, Region V to conduct an
assessment of the Region V state bioassessment and ambient monitoring programs with emphasis
on how data and information are used in support of water quality management programs. This
was done to better define and understand the uses of M&A information in each state and
determine the opportunities, incentives, challenges, and barriers to the fuller use of this
information in support of all relevant water quality management programs.
This report was prepared based on the information gained during on-site interviews with each state
that took place in January 2002, information that is published by each state, and other
information gained later via additional interactions with the Region and the states. The interviews
consisted of a two-day meeting arranged by the state representatives of the M&A and water quality
standards programs and attended by other relevant water quality management program
representatives. The interview template is appended to this report (Appendix A-1). State
responses to the recently completed U.S. EPA bioassessment program evaluation (U.S. EPA 2002)
and additional information that was made available that describes the state’s use of M&A
information was also reviewed for this evaluation.
The evaluation of each state program was focused on current, planned, and potential uses of M&A
information in support of water quality management programs. This includes water quality
standards (WQS), reporting and listing (integrated reporting, watershed assessments, 303d listings,
TMDL development and implementation), planning, nonpoint source assessment and
management, dredge and fill (404/401), and NPDES permitting as these represent the in-common
elements of state water quality management programs. It is a fundamental premise of this
evaluation that ambient M&A should function to support all relevant water quality
management programs in addition to its more commonplace role of supporting status
assessments. Determining the linkages to the state’s water quality standards (WQS) and reporting
(305b, 303d) obligations was especially emphasized as they are fundamental to the broader use of
environmental data in management decision-making. This emphasis is consistent with
contemporary efforts to revitalize and improve the use of environmental data in water resource
management (ITFM 1992, 1995; U.S. EPA 1995a,b; Yoder 1998; NRC 2001; GAO 2000,
2003a,b) and emerging efforts at EPA to more effectively translate environmental data and
indicators to defensible criteria and standards (e.g., refined aquatic life uses, biological criteria
development and implementation, CALM process).
This review emphasizes the assessment of aquatic life related issues and concerns since aquatic life
uses and criteria frequently drive many water quality management criteria and decisions. Aquatic
life uses apply to virtually all jurisdictional waters, thus it is a universally relevant water quality
management issue. It is recognized that there are other management concerns such as water
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supply, human and wildlife health, and recreational uses that must be supported by different kinds
of monitoring and assessment. However, programs that incorporate the underlying concepts and
principles which support more detailed definitions of aquatic resource types and refined uses for
aquatic life are better able to transfer the conceptual underpinnings and the improved technology
this fosters to these other uses and issues. Simply put, a well conceived and integrated biological
assessment program is a key underpinning of sound water quality management.
Biological indicators of resource condition and health serve as a key and integrative response
indicator (Figure 1). This model outlines the process of linking stressors (i.e., the focus of water
quality management) and how these affect and change the key attributes of aquatic resources (i.e.,
Karr’s five factors; Karr et al. 1986) and measuring the integrated result of these interactions by
measuring and interpreting a biological response. This supports a feedback-based process in which
the interactions between stressors and environmental attributes that are neither additive nor linear
(Karr and Yoder 2004) can be better understood through the integration of their cumulative
effects as portrayed by the biological response. It is the correct measurement and interpretation of
the biological response that is key to making this process work.

The Linkage From Stressor Effects
to Ecosystem Response
Habitat
Structure
Flow
Regime

Stressor
Agent(s)

Water Quality
& Toxicity

Biological
Response

Energy
Source

This model is an
explicit statement of
multiple causation

Biotic
Interactions

Biological
Index or
metric
Stressor Metric

STRESSORS

STRESS/EXPOSURE

RESPONSE

Figure 1. The linkage of the effect of stressors through Karr’s five factors to the resultant biological response.
The indicator roles represented by each category are identified in accordance with Yoder and Rankin
(1998). [used by permission of J.D. Allan, originally presented at the 2002 U.S. EPA Refined Aquatic
Life Uses conference; modified from Karr and Yoder 2004].
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Important conceptual and methodological issues are detailed in the appendices and include
a detailed description of preferred spatial monitoring design and indicator options (Appendix A-3)
and Important Concepts and Elements of an Adequate State Watershed Monitoring and Assessment Program
(Yoder 1998; Appendix B-1). These serve to communicate the concepts and technological details
upon which much of this review is based.
Interview and Evaluation Process
Two-day interviews were conducted in each state in January 2002 and were arranged primarily
through the WQS program manager. The first day consisted of a review and discussion of major
programs that are supported by monitoring and assessment. Key water quality management
program managers and staff were included at the discretion of each state. The guide for this
process appears as Appendix A-1. A brief summary of each interview area included follows:

Monitoring and Assessment Program
In terms of achieving the goal of supporting water quality management with indicators of
environmental exposure and response, the state’s M&A program is vital to achieving that goal.
Monitoring includes the systematic collection of standardized chemical, physical, and biological
data in the ambient environment. Assessment includes the analysis and transformation of data
into meaningful information and assessments that include attainment/non-attainment
determinations (status), changes through time (trends), characterization of impairments (extent
and severity), associations between impaired states and causes (i.e., agents) and sources (i.e., activity
or origin), and providing data and information to develop improved tools, indicators, criteria, and
policies. This process should also support reporting that is required by the Clean Water Act
(305[b], 303[d], 319, etc.) and that used by the state for allied purposes (watershed assessments,
site-specific assessments, planning, TMDL development, etc.) without the need to develop separate
or piecemeal monitoring efforts.

Reporting and Listing (305b/303d)
Reporting and listing here refers to the process of producing the biennial 305b report and the
303d list of impaired waters, both of which have received greater emphasis during the past decade.
The information contained in these reports and lists are not only important to determining the
effectiveness of a state’s water quality management efforts, but are increasingly being used to set
program priorities and allocate funding (i.e., Section 106 allocations). M&A information is an
indispensable element of this process and how it is generated and used determines, in part, the
accuracy of the statistics that are reported via 305b and 303d. This is a major issue as there is
ample evidence of gross inconsistencies between states (Yoder 1998; NRC 2001). Thus, it is
important to determine and understand the process used by each state in order to determine the
reliability of M&A outputs. The problem is that any type of underlying data can be converted to a
status and trend assessment – the key question becomes are the determinations of status and
trends reliable and do they precipitate a consistent error bias?
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Water Quality Standards
Water quality standards (WQS) provide the basis for water quality management in terms of
benchmarks and criteria for designing management programs and judging the effectiveness of
those programs. Of interest to the interview is the emphasis by U.S. EPA on refined aquatic life
uses and biological criteria. Thus, the interview process emphasized these parts of the WQS
process. Again, this is a major program area identified by the NRC (2001) as needing
improvement, particularly in the development of refined uses, the use attainability analysis (UAA)
process, and biocriteria.

Assessment Integration Issues
The integration of M&A information within water quality management programs is an important
and emerging issue and ultimately fulfills the most important purpose of monitoring and
assessment. In this process chemical, physical, and biological data and information assessed in an
integrative manner and with respect to the most appropriate role of each (Yoder and Rankin
1998). It also includes the process by which administrative actions and responses by stakeholders
to those actions are systematically and sequentially evaluated using an assessment process that
relies on environmental end outcomes to communicate the success and effectiveness of
administrative program outputs (Karr and Yoder 2004). Region 5 is also working with the states to
develop shared environmental goals and milestones. This will partially fulfill efforts to implement
the National Environmental Performance Partnership System (NEPPS), which promotes joint
priority setting and planning through the increased use of environmental goals and indicators.
The shared goals and milestones will be used to more comprehensively report to the public and
environmental decision-makers about the status of water resources in the Region and document
progress to meeting these goals. The goals and milestones will also be used to more effectively
target programmatic efforts at the national, state, and local levels. It is important that we are able
to document environmental successes so that they are recognized, funding is maintained at
appropriate levels, and effective management programs continue to be implemented. Key to
successfully achieving this level of integration is dependent wholly on the baseline information and
indicators that comprise the process. Again, consistency between states in terms of key attributes
of monitoring and assessment, indicators development, WQS, the assessment process, and
reporting is critical to achieving the desired outcomes of integrated assessment.

Biological Monitoring and Assessment Program
A principal goal of this review process was an assessment of the state biological M&A programs.
This included determining the extent to which biological data and information are being used to
support water quality management programs and assess important goals and milestones. An onsite visit to the state’s laboratory and field facilities and interviews with staff biologists was
important to ascertain the infrastructural provisions for producing the quality and rigor of
biological assessments that are needed to attain the programmatic support goals in each state. In
2002, each state completed a questionnaire in support of U.S. EPA’s Update of State Bioassessment
Programs: Success of EPA’s Technical Transfer Efforts and Building State Capacity (U.S. EPA 2002). This
portion of the interview process was focused on many of the same topics covered by the
questionnaire and afforded an opportunity to amplify them and more thoroughly examine
important details and context that could not be communicated in a questionnaire format. The
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states were each requested to provide important program documentation and examples of outputs
(reports, methods, protocols, etc.) that characterize the current usage of biological assessments and
criteria.

Summary of Monitoring Program Elements and Attributes (Tables 2 through 6)
The summaries presented in Tables 2 through 6 show the general levels of effort, summary of
methods, monitoring designs, assessment process, and extent of water quality management
program support provided by M&A in each Region V state. These were compiled from several
sources including the interview process, methods and protocol documentation provided by each
state, and information provided to U.S. EPA for the biological assessment program questionnaire.
The information that is complied here is necessarily general and does not account for some of the
important details embedded within a particular state program. Some attributes may also be in the
process of being upgraded or changed, thus for specific and up to date information we advise
checking with the appropriate state agency. We are aware of these efforts and their importance
and they will be considered as important details are addressed through field visits and follow-up
interviews with each state in the near future.
Goals of the Review Process
A principal goal of this review is to determine the status of M&A programs in each of the six
Region V states, with specific emphasis on how it is being used to support all water quality
management programs. While there has been much recent emphasis on the role of M&A in
producing more reliable estimates of water resource status, this review also focused on how the
same M&A framework should simultaneously support baseline water quality management
functions such as water quality standards (WQS), watershed assessment and management (includes
nonpoint sources), TMDLs, and permitting programs including NPDES permits, CSO/SSO,
stormwater phase I and II, 404/401 dredge and fill, and other related issues (e.g., CAFOs). One
major issue identified by this evaluation is that the design and operation of the M&A program in
some states has been driven predominantly by status, rather than a focus on supporting all relevant
water quality management programs at the same scale at which each is being applied. An important
question remains - does an emphasis on status affect the ability of a state M&A program to
support other water quality management programs at the same time?
This review was conducted based on the premise that ambient M&A should be designed and
conducted to support all relevant aspects of water quality management at the same scale at which
the management is being applied. This not only includes assessing and reporting on status and
trends, but also supporting WQS, planning, watershed and nonpoint source management, TMDL
development and implementation, and regulatory functions such as permitting (including
compliance and enforcement). The review also focuses primarily on streams and rivers, although
the lessons learned here should be applicable to lakes and reservoirs, wetlands, large and great
rivers, and the Great Lakes (termed here as “ecotypes”). As with rivers and streams, the experience
and applications developed by leading states will serve as examples for these aquatic ecotypes.
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Table 2A. Attributes and characteristics of Region V State biological monitoring and assessment programs: Macroinvertebrate field protocols and
applications.
Sample Collection Methods1

State
Quant.
Sample

Effort
Index

Qual.
Sample

Effort
Index

IL EPA

Multiple
Habitat
Dipnet

Sampling
Surface
Area

Dip
Net/Hand
Pick

Time
(>60
min.)

IN
DEM

Mod.
HesterDendy4

Sampling
Surface
Area

Kick Net
(1 m2)

Surface
Area

MI
DEQ

Mod.
HesterDendy5

Sampling
Surface
Area

Dip
Net/Hand
Pick

Time
(>30
min.)

MN
PCA

NONE

NA

D-Net/
Hand Pick

20
sweeps

OH
EPA

Mod.
HesterDendy

Sampling
Surface
Area

Dip
Net/Hand
Pick

Time
(>30
min.)

WI
DNR

NO

NA

D-Net/
Hand Pick

Visual
Based
(2-3
min.)

Agency

Capacity

Field Process

Aquatic Ecotypes

Sort

I.D.

#Sites/
Year

Primary
HW

Headwater

Wadeable

Large
River

Great
River

Wetlands

Lakes/
2
Res.

Great
Lakes

Quantitative
Transect

NO

Qual
only3

80-120

−

−

E

E

−

−

−

−

JulySept.

RBP-type
Assessment

NO

NO

100

−

E

E

E

−

A

A

−

YES

June 1
Sept.30

RBP-type
Assessment

YES

Family
level

700

−

−

E

−

NA

−

−

−

YES

Septem
-ber

RBP-type
Assessment

NO

NO

90-100

−

E

E

E

−

E

A

−

YES

July 1sept.30

Site
description
(No Index)

NO

Qual
only2

450500

E

D

D

D

E

E

−

E

Spring/
Fall

Wisconsin
Protocol

NO

NO

400

−

A

E

−

−

E

A

−

Index
Period

Habitat
Protocol

NO

June 1Oct. 15

YES

Standardization

YES

D - Method and assessment are fully developed and used and numeric biocriteria are adopted in WQS.
E - Method and assessment are fully developed and used, but not adopted in WQS (may include general narrative biocriteria).
A - Method and assessment are in development and in initial phases of usage.
− - Method and assessment are not developed.

1

Principal methods are in shaded boxes.
Includes biological assemblage assessments; does not include trophic state and other lake assessments or fishery management surveys.
Gross field identification to determine if new taxa are being included.
4
Used in lieu of kick net.
5
Used historically – no longer a principal method – replaced by qualitative method.
2
3
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Table 2B. Attributes and characteristics of Region V State biological monitoring and assessment programs: Macroinvertebrate
laboratory protocols.
State

Agency

IL
EPA

Sorting Process

Identification & Curation

Sorting QC
Check

Taxonomic
QC Check

SOPs

QC Officer

YES;
Retained
At IEPA

80-120

NO

10%

Informal

YES

NO
(Informal
Process)

YES

YES;
Retained
At IDEM

100

?

10%

YES

YES

NO
(Informal
Process)

1.5-2 hrs.

YES

YES;
Retained
At MDEQ

700

?

?

?

YES

NO
(Informal
Process)

4-6 hrs.

YES

YES;
Retained
At MPCA

90-100

NO

YES

YES

YES

YES
(mostly
chemical)

YES;
retained at
OEPA

200-250
Quant.; 400
Qual.

YES

Each staff
tested
once/year

Informal

YES

YES; In
WQS

NO
(Informal
Process)

YES

YES;
retained at
U. Wisc.

400

YES

?

?

YES

?

Taxonomic
Resolution

Where/
Who

Time
Req’d.

Ref
Collect
.

NO

300 orgs.

Lowest
Practicable
(Genus/
species)

IEPA Reg.
Staff & Lab

4-8 hrs.

YES

IDEM Staff &
Lab

3-4 hrs.

100 orgs.

Family

MI
DEQ

YES8

100 orgs.

Family

MN
PCA

YES

300-600
orgs.

Genus

OH
EPA

YES

WI
DNR

Check
Samples

Subsample

YES7

NO

Sample Split
Up to 16X (n
>500-1000)

125 org.
minimum

MDEQ Staff;
minimal lab
time
MPCA Staff &
Contract Lab

Lowest
Practicable
(Genus/
species)

OEPA
Central Lab;
OEPA Staff

Lowest
Practicable
(Genus/
species)

U. Wisc.
Central Lab;
WDNR Field
Staff

QA/QC

#Samples
/Year

Scan/pre
6
-pick

IN
DEM

Capacity

8-16 hrs.
(quant.);
3-4 hrs.
(qual.)

4-6 hrs.

Archives

6

Scan and pick for large and rare organisms.
Scan for large and rare taxa not included in sample.
8
Performed in field.
7
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Table 3A. Attributes and characteristics of Region V State biological monitoring and assessment programs: Fish assemblage field protocols
and equipment (symbols same as Table 1A).

State

Non-Wadeable
Methods

Wadeable Methods
Boat
Electrofishing

GeneratorPulsa-tor

Electrode
Array &
Config.

16’ john
boats

3-phase
AC

Droppers

Upstream

16’ john
boats

Pulsed
DC; VVP2E

Upstream

Electrofishing
Barge

Pulsed
DC; 5.0
GPP

Upstream

John boat;
Electrofishing
Barge

Sampling
Direction

Backpack

Towboat

Electrode
Config.

Effort
Index

Other
Gear

Small
Stream
Only11

AC

Electric
Seine

100 yds.
or 1
meander

NONE

Upstream

Pulsed
D.C.;
Small
Str.11

Pulsed
DC
(2.5
GPP)

Ring
Anode; 2
netters

15X
Width; 50
m min.;
500 max.

NONE

MI
DEQ

Pulsed
D.C.;
<15’
Width11

Pulsed
DC (2.5
GPP)

Ring
anode; 2
netters

10-15X
Width; 50200 m
(>1800
sec)

?

MN
PCA

Pulsed
D.C.;
Small
Stream

Pulsed
DC

Ring
Anode; 12 netters

35X
Width;
150-500 m

Pulsed
D.C.;
Restricted11

Longline;
Towed
Array

Net Ring
Anode; 1
Assist
Netter

Fixed
Distance:
150-200
m12

Pulsed
D.C.;
Headwater11

Pulsed
DC
(Wisc.
Design)

Ring
Anode; 23 netters

35X
Width;
100-500
m12

Agency

IL EPA

IN
DEM

OH
EPA

WI
DNR

NO

Seines
(Infrequ
ent)

?

Upstream

Upstream

Aquatic Ecotypes

Effort
Index

Sampling
Direction

Primary
HW9

Headwater

Wadeable

Large
River

Great
River

Lakes/
Res.10

Great
Lakes

−

−

E

E

−

−

−

1 mile
(1800
sec.
Min.)

Ust. &
Dst.

Electrosphere;
boat hull
cathode

15X
Width;
500
max.

Ust. &
Dst.
(both
banks)

−

E

E

E

E

A

−

Boom
droppers
(+); Bow
droppers
(-)

In
Development

?

−

−

E

A

NA

−

−

Pulsed
DC; Type
VI-A

Boom
droppers
(+); Bow
droppers
(-)

35X
Width;
150500 m

Downstream

−

E

E

E

−

A

−

12-16’
custom
john
boats13

Pulsed
DC;
2.5-5.0
GPP

Boom
droppers
(+); bow
droppers
(-)

Fixed;
0.5
km12

Downstream

A14

D

D

D

D

E

D

Custom
john boats

Pulsed
DC; Wisc.
Design

Ring
anodes;
side-rail
droppers

Fixed; 1
mile12

Downstream

A

A

E

E

E

E

−

9

Includes other vertebrates in addition to or inlieu of fish.
Includes biological assemblage assessments; does not include trophic state and other lake assessments or fishery management surveys.
Guidelines for use established; most powerful unit accessible is used.
12
Sampling distance determined experimentally by State.
13
Larger boats and night electrofishing for great river (Ohio R.) and great lake (Lake Erie shoreline)
14
Amphibians substituted for fish assemblage.
10
11

15
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Table 3B. Attributes and characteristics of Region V State biological monitoring and assessment programs: Fish sample processing
and laboratory protocols.
State

Agency

IL EPA

Field Data

Parameters

Species,
Counts,
Weights,
Lengths

Anomalies

Habitat

Crew
Composition

Samples/
Year

1-3 hrs;
?

100

45

Qualitative
Eval.

IDNR
Crew
(3-6)

YES
(DELTs)

Qualitative
Eval.

2 FTE, 1
intern

1-6 hrs;
3 sites/
day

?

RBP Type
Eval.

3 FTE;
few or on
interns

1.5-2
hrs; 4-5
sites/
day

Wisc. DNR
Quant.;
Qual. at
Non-Wade

2 FTE, 2
Interns

1.5 – 4
hrs; 2-4
sites/
day

QHEI

1 FTE,
2-3
interns

1-3 hrs;
4-8
sites/
day

Wisc. DNR
Quant.

1 FTE, 2
Interns

Species,
Counts,
Weights,
Lengths

MI
DEQ

Species,
Counts,
Weights,
Lengths

MN
PCA

Species,
Counts,
Weights,
Lengths

YES
(DELTs)

OH
EPA

Species,
Counts,
Weights,
Lengths

YES
(DELTs
plus all
external)

WI
DNR

Species,
Counts,
Weights,
Lengths

YES
(DELTs)

Identification & Curation

Hrs./
Site;
Sites/
day

NO

IN
DEM

15

Field Logistics

2-4 hrs;
2-3
sites/
day

100

100

600

250

Where/
Who

Ref
Collect.

Field;
IDNR
Crew
Leader
Field;
IDEM
Crew
Leader
Field;
MDEQ
Crew
Leader
Field;
MPCA
Crew
Leader
Field;
OEPA
Crew
Leader
Field;
WDNR
Crew
Leader

16

Verification

Methods
15
Dev.

Sorting
QC
Check

YES

?

Standardization

SOPs

QC
Officer

? (Needs
Improvementk)

YES

NO

?

YES:
INHS and
SIU

YES;
INHS and
SIU

YES

YES: IBS
Aq. Res.
Center

YES;
T. Simon

NO

?

YES

YES

NO

YES

?

?

YES

?

YES

YES

NO

YES

YES; U of
Minn.

YES; U of
Minn.

NO

YES

YES

YES
(mostly
chemical)

YES

YES; OSU
Museum

YES; OSU
Museum

YES

In
Development

YES

YES

NO (Informal
Process)

YES; UW
Stevens
Pt.

YES; UW
Stevens
Pt.

YES

?

YES

YES

?

YES

Consistency of effort devoted to methods and assessment development.

Archives/
Vouchers

QA/QC

YES (in
field by
crew
leader)
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Table 4. Structure and elements of water quality standards (WQS) and procedures related to the use of monitoring and assessment
information in Region V States.
State

Aquatic Life Uses

Biocriteria16

Criteria Modifications

Agency

Structure

Criteria

Narrative

Numeric

SiteSpecific

IL EPA

General; Nonspecific

Numeric
Chemical

NONE

NONE

NONE

IN
DEM

General; FisheryBased (Warm &
Cold water)

Numeric
Chemical

Proposed

NONE

MI
DEQ

General; FisheryBased (Warm &
Cold water)

Numeric
Chemical

NONE

MN
PCA

General; FisheryBased (Warm &
Cold water) with
Limited Use

Numeric
Chemical

1994;
More
specific
adopted
2001

OH
EPA

Tiered Warmwater
Uses; Cold water
fishery use

Biological &
Chemical
Criteria

Tiered
AQL Use
Descriptions

YES (Fish
and Inverts;
adopted
1990)

WI
DNR

Tiered Uses

Chemical
criteria

NONE

NONE

16

Antidegradation

TMDL
Listings

NONE

Informal
Process (via
305b)

Biological
Stream
Classification
(BSC)

305(b)
Monitored
Level

NONE

NONE

Informal
Process (via
305b)

NONE

Subset of
305(b)

NONE

NONE

Informal
Process (via
305b)

NONE

Close Subset
of 305(b)

Class 7
(Limited Use)
designations;
230
segments)

Outstanding
Resource
Waters

NONE

Informal
Process (via
305b)

NONE

Subset of
305(b)

Routine
Outcome of 5
Yr. Basin
Process;
>1500 since
1978

Biocriteria Caps
on DMT; Biocrit.
Derivation of
chem.. crit.

Directly tied
to bioassessment results

Codified in
WQS via
AQL and
Biocriteria

Formal
criteria &
procedure

Direct
translation of
305(b)

Developing
Guidance;
104 changes
proposed

NONE

Indirectly
influenced

Informal
Process (via
305b)

NONE

Subset of
305(b)

Other

Limited for
AQL (casespecific)

Adjusted
Standards
Reviews (20-30
total)

5-6 Cases
Statewide

Very Limited

NONE

6-7 Cases
(most for
copper)

NONE (no
<CWA use
categories
available)

NONE

Three cases
(ammonia &
copper)

<10 Cases
Statewide

Use
Designations

ALUS
Support

UAAs

2 Cases

Biological Monitoring & Assessment Support

Formally adopted in State administrative code or regulations.

17
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Table 5. Attributes and characteristics of Region V State biological monitoring and assessment programs: Watershed and water body
assessment process.
State

Watershed
Assessment Design

Agency

Temporal

IL
EPA

Five-Year
Rotating
Basin Process

Statewide
Coverage
Every 5
Years

IN
DEM

Five-Year
Rotating
Basin Process

Statewide
Coverage
Every 5
Years

MI
DEQ

Five-Year
Rotating
Basin Process

MN
PCA

OH
EPA

Assessment Process

Fixed
Station

Targeted
Synoptic

Targeted
Intensive

Probability

Geometric

HUC
Unit17

ALUS18
Arbiter

ALUS
Delineation19

Assessment
Chain-ofCustody20

Site Extrapolation

Cause/
Source

IA/Weight-ofEvidence

E

D

E

−

−

Biological
Assessment

Pass/Fail

8 digit

Lead Biologist
follows
established
guidance

10-25 mi.
(per EPA
guidance)

Structured
process (based
on chem./phys.
data)

Weight-ofEvidence

D

−

E

D

−

8 digit

Chemical
and/or
Biological
Assessment

Pass/Fail

Consensus
Decision by
Study Team

A “few”
miles;
mostly
case
specific

Follow EPA
guidance; H,M,S

IA tendency

Assess 80%
wadeable in
each cycle

E

−

D

−

−

11 digit

Biological
and/or
Chemical
Assessment

Pass.Fail
(Poor to
fail)

Lead Biologist
follows
established
guidance

Case
specific (35 mi.
max.)

Follow EPA
guidance; H,M,S

Rotating
Basin Process

Statewide
coverage by
2007

E

−

E

D

8 digit

Chemical &
Biological
Assessment

Pass/Fail

Future
Design

Consensus
Decision by
Study Team

Varies
(10 mi. on
average)

Follow EPA
Assessment
Database

Five-Year
Rotating
Basin Process

Intensive
Coverage of
Priority
Subbasins

E

−

E

A

D

11-14
digit

Numeric
Biocriteria

Numeric,
Incremental Scale
(Biocond.
Gradient)

Lead Biologist
asst. by Study
Team; Mgmt.
Approval

Case
specific;
0.5-1.0 mi.
default

Integrated
Process; Linesof-Evidence;
Biol. Response
Signatures

Five-Year
Rotating
Basin Proce

Intensive
Coverage of
Priority
Basins

E

−

D

A

Pass/Fail

Lead Biologist
asst. by Study
Team

BPJ

Do Not use
H,M,S

Spatial

WI
DNR

Spatial Sampling Design

−

11 digit

Biological
and/or
Chemical
Assessment

D - Principal method and design used to support WQ management.
E - Method/design used in a secondary support role.
A - Method/design used on an infrequent or experimental basis.
− Method and assessment are not developed.
17

Basin size within which watershed specific assessment is most commonly planned and conducted – gets at spatial intensity and resolution within a watershed sampling unit.
ALUS – Aquatic Life Use Support.
19
Pass/fail is assigned to 305b delineations of full, partial, non-attainment; incremental scale is assigned for calibrated numeric biocriteria that are fully implemented.
20
Process for developing site and/or reach assessment.
18

18

IA

Weight-ofEvidence

Weight-ofEvidence

Weight-ofEvidence
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Table 6. Relative degree to which major water quality management program areas are supported by monitoring and assessment in each of the
Region V states.
Basic
Reporting

State

Status21

Agency

Trend22

Watersheds/
NPS

WQS Program
Tiered
Uses23

24

UAA

TMDL/303d

NPDES/Other Permitting

Refined
WQC25

Antideg.

SiteSpecific
Crit.Mod.26

NPS/BMP
Effectiveness

Habitat27

List/
Delist

TMDL
Dev.28

WQ
BELs29

30

CSOs/
SSOs

Stormwater
Ph. I&II

WET
Limits/
Cond.31

Severity/
Extent32

Enforce
ment33

404/401
Dredge &
Fill34

Priority
Setting

IL
EPA

D

A

−

A

−

−

A

A

E

E

A

E

A

A

−

−

A

E

−

IN
DEM

D

A

−

A

−

−

−

A

A

A

A

A

−

−

−

−

−

A

−

MI
DEQ

D

A

−

−

−

−

A

E

E

D

E

D

A

A

−

A

−

E

−

MN
PCA

D

A

−

E

A

−

−

E

E

A

A

E

A

−

−

A

A

A

−

OH
EPA

D

D

D

D

D

D



D

D

D

D











D

D



WI
DNR

D

A

A

E

−

A

−

E

D

A

A

E

−

−

E

−

E

E

−

D - Well developed and routine process for using monitoring & assessment for at least 5-10 years; based on an integrated indicators framework process and comprehensive watershed design.

-

Process and tools are available, but usage is no longer routine and occurs only on a project or issue specific basis.

E - Project or site-specific use of monitoring & assessment consisting of upstream/downstream studies, paired stream studies (no comprehensive watershed design).
A - Occasional or infrequent usage or under development.
− No support from ambient monitoring & assessment.
21

Basic attainment/non-attainment assessment for aquatic life use status including delineation of causes and sources of threat and impairment.
Sufficient information to report aggregate status of ecotypes over at least a 10 year period; does not refer to analysis of fixed station chemical trends.
Tiered uses that are developed based on assemblage assessments and which correspond to EPA’s biological condition axis; does not include fishery based or general uses.
24
Includes any use of ambient monitoring data to change designated uses, both “upgrades” and “downgrades”.
25
Ambient data is used to develop water quality criteria and/or influence the application or implementation of WQC (exclusive of pH, hardness, and other single modifiers).
26
Ambient survey data is used to ground truth EPA’s site specific criteria process (water effects ratio).
27
Habitat assessment is linked to biological assessment and listed as a cause of impairment.
28
Includes using ambient data to support TMDL development and determine success of TMDL implementation beyond basic calibration data.
29
Water quality based effluent limits – ambient data is used to develop an assessment of the overall effect of the subject discharge on the receiving waters.
30
Ambient data is used to influence priority setting for NPDES permitting and/or SRF funding priorities.
31
Ambient survey data is used to develop WET testing requirements and/or effluent limits in NPDES permits.
32
Assessment framework allows for determination of incremental departures and changes beyond pass/fail and communicates severity of problem over space & time.
33
Direct use of ambient survey data to support enforcement in terms of demonstrating that action is both legal and reasonable.
34
Direct support of general policy and site-specific decisions for the 401 certification of 404 dredge and fill permits.
22
23

19
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FINDINGS AND RECOMMENDATIONS
This effort is intended to be investigatory as opposed to a comprehensive determination of the
adequacy of the Region V state programs. That will come later through Regional review and
determining adequacy consistent with the Comprehensive Assessment and Listing Methodology
(CALM) implementation process, the Region V Indicators Initiative, and other ongoing efforts
(i.e., Refined Aquatic Life Uses, Critical Bioassessment Program Elements) to improve state
approaches to the assessment of aquatic life uses. As such, this review does not represent a
detailed audit of a particular state program, but rather is intended to generate a focused analysis of
the major issues that represent significant challenges for state M&A programs. It is also intended
to introduce the development of an ongoing process by which the Region and states can together
determine the status of the current M&A program, identify and assess gaps and shortfalls,
determine incentives and disincentives, and determine ways in which M&A can be improved to
meet the important goals and objectives shared by each. As such the findings and
recommendations of this review are intended to highlight the major areas on which the emerging
CALM, Indicator Initiative, tiered uses, and other processes can better focus. It was not possible
to use all of the data and information collected during the interview process, but rather we are
choosing here to focus on major conceptual and thematic issues first, with any missing details
being covered as a consequence of a more painstaking and thorough process over time.
This section of the review is organized by the major program areas addressed in the interview
process: Monitoring and Assessment, Reporting and Listing, Water Quality Standards,
Assessment and Integration, and Biological Monitoring and Assessment. Each section is broken
down into a listing and description of general findings, major issues and challenges, and program
implications and recommendations for each subcategory.
Monitoring and Assessment Program
Monitoring and assessment includes the design, purpose, and conduct of how environmental data
are collected from a spatial, temporal, logistical, and strategic standpoint. Subcategories included
here include monitoring program concepts, spatial design and scale, resources and facilities, data
management, and reference condition. A brief description of each state’s M&A approach and
program appears in Appendix A-2.

Monitoring Program Concepts and Development
Some states specifically indicated a need to frame M&A issues better and in more detail; all of the
states echoed this at least indirectly. We believe that all states share the vision of the ITFM and
subsequent efforts that intend for M&A to play a central role in producing the data and
information to more effectively guide water quality management. What is lacking is a complete
understanding of the specifics and the potential and realized implications to water quality
management programs such as WQS, TMDLs, and permitting. At least two states were interested
in having an outside entity audit their programs and several were engaged in their own internal
efforts. This is seen as an important and positive first step as it indicates a genuine interest in
determining and ultimately using ambient M&A in support of water quality management. There
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is uncertainty, however, about how much this is shared by upper management since it was evident
that administrative outputs are valued as the primary measure of water quality management
program effectiveness and success.
General Findings
• States are genuinely interested in improving their M&A programs and all are actively using
data to report on the status of their surface waters, most commonly wadeable streams and
publicly-owned lakes and reservoirs. There is a range of sophistication in state programs
ranging from a sole emphasis on status reporting to integrated uses of M&A to support key
water quality management programs.
• All six states have produced a monitoring strategy and most believe this is the appropriate
vehicle to communicate design and indicator quality specifications and objectives. Most
have either been revised in the past 2-3 years or are in the process of being revised.
• M&A programs receive varying levels of support and understanding from their respective
program management in each state. This ranges from solid conceptual support and a
genuine interest in how the results can be used to tepid support and a more ready
acceptance of a limited program. Gaining management appreciation and buy-in for the
more comprehensive and integrated process envisioned in this review is essential to
achieving the goals of this process.
• The proportion of resources dedicated to ambient M&A in each state varies and needs to
be quantified in real terms (i.e., FTEs).
• None of the states rely extensively on volunteer monitoring as a direct substitute for their
own efforts. Some states support extensive efforts to track and incorporate volunteer
organization data into the 305b report, but limit the “regulatory” use of this information.
The use of volunteer organization data is much more extensive and better organized for
lakes than for streams and rivers.
Critical Issues and Challenges
• There is a need to better frame and organize the issues and questions that determine M&A
design and use. This would also include explicitly communicating how adequate M&A
could help and improve water quality management outcomes. This should include the
principles and processes outlined in Appendix A-3.
• Water quality management in most states is focused primarily on the administrative
outputs of specific programs, most commonly including permitting and more recently
TMDLs. A disconnection between administrative actions and the results of M&A has the
effect of limiting the further development of M&A in terms of resources, indicators
development, criteria, and the integration of environmental information into water quality
management. This is true even in the states with well developed and integrated M&A and
environmental indicators processes. Improved management buy-in and reliance on M&A
is critical to truly achieving environmental results based management (Appendix A-3).
• The propagation of assessment error and biases in different types of indicators needs to be
better understood by most states. One of the most pressing problems in the use of
indicators “taken at face value” is the inappropriate substitution of stress and exposure
indicators for response indicators (Yoder and Rankin 1998). This has a strong tendency to
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propagate a type II assessment error, i.e., problems and impairments that actually exist are
either under-rated or not detected at all. This has a “trickle-down” effect into all resulting
assessment products including those associated with the TMDL process and impaired
waters listings and other products such as State of the Environment Reports and national
compendia (e.g., Index of Watershed Indicators, National Status Statistics).
The appropriate role of volunteer monitoring data and assessments is a recurring issue that
needs to be better understood and defined. This issue is of concern due to the pressure
exerted by volunteer groups to use their data, the notion that it is “free”, and legitimate
concerns about the quality and reliability of the data and information. One issue is the
perception of volunteer organization data as a low cost substitute for state agency collected
data. This overly simplistic view needs to be examined from the standpoint of data quality
objectives, technological rigor, the integrity of the assessment process, the integration of
data into the direct support of water quality management, and infrastructure issues within
state programs.

Programmatic Implications/Recommendations
• Explicit documentation of the key elements and concepts of an adequate state watershed
M&A program including guidelines and checklists of the various monitoring networks and
indicators is needed to provide a blueprint for states to follow. Some of this is available in
general and conceptual terms (e.g., CALM, Yoder 1998), but specifics in important areas
are lacking. Making choices about monitoring network design(s), indicators, and technical
issues such as indicator development and calibration will need to be under girded by
applied research aimed at answering specific questions.
• Gaining management understanding and appreciation for adequate M&A is crucial to
realizing improved management outputs and environmental end outcomes. This includes
addressing embedded issues that have thus far served as serious impediments and
disincentives to the development of more comprehensive programs (e.g., perception of
refined uses, implications for permitting, policy of independent application, etc.).
Managers must be engaged in and comprehend this process and understand the pitfalls of
operating water quality management programs in its absence. An orientation/training
session for managers is recommended as one possible approach to better communicating
the virtues of improved M&A.
• The usefulness of data collected outside of the primary custodial agency needs to be
evaluated by an objective process based on data and measurement quality objectives
(MQOs/DQOs) that are defined by the state’s WQS and/or monitoring strategy. It is
essential that each state address this issue by first establishing adequate MQOs/DQOs that
will meet the needs of water quality management and adequate monitoring and assessment
and which follow current best practices. State’s need to take the lead and establish these
in-house prior to delegating this function, either directly or indirectly, to outside
organizations. This will preserve the proper role of the state agency as the principal
custodian of M&A and WQS and the essential integration of each.
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Spatial Design and Scale
All of the Region V states operate a rotating basin approach as the principal M&A framework. All
of the states have successfully shifted from a fixed station design and most still operate skeletal
networks as an EPA program requirement. What differs between the states is the specific spatial
design of the basin approach with respect to spatial intensity. It seems that EPA’s historical
emphasis on achieving 100% coverage of all water resource types within five years has driven some
decisions on spatial design specifics. This also seems to be driven, at least in part, by an emphasis
on status and trends and in response to past criticisms that M&A could not deliver on this
important question. What has received less attention is the implication of these decisions on the
ability to simultaneously support site and watershed specific water quality management questions
and issues. Some Region V states have chosen to emphasize the former while others have
emphasized the latter, each with its own consequences on the ability to deliver on other goals and
objectives.
General Findings
• Each Region V state operates a five-year rotating basin assessment process employing one,
both, or a combination of two general approaches; 1) a statewide approach with widely
distributed sampling locations (targeted and/or probabilistic) intended to cover the entire
state in five years and address status issues, or 2) a spatially more intensive design designed
to provide information in support of key water quality program needs such as permitting,
WQS, TMDLs in addition to status and trends.
Critical Issues and Challenges
• At the risk of oversimplification, there are two broad and different spatial design
approaches being employed by the Region V states. The first attempts to cover all or a
majority of wadeable aquatic resources within a 5-year cycle. Some states have used a
probability design supplemented by selected targeted sites while others have relied on a
targeted, synoptic approach. In each case the degree of extrapolation beyond single
sampling sites can be large and some states follow the recent U.S. EPA CALM guidance by
using a 10/25-mile “rule-of-thumb” for extrapolating single sites in wadeable and nonwadeable rivers and streams. In short, these states have made a trade-off emphasizing
statewide coverage at the expense of spatial intensity and detail. The second group of states
opts for a more spatially intensive approach at the expense of complete coverage within a 5year cycle. These states have made the opposing trade-off, favoring spatial intensity over
statewide coverage. In some cases complete coverage of the state is accomplished over a
much longer time frame (e.g., 10 years or more) or 100% coverage is not an overriding goal,
with subsets of assessed waters used to determine long-term trends. There are, of course,
important consequences involved with these trade-offs, all of which are in need of a more
critical evaluation and documentation.
• States are being urged to improve status reporting given the emphasis on this activity by
U.S. EPA at the national level. We need to seriously examine if this emphasis is resulting
in a narrow focus of M&A and precipitating a consequence of making the data and
information less useful for other purposes. For example, does a less intensive synoptic
survey design, which is geared to assessing all waters in a given rotating basin cycle, make
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the resulting data and information less useful to site and reach specific WQ management?
(e.g., complex mainstem segments sampled with a small number of sites vs. 10s of sites –
what do we miss?). And does this result in M&A being kept at “arms length” from water
quality management (i.e., can WQ management claim undue credit for improvements that
are inferred by broad scale M&A, yet which are not linked to the reach or site-specific
resolution of management?)? Also, can water quality management claim credit for
compliance with stressor indicators absent of the linkage with exposure and response via
the hierarchy of indicators and lines of evidence processes outlined in Appendix A-3? The
scale of M&A is an important consideration in this process.
Another issue is that of sampling production in terms of sites sampled per unit of effort.
The protocol employed by a state in terms of chemical/physical, biological, and habitat
assessment can affect productivity. Here, again, there seem to be two divergent approaches.
One is to employ what might be categorized as rapid assessment approaches, which take a
1-3 hours to accomplish in which several sites can be sampled in one field day. This
approach generally employs representative sampling and qualitative techniques. The other
approach employs more quantitative protocols, which take longer at each site resulting in
fewer sites sampled in a field day. Some of these approaches also require a larger field
crew. A key question is do the data and information produced by the more intensive
quantitative methods offset the reduced productivity in terms of sites sampled and hence
reduced spatial intensity and coverage? Do the more rapid and qualitative methods omit
essential data and information? What are the programmatic implications in terms of
spatial scale and resolution in terms of meeting key water quality management program
objectives?

Programmatic Implications/Recommendations
• Spatial design in the basin assessment process is a critical issue because of the risks
associated with the disadvantages of each individual approach. The broader, statewide
approach may risk overlooking or underrating significant site-specific problems, which if
known about, could have been addressed by refocused management programs. This
approach also risks incomplete documentation of the extent and severity of indicator
exceedences and responses.
• There is also the risk of having an incomplete database regarding stressor gradients and the
biological condition axis due to the omission of specific types of impacts that occur only in
proximity to specific types of sources, occur in specific aquatic ecotypes or regions, or the
highest quality resources that occur in only a few selected locations.
• The spatially intensive approach has the disadvantage of taking longer to develop
comprehensive listings and other tasks that require broad spatial coverage, and it can be
vulnerable to statistical criticism and bias.
• Applied research is needed on this issue so that unambiguous guidance can be developed
concerning the choices that the states have either already made or are in the process of
making. States face a growing need to develop increasingly detailed and sophisticated
M&A programs to support both contemporary issues and future needs. Resolving the
conflict between resources and the needs universe necessarily forces trade-offs that can only
be made from an informed and strategic perspective.
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Resources and Facilities
Resources and facilities comprise the essential infrastructure of M&A programs. This includes not
only the direct personnel who carry out sampling and analysis, but also supporting personnel in
terms of management, laboratory, and data processing support. Facilities include equipment and
space in which the equipment is maintained and housed, and laboratory facilities in support of
basic sample processing.
General Findings
• Each Region V state operates an active M&A program with complements of supervisory
management and staff. Each state includes biological, habitat, and chemical/physical
sampling and data collection methods and techniques. Each state operates structural
facilities that include office, laboratory, and field staging and warehousing facilities.
• Each state has professional staff that are capable of conducting chemical, physical, and
biological assessments and the associated field, laboratory, and data analysis tasks. With
the exception of the Illinois fish assemblage assessments, all work is performed in-house.
Some states utilize contractors to deal with excess capacity issues and backlogs and this
practice is increasing as artificial personnel ceilings are imposed.
• Each state gave indications that their current resources are insufficient to meet the present
and future demands that will be placed on M&A and biological assessment in particular.
This not only includes staff, facilities, and logistical support, but also includes technological
needs in terms of sampling design, data management, data analysis, and assessment and
reporting.
• None of the states use volunteer monitoring data as a substitute for the role filled by their
frontline professional staff. We were not made aware of any volunteer groups with the
capability to meet the professional qualification, data quality objectives, or monitoring
design necessary to function as a substitute or supplement to state programs. The only
significant use of volunteer organization data is with the citizen lake monitoring programs
that employ comparatively simple measurements and observations.
• Some states cited burdensome and lengthy hiring practices as a major impediment to better
M&A production and progress. In at least one state, personnel policies make it difficult to
hire qualified staff for positions requiring specific skills. States are being forced to utilize
contractual support, but all would prefer to have in-house staff.
Critical Issues and Challenges
• All of the states face resource shortfalls in many areas including personnel, acquisition of
personnel, and competition with other water quality management programs. These
shortfalls have the net effect of precipitating bottlenecks in the timely production of
assessments and unpredictability in terms of improving M&A programs with new
technologies.
• M&A is frequently regarded by management as being less important than established
regulatory programs and hence the resources are less apt to be increased and in fact may be
usurped by these other programs. If M&A is to fulfill the goal of supporting a data driven
water quality management focus (as opposed to issue driven), then resources must be stable
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and predictable over time. The flow of data and information must happen routinely
through time to in order for assessments to be available when they are needed.
Programmatic Implications/Recommendations
• If we are to realize the benefits of M&A in terms of supporting all water quality
management programs and activities, it must be performed routinely and regularly over
long periods of time. Unpredictable support frequently debilitates two of the most
important functions of monitoring and assessment; building a systematic and consistent
database that serves as a resource for developing new and improved tools and criteria and
addressing emergency needs as they arise and developing trends through time.
• Examples of how long term databases have been used to report trends and develop new
and improved tools and criteria need to be marketed to state managers.

Data Management
This is a high priority area of interest and need for the states given its critical function in the
overall process of making M&A information usable and readily available.
General Findings
• All of the states have either developed their own data management systems and/or have
used the EPA STORET system to enter, store, retrieve, and analyze data. Each state
allocates at least one FTE and most allocate up to 3 FTEs to this task.
• Each state identified various needs and shortfalls in terms of data management. These
ranged from improving current systems, building new systems, and overcoming basic
operational tasks such as data entry and retrieval. In-house programming support is
needed to customize existing applications to fill the specific needs of individual states.
• There were mixed reviews about the utility of the new STORET system.
Critical Issues and Challenges
• States need the ability to manage chemical, physical, and biological data simultaneously
and achieve the integration necessary to achieve the goals and objectives stated in this
review. This means seamless operation of databases and ease of access by users.
Programmatic Implications/Recommendations
• Data management is a critical function in the operation of an adequate M&A program.
We suggest this as an important area for further follow-up and discussion among the states.
We feel that more emphasis needs to be placed on functional uses of data within the
custodial state agencies as opposed to the current emphasis of entry, retrieval, and sharing
for external users.

Reference Condition
Reference condition is a fundamental aspect of adequate M&A programs. While it has been
highlighted by the biological criteria process, it is essential to the assessment and indicator
development process in that it accounts for naturally occurring patterns and variability. As such, it
is important to the development of background thresholds and ranges of expected performance for
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various chemical and physical parameters such as baseline chemical/physical properties (pH,
hardness, temperature, alkalinity, etc.) and key chemical parameters (dissolved oxygen, ammonia,
nutrients, and other selected pollutants in water and sediments, etc.).
General Findings
• All of the states are either in the process of choosing or have developed a network of
reference sites primarily for the development of biological indicators and criteria.
Critical Issues and Challenges
• There exist different levels of understanding and sophistication regarding the conceptual
foundation and development of reference condition among and between the states. Some
have fully developed and working concepts while others are still struggling with basic
concepts.
Programmatic Implications/Recommendations
• There needs to be a consistent conceptual foundation for the development and use of
reference condition between the states. This is one of the pivotal, operational areas of
M&A that will determine the reliability and comparability of state products such as
integrated reporting and 303d listing, WQS, and virtually any application of M&A in
support of water quality management. As such, this should be a focus of Regional and
state efforts in the near term, including the development of best practices.
Water Quality Standards Program
Water quality standards (WQS) include designated uses and criteria used to determine the status
of attainment of a use. In this review, the focus is entirely on the aquatic life uses. The critical
importance of WQS to M&A and water quality management cannot be overstated. WQS provide
the basis for assessment, implementation, and compliance. This is a key area that the NRC (2001)
review of the TMDL approach identified as needing significant attention and development. This
review focused on the structure of aquatic life uses, adjustments and refinement to water quality
criteria, antidegradation applications, and use attainability analyses. Table 4 summarizes the
characteristics and attributes of each state’s WQS program and its use and application in support
of water quality management. The attributes of Region V state WQS that pertain to this review
are summarized in Table 4.

Aquatic Life Uses
Designated aquatic life uses are the key component of a state’s water quality management program
that essentially determines the level of detail at which that program operates. Recently, EPA’s
interest in refined uses has been exemplified by the Aquatic Life Uses working group composed of
EPA offices, laboratories, academic institutions, and the states (includes three Region V states).
Major products include the development of a biological condition gradient which is intended to
unify biological assessment and biological criteria development efforts. Efforts related to this
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initiative include exploring the use of biological criteria to refine and develop water quality and
other criteria and improvements in how Use Attainability Analyses (UAA) are conducted.
General Findings
• Use designations in four states consist of general aquatic life or fishery based uses. One
state has multiple fishery uses and one state has a fully developed set of refined uses that
are codified in the WQS.
• States with general uses operate a default classification system. Those with refined systems
designate individual streams and rivers.
• Use attainability analyses (UAAs) are used routinely in one state, recently in another state,
sparingly in three states, and not at all in the remaining state. The state with refined uses is
where UAAs are routinely employed as a management outcome of the M&A program. All
other states employ a program of UAAs that are developed as a result of specific issues and
requests.
• Most states have employed adjustments to water quality criteria and/or their application in
permits. Most endorse the EPA site-specific criteria modification procedure, but this
method has been used only a few times in any one state. One state has an adjusted
standards process that essentially functions as a variance procedure.
• The use of M&A to support antidegradation is fully integrated in only one state; ancillary
information drives this process in all of the other states.
Critical Issues and Challenges
• Some states are reluctant to develop refined uses due to uncertainties in terms of the
resources needed to manage them, the difficulties in supporting and maintaining the
administrative rulemaking process, and concerns about abuses such as inappropriate
lowerings of designated uses.
• An extensive database, consistent support in terms of stream and river specific assessments,
and the necessary structure in the state WQS is needed to develop and implement refined
uses. All of the states have the basic infrastructure that is needed to implement this system,
but many lack the database and tools necessary to routinely use and maintain it. Again,
this would be one of the outcomes of developing an adequate approach to M&A in each
Region V state.
Programmatic Implications/Recommendations
• The value of M&A in support of the development of improved and refined water quality
criteria, designated uses, and implementation tools is generally not recognized by the states.
Making this connection is essential to improving its use and meeting the goals described
earlier by this review.
• Refined uses were identified as a critical developmental and implementation need in the
NRC (2001) TMDL report as a replacement for the prevalent one-size-fits-all approach
employed in most states. This would serve to more appropriately scale protection and
restoration requirements to the capabilities and potentials of individual water bodies, thus
making assessments of status more accurate. This is a pivotal issue for the Region and the
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states and should be a high priority in the near term. This is also consistent with the U.S.
EPA initiative and working group on refined aquatic life uses.
Assessment and Integration
Assessment and integration pertains to the process by which M&A information is assembled and
interpreted via an assessment process and then used to directly support and influence water quality
management programs. It includes reporting and listing processes such as 305b reporting and
303d listing, which inherently include the determination of causes and sources that are associated
with measured impairments. The reliability of impairment determinations and cause/source
associations is determined by the capabilities of the environmental indicators used in the
integrated assessment process. These are basic program functions that pertain to the
determination of status based on monitoring data and the exceedences of chemical and/or
biological thresholds and criteria. The attributes and characteristics of the Region V state water
body assessment processes are summarized in Table 5.

Status and Trends
This is fulfilled by the Section 305b reporting process and includes the aggregate assessment of
impairment by water body type. Each Region V state fulfills the basics of this process and
maintains a database of impaired and threatened waters. Each state also produces and maintains a
list of impaired waters as required by Section 303d, which is theoretically an extension of the 305b
process. This, however, varies considerably between the states and the quality of 305b reports
(NRC 2001).
General Findings
• Completing the 305b report is a principal driver of M&A in all of the states. Each state
maintains adherence to the EPA waterbody system (now the Assessment Database) in
reporting the results of the 305b process.
• The 303d list is driven in part by the 305b process in all of the states. In some states the
303d list is a subset of the 305b impaired waters list while in others it is nearly equivalent.
• Only one state reports trends in aggregate status over a significant time period. Most states
either do not have sufficient data over a sufficient time period to show trends or the
database is not sufficiently organized to produce a cohesive trend assessment.
• All of the states assign causes and sources to threats and impairments, but with varying
degrees of detail, consistency, and confidence.
• Some states are reluctant to determine threatened waters due to the implications for listing
and uncertainty regarding water quality management obligations. Other states believe that
threatened waters determinations are essential to the protection of vulnerable and high
quality waters.
Critical Issues and Challenges
• The 305b assessment process has the potential to be an effective filter for the 303d list.
However, a general lack of historical discipline in the types of data that have been allowed
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into state 305b reports deter the ability of this report to fulfill that role. This is much less
of a problem in the states with a more structured approach to data quality objectives,
indicators, and M&A design.
Trend reporting is a critical function of M&A programs and can be used to more
effectively guide and prioritize water quality management programs. A comparative lack of
continuity in data management,, indicators, and design have deterred the production of
meaningful assessment by the states.

Programmatic Implications/Recommendations
• Ensuring consistency in status determinations and the eventual uses of that information is
a critical issue in the Region. This ultimately resides in the adequacy of the state’s M&A
program. Demonstrating that addressing this issue will result in meeting other M&A goals
and objectives is essential to gaining management buy-in and the resources that are needed
to achieve it.
Integration includes the “assembly” of multiple indicators in a sequential process using each
within its most appropriate role. This process has been described by U.S. EPA (1990, 1995b) and
Yoder and Rankin (1998). Central to the success of achieving a high level of integration is the
development of environmental indicators, which are essentially the measurable outputs of an
adequate M&A program. As such, the implementation of an adequate M&A framework should
naturally result in the desired degree of integration so long as the principles and process of sound
indicators discipline is practiced. Subcategories that are reported here include environmental
indicators development and usage and the sequential process used to achieve integration with
water quality management.

Environmental Indicators Development and Use
An environmental indicator is defined here as a scientifically valid and managerially useable
measure that is capable of communicating information about the status of a resource and trends in
that status. There have been numerous initiatives to develop processes and frameworks for the use
of environmental indicators to act as effectiveness measures for water quality management
programs. However, too few of these efforts have recognized or addressed the need for adequate
M&A to undergird the essential information gathering and assessment processes. Simply stated,
environmental indicators are only as good as the underlying data collection and assessment
process. This is a critical area given the Regional shared goals initiative.
General Findings
• Only one state has a fully developed process for the integration of multiple indicators in
making ambient assessments over space and time. None of the other states can currently
report temporal trends on aggregate water resource condition in a manner that is
consistent with previous indicators development frameworks.
Critical Issues and Challenges
• Consistent and standardized M&A is essential to the development of a robust and reliable
environmental indicators and their use as effectiveness measures. This includes more than
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the collection of data and information, but the maturity of efforts that integrate this data
and information into meaningful assessments.
Key to having good environmental outcomes is a thorough understanding of the what,
when, why and where of the ultimate uses of the assessment. This must be understood by
upper management with buy-in from managers, front line supervisors, and staff. This is
crucial to good performance by staff in the field and it ultimately determines the
effectiveness and credibility of the entire approach.

Programmatic Implications/Recommendations
• Given the status of most of the state M&A programs, the development of this process will
take time. However, the efforts of the Region to assist the states with improving their
M&A programs should lead to the ability to use environmental measures as envisioned by
the shared goals initiative.
Biological Monitoring and Assessment
All of the Region V states operate biological monitoring programs and all employ the capability to
use at least two organism groups, usually fish and macroinvertebrates. Each state has developed an
assessment process for determining if the sampling results indicate an impairment of the biological
assemblage. The results are used for reporting status in all six states - uses beyond status vary by
state. Tables 2 through 4 describe the attributes and characteristics of the state’s biological
assessment program. A detailed checklist that will help determine the present status of the
bioassessment program, how it fulfills the desired goals of monitoring and assessment, and in
which areas the development of improved capabilities are needed is under development and will
be piloted with the Region V states in 2004.

Biological Assessment Methods and Procedures
How biological data is collected, the level of resolution in terms of sampling and taxonomy,
standardization, and operator skill and training can individually and collectively affect the accuracy
and adequacy of the data produced. Also, states must develop biological assessment procedures
that are not only robust, but which can be performed in a cost-effective manner. Generally, a costeffective bioassessment protocol is one that can be executed at a sampling location in 1-3 hours
supporting sampling of multiple locations in a day, 10s of samples in a week, and 100s of samples
in a year. Thus some balance between absolute comprehensiveness and adequate representation of
an assemblage must be struck. For state programs, producing a larger number of sites sampled at a
reasonable cost and investment of personnel is of critical importance.
General Findings
• All six Region V states operate biological assessment programs with the capability to assess
two organism groups. Three states collect two groups at virtually all sampling sites, while
the others selectively apply each group singly.
• Macroinvertebrates and fish are most commonly sampled, with some states emphasizing
macroinvertebrates more than fish. A few states have the capability to assess algae and
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some have broadened to include higher plants and other aquatic vertebrates and
invertebrates in wetlands and primary headwater streams.
With one exception the states support and retain an in-house capacity to assess both
macroinvertebrates and fish.
All of the states retain qualified full-time biologists and employ interns to assist with field
work during a summer-fall index period. A few states outsource some laboratory work to
contractors.
Variability in terms of different methods, protocols, equipment, and procedures exists
between states. The significance of some of these differences is likewise variable and ranges
from inconsequential to potentially significant, the latter of which could influence the
effectiveness and utility of the resulting data and assessments for region-wide assessment
purposes.

Critical Issues and Challenges
• While there are general similarities between the Region V state biological assessment
programs, there are some potentially important differences in methods and approaches
between states. The critical issue is in determining the comparability of the biological
assessment and how these affect the ability to fulfill key reporting and water quality
management support functions.
• The net effect that some of these differences have on the eventual outcome of the resulting
use of the biological data can be surmised at a general level, but others require further
applied research and evaluation.
• Some differences in methods are the result of initial decisions made regarding how the
eventual data and assessments might be used. In some cases, basing these decisions on a
comparatively narrow set of goals and objectives has potentially resulted in a less
comprehensive program.
• The development of biological assessment techniques should correspond to the U.S. EPA
biological condition gradient so as to accurately discriminate along the gradient in an
ordinal, if not linear fashion so that discriminatory power and resolution is increased
beyond mere pass/fail pronouncements of status and beyond the present full/partial/nonattainment paradigm. Key to this will be an adequate resolution in terms of programmatic
elements and attributes in WQS (refined uses and criteria) and M&A protocols and how
reference condition is determined and how biological evaluation mechanisms are
constructed and calibrated. The development of biological assessment procedures must be
evaluated in this light and key areas of the process defined and highlighted. This also must
be done with knowledge and insight about how M&A should support all aspects of WQ
management, not just status and trends.
• Standardization between and among crews and operators is not only a critical issue and
should be evidenced in the state’s QA/QC procedures, but also practiced in the field. An
important aspect of this is the attitude of workers towards the sampling. Much of field
sampling is skill and effort dependent such that all involved need to have a positive
attitude towards the work. This also means that everyone needs to have a good
understanding about the importance of good data quality and how it potentially affects the
results, particularly the quality of the results and the negative consequences of bad data.
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This may be a case for dedicated crews rather than having one crew performing all or
multiple sampling tasks.
Programmatic Implications/Recommendations
• There will be a need to compare the net effect of different methods and protocols between
the states, not as a means to second guess the individual development and use of specific
biological sampling protocols, but to objectively determine if different methods,
equipment, protocols, etc. exact a significant change or influence on the resulting
biological assessment. This could be done by taking the more commonly used approaches
and performing comparative sampling in different states. Without this type of direct
comparison there is simply no way to determine if the resulting assessments of individual
states are directly comparable and what types of errors are being accrued, if any.

Biological Criteria Development and implementation
Biological criteria are narrative or numeric expression based on aquatic community data acquired
through biological monitoring. These provide benchmarks for determining the status of aquatic
life uses more directly and accurately than by using chemical water quality exceedences alone. The
development and adoption of biological criteria is an important program priority for U.S. EPA
and a growing number of states either have or are within a few years of adopting biological criteria
in their WQS.
General Findings
• One state has fully developed and adopted numeric biological criteria into the WQS - two
states have adopted a narrative biological criterion. The remaining states are in various
stages of developing and working through the process from which biological criteria could
eventually be developed.
• Some variability exists in key aspects of the state biological monitoring programs and
includes methods, level of taxonomic resolution, and existing assessment criteria and
decision benchmarks for attainment/non-attainment designations.
Critical Issues and Challenges
• Some of the states questioned the need to formally adopt numeric biocriteria when they
see their current biological assessment framework as delivering the same end result,
particularly for status determinations. These states employ a narrative translator linked to
their informal assessment criteria.
• Some states face internal barriers to further developing biological criteria, the most
prevalent of which is the perceived impact on NPDES permits and the potential added
burden for WQS rulemaking.
• The effect of the policy of independent applicability on biological criteria development has
historically been seen as a deterrent to the further development and use of biocriteria.
This was echoed by some, but not all of the Region V states. In terms of ambient
assessment, at least four states adhere to a weight-of-evidence approach. Only one state
strongly advocated an adherence to independent application.
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Programmatic Implications/Recommendations
• Biological criteria offer some substantial advantages in terms of improving the accuracy and
capabilities of a state water quality management program. These advantages need to be
better communicated to state program managers along with the value added aspects of the
approach to water quality management program support.
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Appendix A-1
Region V State Monitoring & Assessment Program Interviews:
Annotated List of Discussion Topics
Introduction
The Midwest Biodiversity Institute (MBI) has been tasked by U.S. EPA, Region V to
conduct an assessment of the Region V State bioassessment and ambient monitoring
programs with emphasis on how data and information are used in support of various
aspects of water quality management. In order to accomplish this task, MBI is conducting
detailed interviews of key program State program managers and staff in order to
understand the extent of data-driven water quality management, where it exists. We are
using these interviews as an opportunity to better define and understand the uses of
monitoring and assessment information in each State and determine the opportunities,
incentives, impediments, and barriers to the fuller use of this information in support of
water quality management programs. MBI will be preparing a report based, in part, on
these interviews and additional information that is available which describes the State’s use
of monitoring and assessment information.
Who Should Attend
The evaluation of each State program is focused on current and planned uses of
monitoring and assessment information in support of water quality management programs.
This includes water quality standards (WQS), reporting and listing (305b, watershed
assessments, 303d listings, TMDL development and implementation), planning, nonpoint
source assessment and management, dredge and fill (404/401), and NPDES permitting as
these represent the most in-common elements of State water quality management
programs. Thus, managers and staff who can speak to the operation and management of
these programs should attend at least that portion of the interview.
The following topics are intended to generally outline the interview process and ensuing
discussion of each topic. These are intended to guide the interview and serve as a guide for
State preparations for the discussions. Each interview is intended to occupy one and onehalf days. Day one will focus on the use of monitoring and assessment information to
support water quality management and the second one-half day will focus on specific
bioassessment issues.
Day One: The Use of Monitoring and Assessment Information in Support of Water
Quality Management

Monitoring and Assessment Program
In terms of achieving the goal of supporting water quality management with indicators of
environmental exposure and response, the State’s monitoring and assessment program is

A.1-1

MBI/CABB

Region V State Monitoring Program Review

January 30, 2004

vital to achieving that goal. Monitoring includes the systematic collection of chemical,
physical, and biological data in the ambient environment. Assessment includes the
analysis and transformation of that data into meaningful assessments that include
attainment/non-attainment determinations, characterization of impairments (extent and
severity), associations between impaired states and causes (i.e., agents) and sources (i.e.,
activity or origin), and providing data and information to develop improved tools,
indicators, criteria, and policies. This process then supports reporting that is required by
the Clean Water Act (305[b], 303[d], 319, etc.) and that used by the State for allied
purposes (watershed assessments, site-specific assessments, planning, TMDL development,
etc.).
Monitoring &Assessment Topics
1. Spatial design:
- Rotating basin approach (sequence and cycle; linkages to management. activities)
- Probability-based
- Fixed station
- Resource types (wadeable streams, large rivers, great rivers, lakes, wetlands,
headwater streams, etc.)
2. Basin assessments:
- Scale (major basin, subbasin, watershed, subwatershed)
- Site-selection – targeted, random, other
- Site density (how many sites sampled in a study area)
- Stratifying factors (watershed area, stream order, other)
- Number of sites, surveys each year
- Data analysis and reporting sequence
- Bottlenecks in data analysis and reporting?
- Logistical issues
- Study planning process – are different disciplines integrated?
3. Index Periods:
- Seasonal sampling index periods (summer-fall, monthly, other).
- Flow attenuated considerations (loading estimates, event related)
4. Chemical/physical assessment:
- Media (water, sediment, tissues, etc.)
- Purpose of sampling (ambient characterization, model calibration, long term
trends, reference/background, etc.)
- Parameter groups, how selected
- Laboratory support
- Sampling design and logistics (survey design, frequency, grabs vs. composites)
- Exceedence issues (magnitude, duration, frequency)
5. Resources:
- FTEs devoted to M&A by discipline (chemical/physical, biological assessment,
TMDL/modeling, etc.)
- Proportion of FTEs devoted to water quality management programs (please provide
a table of organization)

A.1-2

MBI/CABB

Region V State Monitoring Program Review

January 30, 2004

- Funding sources and limitations
- Cost determinations
- Are current resources adequate? if not, what is needed?
6. Reference Condition
- Have reference sites been established? For what purposes (biocriteria, nutrients,
background conditions, etc.)
- How many reference sites?
- Spatial organization and stratification (ecoregions, hydrologic units, physiographic
regions, other)
- How is reference determined (data driven, cultural, least impacted)?
7. Data processing and management
- How is data stored (STORET, other system)
- How is data accessed for analysis?
- Resources dedicated to data management
- QA/QC procedures for ensuring data quality
- Timetable for entry and validation
- Ease of availability within and outside agency
- Demand for data from outside agency
8. Monitoring Strategy
- Latest update available (please provide a copy)
- Is it a useful document?
- Should the strategy serve as a documentation of data acceptability?
- Are data quality objectives defined?
- Frequency of update.

Reporting and Listing (305b/303d)
Reporting and listing here refers to the process of producing the biennial 305b report and
the 303d list of impaired waters, both of which have received greater emphasis during the
past decade. The information contained in these reports and lists are not only important
to determining the effectiveness of a State’s water quality management efforts, but are
increasingly being used to set program priorities and allocate funding (i.e., Section 106
allocations). Monitoring and assessment information is an indispensable element of this
process and how it is generated and used determines, in part, the accuracy of the statistics
that are reported via 305b and 303d. Thus, it is important to determine and understand
the process used by each State.
1. Delineation of impaired/threatened waters
- Procedures, protocols for determining extent and severity of impaired waters –
arbiters of impairment and threat.
- Monitored, evaluated, survey assessment hierarchy?
- Extent of extrapolation from single or aggregate sampling sites, how was this
developed and has it been tested?
- Which uses are reported?
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Aquatic life impairment – based on which data (biological, chemical/physical, mix
of both, best professional judgment, etc.)
- Determination of causes and sources of impairment and threat – is this always
linked to an impairment or threat?
- Determination of severity, extent, incremental changes
- Any impact or implications from 106 allocation formula (based on impairment
information)?
- Universe of resource definition (miles of rivers and streams, lake acres, etc.)
- Do we need to assess 100% of all resources? Would better targeted subsets serve as
well?
2. Assessment process
- “Chain-of-custody”, i.e., do the same staff who collect and analyze sampling data
produce the assessments?
- Volunteer organization data – how used? “admission” requirements? any testing of
accuracy? pressure to accept data?
- Other organization data – acceptance requirements?
- Credible data legislation? proponents, agency position
3. 305b Report
- Trend assessment – tracking of aggregate condition through time, by resource type,
designated uses, etc.
- Extent of use by agency to guide water quality management – is it viewed by
management as a report card? other value? does it distinguish impairment by point
and nonpoint sources? subsets within each?
- Extent of use by outside groups
- What would impact of changes in statistics be?
4. 303d/TMDLs
- Relationship between 305b report and 303d list – conversion process, issues,
concerns, gaps and shortfalls
- Should 303d be aligned with 305b?
- Influence of EPA’s CALM guidance
- Is TMDL development coordinated or aligned with ambient monitoring and
assessment?
- Use of biological data in TMDL process – for? opposed? issues and concerns
- Ramifications of listing beyond TMDL development (additional implications,
perceptions of liability, etc.)
- Are there sufficient tools available to develop defensible TMDLs that will
contribute to restoration of impaired uses? What is needed and how long will it
take?
- What are important underlying components of the TMDL process? Are these
sufficient?
- Is there sufficient data available to develop TMDLs? what’s missing?
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Water Quality Standards
Water quality standards provide the basis for water quality management in terms of
benchmarks and criteria for designing management programs and judging the effectiveness
of those programs. Of interest to the interview is the recent emphasis by EPA on refined
aquatic life uses and biological criteria. Thus, the following topics emphasize this part of
the WQS process.
1. General WQS Issues:
- Describe the structure of the State’s WQS – designated uses, criteria, and
antidegradation policy.
- How are chemical WQ criteria derived? any modifiers or adjustment factors?
- Any special WQS application language?
- Existing use issue – what is the State’s view? how is it determined?
- Site-specific criteria issues? dealt with? how many?
- How would better M&A help the WQS process?
- Is rulemaking an issue, i.e., burdensome, difficult, risk of unintended outcomes?
2. Designated uses
- Description of designated uses in the State WQS (a copy of the relevant parts of the
WQS is requested)
- Are individual waters designated? default uses? other?
- What triggers individual designations? are they downgrades? does anything trigger
an upgrade? is there a regular process for inventorying these needs?
- Less than CWA goal uses? how defined?
- EPA ALUS process – familiarity with?
- Level of interest in refined uses (advantages, disadvantages, barriers to development
and implementation)
3. Use Attainability Analysis (UAAs)
- Experience with UAAs (number, problems, issues)
- Outline/describe UAA process – is it a routine? special project oriented? what
triggers a UAA? what are preferred data and information requirements?
- Stakeholder perceptions of UAA process (pro and con, requests, etc.)
- Has the emphasis on 303d listing increased the interest in UAAs?
- Are UAAs seen as an “easy” exit off of the 303d list?
- Attainability issue – can a water be impaired in perpetuity? criteria for determining
attainable use.
- What are some specific attainability issues? urban? agricultural? other?
4. Biological Criteria:
- Have biocriteria been adopted or proposed (narrative, numeric)?
- Impact of EPA’s Policy of Independent Application
- Linkage to designated uses – pros and cons
- Impact of EPA ALUS model and refined use initiative
- Advantages, disadvantages of biocriteria in WQS, in-house barriers?
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Would biocriteria force reconsideration of any “downgrades” or any other revisions
to uses?
Habitat criteria?
Stakeholder perceptions and views

Assessment Integration Issues
The integration of monitoring and assessment information within water quality
management programs is an important and emerging issue and ultimately fulfills one of its
most important purposes. Region 5 is working with the States to develop a set of shared
environmental goals and milestones. This will partially fulfill efforts to implement the
National Environmental Performance Partnership System (NEPPS), which promotes joint
priority setting and planning through the increased use of environmental goals and
indicators. The shared goals and milestones will be used to more comprehensively report
to the public and environmental decision-makers about the status of water resources in the
Region and document progress to meeting these goals. The goals and milestones will also
be used to more effectively target programmatic efforts at the national, state, and local
levels. It is important that we are able to document achievements so that our
environmental successes are recognized, funding is maintained at appropriate levels, and
effective management programs continue to be implemented. The following are aimed at
assessing the State’s efforts to develop and use indicators and integrate them into water
quality management.
1. Indicators for Surface Waters
- Describe any efforts to develop a process for using environmental indicators to
fulfill the role as a measure of the effectiveness of water quality management
programs (provide any documentation)
- Are any implemented or practiced?
- How dependent are these systems on monitoring data?
- What is the awareness of past EPA indicator development efforts, i.e., national
indicators for surface waters, hierarchy of indicators, etc.
- Is there any recognition of indicator roles (i.e., EMAP stress, exposure, response
paradigm)?
- What is (are) the most important measure(s) or indicator(s) of water quality
management program success in your program? why?
2. Program Integration
- Cite any examples in which water quality management programs rely on ambient
monitoring and assessment information
- Is monitoring and assessment information used to support the NPDES permitting
process? 404/401 process? stormwater phase I or II? 319/NPS planning and
implementation? brownfields? other?
- How is monitoring and assessment information and resulting assessments, reports,
etc. regarded by the above programs (essential, useful, nice to have,
inconsequential)?

A.1-6

MBI/CABB

Region V State Monitoring Program Review

January 30, 2004

3. Training
- Are training opportunities afforded staff and/or management?
- How do these relate to indicators development, monitoring and assessment,
biological assessment, or ecological principles in general?
- Requests for field demonstrations (fish, bugs, sampling, etc.) for internal and
external purposes
Other Information
The results of the interview process will provide important information for a report that
will be submitted to Region V. This report will summarize the issues facing each State in
reaching the goal of increased usage of ambient monitoring and assessment information to
support water quality management. The State is encouraged to provide any documents or
information that they feel would be useful in generating a fair and accurate summary of the
interview process and the status of the use of monitoring and assessment information in
water quality management. Follow-ups with each State will take place as the report is
developed.
Day Two: Review of the State’s Biological Monitoring
and Assessment Program
Each State should have received and completed the questionnaire in support of U.S. EPA’s
Update of State Bioassessment Programs: Success of EPA’s Technical Transfer Efforts and Building
State Capacity. This portion of the interview process will focus primarily on the topics
covered by the questionnaire and will afford an opportunity to provide important details
and context that could not be communicated in that format. Again, the State is requested
to provide copies of program documentation and any examples of outputs (reports, etc.)
that characterize the current usage of biological assessments and criteria.
1. Biological Assessment Procedures (by assemblage)
- Methods, field procedures
- Lab procedures and logistics
- Independent methods development
- Field crew composition and deployment
- Field logistics (time spent per site, travel, work week, etc.)
2. Sampling History
- Number of sites, samples/year
- Purpose (watershed assessments, special studies, site assessments)
- Applied research and support (examples of each)
3. Facilities (lab/facility) tour and evaluation
- Sampling equipment
- Laboratory process, logistics
- Training and qualifications
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Appendix A-2
General Overview of Region V State Basin Assessment Designs
The following is a brief description of the overall monitoring and assessment designs
employed by each of the six Region V states. This information was compiled from notes
taken during the interview process and from the various documents provided about each
State program. It is possible that changes have taken place or been initiated by the states
since the January 2002 interviews. In addition, the following do not cover all of the
monitoring and assessment activities that are conducted by the state. Therefore, each
state’s web site should be accessed for more detailed and current information.
Illinois
Illinois operates a monitoring design, which includes approximately 500 targeted sites
allocated among 33 major basins. Approximately one-fifth of these sites (81-114/year) are
sampled each year for fish and macroinvertebrates. These are further targeted at order 4
streams where perennial flow is likely to be maintained. No trends in biological condition
are reported, but IEPA expects this will be forthcoming when sufficient data is collected
and assessed.
http://www.epa.state.il.us/water/water-quality/monitoring-strategy/index.html
Indiana
Indiana employs a 5-year rotating basin approach in which the entire state is covered in
that time period. This is accomplished by using a probability design within each of five
major aggregations of river basins in Indiana. Approximately 50 macroinvertebrate and
fish sites are randomly selected from 1-4 order streams. No trend assessment is performed,
but IDEM expects this to be forthcoming once the basin process matures.
http://www.in.gov/idem/water/planbr/wqs/quality.html
Michigan
As of 1997, Michigan visited 200 wadeable stream sites per year representing 2.5 percent of
the state’s wadeable stream miles. By 2001, approximately 700 macroinvertebrate samples
per year are being collected from 80% of the wadeable streams in each basin. Sampling
sites are selected using a targeted approach and consider the complexity of the study area
and the landscape setting. The information from these surveys is used to support selected
water quality management actions including NPDES permit reissuance, the cycle of which
was reconciled to basin monitoring in 1983. MDEQ expects that trends in biological
resource condition will be forthcoming once the basin assessment process matures.
http://www.michigan.gov/deq/0,1607,7-135-3313_3686_3728---,00.html
Minnesota
Minnesota recently implemented a rotating basin approach with the goal of assessing the
entire state by 2015. Sampling is conducted in each of 10 major basins over a 2-year period
with an additional year of follow-up sampling. Biological assessments include both fish
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and macroinvertebrates at both targeted and randomly selected wadeable stream locations.
Approximately 125-150 targeted sites and 50 probability sites are located in each basin
area. The purposes of the targeted sites are to provide reference data for the development
of biocriteria and other assessment criteria and a dataset over a gradient of different
disturbance types and impacts. Stratifying factors include ecoregions and subregions and
watershed area. MPCA expects that this design will yield information about trends in the
future as the basin cycle process matures. No trend reporting on biological resources takes
place at this time.
http://www.pca.state.mn.us/monitoring/index.html
Ohio
Ohio has employed a rotating basin approach since the early 1980s. Fish and
macroinvertebrates are sampled at approximately 500 targeted sites within 3-4 basin areas
each year. Ohio has 23 major basins and 93 subbasins, which are used to conduct and
plan the basin approach. A geometric site-selection process has been used since 1998 in an
effort to pre-assess subbasins targeted for TMDL development. The information from this
monitoring design directly supports all water quality management programs including
water quality standards, NPDES permitting, TMDLs, nonpoint sources, planning, and
specific local and watershed issues. This database has provided information to support
detailed trend assessment and forecast analyses in the 305b report.
http://www.epa.state.oh.us/dsw/bioassess/ohstrat.html
Wisconsin
Wisconsin has essentially operated a rotating basin approach within a basin planning
process since the mid-1980s. In the mid-1990s, a more focused approach was organized
within the 23 major geographic management units (GMU) developed by WDNR.
Approximately 20 sites are sampled for fish and macroinvertebrates within each GMU.
Sites are targeted and are aimed at specific management issues within each GMU. No
trends are reported for biological resource condition.
http://www.dnr.state.wi.us/environmentprotect/water.html
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INTRODUCTION
The Midwest Biodiversity Institute (MBI) was requested by U.S. EPA, Region V to conduct an
assessment of state surface water monitoring and biological assessment programs. This effort, in
addition to the review accomplished by Region V as part of the CALM process, is intended to lead
to improvements in surface water monitoring throughout Region V. A principal focus of this
effort is in determining the spatial design(s) and environmental indicators that will serve to make
more effective use of monitoring and assessment in support of all relevant aspects of water quality
management. As such this appendix focuses on; 1) communicating the essential underlying
concepts and principles of a comprehensive and adequate monitoring and assessment program, 2)
determining the design and indicator options available to the states and EPA, and 3) evaluating
the advantages and applicability of each option.
This assessment is focused on current, planned, and potential uses of monitoring and assessment
information in support of water quality management programs. These programs include water
quality standards (WQS), reporting and listing (305b, watershed assessments, 303d listings, TMDL
development and implementation), planning, nonpoint source assessment and management,
dredge and fill (404/401), and NPDES permitting as these represent the most in-common
elements of state water quality management programs. It is a fundamental premise of this
assessment that ambient monitoring and assessment should function to support all relevant
water quality management programs in addition to its more commonplace role of supporting
status assessments. Determining the potential linkages to the state’s water quality standards
(WQS) and reporting (305b, 303d) obligations are especially emphasized, as these are fundamental
to the broader use of environmental data in management decision-making. This is consistent with
contemporary efforts to revitalize and improve the use of environmental data in management
decision-making (ITFM 1992, 1995; U.S. EPA 1995a,b; Yoder 1998; NRC 2000; NRC 2001; The
Heinz Center 2002) and emerging efforts at EPA to more effectively translate environmental data
and indicators to defensible criteria and standards (e.g., refined aquatic life uses, biological criteria
development and implementation, EPA’s Consolidated Assessment and Listing Methodology
[CALM] process).
This review is focused primarily on the assessment of aquatic life in the lotic (flowing) freshwaters
of Region V. The lentic (standing open waters), wetland, and primary headwater ecotypes are also
important resources and many of the essential concepts and principles discussed here are
applicable to these systems. Obviously, there will be different indicators and designs that better
suit the needs of assessing and managing these ecosystems and some are being developed, at least
conceptually, through ongoing efforts. This assessment emphasizes aquatic life related issues and
concerns since these frequently determine water quality management needs and policies in
freshwater systems. Aquatic life uses apply to all jurisdictional water bodies, thus it is a universally
relevant water quality management issue. It also requires a deliberate stratification process
including attention to watershed size (i.e., headwater, wadeable, non-wadeable), ecotype (i.e., cold
water, warmwater, coastal plain), and appropriate ecological indicator assemblages (i.e., fish,
macroinvertebrates, algae). Co-occurring concerns such as water supply, human and wildlife
health, and recreational uses that must also be supported by adequate monitoring and assessment
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are recognized and these can be addressed as overlapping concerns. However, programs that
incorporate the underlying concepts and principles which support more detailed definitions of
aquatic resource types and refined uses for aquatic life are better able to transfer the conceptual
underpinnings and the improved technology this fosters to other water uses and concerns; hence
the emphasis on aquatic life and ecological assessment. This approach can provide the type of
informational feedback that fosters a more integrated and interdisciplinary approach to water
quality management.
The Relationship Between Monitoring and Watershed Management
There is abundant evidence and a growing appreciation that our air, land, and water resources are
subject to a wide variety of effects from human activities on local, regional, national, and global
scales. However, the mere recognition that these effects occur, that many are potentially
detrimental, and some can be addressed through prescriptive management programs is simply
insufficient. The ability to measure the extent and severity of these effects and further understand
their causes and origins is needed to construct accurate, effective, and proportionate management
responses. Simply put, adequate monitoring and assessment is the key to enabling this process.
Some estimate that upwards of $500 billion to $1 trillion have been spent on water pollution
abatement nationally since the Clean Water Act revisions of the early 1970s. Yet, with only a few
exceptions, the effectiveness of these expenditures has not been consistently nor accurately
documented in environmental terms (GAO 1986; 2003a). One reason may lay in the fact that
only 0.2% of the amount spent on water pollution abatement was devoted to ambient monitoring
in the 1970s and 1980s (ITFM 1992). Federal and state agencies during that time period were
primarily focused on regulatory and pollution source abatement - adequately documenting the
effectiveness of those activities was not a significant part of the process.
Few, if any, state monitoring programs were sufficiently funded, developed, or designed to deliver
an accounting of environmental results on a systematic basis. Simply put, state and federal
agencies were neither equipped nor motivated to develop the types of monitoring and assessment
efforts that were needed to both assess and guide water quality management. Inevitable questions
about the results of the large expenditures of public and private funds could not be satisfactorily
answered by most state and federal agencies, a situation that persists into the present (National
Research Council 2001; GAO 2003a). This resulted in a number of efforts to revitalize
environmental monitoring at the federal level, the most noteworthy of which was the
Intergovernmental Task Force on Monitoring Water Quality (ITFM 1992, 1993, 1995). When
coupled with the technical developments in sampling methods, indicators, data management, and
assessment tools that occurred during the same period, this delivered the type of process that was
needed earlier. However, progress in reaching the goal of adequacy (Yoder 1998) requires several
years to accomplish. This task was forced to compete with other water program priorities and
crises, some of which were an outcome of a lack of adequate monitoring and assessment (i.e., the
TMDL process) hence progress has been incomplete. The challenge of adequately and consistently
measuring, characterizing, and understanding the significance of environmental impacts has been
met in only a few instances. Having such a capacity is crucial to the effective management and
protection of water resources within state water quality management programs. Adequate
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monitoring and assessment is an indispensable component of achieving this goal (ITFM 1992,
1995; Yoder 1998; NRC 2001).
A major problem in promoting the wider usage of monitoring and assessment information to
guide water quality management is the legacy of assessing the effectiveness of these programs based
on administrative activities termed here as “outputs”. This situation exists despite the repeated
calls of national compendia (e.g., ITFM 1992, 1995) and panels (NRC 2001; The Heinz Center
2002; GAO 2000, 2003a,b) to strengthen and increase the use of environmental measures, or
“end outcomes”. Monitoring has for too long been viewed as an analog of the radar “gun” used to
identify speeders - it detects when environmental criteria are exceeded. While important for that
purpose, monitoring serves other needs as well (Karr 1991; Karr and Chu 1999): diagnosing the
causes of degradation, evaluating restoration efforts (Yoder 1998; Yoder and Rankin 1998), and
providing information on status and trends about the “infrastructure” of the aquatic environment.
state water quality management agencies should devote as much effort to tracking resource
condition as to enforcing compliance. Today, the latter function dominates at the expense of
former, and little has been accomplished towards integrating the two tasks.
The U.S. General Accounting Office (GAO 2003a) notes that a primary dependence on
administrative performance measures (e.g., number of environmental standards established,
permits issued, and enforcement actions taken, all referred to as outputs) still limits evaluations of
program effectiveness, including EPA’s ability to assess risk. In 1999, for example, 86% of 278
performance measures listed by U.S. EPA were outputs rather than end outcomes (measures that
directly measure environmental conditions). The proportion of environmental performance
measures increased from 7% in 1999 to 27% in 2003. But even so, most of the end outcomes are
for individual chemical pollutants, not more comprehensive biological responses. If states are to
heed the calls for a more environmental results driven process of measuring program performance,
then adequate monitoring and assessment must become a real priority for water quality
management programs. The urgent need is to have adequate environmental information routinely
available so that agencies and stakeholders will embrace it as a fundamental need and priority that
is equal in importance to administrative programs and outputs. A significant problem with many
of the recent environmental indicators initiatives is that they have resulted mostly in a compilation
of lists of different indicators, sometimes without regard to their appropriate roles and/or without
a systematic process for evaluating their meaning. A companion process to label indicators in
accordance with their most appropriate roles (Yoder and Rankin 1998) and a systematic process
for integrating the different indicators (U.S. EPA 1990, 1995a) is also required to ensure quality
assessment products. This companion process has not been adequately linked to indicator
development and use in most cases. An important goal for EPA and the states should be to have
the effectiveness of administrative actions determined by environmental end outcomes as measured
by the information and indicators gained from adequate monitoring and assessment. Inherently
embedded in achieving this goal is the adequacy of other essential components of water quality
management infrastructure including water quality standards (WQS).
Why is all of this important? One reason is to avoid the unnecessary propagation of assessment
error, i.e., incorrectly designating waters as impaired when they are not (type I error) or failing to
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detect degradation and impairment at all (type II error). Common sources of type I and II errors
include improper stratification of ecological potential across regional landscapes (e.g., not
incorporating the influence of stream size) or poorly developed or improperly selected indicators of
water body condition (Karr and Yoder 2004). For aquatic life uses, assessments may reach
substantially different conclusions if based on chemical sampling versus biological assessments.
Poorly conceived and implemented biological indicators can lead to similar errors. Type I errors
receive substantially more attention (NRC 2001) because of their visibility to stakeholders. Type II
errors may receive little or no notice, despite this being the predominant assessment error in many
places (Karr and Yoder 2004). The adequate monitoring framework envisioned by this strategy
should lead to a minimization of both types of assessment error.
More is at stake than incorrectly designating the status of water bodies and includes the
identification of the causes and sources that are associated with observed impairments. Again,
adequate indicators and assessment design is equally important in ensuring desirable outcomes in
the assessment process. The ignorance or underrating of important degradation agents (altered
flows, changes in physical habitat, adverse effects associated with invasive alien taxa, and so on;
NRC 2001) is a problem when assessments rely on narrowly focused concepts and indicators. The
TMDL process in particular emphasizes a small set of individual pollutants (the top five are
sediment, pathogens, metals, nutrients, and organic enrichment; GAO 2003b) while many serious
pollutants and forms of pollution, not to mention important interactions among them, go
unrecognized (Karr and Yoder 2004). Pollutants are substances added to waters by human activity
[CWA section 502(6)]. The Clean Water Act further defines pollution as human-induced alteration
of waters caused by pollutants as well as non-pollutant agents, such as flow alteration, degradation
of riparian zones, physical habitat alterations, and invasive alien taxa [CWA section 502(19)]. An
adequate approach to monitoring and assessment is needed to ensure that significant limiting
factors are not overlooked.
Intergovernmental Task Force on Monitoring Water Quality (ITFM)
Improving monitoring in the states requires a strategy that has generally been outlined by the
ITFM process and federal 106 monitoring guidance (U.S.EPA 1994). The following represent the
key principles of adequate monitoring and assessment as articulated by the ITFM (1995).
Accordingly, water monitoring has four major aspects:
Context: Monitoring should be the foundation of water resource policy-making and management.
This means that monitoring information should not only be available to managers and policy
makers, but also be sufficiently comprehensible and conclusive. A critical aspect is not just
providing data and information, but an assessment of what that information means. This includes
a determination of whether or not important criteria, standards, and other management
requirements are being achieved and the degree (both quantitatively and qualitatively) to which
any are being exceeded or abrogated. This process requires the use of multiple classes of
indicators, each functioning within their most appropriate roles (Yoder and Rankin 1998) and in
their proper relationships to each other.
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Scope: Monitoring includes the following activities: articulating objectives; collecting, storing,
and interpreting data; conversion of data to information; preparing assessments of the information
(conveying its meaning); communication of assessment results; and evaluation of management
program performance. This organization allows water quality management programs to become
more appropriately focused on the resource at issue, as opposed to an emphasis on the care taking
of administrative systems and processes. This fosters an approach of managing for results in the
environment where administrative processes are tools to improve the environment, not an
exclusive endpoint of water quality management.
Scale: Monitoring includes all relevant scales such as site-specific investigations, regional
descriptions and comparisons, and statewide summaries at various temporal scales. State
monitoring strategies need to be constructed so that the same basic core data supports assessments
at all of these scales. The specific designs, indicators, and assessment tools used must be tailored
to the regional peculiarities in climate, soils, land use, geology, ecological resources, socioeconomic
influences, and geography. Thus the indicators that are used need to be sufficiently developed and
calibrated to reflect these influences and the scales at which the monitoring program must operate.
This also means that monitoring and assessment must be designed to address objectives other than
status and trends, which means assessing at the same resolution, i.e., at the same spatial and
temporal scale at which water quality management is being applied. Failure to reconcile the scale
issue risks “disconnecting” the results of water quality management from the validation of
adequate monitoring. This would also call into question claims of environmental improvement or
problems based on administrative measures alone.
Objectives: Generally, monitoring program objectives include: 1) determining status and trends;
2) identification of existing and emerging problems; 3) support of water quality management policy
and program development; 4) evaluating program effectiveness; 5) responding to emergencies, and
6) continued development and improvement of the understanding of the basic chemical, physical,
and biological processes that affect environmental quality. Achieving all of these objectives
requires not only adequate monitoring and assessment, but also full integration of the results into
the details of each management program.
Effective monitoring and, by extension, water quality management, requires a sufficient
infrastructure and capacity in terms of personnel, facilities, and logistical support to carry out
monitoring from a “cost-of-doing-business” standpoint. Initial estimates of the proportion of a
state water quality management program that should be dedicated to monitoring and assessment
activities ranges from 15-20% in terms of staffing and funding (although this may vary from place
to place). This also includes an equitable distribution of effort between chemical/physical and
biological assessments and monitoring aimed at watershed scale assessment and planning in
addition to the determination of status and trends. More precisely quantifying these needs is an
important goal of ongoing efforts to more thoroughly analyze state programs in the Regions and
across the U.S.
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U.S. EPA Section 106/604(b) Monitoring Guidance
Revised monitoring guidance issued under sections 106 and 604(b) of the Clean Water Act
became available in October 1994 (U.S. EPA 1994) following a lengthy review process. This, too,
was largely an outgrowth of the ITFM process. The 1994 strategy lists five key objectives for
surface water monitoring programs:
1) identification of impaired waters throughout the U.S.;
2) increasing the number of waters assessed (i.e., miles, acres, etc.) by utilizing cost-effective
techniques and methods appropriate to the condition of and goals for specific water
bodies;
3) achieving greater comparability in parameters and methods to enable improved data
sharing and geographical comparability;
4) using in-common indicators to report on the condition of the nation’s waters; and,
5) improving information sharing with both public and private organizations and in the
context of watersheds.
These were further allied with the theme of revitalizing state monitoring programs and reporting
core information in a comparable manner.
The overall goal of the 106/604(b) strategy is to develop and implement a surface and ground
water monitoring strategy to help achieve the goals and objectives of the Clean Water Act (CWA)
and related environmental initiatives. This requires the use of a mix of approaches that provide
for the design, collection, measurement, storage, retrieval, assessment, and biological/ecological
data necessary to efficiently and effectively meet the objectives of the CWA.
An acceptable monitoring strategy includes the following purposes:
1)
2)
3)
4)
5)

determining status and trends;
identifying causes and sources of impairment and threats and ranking in priority order;
designing and implementing water quality management programs;
determining program effectiveness; and,
responding to emergencies.

Implementing a monitoring strategy consistent with these purposes in Rhode Island should
support the development and attainment of water quality standards (WQS), TMDL/303(d) listing
and development, RIPDES permitting, nonpoint source assessment and management, watershed
and ecosystem protection, and the development and use of environmental indicators.
Environmental Indicators for Surface Waters
An environmental indicator is defined as “. . . a measurable feature which singly or in combination
provides managerially and scientifically useful evidence of ecosystem quality, or reliable evidence of
trends in quality." (ITFM 1995) This definition generally provides some of the underlying ground
rules by which environmental indicators should be developed and used. Indicators should not
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only have a firm basis in science, but also have relevance to management needs and uses. This
includes being expressed or translated to terms that are commonly understood and comprehended
by non-practitioners. Environmental indicators, when used within their most appropriate roles,
provide the means by which water quality management programs can successfully link
management actions to environmental results. This approach is most successful when direct
measures (as opposed to surrogates) are used to determine the attainment of goals such as those
embodied in the designated uses defined within state WQS (NRC 2001).
A vision for environmental indicators can result in the institutionalization of indicator usage
throughout the water quality management process. This should result in better environmental
communication, forecasting, policymaking, program evaluation, and budget decisions.
Furthermore, environmental indicators can become an integral component of environmental
decision-making by supplementing administrative activity measures. Indicators have been accepted
as objective measures of environmental quality, not necessarily as negative or positive sources of
environmental information. However, to achieve the fuller use and integration of environmental
indicators in accordance with the vision of having environmental measures drive management
processes still requires some significant changes in which measures water quality management
programs value as the most meaningful indications of overall success.

Consolidated Assessment and Listing Methodology (CALM) Process
In March 2003, U.S. EPA published Elements of a State Water Monitoring and Assessment Program
(U.S. EPA 2003). Clean Water Act Section 106[e][1] and 40 CFR Part 35.168[a] provide that EPA
award Section 106 funds to a state only if the state has provided for, or is carrying out as part of its
program, the establishment and operation of appropriate devices, methods, systems, and
procedures necessary to monitor and to compile and analyze data on the quality of navigable
waters in the state, and provision for annually updating the data and including it in the Section
305[b] report. The Elements document recommends the basic elements of a state water monitoring
program and serves as a tool to help EPA and the states determine whether a monitoring program
meets the prerequisites of CWA Section 106[e][1]. This guidance is intended to provide a
framework for states to clearly articulate their programmatic and resource needs and a reasonable
time line for meeting those needs. EPA expects this effort will identify efficiencies to be gained
through a holistic approach to program implementation. The Elements document further clarifies
its intent as follows:
“EPA and states need comprehensive water quality monitoring and assessment information
on environmental conditions and changes over time to help set levels of protection in
water quality standards and to identify problem areas that are emerging or that need
additional regulatory and non-regulatory actions to support water quality management
decisions such as TMDLs, NPDES permits, enforcement, and nonpoint source
management. This information also informs EPA and state decision makers, the Congress,
the public, and other stakeholders of the progress that the Agency and state partners are
making in protecting human health and the environment. Without this information, it is
difficult for EPA and the states to set priorities, evaluate the success of programs and
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activities, and report on accomplishments in a credible and informed way (U.S. GAO
2000).”
As such, monitoring and assessment is clearly viewed as a program support function for all water
quality management activities, not just reporting on status and trends.
EPA acknowledges that the variability in existing state programs is partially the result of
requirements not being adequately articulated in the past. EPA also expects that state water
monitoring programs will evolve over the next 10 years such that all states will have a common
foundation in their monitoring programs that support state decision making needs. EPA expects
that states will employ an iterative process to fully implement a monitoring program that reflects
the Elements document, and will work with states to identify annual monitoring milestones. States
should develop, over time, a monitoring program addressing the 10 elements summarized and
described in the Elements document. The first of the elements is a long-term state monitoring
strategy. This strategy will be state specific, be designed from the monitoring capabilities each state
already has, and should include a timeline not to exceed 10 years to full implementation. EPA
expects states to revise their monitoring strategies in FFY 2004 and begin to implement
monitoring and assessment program improvements in FFY 2005.
The 10 elements are:
1) Monitoring strategy - a long-term and detailed implementation plan not to exceed ten
years.
2) Monitoring Objectives – these are critical to the design of a monitoring program that is
efficient and effective in generating data that serves management decision needs.
3) Monitoring Design - an approach and rationale for the selection of monitoring designs and
sample sites that best serves the monitoring objectives.
4) Core and Supplemental Water Indicators - a tiered approach to monitoring that includes
core indicators selected to represent each applicable designated use, plus supplemental
indicators selected according to site-specific or project-specific decision criteria.
5) Quality Assurance - quality management plans and quality assurance program/project
plans are established, maintained, and peer reviewed to ensure the scientific validity of
monitoring and laboratory activities, and to ensure that state reporting requirements are
met.
6) Data Management - an accessible electronic data system for water quality, fish tissue,
toxicity, sediment chemistry, habitat, biological data, that timely data entry, data
description, and public access standards.
7) Data Analysis and Assessment - methodologies for assessing attainment of water quality
standards based on analysis of various types of data (chemical, physical, biological, land
use) from various sources, for all waterbody types and all state waters are developed and
used.
8) Reporting - timely and complete water quality reports and lists called for under Sections
305[b], 303[d], 314, and 319 of the Clean Water Act and Section 406 of the Beaches Act
are published.
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9) Programmatic Evaluation - the state, in consultation with its EPA Region, conducts
periodic reviews of each aspect of its monitoring program to determine how well the
program serves its water quality decision needs for all state waters, including all waterbody
types.
10) General Support and Infrastructure Planning - the state identifies current and future
resource needs it requires to fully implement the monitoring program strategy.
More detailed descriptions of each are available in the Elements document, which appears in
Appendix C.
ADEQUATE MONITORING & ASSESSMENT
Some of the contemporary efforts to revitalize and better define the role of monitoring and
assessment in state and federal programs (ITFM 1992, 1995; U.S. EPA 1994) and the emergence
of workable, ecological indicator concepts (Karr and Dudley 1981; Karr et al. 1986) offer detailed
frameworks that are the basis of what is termed here as “adequate” monitoring and assessment
(Yoder 1998). The term “adequate” was deliberately chosen as a theme on which to base the
template for evaluating individual state programs. It is an attempt to avoid usage of the term
“minimum” which is what EPA has historically accepted. The term comprehensive was
considered, although it can imply doing more than is necessary to achieve the basic goals and
objectives outlined by the above referenced processes.
The baseline components of an adequate monitoring and assessment program were described in
Important Concepts and Elements of an Adequate State Watershed Monitoring and Assessment Program
(Yoder 1998; Appendix B). This document relied principally on the products and
recommendations of the ITFM process, EPA’s environmental indicators initiatives, and the
experiences of selected states in operating consistent and adequately funded programs. In turn,
these efforts have given critical foundational support to EPA’s CALM process. It is important to
recognize that achieving adequacy is about process as much as it is about data sufficiency.
Successfully addressing the process issues are key to resolving the current deficiencies and
inequities within and between state programs and questions about the reliability of state and
national 305(b) reports and, by extension, 303(d) listings, nonpoint source and watershed
management, and water quality standards.
This effort is intended to be complimentary with the goals of EPA’s Comprehensive Assessment
and Listing Methodology (CALM) process, which requires adherence to ten basic elements (U.S.
EPA 2002). What is different here is the greater level of detail and specificity regarding specific
roles and types of indicators and parameters and the tie-in to water quality standards, specifically
designated uses and criteria. It is a fundamental premise of this review that achieving the level of
integration and detail implied by the contemporary efforts to improve and revitalize the role of
ambient monitoring and assessment is contingent on actually executing an adequate approach
to monitoring and assessment. This includes the incorporation of essential, underlying concepts
in addition to the adequacy of what is measured and monitored and over what spatial scales that it
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takes place. It also includes “infrastructure” issues such as staffing (including professional
qualifications), facilities (e.g., laboratory, equipment, instrumentation), and support (e.g., data
management, fiscal and administrative support).
Information from adequate monitoring and assessment is critical to the ability of the states and
EPA to track, manage, and report on environmental quality and the important attributes that
comprise and indicate that quality. Adequate information is needed to track trends and long-term
patterns in environmental quality. It should be used to measure progress and decide where and
how to focus water quality management resources. As such, adequate monitoring and assessment
fulfills a key role in the management of surface water resources by driving the progression of events
from initial problem identification and characterization through the making of management
decisions in such areas as pollution abatement, planning, standards setting, and enforcement of
laws and regulations. Just after passage of the 1972 CWA amendments, EPA regulations related
the purposes of water monitoring directly to management goals and objectives (Figure 1). This
provides a simple, yet comprehensive template on which the integration of monitoring and
assessment and water quality management can be based.

Fundamental Objectives of Adequate
Monitoring and Assessment Approaches
Function: Surface Water Assessment
• Collect and analyze baseline information.
• Establish cause/effect (causal associations).
• Compare results to criteria and goals (use attainment).
• Publish results - statewide, regional, site-specific.

Function: WQ Mgmt./Pollution Abatement
• Attainability analyses & criteria development (maintain WQS).
• Formulate/revise abatement strategies (TMDL development).
• Assess effectiveness of programs (WQ Management).

Function: Compliance Evaluation
• Monitor to determine compliance.
• Monitor to support enforcement.
after 40CFR Part 35

Figure 1. Objectives addressed by adequate monitoring and assessment programs (after 40 CFR Part 35).
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An adequate monitoring and assessment framework includes not only what is measured, but also
includes the spatial and temporal design of the data collection, the development of chemical,
physical, and biological indicators, the processes used to assemble the data and information into
meaningful assessments, and the organizational infrastructure within which it is accomplished. As
such, this framework includes more than the mere collection of environmental data, but rather
emphasizes the development of assessments based on that data. Guidance for developing an
adequate monitoring and assessment process emanates primarily from the Intergovernmental Task
Force on Monitoring Water Quality (ITFM) including their development of an integrated
indicators framework (ITFM 1992) and a national strategy for water monitoring (ITFM 1995).
This was followed by a description and outline of an adequate state watershed monitoring and
assessment program by ASIWPCA and EPA (Yoder 1998). Simply stated, these latter efforts were
aimed at not only revitalizing the role of monitoring and assessment in state and federal water
quality management programs, but also accomplishing the long-held objective of integrating
environmental information into management decision-making. This goes well beyond the often
emphasized task of assessing status and trends in water quality nationwide and includes the much
more difficult task of realizing integration with water quality management programs on a day-today basis. There are few examples of actually accomplishing a meaningful degree of integration.
EPA and state water quality management programs are driven largely by administrative activities;
their effectiveness are judged on the basis of administrative outputs (Figure 2). An important goal
for EPA and the states should be to have the effectiveness of administrative programs determined
by environmental end outcomes as measured by the information and indicators gained from
adequate monitoring and assessment. Inherently embedded in achieving this goal is the adequacy
of the essential components of water quality management infrastructure including water quality
standards (WQS).
Key Concepts and Attributes
An important prerequisite to achieving an adequate monitoring and assessment approach is the
incorporation of fundamental concepts in the development of the indicators and criteria that
operationally determine the status of aquatic resources, designated uses, and the effectiveness of
water quality management. These include a comprehensive approach to developing indicators and
endpoints leading to the appropriately detailed and refined criteria and standards that guide
management programs and measure their effectiveness. This approach addresses two of the
principal issues identified by the National Research Council (NRC 2001) in their review of the
role of science in the TMDL process; 1) adequate monitoring and assessment, and 2) appropriately
refined and detailed water quality standards (WQS). Adequate monitoring includes the following
key attributes and principles:
• Indicator development, position, and selection adhere to baseline theoretical concepts (i.e.,
Karr’s five factors; NRC position of the standard [NRC 2001]);
• Use indicators that are cost-effective, yet comprehensive;
• Use indicators within their most appropriate roles (stress, exposure, or response);
• Indicators are directly tied to WQS via designated uses and numerical or narrative criteria;

A.3-12

MBI/CABB

Region V State M&A Programs

January 30, 2003

Administrative Output vs. Resource
Outcomes Based Management

Goal:

ADMINISTRATIVE
OUTPUTS
BASED

RESOURCE
END OUTCOMES
BASED

Program Performance
(Program execution)

Environmental Performance
(Attain designated uses)

Measures: Administrative Actions Indicator End-points
(Lists, Permits, Funding, (Biological, Chemical, Physical)
Rules)
Results:

Improve Programs
(Reduce backlogs,
improve timeliness)

Programs are Tools to
Improve the Environment
(Admin. outputs evaluated by
environmental end outcomes)

Figure 2. Administrative outputs and environmental end outcomes based water quality management.
Adequate monitoring includes maturing towards an environmental end outcomes approach to water
quality management.
• Measurement and data quality objectives (MQO/DQO) are defined by the WQS and are
adequate to support accurate assessments and perform diagnostic functions;
• The program can adapt quickly to improved science and technology;
• The program is supported by adequate resources, facilities, and professionalism;
• The spatial design(s) matches the scale at which management is applied; and,
• The end product is an integrated assessment, not just the data.

Theoretical Concepts – Karr’s Five Factors
One of the most important concepts developed over the past three decades is the recognition of
how diverse human activities alter water resources and the extent to which those activities interact
with topographical, geological, climatological, and biological differences among watersheds (Karr
and Yoder 2004). Five features (or factors) of water resources that are altered by the cumulative
effects of human activities (Figure 3; Karr et al. 1986; Karr 1991) are:
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Energy source: includes changes in the food web including nutrients, organic material
inputs, seasonal cycles, primary and secondary production, and sunlight.
Chemical variables: includes changes in chemical water quality including D.O., pH,
turbidity, hardness, alkalinity, solubilities, adsorption, nutrients, organics, toxic substances,
temperature, sediment, and their interactions.
Flow Regime: includes modification of flows including precipitation, seasonal patterns, land
use, runoff, velocity, ground water, daily and seasonal extremes.
Habitat structure: includes alteration of physical habitat including bank stability, current,
gradient, instream cover, vegetative canopy, substrate, current, sinuosity, width, depth,
pool/riffle ratios, riparian and wetland vegetation, shorelines, sedimentation, channel
morphology.
Biotic factors: includes changes in biotic interactions such as introductions of alien taxa,
feeding, reproduction, predation, harvest practices and rates, diseases, parasitism,
competition.

The Five Major Factors Which Determine the
Integrity of Aquatic Resources
Alkalinity

Solubilities

Velocity

Temperature
D.O.

Adsorption

pH

Chemical
Variables

Nutrients

Turbidity

Organics

Ground
Water

Hardness

Flow
Regime
Precipitation &
Runoff

INTEGRITY OF THE
WATER RESOURCE

Disease

Parasitism

High/Low
Extremes

Land Use

Reproduction

Biotic
Factors

Competition

Feeding
Predation

“Principal Goal of the Clean Water Act
Nutrients
Sunlight

Organic Matter
Inputs

Energy
Source

Riparian
Vegetation

Seasonal
Cycles

Bank Stability

Habitat
Structure

Siltation
o
o
1 and 2
Production

Width/Depth

Sinuosity
Current
Substrate

Channel
Morphology
Gradient

Canopy

Instream
Cover

Figure 3. The five factors which determine the integrity of aquatic ecosystems with selected attributes of
each (modified from Karr et al. 1986).
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First, this model essentially defines the role and relevance of various chemical, physical, and
biological attributes, some of which can be measured and used as indicators. It is the interaction
of the attributes of the five features that produces the state or quality of a water resource. A
measurable attribute of one of the five features by itself is seldom, if ever, a reliable indicator of the
whole system or its state. However, measures that approximate the condition of the system as a
whole are “positioned” closer to the endpoint of concern and hence function as more reliable
indicators of condition (NRC 2001). Second, it provides a conceptual basis for choosing and
using various chemical, physical, and biological indicators and measures within an adequate
monitoring and assessment framework. An understanding of these interactions is an important
guide to the selection of indicators for monitoring programs (Karr 1991; Yoder 1998). Third, it
places biological measures in the role of an integrative response indicator that represents the
synthesis of the interactions of the chemical, physical, and biotic attributes of a water resource. It
provides a comprehensive signal to evaluate management actions that are inherently limited to
measuring and controlling only some of the attributes. Lastly, it provides the basis for an
additional model by which the sequence of stress and exposure can be validated by the observation
of ecosystem response (Figure 4). Indicators of stress and exposure are routinely used in water
quality management as design criteria and as compliance thresholds. Used alone, these may not
achieve the desired result (i.e., restoration of an impaired designated use) or they may have
unintended consequences, unless they are evaluated through the lens of biological response (Karr
and Yoder 2004). It is the accurate measurement of biological response that is key to making this
process work in actual practice, much more so than our ability to precisely measure stress or
exposure. Stress and exposure criteria are determined through indirect means and as such
function as surrogates for true biological response. This process offers a way to ground truth the
application of water quality and other criteria in relation to the totality of the interactions that
result in a biological response, but which cannot be accounted for on a parameter-by-parameter
basis. Sequencing the management of stress through how it affects key attributes of the five factors
through to the eventual biological response provides a process by which adequate monitoring and
assessment can be used to validate the effectiveness of management actions to control stressors
(Figure 4). The severity and degree of the biological response to these impacts is ultimately what is
important, not the mere presence of an impact.

Cost-Effective Indicators
Cost-effective indicators are based on proven sampling methods and procedures that can be
executed in a reasonable time frame and with reasonable effort. A commonly used description are
measures that can be accomplished at a sampling site in a “few” hours, allowing several sites to be
sampled each day, tens of sites per week, and hundreds of sites per year by a single field crew1.
However, it includes indicators that are sufficiently developed, calibrated, and proven so as to
ensure accuracy and precision. Accuracy includes the minimization of type I and II assessment
error, i.e., the under or over estimation of status. It also includes the ability to extract meaningful
diagnoses of observed responses using multiple chemical, physical, and biological parameters and
measures, each used in their most appropriate roles as stressor, exposure, and response indicators.

1

A field crew is a 2-4 person team dedicated to the collection of data for a specific indicator category (chemical,
physical, biological).
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Precision includes reliable estimates of chemical, physical, and ecological properties and that
produce statistical rigor. Frequently, statistical rigor implies attention to sampling frequency and

The Linkage From Stressor Effects
to Ecosystem Response
Habitat
Structure
Flow
Regime

Stressor
Agent(s)

Water Quality
& Toxicity

Biological
Response

Energy
Source

This model is an
explicit statement of
multiple causation

Biotic
Interactions

Biological
Index or
metric
Stressor Metric

STRESSORS

STRESS/EXPOSURE

RESPONSE

Figure 4. The linkage of the effect of stressors through Karr’s five factors to the resultant biological response.
The indicator roles represented by each category are identified in accordance with Yoder and Rankin
(1998). After Karr and Yoder (2004).
reducing variance estimates. However, it is also important to understand the assessment capacity
of each indicator and its position within the five factors that determine the integrity of a water
resource (Figure 3). For aquatic life assessments, basing measures of condition on a biological
indicator incurs the power of assessment inherent to the position of this indicator relative to the
endpoint of concern, i.e., the health and well-being of the biota. Whereas attempting to estimate
biological status using chemical or physical surrogates introduces the need to achieve statistically
valid estimates for the parameter of concern, which may mean expending significant analytical and
sampling resources. The use of the most direct measure of the endpoint of concern can in effect
“leap frog” the statistical (i.e., sampling frequency) issues involved with surrogates and reduce the
need for a higher degree statistical rigor for the surrogate indicator. In turn, the surrogates fulfill
the role of stress and exposure indicators, which requires less statistical rigor and fewer samples.
The trade-offs involved result in a more cost-effective monitoring and assessment program.
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Another aspect of a cost-effective approach to monitoring and assessment is determining which
indicators and parameters are measured in a given situation. The ITFM (1992) indicators process
arranged indicators according to their role and value for first determining the state of the aquatic
system and adding key parameters and indicators in accordance with specific designated uses and
the complexity of the setting. The different types of measurements that comprise an adequate
watershed monitoring and assessment approach consist of core and supplemental indicators and
parameters (Figure 5). The core parameters are collected in all situations regardless of the
assessment, regulatory, and management issues of concern. These represent the key, essential
chemical, physical, and biological elements of water resource integrity (Karr et al. 1986) and reflect
the most basic components of all aquatic ecosystems (living biota, habitat, and primary water
quality). These fulfill the need to first characterize the condition and status of the baseline

CORE INDICATORS

• Fish Assemblage • Macroinvertebrates • Periphyton
(Use Community Level Data From At Least Two)

Physical Habitat Indicators Chemical Quality Indicators

• Channel morphology • Flow
• Substrate Quality • Riparian

• pH • Temperature
• Conductivity • Dissolved O

2

For Specific Designated Uses Add the Following:
AQUATIC LIFE

RECREATIONAL

Base List:
Base List:
Ionic
strength
•
• Fecal bacteria
• Nutrients, sediment
• Ionic strength
Supplemental List:
Supplemental List:
• Metals (water/sediment) • Other pathogens
• Organics (water/sediment) • Organics (water/sed.)

HUMAN/WILDLIFE CONSUMPTION

WATER SUPPLY

Base List:
• Fecal bacteria
• Ionic strength
• Nutrients, sediment
Supplemental List:
• Metals (water/sediment)
• Organics (water/sed.)
• Other pathogens

Base List:
• Metals (in tissues)
• Organics (in tissues)

Figure 5. Core indicators and parameters by designated use to support an adequate watershed monitoring and
assessment approach (after ITFM 1992 and Yoder 1998).
attributes. They are also measured directly in the field, thus providing rapid feedback to qualified
analysts. Conventional approaches to monitoring and assessment attempt to formulate the
assessment questions prior to deciding what to measure. However, adequate monitoring generates
data and information about the core parameters in order to determine what the assessment
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questions should be, some of which cannot be sufficiently formulated without such data and
information. Furthermore, they directly represent the fundamental attributes of aquatic
ecosystems and, as such, comprise the baseline of adequate information needs for fundamental
and recurrent assessment questions such as use attainment status, water quality standards
compliance, use attainability analyses, delineation of associated causes/sources of threat and
impairment, and basic reporting (305b report) and listing (303d listings). The supplemental
parameters are added as the assessment needs (or questions) increase in diversity, quantity, and
complexity of the setting. For example, a comparatively simple setting with one or two principal
stressors may be adequately addressed by the core parameters plus the base list for aquatic life and
recreation. As the complexity of a study area increases in terms of stressors and uses, the list will
increase to include more of the supplemental parameters, the frequency of their collection and
analysis, and the spatial intensity of the sampling design. This is a reasoned and stepwise selection
of additional measurements, most of which require laboratory analysis. It can also include media
in addition to the water column such as bottom sediments and organism tissues. All of this is
dealt with in the initial planning of the watershed assessment and the development of a detailed
plan of sampling.
Another dimension of cost-effectiveness is the capture of all relevant management objectives with
the chosen suites of indicators. Table 1 relates indicator categories to classes of common water
resource management program objectives. These may be addressed as part of the field sampling or
accessed later in the analysis and reporting phases of the assessment process. These are critical
components of the sequential analysis of the monitoring data and information, which relates
designated use impairments to associated causes and sources. This approach also economizes
sampling resources by scaling the intensity and complexity of the monitoring and assessment effort
in accordance with the management issues to be addressed. This type of approach also allows for
more flexible management responses that are attenuated by the information revealed about the
environmental complexity of the setting, the quality of the aquatic resource, and the potential
pollution problems encountered. Effective implementation of this process is improved through
the experience and knowledge gained by conducting monitoring and assessment for many years
and over a wide geographical area.

Indicator Discipline – Adherence to Indicator Roles
An important factor in achieving the cost effective approach just described is using chemical,
physical, and biological indicators in their most appropriate roles as stressor, exposure, or response
indictors. The accurate portrayal of the condition of aquatic resources depends on wider
development and use of response indicators and adequate spatial monitoring designs conducted at
the same scale of water quality management. Part of the solution to these challenges is to use
indicators within their most appropriate roles. The EPA environmental Monitoring and
Assessment Program (EMAP; U.S. EPA 1991) classified indicators as stressor, exposure, and
response. Yoder and Rankin (1998) further organized the concept defining the most appropriate
roles of parameters and measures when used in an adequate monitoring and assessment program.
Stressor indicators generally include activities and phenomena that impact, but which may or may
not degrade or appreciably alter key environmental processes and attributes. These include point
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Table 1. Summary matrix of recommended environmental indicators for meeting management objectives for status and
trends of surface waters (a boldface “X” indicates a recommended primary indicator after ITFM 1995; other
recommended indicators are designated by a “√”). The corresponding EPA indicator hierarchy level (see Figure
6) is also listed for each suite of indicator groups.
Categories of Management Objectives
Human Health

Indicator Group

Macroinvertebrates
Fish
Semi-aquatic animals
Pathogens
Phytoplankton
Periphyton
Aquatic Plants
Zooplankton
Water chemistry
Odor/Taste
Sediment Chemistry
Tissue Chemistry
Biochemical Markers
Hydrological Measures
Temperature
Geomorphology
Riparian/Shoreline
Habitat Quality
Land Use Patterns
Human Alterations
Watershed Imperviousness (% of watershed)
Point Source Loads
Nonpoint Loadings
Spills/Other Releases

Consumption of fish/
shellfish

Public
Water
Supply

Recreation
(swimming,
fishing,
boating)

Ecological
Health
Aquatic/
Semiaquatic Life

Economic Concerns

Energy/
Transportation

Biological Response Indicators (Level 6)
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Chemical Exposure Indicators (Levels 4&5)
X
X
X
X
X
X
X
X
X
X
X
X
X
X
√
√
√
√
Physical Habitat/Hydrological Indicators (Levels 3&4)
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
√
√
Watershed Scale Stressor Indicators (Levels 3,4,&5)
X
X
X
X
X
X
X
X
√
√
Pollutant Loadings Indicators (Level 3)
√
√
√
√
√
√
√
√
√
√
√
√
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X
X
X
X
X
X

X
X

X

X
X
X

X
X

X
X
X
X
√

X
X
X
X
√

X
X

X
√

√
√

√
√
√
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and nonpoint source pollutant loadings, land use changes, and other broad-scale influences that
most commonly result from anthropogenic activities. Stressor indicators provide the most direct
measure of the activities that water quality management attempts to regulate. Exposure indicators
include chemical-specific, whole effluent toxicity, tissue residues, and biomarkers, each of which
suggest or provide evidence of biological exposure to stressor agents. Fecal bacteria also serve as
exposure indicators and are used as surrogates for response where direct human response
indicators are either lacking or their use would pose an unacceptable risk. These indicators are
based on specific measurements that are taken either in the ambient environment or in discharges
and effluents, either point or nonpoint source in origin are measures and parameters that reveal
the level or degree of an exposure to a potentially deleterious substance or effect that was produced
by a stressor event or activity. Chemical water quality parameters and the concentrations at which
they occur in the water column fulfill this role. Water quality criteria for toxic substances are
developed to indicate chronic, acute, and lethal exposures. Exceedences of these thresholds, either
predicted or measured, provide design targets for planning and permitting and assessment
thresholds for monitoring and assessment. Fecal bacteria fulfill this role as well, indicating the
level of risk posed to humans and other animals by exposure to various levels and durations of
potentially harmful pathogens. Response indicators are measures that most directly relate to an
endpoint of concern, i.e., ecological and human health. They are most commonly biological
indicators, e.g., aquatic assemblage measures for aquatic life uses and human health for
recreational uses and are the most direct measures of the status of designated uses. For aquatic life
uses the assemblage and population response parameters that are represented by the biological
indices that comprise biological criteria are examples of response indicators. For other designated
uses such as recreation and drinking water, symptoms of deleterious effects exhibited by humans
would serve as a response indicator, albeit these might prove more difficult to develop and
manage. Response indicators represent the synthesis of stress and exposure (re: Figure 4) and are
commonly used to represent overall condition or status. The key to implementing a successful
indicators and watershed approach that serves as a basis for developing a synthesized report card is
to ensure that indicators are used within the roles that are the most appropriate for each. The
inappropriate substitution of stressor and exposure indicators in the absence of response
indicators is at the root of the national problem of widely divergent 305(b) and 303(d) statistics
reported between the states (NRC 2001).
Historically, states have used surrogate approaches to measuring and determining the status of
designates uses. For aquatic life uses, chemical criteria have been cast in that role. For
recreational uses, fecal bacteria continue to fulfill that role. Yoder and Rankin (1998) define the
former practice as an inappropriate substitution of stress or exposure indicators for response.
Comparisons of biological and chemical assessments show that the latter leads to listing of water
bodies as impaired when they are not (type I error) or not listing when they are impaired (type II
error). Rankin and Yoder (1990) using data over a 10 year period in Ohio and the Oregon
Department of Environmental Quality (D. Drake, personal communication) using data from the
1990s, both showed that type II errors are the most prevalent, leaving up to 50% of the
impairments detected by biological assessments undetected and undiagnosed. In the case of
recreational uses, the reality of fecal bacteria exceedences and human health risks needs to be
better reconciled.
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A process for assembling information from cost-effective indicators comprised of biological,
chemical, and physical measures used in their most appropriate roles can ensure that pollution
sources are judged objectively and on the basis of quantifiable environmental results. Such an
approach simultaneously assures that indicators will be representative of the elements and
processes of the five factors that determine water resource integrity (Figure 1; Karr et al. 1986). An
indicators hierarchy developed by U.S. EPA (1995a,b) provides a sequential process within which
indicators can be linked to support assessment and management responses (Figure 6). It offers a
structured approach to assure that management programs are, if necessary, adjusted based on
environmental feedback (see also Figure 2). A comprehensive ambient monitoring effort that
includes indicators representative of key variables within the five factors which determine the
integrity of the water resource is essential to successfully implementing a true environmental
indicators approach. For this approach to be successful, ambient monitoring must take place at
the same scale at which management actions are being applied.
This integrated framework relies on the hierarchical continuum of administrative and true
environmental indicators. This framework was initially developed by U.S. EPA (1995a). The
original framework included six “levels” of indicators as follows:
Level 1 - actions taken by regulatory agencies (e.g., permitting, enforcement, grants);
Level 2 - responses by the regulated community (e.g., construction of treatment works,
pollution prevention);
Level 3 - changes in discharged quantities (e.g., pollutant loadings);
Level 4 - changes in ambient conditions (e.g., water quality, habitat);
Level 5 - changes in uptake and/or assimilation (e.g., tissue contamination, biomarkers,
assimilative capacity); and,
Level 6 - changes in health, ecology, or other effects (e.g., ecological condition, pathogenicity).
In this process the results of administrative activities (levels 1 and 2) are followed by changes in
pollutant loadings and ambient water quality (levels 3, 4, and 5), all of which leads to measurable
environmental “results” (level 6). The process is multi-directional with the level 6 indicators
providing overall feedback about the completeness and accuracy of the process through the
preceding levels. While the U.S. EPA (1995a) hierarchy employs point source terms, it is
adaptable to nonpoint sources and media other than surface waters. Superimposed on this
hierarchy is the concept of stressor, exposure, and response indicators (Figure 6) similar to that
developed by the U.S. EPA Environmental Monitoring and Assessment Program (EMAP; U.S.
EPA 1991). Stressor indicators include activities that have the potential to degrade the aquatic
environment such as pollutant discharges, land use changes, and habitat modifications (level 3).
Exposure indicators are those which measure the apparent effects of stressors and include chemical
water quality criteria, whole effluent toxicity tests, tissue residues, bacterial levels, and biomarkers,
each of which provides evidence of biological exposure to a stressor or bioaccumulative agent
(levels 4 and 5). Response indicators include composite measures of the cumulative effects of
stress and exposure and include the more direct measures of biological community and population
response that are represented here by the biological indices which comprise the Ohio EPA

A.3-21

MBI/CABB

Region V State M&A Programs

January 30, 2003

Measuring and Managing Environmental
Progress: Hierarchy of Indicators
Indicator Levels
1: Management actions
2: Response to management

Administrative Indicators
[permits, plans, grants,
enforcement, abatements]

3: Stressor abatement

Stressor Indicators [pollutant
loads, land use practices]

4: Ambient conditions
5: Assimilation and uptake

Exposure Indicators [pollutant
levels, habitat quality, ecosystem
process, fate & transport]
Response Indicators [biological
assemblage indices, other
attributes]

6: Biological response

The “Health” Endpoint
Figure 6. Hierarchy of indicators for determining the effectiveness of water quality management and
maintaining appropriate relationships and feedback loops between different classes of indicators
(modified from U.S. EPA 1995a).
biological criteria (level 6). Other response indicators could include target assemblages (e.g., rare,
threatened, endangered, special status, and declining species). All of these indicators represent the
essential technical elements for watershed-based management approaches. The key is to use the
different indicators within the roles that are most appropriate for each.
The processes for sequencing and synthesizing environmental data and indicators serves as a
foundation for reporting on status and trends at all levels (national, regional, statewide, or local).
The disciplinary process just described should minimize both type I and type II assessment errors.
Such errors are a concern in the integrated 305b/303d reporting and listing process, in which
both type I and II errors have been extensively propagated (Yoder and Rankin 1998; National
Resource Council 2001). The results of these errors are waters that are not impaired are identified
as needing corrective actions (type I error) or waters that are truly impaired are overlooked
altogether (type II error). While this may be the most “visible” issue at present, the impact of such
assessment errors can adversely affect other water quality management program areas. The process
by which the basic data and information on which indicators are developed and used must be
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integrated at the outset, not as a “tack-on” at the end of the process. Bringing a more consistent
and scientifically robust approach to indicators development and usage should lead to the
correction of such errors and foster better policy and management outcomes as a result.

Key Indicators Are Tied to WQS - Designated Uses and Criteria
Water quality standards (WQS) establish the essential framework for developing measurable
endpoints and criteria for deriving restoration and protection benchmarks. They consist of two
parts – a designated use and criteria intended to protect and measure attainment of the designated
use. They are used as targets for developing management strategies to achieve restoration and
protection (e.g., wasteload allocations, TMDLs, BMPs, etc.) and for measuring the relative quality
of water and aquatic ecosystems. Obviously, the more that WQS account for regional variability
and characteristics inherent to the aquatic ecosystems of a region, the more relevant and accurate
are assessments of quality and management strategies designed to achieve restoration and
protection goals. WQS are an absolutely fundamental issue of adequate monitoring and
assessment and the linkages between the two must be recognized (NRC 2001). States widely
employ non-specific, general uses, which essentially represents a one-size-fits-all approach to
designating and assessing surface waters. For example, states designate waters for the “protection
and propagation of fish and aquatic life” of other general descriptions such as “cold water fishery”.
Such uses are not specific enough to foster the development of the more detailed criteria and
indicators that are needed to address many of the deficiencies identified by the General
Accounting Office (GAO 2000, 2003b) and NRC (2001). Furthermore, the use of direct
biological measures and criteria is viewed as essential to making refined uses work. A few states
(e.g., Maine, Ohio, Vermont) have developed refined use designation frameworks that are
supported by numeric biological criteria and these have been extensively described elsewhere
(Courtemanch 1995; Yoder and Rankin 1995a; Yoder 1995). This has given rise to the biological
condition gradient framework, which has been under development and testing by U.S. EPA
(Figure 7) in support of the development of a national process for tiered aquatic life uses.
Water quality criteria are largely expressed as chemical pollutant concentrations and sometimes as
narrative descriptors. As such, they function as indirect surrogates for the endpoint described by a
designated use. The designated use is a description of a desired state or set of attributes for a
waterbody and the criterion is a measurable indicator that is a surrogate of use attainment. A
criterion occupies a position at any point along the sequence of stress, exposure, and response
(Figure 8). The NRC (2001) described this as the “position of the standard” and concluded that a
criterion that is positioned closer to the designated use is a more accurate indicator of that use. In
addition, the more precisely the designated use is stated, the more accurate the criterion will be as
a result. Karr and Yoder (2004) modified the original figure to show its consistency with the
previously described stress, exposure, and response roles of indicators. It provides a way to relate
different types of criteria (chemical, physical, biological) and how to sequence each along a causal
chain of events such as that portrayed by the hierarchy of indicators. Both the appropriate roles of
indicators and the hierarchy for sequencing them along a causal chain of events are embedded in
Figure 8. Including adequate representatives of each indicator role and their development and
calibration in a state’s WQS institutionalizes their usefulness to water quality management.
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Data and Measurement Quality Objectives
Data (DQO) and measurement quality objectives (MQO) determine the level of detail and analysis
that is required in support of an indicator or parameter. Frequently, these are defined by the
state’s WQS, either directly or implicitly and these comprise an important determinant of the

Tiered Aquatic Life Use Conceptual Model: Draft Biological Tiers

1

Natural structural, functional, and taxonomic integrity is preserved.

2
[Specific to Ecotype]

Condition of the Biotic Community

(10/22 draft)

Structure and function similar to natural community with some additional
taxa & biomass; no or incidental anomalies; sensitive non-native taxa may
be present; ecosystem level functions are fully maintained

3

Evident changes in structure due to loss of some rare native
taxa; shifts in relative abundance; ecosystem level functions fully
maintained through redundant attributes of the system.

4

Moderate changes in structure due to replacement
of sensitive ubiquitous taxa by more tolerant taxa;
overall balanced distribution of all expected taxa;
ecosystem functions largely maintained.

5

Sensitive taxa markedly diminished;
conspicuously unbalanced distribution of
major groups from that expected; organism

condition shows signs of physiological
stress; ecosystem function shows reduced
complexity and redundancy; increased
build up or export of unused materials.

Extreme changes in structure; wholesale changes in
taxonomic composition; extreme alterations from
normal densities; organism condition is often poor;

LOW

6

anomalies may be frequent;
ecosystem functions are
extremely altered.

Human Disturbance Gradient

HIGH

Figure 7. Refined aquatic life use conceptual model showing a biological condition axis and descriptive
attributes of tiers along a gradient of quality and disturbance (U.S. EPA, Refined Aquatic Life Uses
Working Group, 2001).
accuracy of assessments produced by a monitoring and assessment effort. For example, if a
pollutant criterion is set at a concentration of 10 ug/l, then sampling and analytical methods that
ensure detection to at least that concentration will be required. As such, the 10 ug/l criterion
serves as the data and measurement quality objective. Furthermore, for many parameters it will be
necessary to measure below the criterion threshold as there will be management issues of interest
at lower levels. An example is defining reference condition for individual pollutants, which will
require knowledge of the range of occurrence from minimum detection limit up to the criterion.
For biological assessments, the issue includes how samples are obtained (effort, gear selectivity),
how they are processed (subsampling, handling, preservation), how they are enumerated and
identified (level of taxonomy), and the attributes that are recorded (species, numbers, biomass,
anomalies). This illustrates both the qualitative and quantitative aspects of this issue. In biological
assessment, taxonomic resolution is a key quality objective, as this not only determines the power

A.3-24

MBI/CABB

Region V State M&A Programs

January 30, 2003

of the assessment tool, but the diagnostic capabilities as well (Yoder and Rankin 1995b; Yoder and
DeShon 2003). DQO/MQO can be governed by methods and protocol documents, but are much
less ambiguous and debatable when they are codified in the state’s WQS. Data and measurement
Pollution (specific
human activities)

Point and nonpoint
pollutant loadings for all
sources (source specific)

Land use
effects

Ambient pollutant
levels in water body
(pollutant specific)

Human health
(health outcomes
including disease)

Indicator Role
Stressor

Channel/Flow
alterations

In-channel &
Riparian effects

Ecological health
(cumulative effects on
biological condition)

Designated use
(water body specific)

Exposure
(landscape)

Exposure
(in-stream)

Response

Endpoint

Figure 8. Position of the criterion (stressor, exposure, or response) illustrating the relationships between human
activities, specific types of criteria, and designated uses that define the endpoint of interest to society
(modified from NRC 2001). Their parallel roles as environmental indicators for each category is listed on
the right. Arrows indicate directions and interrelationships along the causal sequence of stress, exposure,
and response.
quality objectives inherently determine the overall capabilities of a monitoring and assessment
program to accurately detect, quantify, and diagnose environmental status.

Strategic Issues
Adequate monitoring and assessment is an inherently strategic process. To fully realize the
benefits of such requires an understanding of the multiple uses of the information in the
management of water resources. A fundamental tenet of adequate monitoring and assessment is
that the same set of core resources, methods, standards, data, and information should support
multiple program management needs (Figure 9). It also requires a commitment to program
maintenance and upkeep (i.e., maintenance of adequate resources, facilities, and professionalism)
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over the long term. Professionalism includes the qualifications of the monitoring and assessment
personnel and their ability to carry out all tasks, including data analysis and the sequencing and
interpretation of multiple indicators. Several of the indicators require specialized expertise in
terms of data collection, field observations, laboratory methods, taxonomic practice, and data
analysis and interpretation skills. Thus the professional qualifications of the personnel who
execute and manage a statewide program is a pivotal issue.

Adequate Monitoring & Assessment Supports
All Water Quality Management Programs
Watersheds/
TMDLs
Nonpoint
Source
Assessment &
Management

NPDES Permits
(WQBEL Support,
Permits to Install)

Monitoring &
Assessment

Habitat
Modifications
(401 Certification)
WQS/Criteria,
Use Designations,
Anitdegradation

Status/Trends
Reporting (305b
Report)
Comparative
Risk

Hazardous Waste
Sites (NRDA/CERCLA)

Wet Weather
Discharges (CSOs,
Stormwater

Source Water
Protection
Enforcement/Litigation
Support

Figure 9. Adequate monitoring and assessment should be capable of supporting multiple program support
needs with the same core base of indicators, parameters, and designs.
Two important functions of adequate monitoring and assessment include the functional support
provided to individual management programs. The first includes tasks such as determinations of
status at multiple scales, use attainability analyses, supporting the management of specific sources,
and providing information to guide watershed planning and restoration processes (Figure 10;
upper tier). The second is that of providing “strategic support” via the systematic accumulation of
data, information, knowledge, and experience across various temporal and spatial scales (Figure 10;
lower tier). This includes resources devoted to such tasks as sampling and maintenance of
reference sites for determining regional reference condition and developing reference condition
and benchmarks for key biological, physical, and chemical indicators and parameters. Many
contemporary management needs are not well supported by conventional approaches to water
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Functional Support Provided by Annual
Rotating Basin Assessments

Waterbody
System (305b)

NPDES
Permits

WQS/Use
Attainability
Analyses

305b Report
Statistics

Permit
Development

Annual
WQS Rule
Revisions
303d List of
Impaired/Threatened Waters

Watershed
Specific Issues

Individual
Basin
Assessment

Goals
Tracking
(GPRA, State
Specific)

Permit
Defense/
Fact Sheets

• TMDL development
• Local watershed groups
• 319 projects
• 404/401 dredge
& fill permits
• Problem
discovery
• Special
Investigations

Enforcement
Support

Strategic Support Provided Collectively
by Rotating Basin Assessments
The ongoing accumulation of information
across spatial and temporal scales
Policy
Development
• TMDL Listing/De-listing
• Refined WQS Uses
• Antidegradation
• NPDES (WET, CSOs,
Stormwater)
• 404/401 dredge & fill
• Stream Protection
• Nutrient management
• Overall program/policy
effectiveness
• Environmental audits

Program
Development

Statewide/Regional
Applications

• Environmental Indicators
• Refined & Validated
WQ Criteria
• Reference WQ &
Sediment benchmarks
• Biological Criteria
• Biological Response
Signatures
• Regional stratification
(ecoregions, subreg.)

• TMDLs (303d)
• Status/Trends (305b)
• Local projects
• NPS/BMP effectiveness evaluations
• NAWQA/REMAP
• Watershed mgmt.
• SWAP
• UWA
• IWI "ground
truthing"

Figure 10. Examples of water quality management program support routinely provided by adequate
monitoring and assessment at the watershed level (upper panel) and as a baseline support function
delivered by routine monitoring over time (lower panel).
quality criteria and modeling, thus new ways of developing and applying benchmarks and criteria
are needed. Developing criteria for nutrients and clean and contaminated sediments are examples.
Other issues such as urbanization and habitat concerns will require landscape and riparian level
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indicators and objectives. All require robust spatial and temporal datasets. Coupled with this is
the need to conduct ongoing applied research and exploratory data analysis with the monitoring
program datasets, including the aggregate experience of the program. The ongoing accumulation
of data, information, and assessment across different spatial scales provides both the datasets and
the assessment experiences. This comprises the strategy for delivering the criteria and benchmarks
that will not be delivered by the conventional approach to developing national water quality
criteria.
Finally, the recognition that the most important product of adequate monitoring and assessment is
the assessment, not just the data, is critical to achieving success. Data by itself has limited
usefulness to environmental decision-making unless it is converted to useful information. This
means having decision criteria and benchmarks fully integrated into the monitoring and
assessment program. It also means adhering to the indicator sequencing and linkage processes
that were previously described and most importantly, using indicators within their most
appropriate roles. An integrated assessment should serve the needs of multiple programs by the
same set of assessments, without the need to generate new or different datasets for each and every
management issue.
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MONITORING DESIGN OPTIONS
The design of monitoring and assessment incorporates the mosaic of chemical, physical, and
biological indicators, their development, calibration, and measurement, and the spatial and
temporal scales over which each is measured. In terms of how this has changed during the past
four decades, Table 2 shows the important attributes and descriptors of these key elements that
comprise an adequate approach to monitoring and assessment. The types of designs emphasized
in the 1960s and 1970s include a primary reliance on fixed stations, upstream/downstream
comparisons, a reliance on single control sites or paired watersheds, pass/fail assessments, and
general designated uses that acted as goals for abatement programs. That approach is now being
replaced by whole watershed assessments, performance expectations based on regional reference
condition, stratified survey designs, proportional assessments, and tiered or refined uses that
incorporate both regional and ecological realities and expectations. The latter approach is much
more able to demonstrate results and phenomena at ecologically meaningful scales and which
incorporate the broad spectrum of human disturbances. As such, this type of monitoring is not
only better able to produce more refined goals and criteria, but foster a better integration of
important chemical, physical, and biological factors into decision and policy-making.
Table 2. Comparison of key attributes and characteristics of monitoring and assessment issues and
trends in indicator development and use, condition assessment, and spatial design over
the past four decades.
______________________________________________________________________________
Attribute/Characteristic
“Old” Technology
“New” Technology
______________________________________________________________________________
Spatial Design

Fixed stations, paired
watersheds

Whole watersheds (11-14
digit HUC scale)

Assessment Design

Upstream/downstream,
Single control sites;
Pass/fail

Regional Reference
Sites/Condition;
Proportional assessments

Primary Indicators

Chemical parameters
“Pollutant focused”

Biological Criteria
“Resource focused”

Assessment Criteria

General goals

Refined/Tiered goals

Integration

Little or none

Multiple indicators,
Sequential process

Data/Design Standards

Few or none
Well defined, systematic,
Low/no standardization
standardized
______________________________________________________________________________
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The “new” technology emphasizes a reliance on integrated assessments casting chemical, physical,
and biological indicators in their most appropriate roles as stressor, exposure, or response
indicators. It also is governed by standards of data and design quality where the demands of
decision-making and the need for accuracy in the resulting assessments are supported by producing
data of a sufficient quality so as to minimize assessment errors.
An important and fundamental premise of adequate monitoring and assessment is that it be
conducted at the same spatial scale at which management is being applied. This simple premise
allows management policies, approaches, and activities to be linked more closely to their
environmental consequences as revealed by monitoring and assessment. For example,
management of point sources includes concerns for impacts to the immediate receiving waters, the
severity and extent of any extended impacts, and the collective impacts of multiple and overlapping
sources. In the immediate receiving waters, a common concern is acute toxicity in the mixing zone
that results in lethality or avoidance. Thus sampling in the receiving waters should not only
include the appropriate mix of indicators, but sampling targeted to the mixing zone itself. The
determination of impacts beyond the mixing zone is determined by sampling at intervals
downstream so as to allow the measurement of the severity and extent of any adverse impacts, i.e.,
how extensive are departures from indicator goals or thresholds and how far do these extend
downstream? The collective impact of different types of point sources can then be accomplished
by aggregating these types of data over larger regional and even statewide scales, serving the need to
determine if there are patterns and phenomena associated with specific types of sources. In this
case example, an intensive survey design served as the spatial design.
Several spatial designs are available to support the multiple needs of water quality management
programs. The key is to develop and use a design that satisfies all program needs in the most costeffective manner. Cost-effectiveness in this case means paying attention to the timeliness needs of
the program in addition to the spatial comprehensiveness of the monitoring and assessment. Five
general sampling designs are described and include examples in which they have been applied for
biological assessment, as follows:
Option 1 – Fixed station design;
Option 2 – “Synoptic” design;
Option 3 – Intensive survey;
Option 4 – Geometric design; or
Option 5 – Probabilistic design.
In the following discussion of the attributes, advantages, and disadvantages of each design, the
focus is on lotic surface waters and the watershed. While some of these designs have been used to
support lake and reservoir, wetland, and estuarine monitoring programs, the emphasis has been on
watershed units, specifically rivers and streams. It has been suggested that all waterbody types
within a watershed unit should be addressed and would seem workable for lakes/reservoirs and
wetlands. This would foster a more integrated and complete assessment of each watershed unit. A
different approach for larger water bodies may well be needed, but obvious linkages should be
made to watershed based efforts whenever possible. Given these diverse needs and issues, it is
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certain that more than one design will be needed to support a comprehensive and adequate
monitoring and assessment program, a fact recognized by EPA’s CALM guidance (U.S. EPA 2003).
Option 1 – Fixed Station Sampling Design
Fixed station monitoring networks have been employed by state and federal agencies for decades,
some dating back for more than 60 years. The most notable of these networks are the National
Ambient Water Quality Monitoring Network (NAWQMN), principally operated by the states in
compliance with the program requirements of U.S. EPA under the Clean Water Act (CWA). The
U.S. Geological Survey operates the National Stream Quality Accounting Network (NASQAN)
which serves much the same function and purpose of NAWQMN and coincides with USGS flow
gauging stations. Other fixed station networks exist and include state monthly and quarterly water
quality stations, Great Lakes tributary stations, and a few select programs operated by industries
and municipalities. What all of these networks have in common is that the stations are established
at reasonable access points where water samples can be quickly obtained and fixed sampling
equipment can be established. They are sampled at regular intervals (monthly, quarterly, or with
continuous monitoring equipment) and their spatial density is comparatively sparse. In addition,
the measures are predominately chemical/physical with a prescribed list of parameters to be
analyzed. For example, most monthly sites are sampled for basic field parameters such as
temperature, dissolved oxygen (D.O.), pH, and conductivity, and a suite of conventional and
demand parameters such as BOD, suspended solids, primary nutrients, and ionic strength
parameters. Toxicants such as heavy metals and pesticides are sampled either less frequently (i.e.,
quarterly) or at specific sites where these pollutants are an issue of concern.
In the early 1970s, EPA initiated a pilot biological program in which biological samples were
collected from a subset of the NAWOMN stations. This program included macroinvertebrates
and periphyton, with some states adding fish tissue analyses. The goal of this program was to
provide real world water quality data to determine status and trends in relation to the water
pollution control programs of the day. The monthly sampling design was implemented to account
for seasonal variations both natural and human induced. The quarterly sampling of toxic
parameters was the result of cost limitations. Biological sampling was added later as the interest in
biological assessment was just beginning. In real operational terms, this program fell short in
delivering the type or quantity of information that was needed to not only determine status and
trends, but to support day-to-day water quality management. In many states, fixed station networks
have been reduced in terms of the number of locations sampled, but they have not been
completely abandoned. Many states have maintained a skeletal network primarily for the purpose
of maintaining the long period of record and because of a continuing program requirement by
U.S. EPA. An example of an ongoing network in Indiana appears in Figure 11.
In terms of status and trends and how this relates to determining water quality management
program effectiveness, there are some good examples of the value of fixed station data. Figure 12
shows results for chlorides and pH from a long term chemical monitoring station in the Salamonie
River (Indiana) and the results of a seasonal Kendall test for any trends. IDEM performed
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Figure 11. An extensive network of fixed station monitoring sites operated by the Indiana DEM.
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Figure 12. Example of fixed station data analysis showing results of a seasonal Kendall test of chlorides
(1970-1978) and pH(1989-1998) trends in the Salamonie River at Lancaster.
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approximately 1500 of these tests on their fixed station database (IDEM 1998) and they are used
to assess trends in key parameters and spur management action when necessary. Their value thus
far has been to demonstrate improvements in formerly grossly polluted waterbodies, but they fulfill
an important baseline need of water quality management by maintaining awareness of changes in
baseline variables through time.
Biological data can also be used to portray similar changes through time and completes the stressexposure-response sequence. Figure 13 shows the changes over a nearly 25-year period in the lower
Cuyahoga River downstream from Akron, Ohio for the fish and macroinvertebrate assemblages as
represented by the Ohio IBI and ICI (Ohio EPA 1987). Again, the improvements documented in
a grossly polluted water body at a fixed location some 18 miles downstream from the Akron
municipal wastewater treatment facility corresponded to reductions in loadings of ammonia-N,
BOD, and the later abatement of acute and chronic toxicity, in the effluent. Biological data used
in this manner yields the advantage of synthesizing the cumulative effects of multiple stressors and
pollutants through time. However, the fixed station being located 18 miles downstream from the
discharge leaves the condition of the river in that distance unanswered.
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Figure 13. Temporal changes exhibited by the fish and macroinvertebrate assemblages at a single location in
the Cuyahoga River, 1977-2000, in terms of the IBI and ICI.
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The preceding examples illustrate a principal strength of the fixed station design - the production
of long-term datasets. Once such networks are established they represent a unique resource in
terms of the period of record and there is an understandable desire to continue sampling such
sites. A fixed station sampling network also simplifies site selection and streamlines the process of
sampling as site locations become familiar over time. A depth of understanding may also develop
for these sites regarding the relationships between biological processes, natural variability, and
human activities. Major weaknesses associated with this approach, when used alone, include a lack
of spatial continuity, fixed distances from specific sources of pollution and other forms of
degradation, and a comparative inability to extrapolate the results at a single site to unsampled
areas. Sites are often selected for ease of access, proximity to road crossings, or proximity to a
gauging station. Selection on the basis of convenience can lead to biased results, that is,
assessments that are relevant only to the sites sampled, and not representative of watershed or
regional conditions.
Option 2 –“Synoptic” Sampling Design
States are required by EPA to report the condition of their waters in terms of the proportion of
stream and river miles, lake acres, etc. attaining or failing to attain their designated uses. EPA also
strongly encourages states to assess 100% of all water bodies within a five-year time frame. To
meet both of these objectives, some states have opted for a spatial design that is often referred to as
“synoptic.” Synoptic is not a strict statistical term, but rather is a descriptive one suggesting a broad
view of the whole or an overview. This approach differs from a fixed station approach in that sites
are sampled periodically (i.e., once every five years). It can be applied within discrete watershed
areas such as major river basins or it can be applied to an entire jurisdictional region such as a
state. In the latter, synoptic designs may include sampling in every watershed unit, which can
result in a wide dispersal of a limited number of sites to cover the entire area in a fixed time frame
(e.g., five years). The five-year basin approach (Figure 14) employed by many states is easily adapted
within this design and it provides a way to allocate limited monitoring resources. The intent of
some synoptic networks is a “snapshot” of water quality during the time of sampling and can be
conducted on a river basin scale as opposed to statewide. The Indiana DEM provides one such
example (Figure 15).
The goal of statewide efforts are usually to sample in every watershed with the design inherently
assuming a census. When this design is used to assess statewide status, targeted monitoring sites
are frequently allocated within large watershed units (e.g., 8 digit HUC2). Major river mainstems
and their tributaries are frequently emphasized and sites are widely dispersed resulting in extensive
extrapolation of the results. Locations for these sites may be positioned to reflect the accumulated
impacts of upstream influences (i.e., located near the mouth of major drainages). This design is
used to achieve statewide or region-wide coverage in a specified time frame (e.g., five years) with
limited or fixed resources. The desire to achieve complete coverage in a fixed time period is
primarily driven by previous EPA monitoring guidance, which espoused a goal of “100% coverage”
of a state’s waters within a five-year time frame. This was further driven by the inherent desire to
2

HUC – hydrologic unit code; HUCs range in size from regional (21 units nationwide) to cataloguing (2150 units
nationwide) and can be used to indicate an area contained within.
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Figure 14. Rotating basin approach used by Illinois EPA. Monitoring is conducted in each subbasin rotating
through the state in five years.
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have an assessment of status for 100% of jurisdictional water bodies. Because of fixed resources,
spatial intensity is functionally diluted to achieve statewide coverage. This often results in the need
to further stratify the aquatic resource, i.e., sampling only wadeable streams. This approach also
necessitates the extrapolation of sampling results at a single site to many miles of river and stream.
For example, EPA guidance recommends extrapolating sampling results 10 miles in wadeable
streams and 25 miles in non-wadeable rivers as a default criterion and in the absence of
information to the contrary. This is done in order to accumulate assessed miles for the purpose of
305b reporting and is the purported strength of this design.
In regionally focused approaches like that employed by Indiana DEM (Figure 13), the goal is to
provide screening data for determining if and what types of problems might exist in relation to
different types of land use, stream sizes, confluences, etc. It is presumed here that the discovery of
any problems would be followed up by more spatially intensive sampling given the multiple designs
that are used by IDEM (IDEM 2001). The utility of this approach was demonstrated in the
development of a fish assemblage assessment of the non-wadeable rivers of Wisconsin by Lyons et
al. (2001), which employed a version of a synoptic design to all the large rivers of the state. The
results were used to assess the relative contributions of major types of impacts and their
comparative severity (Figure 16).
The weaknesses of this approach can be significant and mostly involves the non-random approach
in sampling site selection. It results in a biased database, which can make aggregate estimates of
status over large areas questionable. The extent of data extrapolation can be quite large and is a
source of error in terms of representing aggregate resource condition and status. The design can
also lack of site-specific relevance making direct program comparisons and assessments difficult
and only generally relevant at best. Sampling sites located several miles downstream from a source
of concern may or may not provide a relevant assessment of impact or about upstream reaches.
Sites can be compared from one year to the next, but comparatively large changes may need to
occur to be statistically significant.
Option 3 – Intensive Surveys
An intensive survey is defined here as spatially intensive sampling of localized stream or river
segments or a distinct subwatershed area. The fundamental goal of this design is to
comprehensively assess all possible sources of stress and influence within a localized river reach or
discrete subwatershed area. It is critically dependent on the ability to identify and locate potential
sources of human influence and natural variation prior to and during sampling. A comprehensive
planning process is generally conducted for the purpose of developing a detailed plan of study,
which then guides site selection. It is easily amenable to serving as the principal design of a
rotating basin approach. The design is spatially intensive and requires multiple and closely spaced
sampling sites within a defined reach of a stream, river, or subwatershed. This may include a few
sites in a relatively simple setting (small wadeable stream, one or two sources) or tens of sites over
many miles in larger rivers and complex watershed areas. An important objective is the
longitudinal portrayal and interpretation of monitoring results in spatial relation to sources of
potential change and stress. The early concepts of Bartsch (1948) and Doudoroff and Warren
(1951), which demonstrated how the influence of pollution changes along the length of a flowing
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Figure 16. Mean IBI scores and 95% confidence intervals (lower panel) and the distribution of IBI scores
among five condition ratings (upper panel; VP = very poor; P = poor; F = fair; G = good; E = excellent)
for the hydroelectric impact type. Data is from 187 large river sampling sites in Wisconsin (after Lyons
et al. 2001).
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water body (i.e., pollution zones) likely gave rise to this type of monitoring design. This includes
sampling in reaches that are upstream from the upstream most sources of potential impact, in
areas of immediate impact and potentially acute effects, through zones of increasing and lessening
degradation, and zones of eventual recovery.
This design is commonly used to support water quality management at the local, reach, and
subwatershed scales. It also includes elements of “upstream/downstream” and paired watershed
designs. Also inherent in this design is the goal of developing an understanding of how different
parameters and indicators change in an upstream to downstream direction, in proximity to specific
sources of stress and changes from immediate effects through the various stages of longitudinal
recovery, and correspondence to changes in land use. This includes attempting to determine the
role of specific sources as well as the accumulation of effects by multiple sources. This design must
adequately define the condition of the water resource first and the influences of the sources based
on the feedback from the indicators. For example, large mainstem rivers must frequently be
treated as a single study unit in order to understand how changes take place along a longitudinal
continuum with respect to both natural and anthropogenic influences. Important in the
delineation of these study units are natural features and transitional boundaries (e.g., cold to
warmwater, geologic phenomena), clusters of anthropogenic sources (e.g., major urban/industrial
area, dams and impoundments, etc.), and transitions in land use. Some study areas may include
up to 100-mile long river reaches in order to capture these types of influences and provide
important geographic context for interpreting results at any given location. Ohio EPA has
operated such a design for nearly 25 years (Figure 17).
An example of river specific results from this design shows the longitudinal results of the fish IBI
in the Scioto River during three years over an 18-year time frame (Figure 18). Not only does this
design yield a detailed assessment of status for a particular stream or river reach, it can also
demonstrate changes through time. In addition, it illustrates the extent and severity of indicator
responses along the longitudinal continuum. When this information is sequenced with stressor
and exposure indicators using the hierarchy of indicators process described previously in figure 6,
the results and effectiveness of water quality management programs through time clearly emerges.
To continue the example from Columbus, Ohio the sequencing of monitoring results through the
hierarchy of indicators illustrates the effects of water quality based permitting and financial
assistance via the former construction grants program and current revolving loan programs. The
intensive survey design in conjunction with a fixed station design demonstrate the effectiveness of
water quality management in achieving not only chemical and biological improvements in the
Scioto River, but restoration of the designated aquatic life use. The sequential positioning of the
various chemical and biological indicators (Figure 19) follows the hierarchy of indicators process of
U.S. EPA (1995a). This design is also amenable to using tools such as the Area of Degradation
Value (ADV) and biological response signatures (Yoder and Rankin 1995b; Yoder and DeShon
2003) to further quantify resource response and trends through time (Figure 20). The ADV
example quantifies the changes observed in the biological condition of the Scioto River and to
demonstrate the biological impact and recovery before and after various technological changes
made at the Columbus southerly WWTP. In this example, all of the data years can be viewed
sequentially using an expression that communicates incremental severity and extent in addition to
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the bivariate impaired/unimpaired condition. Such tools allow water quality management
programs to see their results in incremental rather than pass/fail terms.

Figure 17. Ohio EPA non-wadeable fish assemblage locations sampled between 1979-2001 based on an
intensive survey design.
The biological response signatures from the Scioto and Ottawa Rivers3 (northwestern Ohio)
demonstrate differential responses, non-toxic in the Scioto River and toxic in the Ottawa River,
but also varying degrees of response through time (Figure 21). The Scioto River represents a
situation with an absence of significant toxic impacts whereas the Ottawa River is substantially
impacted by a variety of toxic stressors including legacy pollution from both abandoned and active
sources. This is an example of how the component metrics and data from biological assemblage
assessments can be used to accurately characterize and diagnose impacts. However, monitoring
design is a critical element of building the database needed to make these types of data
interpretations.

3

The Ottawa River has a similar municipal/urban and land use setting as the Scioto River, but has two large industrial
sources with a variety of legacy toxic pollutants discharged over many decades.
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The intensive survey design provides a spatially intense and robust assessment of status and trends
in a specific river or stream reach. Such a design is critical in making causal linkages with water
quality management programs such as NPDES permitting and site-specific water quality standards
issues such as designated uses and use attainability analyses. It also supports more refined 303d
listings. Its value to the TMDL process additionally includes causal associations and local scale
concerns such as the appropriate designation of individual waterbodies via the UAA process.
There are important questions about how well this design can support broader assessment needs
such as regional and statewide 305b reporting. It frequently is a matter of aggregating such data to
a statewide or regional scale, but also ensuring that the design essentially represents a census of the
resource. This design most effectively satisfies a critical need in water quality management, i.e.,
conducting monitoring and assessment at the same scale at which water quality management
decisions are made.
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Figure 18. Longitudinal results of fish (IBI) assemblage assessments in the Scioto River based on sampling
conducted in 1979, 1988, and 1996.
Option 4 – Geometric Sampling Design
The geometric sampling design was first developed by Ohio EPA (1999) and is applied to small
watersheds at the 11 to 14-digit HUC size. Sampling sites are located by geometrically working
“downwards” from the drainage size of the entire watershed to a resolution of 1-2 square miles of
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drainage area. For example, for a watershed with a drainage area of 152 square miles, one site is
located at the mouth of the mainstem stream or river (152 mi2 location), one site is located at the
76 mi2 location, and sites are located at the 36 mi2 locations, the 18 mi2, 9 mi2, 4.5 mi2, 2 mi2, and
1 mi2 locations, respectively (Figure 22). Sampling sites are located at reasonable access points and
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Figure 19. Using indicators based on different monitoring designs to demonstrate water quality management
effectiveness by making linkages between administrative (upper left), stressor (upper right), exposure
(lower right), and response indicators (lower left). This example uses the middle Scioto River mainstem
and the Columbus Southerly WWTP based on data collected during 1975-1996.
with respect to tributary confluences and other factors. Gaps in coverage for specific sources or
sections of interest are addressed by blending aspects of the intensive survey design as needed to
ensure the adequate capture of all local scale issues.
The purpose of this design is to provide a stratified sampling of all streams within a watershed at a
local scale of resolution. This resolution satisfies water quality management needs such as TMDL
listing and development, identification of individual stream management issues, site-specific WQS
issues such as designated uses and use attainability analyses, and the ranking and prioritization of
management issues within a specific watershed area. While Ohio EPA has used the results to
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Figure 20. Annual Index of Biotic Integrity (IBI) results from the mainstem Scioto River directly impacted by
municipal sewage discharges and urban runoff from Columbus, Ohio between 1979 and 1996 (lower
panel; WWH = Warmwater Habitat; EWH = Exceptional Warmwater Habitat) and Area of
Degradation Value (ADV) based on IBI results from the same segment and time period (upper panel).
Significant changes in the operation of the sewage system are noted on each panel.
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Figure 21. Examples of aggregate changes in a key fish assemblage response signature (%DELT anomalies) in
the middle Scioto and Ottawa Rivers, Ohio, based on intensive survey data collected from multiple years
(after Yoder and DeShon 2003).
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conduct routine water quality management support activities such as stream use designations, use
attainability analyses, permitting, planning, and other regulatory issues, the strength of this design
is clearly with TMDL development and watershed planning support. The resulting assessment
provides an initial clarification and refinement of WQS issues along with impaired waters listings
that include an assessment of associated causes and sources (Figure 23). In this example, the
geometric design provides a robust coverage of the watersheds that reveals patterns in stressors that
correspond to clusters of streams either by size class, geographic position, or biological quality.
This promotes the improved targeting of restoration, protection, and allied management efforts
that are needed to implement TMDLs. This design also permits the broader comparison of whole
watersheds across ecoregions and larger areas.

Sugar Creek Subbasin:
Example of Geometric
Site Selection Process
• Support 15 yr. TMDL development
schedule beginning in 1998
• Augmented by 5-year basin
approach database (1980-1997)
• Standardized biological, chemical,
and physical tools and indicators
• Increased miles of assessed
streams and rivers annually
• Resolve undesignated streams
• Close 305b/303d listing gaps
• More comprehensive coverage
of small streams (<5-10 mi2)
• Generate broader database for
development of improved tools
Figure 22. Geometric site selection design developed by Ohio EPA for the intensive assessment of watersheds
in support of TMDL development and allied water quality management needs.
The results of selected geometric watersheds was compared to the 1995 Regional EMAP results
and showed that some watersheds exhibited better or worse quality than the overall ecoregion
condition revealed by the REMAP design (Figure 24). Knowing where these watersheds “fit”
within the region and state coupled with the more detailed knowledge of associated stressors is of
value not only to the TMDL process, but to water quality management in general. These are
critical prerequisites to accurate and comprehensive TMDL development at a sufficiently detailed
scale of management needed to be relevant to watershed issues and stakeholders. This design also
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provides a template for conducting progress and follow-up assessments to determine water quality
management program effectiveness resulting from TMDL implementation activities. It also
contributes to the better understanding of issues across different watersheds and supports the
building of databases sufficient to address broader conceptual and technical issues.
Another advantage of the geometric sampling design is its flexibility. In homogeneous watersheds
with little human influence or, at the opposite end of the spectrum, pervasive human influence,
sampling intensity can be lessened if sites throughout the watershed yield similar biological
assessments and have similar patterns of land use. In contrast, very homogenous reaches or
segments can be sampled more intensively to evaluate the influence of specific sources. Whatever
level of intensity is applied within a watershed, the consistency of the sampling pattern means that
watersheds can be compared to each other by matching the sampling area associated with each
sampling point from different basins, e.g., comparing biological index values for sites that integrate
sites representing similar drainage areas (Figure 21). It can also provide initial information at a
broad spatial scale. In this way, sampling functions as a screening tool for identifying
subwatersheds that need additional or more intensive sampling in support of management
applications.
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Figure 23. Fish assemblage quality by narrative range based on IBI values in the Stillwater and Wabash River
watersheds based on a geometric site selection design. Corresponding stressor indicators for fecal bacteria
and total phosphorus reveal spatial patterns associated with exceedences of biologically-based and water
quality thresholds.
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A perceived disadvantage of this design is that it requires a commitment to sampling tens or
perhaps more than one hundred sites per year. If this level of sampling is not maintained, the
design breaks down to an intensive sampling design from which it is difficult to extract data for
broader status and trend monitoring. A major strength is that it is applied similarly to each and
every watershed. If implemented in an ongoing and consistent manner (i.e., via a five year rotating
basin approach) this design represents a census of all rivers and streams within the rotation time
frame. Because a similar level of intensity is applied to each watershed, conditions can be
summarized and compared across watersheds. Because all sites within all watersheds are
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Figure 24. Cumulative frequency diagram (CFD) of fish assemblage IBI values at REMAP probabilistic sites
sampled in 1995 compared to geometric sites from the Duck Creek and L. Muskingum watersheds
(1999), the upper Sandusky River watershed (2000), and the Wabash River watershed (1999) in Ohio.
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sampled, this approach represents a type of census design. Consequently, generalizing (or
inferring) the results to the unsampled population is not an issue because a census is obtained.
The implicit assumption is that the spatial coverage truly represents biological condition upstream
of sampling points and that site selection within the watersheds is unbiased. Within a watershed,
sites that represent specific classes of watershed size are sampled for each rotation, therefore, the
results can be compared as a group through time using regression analysis to test for change (trend)
in watersheds or aggregations of multiple watersheds (regions). Local scale sampling can also be
accomplished to compare specific locations or evaluate changes through time. Because
representative sites are sampled every five years, this design includes some of the preferred aspects
of a fixed sampling design. Although sites are not sampled randomly, the geometric sample
selection process is an unbiased approach to selecting sites because the same mathematical
algorithm is applied to each watershed. Therefore, this approach represents an unbiased method
of delineating a continuous resource and then censusing the entire population of all sampling
units.
Option 5 – Probabilistic Sampling Design
Probabilistic designs include those commonly employed by the U.S. EPA Environmental
Monitoring and Assessment Program (EMAP). All the potential sampling areas within a region of
interest are identified, segmented and enumerated; segments are randomly selected and sites are
sampled within the selected segments (Stevens and Olsen 1999). This design assumes that the
resource is simply too large to visit every site (i.e., accomplish a census); therefore, a set of samples
are randomly selected to represent the entire population. Results from the random sampling can
be used to infer the condition of the entire resource, including segments and sites that were not
sampled. This sampling design was developed to answer questions related to the status and trends
of water resources at regional and national scales of resolution.
To date, three EMAP pilot projects have been implemented for surface waters across the U.S.
These projects sampled large regional areas that included sites from several states in the
Northeastern, Mid-Atlantic, and intermountain West. In addition, numerous Regional EMAP
(REMAP) programs have been conducted at regional scales, typically involving parts of one or two
states. Other efforts have been conducted with individual states and the IDEM probabilistic
design serves as an example (Figure 25). An advantage of a probabilistic design is that
comparatively large-scale changes can be recognized more quickly than with other types of designs.
The results of the regional assessment are also unbiased due to random sampling. This means that
the results obtained by sampling a subset of sites will truly be representative of regional conditions.
There are two principal disadvantages to this approach for states that are interested or obligated to
assess beyond status. First, to obtain a random sample, every aquatic resource of concern must be
delineated. Second, specific sites of management interest cannot be included in probabilistic
sampling designs unless they are randomly chosen. Thus, information about individual sites is
potentially excluded because the conclusions made at the regional scale cannot necessarily be
attributed to specific sites or individual water bodies. This is one of the principal trade-offs
between probabilistic sampling and intensive scale sampling.
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Figure 23. Probabilistic design employed by Indiana DEM to assess fish assemblage condition.
Some states have dealt with this trade-off and by using probabilistic sampling for primary site
selection, but reserving a certain percentage of the annual sampling budget for more intensive,
targeted sampling. Broad-scale probabilistic sampling is used to identify “hot spots”, or areas of
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specific interest due to high or poor biological condition or other unusual conditions. In terms of
state-specific uses of this approach, the recently completed REMAP project in the E. Corn Belt
Plains (ECBP) ecoregion of Indiana, Ohio, and Michigan provides some insights. The fish
assemblage data obtained from one year of probabilistic sampling was compared to three years of
intensive watershed sampling using a targeted, census design in the same ecoregion (Figure 24).
IBI results were compared using a cumulative frequency diagram analysis, which showed some
differences between the REMAP results and single years of the intensive, census based sampling.
However, when the three years of intensive survey design were aggregated, the median IBI was
Streams < 10 sq mi; ECBP Ecoregion
1995 REMAP; 1993-1995 Intensive Survey Sites

Cumulative Percent
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1995

REMAP
1993

80

60
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40

Impaired
REMAP:
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20

Median - 36; Mean 35.1, N = 98
Median - 34; Mean 35.3, N = 39
Median - 36; Mean 36.4, N = 82
Median - 26; Mean 29.9, N = 75
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INDEX OF BIOTIC INTEGRITY (IBI)

Figure 24. Cumulative frequency diagram (CFD) showing results of fish assemblage IBI based on the 1995 E.
Corn Belt Plains REMAP project and three years (1993-1995) of intensive survey results from the same
ecoregion and similar size streams. Shaded areas represent impaired and nonsignificant departure from
the ecoregion IBI biocriterion.
nearly identical to the REMAP results. While this brief comparison does not address all of the
issues between the different designs, it illustrates the ability to demonstrate important scale
differences while achieving a similar assessment of overall status between different designs. The
strength of the probabilistic approach is that broad, regional assessments of status and trend can
be achieved in a comparatively brief time period and with fewer sampling locations than with
intensive surveys. Intensive surveys, however, deliver essential local and stream specific
information that is of direct interest to water quality management programs and which is not
delivered by the common probability designs.
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Implications to Water Quality Management Support
The choice of which spatial design(s) to employ in a multifaceted and comprehensive monitoring
and assessment program should include considerations of all activities and programmatic
objectives that must be satisfied by the same datasets. If the need is to report on trends through
time irrespective of other programs and activities, then a probabilistic design seems to satisfy that
need in the most timely and statistically robust manner. However, given the reality that states have
other equally important water quality management objectives and programs to support, all of
which would benefit from improved monitoring outputs and outcomes, consideration of more
than one spatial design is appropriate. This was conceptually recognized by the EPA CALM
process (U.S. EPA 2003) and we prepared Table 3 to aid in this process. Thus selecting a
particular design or set of designs entails knowing how each can be used in a complementary
manner to satisfy all water quality program needs.
The relative capability of each of the five designs to support various aspects of water quality
management is described in Table 3. No single design supports all water quality management
program areas equally well. Some designs are inherently better for supporting status and trends at
regional or statewide scales, while other designs are better suited to support site and stream/river
specific water quality management. Table 3 attempts to compare how effectively each of the
designs considered by this report support the water quality management program areas that are in
common to state water quality management agencies. The goal should be to select a sampling
design or set of designs that support all state water quality management needs with the same datasets
and in the most cost-effective manner. Another important consideration is ensuring that monitoring
and assessment is conducted at the same scale at which water quality management takes place. For
this consideration, an intensive sampling design such as the geometric design is probably more
appropriate than the probabilistic design, although probabilistic sampling could be conceivably
applied at a subwatershed scale. The attributes and capabilities of the different sampling designs
can be compared and screened for their relevance for different monitoring goals using Table 3.
Table 3 is based on the collective experiences gained by selected states and some EPA Regions in
using ambient monitoring data to support different water quality management programs. Some of
this is based on the preceding discussion and description of the five major spatial monitoring
designs. In terms of satisfying the objective of assessing spatial and temporal trends a probabilistic
design would satisfy the overall assessment needs posed by 305b and similar programs in the
shortest length of time. However, given the realities of overlapping and simultaneous water quality
and natural resource management programs, a geometric and/or intensive survey design will be
needed. If a probabilistic sampling design is selected for trends, a certain percentage of sites must
be sampled each year outside of this framework to support other programs. While it takes longer
for these designs to accumulate sufficient data and information to develop adequate trend
information, the payoff is in the other management support functions, some of which are pressing
needs accentuated by the recent emphasis on TMDLs. Resources will also dictate how quickly this
information is accumulated; in the best situations this may well involve a 10 year process before
sufficient trend information becomes available. The goal should be to have a monitoring and
assessment design that satisfies multiple and diverse water quality management programs in the
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Table 3. Relative degrees to which major water quality management program areas are supported by different spatial and temporal monitoring designs.
Basic
Reporting

Design
Type of
Design1

Status2

Trend3

Watersheds/
NPS

WQS Program

Tiered
Uses4

TMDL/303d

NPDES/Other Permitting

UAA

Refined
WQC6

Antideg.

SiteSpecific
Crit.Mod.7

NPS/BMP
Effectiveness

Habitat8

List/
Delist

TMDL
Dev.9

WQ
BELs10

5

Priority
Setting
11

CSOs/
SSOs

Stormwater
Ph. I&II

WET
Limits/
Cond.12

Severity/
Extent13

Enforce
ment14

404/401
Dredge &
Fill15

Fixed
Station

A

A

−

−

−

−

−

A

A

−

A

A

−

A

−

−

−

−

−

Synoptic
Watershed

E

E

A

A

A

A

A

A

A

A

A

A

A

−

−

−

−

−

−

Intensive
Survey

E

E

D

D

D

D

D

D

D

D

D

D

E

D

D

D

D

D

D

Probabalistic:
Regional

E

E

−

−

E

−

−

E

E

A

−

−

−

−

−

−

E

A

−

Probabalistic:
Watershed

D

D

E

A

E

E

A

D

E

E

E

A

E

E

E

−

E

A

−

Geometric
D
D
D
D
D
D
E
D
D
D
D
E
D
D
D
E
D
D
Watershed
D - Comprehensively fulfills program support role by providing robust and complete assessment of program needs and issues including scientific certainty and accuracy of condition assessment.
E - Generally fulfills program support, but may not provide sufficiently robust or accurate assessment information at all scales or for overall assessment of magnitude and severity.
A - Supports only partial or indirect assessment of program area, e.g., may be useful only for pollutant-specific assessment at a single scale.
− Cannot support program needs due to incomplete spatial coverage, connectivity, or inadequate resolution at the equivalent scale of management.
1

D

Design types are inherently generic; modified and hybrid approaches are possible and will encumber the attributes and characteristics of each generic design.
Basic attainment/non-attainment assessment for aquatic life use status including delineation of causes and sources of threat and impairment.
Sufficient information to report aggregate status within specific ecotypes over at least a 10 year period including all sources and causes of impairment at all relevant scales of management.
4
Tiered uses that are developed based on assemblage assessments and which correspond to EPA’s biological condition axis; does not include generic fishery based or general uses.
5
Includes any use of ambient monitoring data to change designated uses on a site-specific or waterbody specific scale.
6
Design results in the aggregate accumulation of data that is used to influence the application or implementation of WQC (exclusive of pH, hardness, and other single parameter modifiers).
7
Yields sufficiently detailed ambient data that is used to ground truth EPA’s site specific criteria process (water effects ratio).
8
Monitoring design is sufficient to assess habitat at both local, reach, and watershed scales and develop habitat relationships with biological condition to support tiered use implementation.
9
Includes using ambient data to support TMDL development and determine success of TMDL implementation beyond basic calibration data.
10
Water quality based effluent limits – reach-specific monitoring data is used to develop an assessment of the overall effect of the subject discharge on the receiving waters.
11
Ambient monitoring data is used to influence priority setting for various water quality management program needs (e.g., NPDES permitting and/or SRF funding priorities) at all relevant scales..
12
Ambient monitoring data is sufficiently detailed to influence WET testing requirements and/or effluent limits in NPDES permits.
13
Monitoring design and assessment framework allows for determination of incremental departures and changes beyond pass/fail and communicates severity of problem over space & time.
14
Monitoring design supports site-specific and/or case specific enforcement in terms of demonstrating that the action is both legal and reasonable.
15
Direct support of site-specific decisions for the 401 certification of 404 dredge and fill permits.
2
3
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most accurate, comprehensive, and cost-effective manner possible. This means adhering to the
principal concepts and guidance of adequate monitoring and assessment, as described in this
report. The desired outcome will be two fold; 1) watershed level monitoring that routinely deliver
data, information, and assessments that support baseline water quality management program
needs (i.e., reporting, WQS, permitting, and planning), and 2) the development and custody of a
long term database comprised of an adequate array of chemical, physical, and biological indicators.
This means that at the individual watershed study unit level, monitoring and assessment supports
developing an integrated assessment of status and limiting factors, WQS (use attainability analyses,
improved criteria and thresholds), permitting, watershed planning, and restoration activities.
While this information satisfies what may be termed “day-to-day” management needs, the ongoing
execution of the monitoring and assessment program also produces a database that has unique
value for making ongoing improvements to all water quality management support functions such
as regional reference condition, criteria development, indicator development, and the assessment
and modification of policies, practices, and legislation. In other words monitoring and
assessment, if it is conducted as a routine cost of doing business, will deliver more of value than
the determination of status and individual watershed assessments. However, it must be
maintained as an ongoing and baseline activity that is an integral part of the overall water quality
management strategy if it is to accomplish these important functions.
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Important Concepts and Elements of an Adequate State Watershed
Monitoring and Assessment Program
I. INTRODUCTION
Watershed-based approaches are gaining widespread acceptance as a conceptual framework from
within which water quality management programs should function. However, overall reductions and
inequities in State ambient monitoring and assessment programs jeopardize the scientific integrity of
watershed-based approaches. This also has had the undesirable effect of failing to properly equip the
States and EPA to adequately meet the challenges posed by recently emerging issues such as cumulative effects, nonpoint sources, habitat degradation, and interdisciplinary issues (e.g., TMDLs) in
general. Unfortunately, the chronic shortfall in ambient monitoring and assessment resources is not
new - the ITFM (1995) reported that of the funding allocated by state and federal agencies to water
quality management activities, only 0.2% was devoted to ambient monitoring. As the need for
adequate supplies of clean water increases, concerns about public health and the environment escalate, and geographically targeted watershed-based approaches increase, the demands on the water
quality monitoring "infrastructure" will likewise increase. These demands cannot be met effectively
nor economically without fundamentally changing our attitudes towards ambient monitoring (ITFM
1995). An adequate ambient monitoring and assessment framework is needed to ensure not only a
good science-based foundation for watershed-based approaches, but water quality management in
general. This paper attempts to describe the important elements, processes, and frameworks which
need to be included as part of an adequate State monitoring and assessment program and how this
should be used to support the overall water quality management process. Furthermore, it is a goal of
this effort to highlight the need to revitalize monitoring, assessment, and environmental indicators as
an integral part of the overall water quality management process.
Monitoring and assessment information, when based on a sufficiently comprehensive and rigorous
system of environmental indicators, is integral to protecting human health, preserving and restoring
ecosystem integrity, and sustaining a viable economy. Such a strategy is intended to achieve a better
return on public and private investments in environmental protection and natural resources management. In short, more and better monitoring and assessment information is needed to answer the
fundamental questions that have been repeatedly asked about the condition of our water resources
and shape the strategies needed to deal with both existing and emerging problems within the context
of watershed-based management.
The long-term vision is to develop a process for the comprehensive assessment of the waters of each
State by producing and implementing a multi-year monitoring and assessment framework at relevant
geographic scales to support all water quality management objectives (including risk-based decision
making). Some of the key elements of this approach are:
• development and implementation of a statewide monitoring strategy.
• publishing existing monitoring and assessment results from all relevant sources (e.g., Watershed specific reports, State 305[b] reports).
• performance of data storage, retrieval, and management.
• taking appropriate regulatory and management actions based on those results.
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These efforts would fall short if a linkage between program management and monitoring and assessment were not made part of the overall water quality management process (Figure 1). This, too, is
part of the long range vision for revitalizing the role of water quality monitoring nationwide.
II. GOALS OF AN ADEQUATE STATE MONITORING
AND ASSESSMENT PROGRAM
The following is a compilation of the
major program goals that should shape
the design of an adequate State monitoring and assessment program and
thus become the identifiable characteristics. While much of this is patterned
after the major monitoring and assessment compendia and program guidance that has recently been developed
(ITFM 1995; U.S. EPA 106 Program
Guidance), the specifics of implementation lie within the custodial responsibilities of State water quality management programs.
1. The 18 national water indicators
and the goals each measures (U.S.
EPA 1995a; see inset p. 3) are
employed as the core indicators
with additional area and/or resource
specific goals and indicators as
needed to fulfill the following
purposes:
• conserve and enhance public
health.
• conserve and enhance ecosystems.
• support uses designated by
States/Tribes in Water Quality
Standards (WQS).
• conserve and improve ambient
conditions.
• reduce or prevent loadings and
other stressors (e.g., habitat
degradation).
Taken together, all of the above should
lead to achieving healthy watersheds.

MANAGEMENT
ACTIONS

MONITORING
PURPOSES

Awareness of
Problems/Issues

Define Water Resource Conditions

▼

>>>>
▲

Analyze for Management Options

▼

<<<<

>>>>

▲
Characterize Existing & Emerging
Problems By Type,
Magnitude, & Geographic Extent

Choose Courses of
Action

<<<< Provide Information
▼ Base for Designing ▲
Abatement, Control,
& Management
Strategies
>>>>

▲

▼
Design & Implement Programs

Evaluate Program
Effectiveness

Provide Information
<<<< for Evaluating Program Effectiveness

▼ Make Adjustments ▲
▼ Reveal Trends in ▲
>>>> Water Resource
in Priorities & Programs
Quality

Figure 1. The relationship between management actions and the
purposes monitoring and assessment (after ITFM 1995).
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2. Assess all water resource types within an organized time frame (e.g., rotating basin approach) by
employing the following approaches:
• achieve virtually 100% coverage through
a mix of different spatial schemes, i.e.,
targeted sites, rotating basin cycles, and/or
The U.S. EPA National Indicators for Water
probabilistic design.
and the Goals Each Supports
• utilize appropriate and robust techniques
for extrapolation and stratification of
Conserve & Enhance Public Health:
monitoring and assessment results (i.e.,
1. Population served by drinking water systems in
every mile of every stream need not be
compliance with health-based standards.
monitored to achieve the 100% coverage
2. Population served by drinking water systems at
risk from microbial contamination.
goal).
3. Population served by drinking water systems
• maximize interagency and inter-organizaexceeding lead action levels.
tional cooperation and collaboration.
4. Number of drinking water systems with source
• when appropriate, make use of volunteer
water protection.
organization results.
5. Percentage of waters with fish consumption
advisories.
3. Produce a “better” 305b report:
6. Percentage of estuarine and shellfish waters
• national statistics are currently biased by
approved for harvest for human consumption.
wide differences between State approaches
Conserve & Enhance Ecosystems:
to monitoring & assessment including
7. Percentage of waters with healthy aquatic comindicators usage and calibration - one result
munities (i.e., biological integrity).
8. Percentage of imperiled aquatic species.
is widely divergent state estimates of
9. Rate of wetland acreage loss.
impaired waters (generally overly optimisSupport Designated Uses:
tic estimates of the full attainment of
10. Percentage of waters meeting designated uses:
aquatic life uses).
a. Drinking water supply
• assignment of impairment (or lack thereof)
b. Fish and shellfish consumption
to associated causes and sources also
c. Recreational
reveals the inconsistent usage of indicators
d. Aquatic life
and indicator frameworks - e.g., habitat has
Conserve & Improve Ambient Conditions:
been under reported by most states (almost
11. Population exposed to chemical pollutants in
one-half of states reported zero impaired
ground water.
miles for rivers & streams in 1992).
12. Trends in surface water pollutants.
13. Concentrations of selected pollutants in shellfish.
4. Support the emerging watershed ap14. Trends in estuarine eutrophication.
proaches:
15. Percentage of waters with chemically contaminated sediments.
• reductions in State monitoring & assessReduce Loadings & Prevent Other Stressors:
ment programs jeopardize the science basis
16. Point source loadings to surface and ground
for successfully implementing watershedwater.
based approaches which are ostensibly
17. Nonpoint source loadings to surface and ground
based (in part) on addressing previously
water.
overlooked or under-emphasized problems.
18. Marine debris.
• management applications most commonly take place at the watershed level thus
monitoring & assessment must be relevant to this level of management and be capable of
detecting impairments and characterizing aquatic resources at this scale.
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5. Satisfy basic questions that are frequently encountered by water quality program managers:
• what is the condition of surface, ground, estuarine, and coastal waters?
• how and why are conditions changing over time?
Water Quality-Based Decisions
• what are the associated causes and sources of impairWhich Would Benefit From
ment?
• are water quality management programs producing
Better Monitoring & Assessment
the desired results?
Information
• are state and national water quality goals being
attained?
Water Quality Standards:
Each of the above can be subdivided into issue specific
questions that are commonly encountered by water
quality managers (see inset at right).
6. Integrate the water resource integrity concepts that
have been developed during the past 10-15 years into
monitoring and assessment approaches, environmental
indicators, and watershed-based programs:
• the five factors that determine the integrity of water
resources (Figure 2; Karr et al. 1986) should be used
to guide the development of environmental indicators - indicators which both represent or extend to
each major factor and which reflect the integrity of
the water resource as a whole (e.g., composite
measures, indices) are needed.
• follow the stressor, exposure, response paradigm for
determining the most appropriate roles for individual
indicators - avoid the inappropriate substitution of
stressor and exposure indicators for response indicators.
• utilize appropriate regionalization schemes (e.g.,
ecoregions, subregions) to stratify and partition
natural variability for ambient indicators.
• incorporate tiered and refined use designations in the
State WQS as appropriate.
• use the water indicators hierarchy (Figure 3) as an
operational framework for State water quality management programs - make linkages between administrative activities and indicators of stress, exposure,
and response.
III. STATE MONITORING & ASSESSMENT
PROGRAM OBJECTIVES

• Refined and stratified designated uses
and criteria
• Biological criteria
• Site-specific applications (e.g., dissolved metals translators, design
temperature & pH, hardness)
• Water effect ratios
• Anitdegradation
• Ground truthing revisions to water
quality criteria

TMDLs:
• Delineating impaired segments and
associated causes & sources
• Wasteload allocation (model calibration
& verification

NPDES Permits:
• Impact assessment
• Toxicity assessment (i.e., WET testing)
• Overall permit program effectiveness

Nonpoint Sources:
• Delineating impaired segments and

prioritization of watersheds
• Database for State Nonpoint Source
Assessments
404/401 Dredge & Fill:
• Improved site-specific review and
approval criteria
• Minimize exemptions via nation-

wide permits
Ground Water:
• Development of ambient background
characteristics

Wetlands:
• Improved wetlands classification and
delineation criteria

The following are some of the major objectives that State monitoring & assessment programs should
have as priorities. Fully meeting some of these objectives will require time to acquire and develop
B-5

Concepts and Elements of an Adequate State Monitoring & Assessment Program

the necessary database, indicators, and staff expertise. However, this will be partly dependent on the
status of existing and past State monitoring and assessment efforts. Nevertheless, using the following objectives provides a basis for determining the adequacy of a given State program. A well
rounded approach to indicators and monitoring design utilizing a core set of chemical, physical, and
biological indicators should provide the information needed to simultaneously meet these objectives
without the need to redesign the approach for each different objective.
1. Baseline characterizations of surface water resources:
• status and trends information.
• aquatic resource characterization.
Alkalinity

Velocity

Temperature

Solubilities

D.O.
pH

Chemical
Variables

Organics

High/Low
Extremes

Land Use

Adsorption
Nutrients

2. Identification and characterization of existing and emerging problems:

Turbidity

Ground
Water

• selection of indicators and the overall
indicator framework will strongly influence the adequacy of problem identification and characterization (we cannot
address problems that we do not know
about or adequately understand).
• the indicator framework and monitoring
design must be prepared to provide information and insights to problems that may
not yet be understood or even recognized.
• there will be a need to go beyond point
source paradigms.
• make better linkages between designated
uses and indicators.

Flow
Regime

Hardness

Precipitation &
Runoff

Disease

Parasitism

Reproduction

Biotic
Factors
Feeding

WATER
RESOURCE
INTEGRITY

Competition
Predation

Nutrients
Sunlight

Organic Matter
Inputs

Energy
Source

Seasonal
Cycles

Riparian
Vegetation

Bank Stability

Habitat
Structure

Siltation
o

o

1 and 2
Production

Width/Depth

Channel
Morphology

Sinuosity
Gradient
Current

Canopy
Substrate

Instream
Cover

Figure 2. The five major factors which determine the
integrity of the water resource (modified after Karr
et al. 1986).

•

•
•

•

3. Guide and evaluate the water quality management and regulatory process:

•
monitoring & assessment information
should drive the regulatory and management processes from problem identification to assessing
the effectiveness of these efforts.
the 305[b] process (i.e., Water Body System) should be the central reporting mechanism for
State programs - this will further benefit the national assessments compiled by EPA, other
federal agencies, and private organizations.
support the development and refinement of aquatic life and other designated uses in State
WQS.
examples of other regulatory and management programs that can be influenced include 303[d]
listing, TMDLs, water quality-based permitting, compliance and enforcement, prioritizing
grants and other financial assistance, the State nonpoint source assessment (319 program), etc.
monitoring and assessment information should provide the impetus for “new” regulatory or
program management directions (e.g., initiatives to restore and protect riparian habitat, nutrient
criteria, sediment criteria, stream protection, antidegradation) and enhance existing efforts
(CSOs, stormwater, 404/401 program, chemical criteria validation, biological criteria).
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LEVEL 1

Actions by
EPA and
States

LEVEL 2

Responses
by the
Regulated
Communitiy

LEVEL 3

Changes in
Discharge
Quantities

LEVEL 4

Changes in
Ambient
Conditions

LEVEL 5

Changes in
Uptake and/or
Assimilation

LEVEL 6

Changes in
Health and
Ecology, or
Other Effects

•
•
•
•
•
•
•
•
•

NPDES Permit Issuance
Compliance/Enforcement
Pretreatment Program
Actual Funding
CSO Requirements
Storm Water Permits
319 NPS Projects
404/401 Certification
Stream/Riparian Protection

•
•
•
•
•

POTW Construction
Local Limits
Storm Water Controls
BMPs for NPS Control
Pollution Prevention Measures

•
•
•
•
•
•

Point Source Loadings Effluent & Influent
Whole Effluent Toxicity (WET)
NPDES Violations
Toxic Release Inventory
Spills & Other Releases
Fish Kills

•
•
•
•

Water Column Chemistry
Sediment Chemistry
Habitat Quality
Flow Regime

•
•
•

•
•
•

Assimilative Capacity TMDL/WLA
Biomarkers
Tissue Contamination

Biota (Biocriteria)
Bacterial Contamination
Target Assemblages
(RT&E, Declining Species)

Figure 3. Hierarchy of administrative and environmental indicators which can be used by States for
monitoring and assessment, reporting, and evaluating overall program effectiveness. This
is patterned after a model developed by U.S. EPA (1995b).
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4. Evaluation of overall water quality management program effectiveness:
• demonstrate the effectiveness of 25+ years of CWA program implementation.
• establish linkages between administrative activities (i.e., “bean counts” ) and environmental
results (i.e., ambient chemical, physical, and biological indicators).
• which actions worked and which ones did not? - provide insights on why and suggest what
specific program and/or resource adjustments might be needed.
5. Responding to emergencies, complaint investigations:
• quantify environmental damages on a spatial and/or temporal basis.
• characterize resources at risk.
• define the magnitude of apparent problems.
6. Identify and characterize reference conditions:
• baseline for development of indicator benchmarks for evaluating designated use attainment/
non-attainment (e.g., biological criteria) and other management objectives.
• this functions as a long term data source for characterizing ambient biological, chemical, and
physical conditions through time.

IV. MONITORING & ASSESSMENT PROGRAM DESIGN ISSUES
Monitoring and assessment program design includes the different types of indicators and the frameworks within which each is developed and used. This in turn determines the different types of data
that will need to be collected and synthesized into information in order to successfully realize the
previously stated goals and objectives. Spatial considerations about the basic design of the monitoring program are also included and will be most influenced by the overall program goals and objectives of each State. State monitoring and assessment programs serve multiple needs and must
function across multiple scales (i.e., local watershed, basin/subbasin, statewide), thus consideration
of more than one approach will likely be needed.
Environmental Indicators for Surface Waters
1. The most appropriate roles of indicators are defined as follows:
• Stressor Indicator - measures of activities which have the potential to impact the environment
(e.g., pollutant loadings, land use characteristics, habitat changes).
• Exposure Indicator - measures of change in environmental variables which suggest a degree
(magnitude and duration) of exposure to a stressor (e.g., chemical pollutant levels in water and
sediment, toxicity response levels, habitat quality indices, biomarkers).
• Response Indicator - usually a composite measure or other expression of an integrated or
cumulative response to exposure and stress (e.g., biological community indices, status of a
target species, etc.).
• The problem nationally with inconsistent 305[b] statistics (and by extension inconsistent 303[d]
and 304[l] lists, etc.) is usually the result of the inappropriate substitution of stressor and/or
exposure indicators in the place of response indicators - this is commonly due to the lack of
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information about response indicators.
• The exclusion of response indicators and the inappropriate substitution with exposure and/or
stressor indicators ultimately influences what States report in terms of waters meeting designated uses. An example of this is illustrated in Figure 4 where some State estimates of aquatic
life use attainment based on surrogate approaches are much different than estimates based
primarily on biological assessments (U.S. EPA 1996).

Biological Integrity

"Aquatic Life Use"

A
B

Reporting States

2. Use the EPA hierarchy of indicators (U.S. EPA 1995b; Figure 3)
as a template to improve the
integration of administrative
actions and measures with environmental indicators within the
State water quality management
process:

C
D
E
F

G
• The EPA hierarchy of surface
H
water indicators links traditional
I
administrative approaches
J
(permitting, funding, compliK
ance, enforcement) with environmental indicators which
0
20
40
60
80
100
simultaneously sequences
% Miles Attaining Designated AL Use
stressor, exposure and response
indicators - six levels (Figure
Figure 4. Miles of rivers and streams reported as fully supporting designated aquatic life uses based on varying methods
3).
used by 11 states in their 305[b] reports (light shading)
• The six level hierarchy can
compared to that based on biological assessments (after U.S.
become an operational template
EPA 1996).
for implementing environmental
indicators and monitoring information within a State water quality management process via a
watershed approach. This will facilitate the development of case histories about what works
and what does not, showing where information gaps exist, and providing opportunities for
feedback throughout the process. An example from the Ohio pilot water indicators demonstration project is included in the selected examples (Part IX.).

Monitoring Design Approaches
A key issue facing the States and EPA is selection of an appropriate monitoring design. It has been
recognized for some time that the traditional fixed station design (e.g., NAWQMN, NASQAN)
common to many State monitoring networks is alone insufficient to meet the above stated objectives.
However, State monitoring and assessment resources even under the best of circumstances have been
limited and therefore must be prioritized. Thus, selection of the most cost and information effective
spatial design is a critical step in the process. Two approaches, a synoptic, targeted design commonly referred to as a rotating basin approach and the probabilistic design developed by the U.S.
EPA EMAP program are summarized here. The strengths and weaknesses of each are indicated with
respect to the multiple issues that State monitoring and assessment programs must address. A case
example from the Ohio portion of the E. Corn Belt Plains ecoregion Regional EMAP project is
included in Part IX.
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Rotating Basin Approach
1. Strengths:
• organized, systematic approach based on accumulating assessment information at a local scale
over a fixed period of time, usually 5 or 10 years.
• coincides with various management programs which are supported by the monitoring & assessment information (i.e., NPDES permit reissuance, basin-wide water quality planning, proposed
5-year 305b reporting cycle).
• provides monitoring & assessment information at a local or reach specific scale so that the
many issues which occur at this level can be addressed while providing the opportunity to
aggregate upwards to a watershed, regional, statewide, or national scale once sufficient data
exists.
• there is more opportunity to define gradients of specific human disturbances with assessment
information (e.g., Karr’s human activity "dose" - ecological response curve).
• develop and maintain tabs on reference condition in a predictable and standardized time frame.
2. Weaknesses:
• visiting a basin/segment/watershed only once in 5 or 10 years may not be sufficient to satisfy
all needs.
• larger scale assessment information (i.e., in support of a valid statewide assessment) is generally not available for 5-10 years.
Probabilistic Design
1. Strengths:
• statistically robust design.
• “faster” route to a statewide assessment - aggregate to national scale.
• transcends State boundary limitations - can facilitate collaborative monitoring between States.
2. Weaknesses:
• lacks site-specific/issue-specific resolution.
• logistics are potentially more difficult (i.e., more difficult access to remote monitoring sites).
• reference condition may be more difficult to define on probability basis alone.
• local scale issues may be overlooked.

V. AQUATIC RESOURCE CHARACTERIZATION
Defining the different aquatic resource types that a State program must address is a critical step in
the process. This includes the major aquatic ecosystem types such as flowing waters (i.e., rivers and
streams), lakes and reservoirs, coastal waters, great lakes, estuaries, or wetlands. Further stratification within each is possible (e.g., headwater streams, wadable streams, large rivers, depressional
wetlands, riparian wetlands, etc.) and may be accounted for a priori or as part of the indicator development and calibration process. Other stratification elements, which includes watershed driving
factors (e.g., ecoregions) and other physical vectors, are incorporated as well. Designated aquatic
life uses provide an additional layer of stratification. Taken together all of these processes should
result in more finely tuned indicator expectations or benchmarks against which management program success will ultimately be judged.
B-10

ASIWPCA Standards & Monitoring

August 8, 1997

VI. STATE MONITORING & ASSESSMENT COMPONENTS AND RESOURCES
State monitoring and assessment programs need to include the appropriate ambient measurements in
order to adequately meet the previously stated goals and objectives. The Intergovernmental Task
Force on Monitoring Water Quality (ITFM 1995) recommended the minimum elements of an adequate monitoring and assessment program that will support meeting the previously stated goals and
objectives (Table 1). This also represents the elements essential to implementing the hierarchy of
water indicators framework (Figure 3) which, in turn, is needed to not only demonstrate program
effectiveness, but provide opportunities for feedback resulting in future program improvements.
The ITFM (1995) concluded that the implementation of the ITFM recommendations and strategy
would result in an adequate information base to achieve the environmental protection and natural
resource management goals and objectives established for the nation's aquatic resources. However,
it was also recognized that full implementation of the strategy could not be achieved "overnight" and
that the necessary capacity and resources (i.e., the monitoring and assessment "infrastructure") will
need to be acquired over a reasonable period of time. Nevertheless, monitoring organizations,
including States, will need to review, update, and/or revise their monitoring strategies in a series of
deliberate steps. The demands that are increasingly being placed on our water resources at all scales
require that past approaches to monitoring be significantly improved both in terms of quality and
quantity. Some of the steps towards a more comprehensive and effective approach to ambient
monitoring include the following which also summarizes the major points of this document:
1. Develop a goal oriented approach to monitoring, assessment, and indicators development where
indicators are sufficiently specific so as to explicitly measure the identified national goals and
those relevant to State WQS.
2. Evaluate information priorities and identify existing information gaps.
3. Develop a comprehensive and flexible approach that addresses all relevant scales and aquatic
resource types.
4. Take advantage of inter-organizational collaboration whenever appropriate.
5. Link traditional compliance monitoring with watershed-based ambient monitoring.
6. Deal effectively with methods comparability to maximize the flexibility in monitoring and assessment approaches while producing data and information of known quality and power of assessment.
7. Automate and streamline data and information management including data entry, storage, and
retrieval.
8. Develop better assessment and reporting at all relevant scales; publish results on a regular basis.
9. Promote the development of incentives and the elimination of disincentives to the development of
better State ambient monitoring programs and indicators.
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Table 1. Summary matrix of recommended environmental indicators for meeting management
objectives for status and trends of surface waters (shaded boxes with X are recommended as a
primary indicator after ITFM 1995; other recommended indicators are indicated by ). The
corresponding EPA indicator hierarchy level is also listed between indicator groups.
_________________________________________________________________________________
Categories of Management Objectives
_________________________________________________________
Human Health
Ecological Health Economic Concerns
_________________________________________________________
Consumption
of Fish
/Shellfish

Public
Water
Supply

Recreation (swimming, fishing, boating)

Aquatic/
Semiaquatic
Life

Industry/
Energy/
Transportation

Agriculture/
Forestry

Indicator Group
_________________________________________________________________________________
Biological Response Indicator (Level 6)
_________________________________________________________________________________
Macroinvertebrates
X
X
X
X
Fish
X
X
X
X
Semiaquatic Animals
X
X
X
X
Pathogens
X
X
X
Phytoplankton
X
X
X
X
X
Periphyton
X
Aquatic Plants
X
X
X
X
X
Zooplankton
X
X
X
X
_________________________________________________________________________________
Chemical Exposure Indicator (Level 4&5)
_________________________________________________________________________________
Water chemistry
X
X
X
X
X
X
Odor/Taste
X
X
X
Sediment Chemistry
X
X
X
X
X
X
Tissue Chemistry
X
X
X
X
Biochemical Markers
_________________________________________________________________________________
Physical Habitat/Hydrologic Indicator (Levels 3&4)
_________________________________________________________________________________
Hydrological Measures
X
X
X
X
X
X
Temperature
X
X
X
X
X
Geomorphology
X
X
X
X
X
X
Riparian/shoreline
X
X
X
X
X
Ambient Habitat Quality
_________________________________________________________________________________
Watershed Scale Stressor Indicators (Levels 3,4&5)
_________________________________________________________________________________
Land Use Patterns
X
X
X
X
X
X
Human Alterations
X
X
X
X
X
Watershed Impermeability
_________________________________________________________________________________
Pollutant Loadings Stressors (Level 3)
_________________________________________________________________________________
Point Source Loadings
Nonpoint Source Loadings
Spills/Other Releases
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Simply upgrading the monitoring program to include more and better measurements and the better
conversion of data to information, while important, is alone insufficient. To achieve the overall goal
of improving the use of monitoring and assessment information in the emerging watershed approach,
water quality management must mature to focus primarily on the condition of the environment as the
overall measure of program success (Figure 5). Whereas the performance of the "program" was

Two Approaches to Watershed-Based
Water Quality Management
PROGRAM
FOCUSED
APPROACH

RESOURCE
FOCUSED
APPROACH

Goal:

Program Performance

Environmental Performance

Measures:

Administrative Actions

Indicator End-points

Results:

Improve Programs

Programs are Tools to
Improve the Environment

Figure 5. The goals, measures, and results of program based and resource based approaches to water
quality management. State programs will evolve towards a resource based approach by developing
and using a sufficiently comprehensive and rigorous system of environmental indicators.

once the principal measure of effectiveness, the program must be viewed as a tool to be used alongside monitoring and assessment and environmental indicators to improve the quality of the environment.
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IX. INDICATORS & PARAMETERS FOR ADEQUATE STATE MONITORING &
ASSESSMENT PROGRAMS
The following supplemental figure shows core and supplemental indicators and parameters that are
used in an adequate State monitoring and assessment program. This is patterned after the recommendations of the Intergovermental Task Force on Monitoring Water Quality (ITFM 1995). The
core indicators are measured everywhere and are supplemented by a variety of chemical and physical measurments depending on the applicable designated use(s) and watershed-specific needs.

CORE INDICATORS/PARAMETERS

• Fish Assemblage • Macroinvertebrates • Periphyton
(Use Community Level Data From At Least Two)

Physical Habitat Indicators

• Channel morphology • Flow
• Substrate Quality • Riparian

Chemical Quality Indicators

• pH • Temperature
• Conductivity • Dissolved O

2

For Specific Designated Uses Add the Following Parameters:
:

:

AQUATIC LIFE

RECREATIONAL

Base List
• Ionic strength :
• Nutrients, sediment
Supplemental List
• Metals (water/sediment)
• Organics (water/sediment)

Base List
• Fecal bacteria:
• Ionic strength
Supplemental List
• Other pathogens
• Organics (water/sediment)

HUMAN/WILDLIFE CONSUMPTION

:

WATER SUPPLY
Base List
• Fecal bacteria
• Ionic strength :
• Nutrients, sediment
Supplemental List
• Metals (water/sediment)
• Organics (water/sediment)
• Other pathogens

Base List:
• Metals (in tissues)
• Organics (in tissues)

Supplemental Figure 1. Core indicators and parameters for an adequate State watershed monitoring and
assessment program with supplemental chemical parameters according to the applicable designated
use(s). Parameters are added based on site and watershed-specific needs and overall water quality
management objectives.
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X. CASE EXAMPLES
(ASIWPCA Meeting Version)
Case examples of how monitoring and assessment information based on an integrated water indicators framework can be used to address some of the key goals and objectives of this guidance document are appended. These examples provide tangible evidence of how good monitoring and assessment information can be used to not only support specific program areas, but the overall water
quality management process in general.
A. Pennsylvania DEP
The Pennsylvania examples show how the DEP is responding to the settlement of a TMDL suit by
committing to increased monitoring and assessment (biological monitoring in particular) statewide.
B. Tennessee Valley Authority (TVA)
The TVA has traditionally been a leader in using ambient monitoring information to meet their water
quality management obligations. The examples appended here portray the types of monitoring and
assessment, the spatial design, and how this has fostered a better approach to inter-organizational
collaboration.
C. Wisconsin DNR
A published paper from the Wisconsin DNR shows how biological and habitat information was used
to determine the effects of nonpoint sources and land use on the integrity of Wisconsin streams. This
should begin to point out how this type of information can be used in the TMDL process.
D. Ohio EPA
A number of examples from the Ohio EPA surface water monitoring and assessment program are
presented and include:
•
•
•
•
•

fact sheets from the 1996 Ohio Water Resource Inventory (305b report);
watershed profiles from two basin survey areas.
preliminary results from the E. Corn Belt Plains Ecoregion REMAP project;
a synopsis of figures from the pilot water indicators project; and,
three examples of how ambient monitoring data can be used to validate and/or derive chemical
water quality criteria.

E. U.S. EPA, Office of Water
The most recent version of the U.S. EPA Section 106 monitoring guidance attempts to foster helping
States to achieve the many goals and objectives stated herein.
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XI. OHIO EPA CASE EXAMPLES:

I. 1996 Ohio Water Resource Inventory (305[b] Report) Fact Sheets:
•
•
•
•

Streams and Rivers Status
Causes and Sources of Impairment
Streams and Rivers: Siltation & Habitat Destruction
Impaired Waters in Ohio: What Does This Mean?

II. An Evaluation of Spatial Monitoring & Assessment Design: Preliminary Results from the E.
Corn Belt Plains REMAP Project
III. Ammonia Fact Sheets
• Associations Between the Index of Biotic Integrity and Unionized
Ammonia in Ohio Rivers and Streams: A Preliminary Analysis
• Associations Between the Index of Biotic Integrity and Total
Ammonia in Ohio Rivers and Streams: A Preliminary Analysis
IV. Ohio EPA Pilot Indicators Project figures
V. Watershed Profile Summaries
• Sandy Creek
• Little Miami River
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Elements of a State Water
Monitoring and Assessment Program
March 2003

Assessment and Watershed Protection Division
Office of Wetlands, Oceans and Watershed
U.S. Environmental Protection Agency

EPA 841-B-03-003
Available on the web at
http://www.epa.gov/owow/monitoring/repguid.html

Elements of a State Water
Monitoring and Assessment Program

EPA and States need comprehensive water quality monitoring and
assessment information on environmental conditions and changes
over time to help set levels of protection in water quality standards
and to identify problem areas that are emerging or that need
additional regulatory and non-regulatory actions to support water
quality management decisions such as TMDLs, NPDES permits,
enforcement, and nonpoint source management. This information
also informs EPA and State decisionmakers, the Congress, the
public, and other stakeholders of the progress that the Agency and
State partners are making in protecting human health and the
environment. Without this information, it is difficult for EPA and
the States to set priorities, evaluate the success of programs and
activities, and report on accomplishments in a credible and
informed way (U.S. GAO 2000).
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-i-

The Clean Water Act [CWA] gives States and Territories the primary responsibility for
implementing programs to protect and restore water quality, including monitoring and assessing
the nation's waters and reporting on their quality. CWA Section 106(e)(1) requires the
Environmental Protection Agency (EPA) to determine that a State is monitoring the quality of
navigable waters, compiling, and analyzing data on water quality and including it in the State’s
Section 305(b) report prior to the award of Section 106 grant funds. The attached document,
Elements of a State Water Monitoring and Assessment Program, recommends the basic elements
of a State water monitoring program and serves as a tool to help EPA and the States determine
whether a monitoring program meets the prerequisites of CWA Section 106(e)(1).
It is not EPA’s intent to use the Elements document to withhold a State’s Section 106 grant
funds, but rather to encourage a long term process of incremental improvement in monitoring
programs, as needed. The Elements document is intended to provide a framework for States to
clearly articulate their programmatic and resource needs and a reasonable time line for meeting
those needs. EPA expects this effort will identify efficiencies to be gained through a holistic
approach to program implementation.
-ii-

For the Fiscal Year (FY) 2004 grant award, a State should, in addition to continuing to submit
reports under Section 305(b) and annual data updates, have a monitoring program strategy1 in
place or commit to complete development of such a strategy. This strategy will be State specific,
building on the State’s existing monitoring capabilities, but will describe how the monitoring
program will serve all water quality management needs and address all State waters over time.
The monitoring program strategy is a long-term implementation plan and should include a
timeline, not to exceed ten years2, for completing implementation of the strategy. It is important
that the strategy be comprehensive in scope and identify the technical issues and resource needs
that are currently impediments to an adequate monitoring program.
States should begin implementation of the strategies upon receipt of the subsequent award
of a Section 106 grant or Performance Partnership Grant that includes Section 106 funds.
Beginning with the FY2005 Section 106 grant cycle, activities from a State’s strategy needed to
upgrade its monitoring program should be incorporated into work plans for Section 106 grants
and Performance Partnership Grants (PPGs) that include Section 106 funds, consistent with the
regulations governing the negotiation of work plans at 40 CFR 35.107. The State must continue
to submit reports under Section 305(b) and annual data updates.
The EPA Region, in conjunction with the State, will review the State’s monitoring program
to determine whether progress has been adequate and reflects commitments negotiated in work
plans for Section 106 grants or Performance Partnership Grants (PPGs) that include Section 106
funds. This evaluation will take into consideration the effects of funding shortfalls on a State’s
implementation of its monitoring program strategy. EPA Headquarters will collaborate with the
EPA Regional offices to assess overall State progress from a national perspective.
If you have any questions, please contact Charles Sutfin, Director, Assessment and
Watershed Protection Division at 202-566-1155, or Margarete Heber, Chief, Monitoring Branch
at 202-566-1189.
Attachment
cc: Regional Monitoring/305(b) coordinators
Regional TMDL coordinators
Regional 106 coordinators
Tracy Mehan-AA, Office of Water
Paul Gilman-AA, Office of Research and Development
Mike Shapiro-OW
Ben Grumbles-OW
Geoffrey Grubbs-OST
Cynthia Dougherty-OGWDW
1

see Section II, Part A, “Monitoring Program Strategy,”of this Elements document

2

i.e., no later than the end of FY2014
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Susan Lepow-OGC
George Alapas-NCEA
Peter Preuss-NCER
Gary Foley-NERL
Lawrence Reiter-NHEERL
Timothy Oppelt-NRMRL
Jane Ephrimedes- OWM
Carol Crow - OWM
Leslie Darman - OGC
Susmita Dubey - OGC
Suzanne Schwartz- OCPD
John Meagher- Wetlands Division
Doreen Vetter- Wetlands Division
Mike McDonald- ORD/EMAP
Barbara Brown-ORD/Narragansett
Gil Veith- ORD/Duluth
Jennifer Orme-Zavaletta-ORD/Corvallis
Steve Paulsen-ORD/Corvallis
Association of State and Interstate Water Pollution Control Administrators
Environmental Council of the States
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Executive Summary
Clean Water Act §106(e)(1) and 40 CFR Part 35.168(a) provide that EPA award Section 106
funds to a State only if the State has provided for, or is carrying out as part of its program, the
establishment and operation of appropriate devices, methods, systems, and procedures necessary
to monitor and to compile and analyze data on the quality of navigable waters in the State3, and
provision for annually updating the data and including it in the Section 305(b) report.4 This
document recommends the basic elements of a State water monitoring program and serves as a
tool to help EPA and the States determine whether a monitoring program meets the prerequisites
of CWA Section 106(e)(1).
Because these elements have not been clearly defined in the past, there is a lot of variability in
existing State programs. EPA expects that State water monitoring programs will evolve over the
next 10 years so that ultimately all States will have a common foundation of water quality
monitoring programs that support State decision needs. EPA expects that most States will
employ an iterative process to fully implement a monitoring program that reflects the elements
described in this document, and will work with States to identify annual monitoring milestones.
States should develop, over time, a monitoring program addressing the 10 elements summarized
below and described in greater detail in the full text of this document. The first of these elements
is a long-term state monitoring strategy. This strategy will be State specific, be designed from
the monitoring capabilities each State already has, and should include a timeline not to exceed 10
years to complete implementation. EPA believes that state monitoring programs can be upgraded
to include all of the elements described below within the next 10 years.
For the FY2004 grant award, a State, in addition to continuing to submit reports under Section
305(b) and annual data updates, should have a monitoring program strategy5 in place or commit
to complete development of such a strategy. Beginning with the FY2005 Section 106 grant
cycle, activities from a State’s strategy needed to upgrade its monitoring program should be
incorporated into work plans for Section 106 grants and Performance Partnership Grants (PPGs)
that include Section 106 funds, consistent with the regulations governing the negotiation of work
plans at 40 CFR 35.107. The State must continue to submit reports under Section 305(b) and
annual data. EPA expects that the State will have fully implemented its strategy by 2014.

3

The term “State waters” is used in this document to refer to navigable waters as defined under Section 502
of the Clean Water Act.
4

This document uses the term “State” to refer to States, the District of Columbia and Territories, as defined
under Section 502 of the Clean Water Act. Under the CWA and EPA’s implementing regulations this requirement
applies only to States and not to Interstate Agencies or Tribes (40 CFR §§ 35.168(b), 35.588 ). However, non-State
recipients of 106 funds may be required to submit monitoring reports pursuant to the grant. EPA encourages these
recipients to follow the recommendations of this guidance to the extent practicable.
5

see Section II, Part A, “Monitoring Program Strategy,” of this Elements document
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The recommended 10 elements of a state water monitoring and assessment program are:
A. Monitoring Program Strategy
The State has a comprehensive monitoring program strategy that serves its water quality
management needs and addresses all State waters, including streams, rivers, lakes, the Great
Lakes, reservoirs, estuaries, coastal areas, wetlands, and groundwater. The strategy should
contain or reference a description of how the State plans to address each of the remaining nine
elements. The monitoring program strategy is a long-term implementation plan and should
include a timeline, not to exceed ten years6, for completing implementation of the strategy.
EPA believes that state monitoring programs can be upgraded to include all of the elements
described below within the next 10 years. It is important that the strategy be comprehensive in
scope and identify the technical issues and resource needs that are currently impediments to an
adequate monitoring program.
B. Monitoring Objectives
The State has identified monitoring objectives critical to the design of a monitoring program that
is efficient and effective in generating data that serve management decision needs. EPA expects
the State to develop a strategy and implement a monitoring program that reflects a full range of
State water quality management objectives including, but not limited to, Clean Water Act goals.
For example, monitoring objectives could include helping establish water quality standards,
determining water quality status and trends, identifying impaired waters, identifying causes and
sources of water quality problems, implementing water quality management programs, and
evaluating program effectiveness. Consistent with the Clean Water Act, monitoring objectives
should reflect the decision needs relevant to all types of State waters.
C. Monitoring Design
The State has an approach and rationale for selection of monitoring designs and sample sites that
best serve its monitoring objectives. The State monitoring program will likely integrate several
monitoring designs (e.g., fixed station, intensive and screening-level monitoring, rotating basin,
judgmental and probability design) to meet the full range of decision needs. The State
monitoring design should include a probability-based network for making statistically valid
inferences about the condition of all State water types, over time. EPA expects the State to use
the most efficient combination of monitoring designs to meet its objectives.

6

i.e., no later than the end of FY2014
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D. Core and Supplemental Water Quality Indicators
The State uses a tiered approach to monitoring that includes core indicators selected to represent
each applicable designated use, plus supplemental indicators selected according to site-specific
or project-specific decision criteria. Core indicators for each water resource type include
physical/habitat, chemical/toxicological, and biological/ecological endpoints as appropriate, and
can be used routinely to assess attainment with applicable water quality standards throughout the
State. Supplemental indicators are used when there is a reasonable expectation that a specific
pollutant may be present in a watershed, when core indicators indicate impairment, or to support
a special study such as screening for potential pollutants of concern.
E. Quality Assurance
Quality management plans and quality assurance program/project plans are established,
maintained, and peer reviewed in accordance with EPA policy to ensure the scientific validity of
monitoring and laboratory activities, and to ensure that State reporting requirements are met.
F. Data Management
The State uses an accessible electronic data system for water quality, fish tissue, toxicity,
sediment chemistry, habitat, biological data, with timely data entry (following appropriate
metadata and State/Federal geo-locational standards) and public access. In the future, EPA will
require all States to directly or indirectly make their monitoring data available through the new
STORET system. For States that do not currently operate STORET, their monitoring strategies
should provide for use of STORET as soon as is practicable. For the 2004 305(b) reports and
303(d) lists, EPA strongly recommends that all States store assessment information using the
EPA Assessment Database or an equivalent relational database and define the geographic
location of assessment units using the National Hydrography Dataset (NHD).
G. Data Analysis/Assessment
The State has a methodology for assessing attainment of water quality standards based on
analysis of various types of data (chemical, physical, biological, land use) from various sources,
for all waterbody types and all State waters. The methodology includes criteria for compiling,
analyzing, and integrating all readily available and existing information (e.g., volunteer
monitoring data, discharge monitoring reports).
H. Reporting
The State produces timely and complete water quality reports and lists called for under Sections
305(b), 303(d), 314, and 319 of the Clean Water Act and Section 406 of the Beaches Act. EPA
issued “2002 Integrated Water Quality Monitoring and Assessment Report Guidance” on
November 19, 2001, to encourage integration and consistency in the development and
submission of Section 305(b) water quality reports and Section 303(d) impaired waters lists.
EPA will continue to support the use of this integrated reporting framework for future reporting
cycles.
Under current regulations, Section 303(d) lists and Section 305(b) reports are due no later than
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April 1 of even-numbered years. To remain eligible for Section 106 grants, the State also must
submit annual updates of water quality information. This requirement may be satisfied by
annually updating 305(b) assessment information or by annually uploading monitoring data to
the national STORET warehouse.
I. Programmatic Evaluation
The State, in consultation with its EPA Region, conducts periodic reviews of each aspect of its
monitoring program to determine how well the program serves its water quality decision needs
for all State waters, including all waterbody types. This should involve evaluating the
monitoring program to determine how well each of the elements is addressed and determining
how needed changes and additions are incorporated into future monitoring cycles.
J. General Support and Infrastructure Planning
The State identifies current and future resource needs it requires to fully implement its
monitoring program strategy. This needs assessment should describe funding, staff, training,
laboratory resources, and upcoming improvements.
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I.

Introduction

A. Background
Clean Water Act §106(e)(1) requires EPA, prior to awarding a Section 106 grant to a State, to
determine that the State is monitoring the quality of navigable waters, compiling and analyzing
data on the water quality, and including those data in the State’s section 305(b) report.7
Historically, EPA has relied on submission of the 305(b) report to determine that States have
satisfied the Section 106(e) eligibility requirement for the award of Section 106 grant funds. As
explained in the FY2001 Clean Water Act Section 106 Grant Guidance, Regions have begun
conducting reviews of State monitoring programs and are working with States to strengthen these
programs over time [1].
States have taken very different approaches, within their resource limitations, to implement their
monitoring programs. They have applied a range of monitoring and assessment approaches (e.g.,
water chemistry, sediment chemistry, biological monitoring) to varying degrees, both spatially
and temporally, and at varying levels of sampling effort. It is not uncommon for the reported
quality of a waterbody (i.e., attainment or nonattainment) to differ on either side of a State
boundary. Although some differences can be attributed to differences in water quality standards,
variations in data collection, assessment methods, and relative representativeness of the available
data contribute more to differences in assessment findings. These differences adversely affect
the credibility of environmental management programs.
EPA has issued national guidance to promote and structure consistency in State monitoring
programs and to ensure that the Section 305(b) process provides nationally comparable data with
known accuracy [ 2, 3]. However, experts charge that EPA remains unable to make credible
statements about differences in environmental quality over time and across the Nation [4, 5].
Also, in 1998, the Federal Advisory Committee on the Total Maximum Daily Load (TMDL)
Program recommended that EPA assure needed improvements in State efforts to monitor water,
characterize the general health of aquatic systems, and determine (non)attainment of any
component of water quality standards, including narrative criteria and designated uses [6]. A
2001 National Research Council report, Assessing the TMDL Approach to Water Quality
Management, recommends, among other things, the development of a uniform, consistent
approach to ambient monitoring and data collection; increased resources for water monitoring;
the coordination of monitoring with program needs; endorsement of statistical approaches and
explicit acknowledgment of uncertainty; and the combining of monitoring and modeling [7].

7

See footnote 5 infra. §106(e) of the Clean Water Act provides that ... “the Administrator shall not make
any grant under this section to any State which has not provided or is not carrying out as part of its program - the
establishment and operation of appropriate devices, methods, systems, and procedures necessary to monitor, and to
compile and analyze data on (including classification according to eutrophic condition), the quality of navigable
waters and to the extent practicable, ground waters including biological monitoring; and provision for annually
updating such data and including it in the report required under [section 305 of this Act]...”
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And most recently, a 2002 National Academy of Public Administration report, Understanding
What States Need to Protect Water Quality, notes that improved information on water quality
conditions, pollution sources, and program results will help states make more effective use of
limited resources [8].
B. Purpose
The purpose of this document is to recommend the elements of a State water monitoring
program, to provide a framework for the State to articulate its programmatic and resource
needs, and to serve as a tool to help EPA and the State determine whether a monitoring
program meets the prerequisites of CWA Section 106(e)(1). EPA recognizes that full
implementation of these elements will take time and resources and that currently many states do
not fully meet these elements for all their waterbody types. For a State lacking many of the
elements, this implementation process may extend over a period of up to 10 years. EPA expects
the State to define annual milestones for incremental progress toward implementation of the ten
elements and to include these in its work plans for Section 106 grants and Performance
Partnership Grants (PPGs) that include Section 106 funds, consistent with the regulations
governing the negotiation of work plans at 40 CFR 35.107.
C. References
1. U.S. Environmental Protection Agency (U.S. EPA). 2001. Memorandum on FY 2001 Clean
Water Act Section 106 Grant Guidance signed February 16, 2001 by Michael B. Cook, Director,
Office of Wastewater Management.
2. U.S. EPA. 1977. Basic Water Monitoring Program. U.S. Environmental Protection Agency
Standing Work Group on Water Monitoring. EPA 440/9-76-0252.
3. U.S. EPA. 1997. Guidelines for Preparation of the Comprehensive State Water Quality
Assessments (305(b) Reports) and Electronic Updates. U.S. Environmental Protection Agency,
Office of Water. Washington, DC. EPA 841-R-97-002A and 002B.
4. National Academy of Sciences. 1977. A Report to the U.S. Environmental Protection Agency
from the Study Group on Environmental Monitoring, Committee on National Statistics, National
Research Council. National Academy of Sciences, Washington, DC.
5. General Accounting Office. March 2000. Water Quality–Key EPA and State Decisions
Limited by Inconsistent and Incomplete Data. GAO/RCED-00-54.
6. National Advisory Council for Environmental Policy and Technology (NACEPT). 1998.
Final Report of the Federal Advisory Committee on the Total Maximum Daily Load (TMDL)
Program. http://www.epa.gov/owow/tmdl/faca/tofc.htm.
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7. National Research Council. 2001. Assessing the TMDL Approach to Water Quality
Management, Committee to Assess the Scientific Basis of the Total Maximum Daily Load
Approach to Water Pollution Reduction. National Academy Press, Washington, D.C.
8. National Academy of Public Administration. December 2002. Understanding What States
Need to Protect Water Quality. Academy Project Number 2001-001. http://www.napawash.org
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II. The Recommended Elements of a State Monitoring Program
A. Monitoring Program Strategy
The State has a comprehensive monitoring program strategy that serves all water quality
management needs and addresses all State water, including all waterbody types (e.g.,
streams, rivers, lakes, Great Lakes, reservoirs, estuaries, coastal areas, wetlands, and
groundwater). The monitoring program strategy is a long-term implementation plan and should
include a timeline, not to exceed ten years8, for completing implementation of the strategy. It is
important that the strategy be comprehensive in scope and identify the technical issues and
resource needs that are currently impediments to an adequate monitoring program.
The State’s monitoring strategy should contain or reference a description of how the monitoring
program elements described in the remainder of this document will be achieved.
EPA recommends that State monitoring program managers work with other State environmental
managers and interested stakeholders (including EPA Regions, other Federal water quality and
land management agencies, volunteer monitoring organizations, and academic institutions) as
they develop their strategy. This collaboration provides the State water quality program an
opportunity to maximize its use of other parties’ data and effectively expand its monitoring
resources. Many States have formed monitoring councils that help facilitate coordination of
monitoring activities among various organizations.
B. Monitoring Objectives
The State has identified monitoring objectives critical to the design of a monitoring
program that is efficient and effective in generating data that serve its management
decision needs. EPA expects the State to develop a strategy and implement a monitoring
program that reflects a full range of State water quality management objectives including, but not
limited to, Clean Water Act goals. Consistent with the Clean Water Act, monitoring objectives
should reflect the decision needs relevant to all types of waters of the United States, including
streams, rivers, lakes, the Great Lakes, reservoirs, estuaries, coastal areas, wetlands and, to the
extent possible, groundwater.
Clean Water Act objectives include:
•
•
•
•

Establishing, reviewing, and revising water quality standards (Section 303(c)).
Determining water quality standards attainment (Section 305(b)).
Identifying impaired waters (Section 303(d)).
Identifying causes and sources of water quality impairments (Sections 303(d), 305(b)).

8

i.e., no later than the end of FY2014
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•
•

Supporting the implementation of water management programs (Sections 303, 314, 319,
402, etc.).
Supporting the evaluation of program effectiveness (Sections 303, 305, 402, 314, 319, etc.).

The State may have additional objectives for its own purposes.
In general, a monitoring program that meets the Clean Water Act objectives should be able to
answer the following five questions:
1.

What is the overall quality of waters in the State? Under Section 305(b) of the Act, the
State determines the extent to which its waters meet the objectives of the Clean Water Act,
attain applicable water quality standards, and provide for the protection and propagation of
balanced populations of fish, shellfish, and wildlife (40 CFR 130.8).

2.

To what extent is water quality changing over time? The State assesses and reports on
the extent to which control programs have improved water quality or will improve water
quality for the purposes of “. . . the protection and propagation of a balanced population of
shellfish, fish, and wildlife and . . . recreational activities in and on the water” (40 CFR
130.8(b)(2) and 130.8(b)(1)). Under Section 319(h)(11) of the Act, a State with Section
319 grants reports on reductions in nonpoint-source loadings and related improvements in
water quality. Under Section 314(a)(1)(F), a State reports on the status and trends of water
quality in lakes. The State may address these requirements through the use of models (for
load estimations) and by tracking trends in use assessments. The State also should be able
to identify emerging environmental issues related to new pollutants or changes in activities
within watersheds.

3.

What are the problem areas and areas needing protection? Under Section 303(d), the
State must identify impaired waters. The State should also identify waters that are currently
of high quality and should be protected from degradation. In order to protect and restore
waters, State monitoring and assessment programs should identify the causes and sources of
impairment.

4.

What level of protection is needed? The State establishes the level of protection that is
being monitored against. For example, the State uses data from monitoring programs to
conduct triennial reviews of state water quality standards, conduct use attainability analyses,
develop and adopt revised designated uses and water quality criteria, establish water
quality-based effluent limits in NPDES permits, establish total maximum daily loads, and
assess which levels of best management practices for nonpoint sources are most
appropriate.

5.

How effective are clean water projects and programs? The State monitors to evaluate
the effectiveness of specific projects and overall programs, including but not limited to
Section 319 (nonpoint source control), Section 314 (Clean Lakes), Section 303(d) Total
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Maximum Daily Loads (TMDLs), Section 402 NPDES permits, water quality standards
modifications, compliance programs (Discharge Monitoring Report information), and
generally to determine the success of management measures.
C. Monitoring Design
The State has an approach and rationale for selection of monitoring designs and sample
sites that best serve its monitoring objectives. The State monitoring program will likely
integrate several monitoring designs (e.g., fixed station, intensive and screening-level
monitoring, rotating basin, judgmental and probability design) to meet the full range of decision
needs. The State monitoring design should include probability-based networks (at the watershed
or state-level) that support statistically valid inferences about the condition of all State water
types, over time. EPA expects the State to use the most efficient combination of monitoring
designs to meet its objectives.
When developing designs to meet specific objectives, the EPA encourages States to consider
those designs used by EPA’s Environmental Monitoring and Assessment Program (EMAP)
(probabilistic site selection using simple random, stratified, or nested designs) and the U.S.
Geological Survey’s National Water Quality Assessment program (targeted, judgmental design
based on land use, geological setting, and other natural and human influences). An integrated
design for assessing water quality incorporates multiple tools in a tiered approach to address
management decisions at multiple scales. These tools include probabilistic designs, landscape
and water quality modeling, and targeted site-specific monitoring. This tiered approach enables
States to make statistically valid inferences of the extent that waters meet water quality standards,
to predict which waters are most likely degraded or at risk for degradation, and to target sitespecific monitoring needed to address local water quality concerns. The efficiencies of an
integrated design should extend beyond monitoring costs to program costs because it can help
States prioritize which waterbodies need more immediate attention.
The monitoring design should address the objectives outlined in Section B, above. The design
should include a comprehensive approach to assessment using multiple indicators [1,2], for all
State waters on a continuing basis. The elements of the monitoring design should support the
State’s estimation of the amount or percentage of waters that are impaired Statewide, for each
waterbody type, with a high degree of confidence. The State is encouraged to use a design that
allows for estimations to within ±10% at a 90% confidence level for Statewide designs. EPA
encourages the application of integrated monitoring designs that allow more intensive monitoring
in specific areas of concern or interest for individual States.
To meet its monitoring objectives, States should ensure that the selected monitoring design yields
scientifically valid results and meets the needs of the decision maker. The monitoring design
should incorporate appropriate methods to control decision errors and balance the possibility of
making incorrect decisions. The levels of precision and confidence should be appropriate to the
monitoring objective and the type of data collected.
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D. Core and Supplemental Water Quality Indicators
Because limited resources affect the design of water quality monitoring programs, the State
should use a tiered approach to monitoring that includes a core set of baseline indicators
selected to represent each applicable designated use, plus supplemental indicators selected
according to site-specific or project-specific decision criteria [1, 2]. Using this tiered
approach, the State should be able to make the best use of its resources to meet water quality
decision needs, including assessing water quality standards attainment and designated use
support, identifying needed changes to water quality standards, describing causes and sources of
impairments, developing water quality-based source controls, and assessing whether physical,
chemical, and biological integrity are supported.
The monitoring strategy should define a core set of indicators (e.g., water quality parameters) for
each water resource type that include physical/habitat, chemical/toxicological, and
biological/ecological endpoints as appropriate, that reflect designated uses, and that can be used
routinely to assess attainment with applicable water quality standards throughout the State. This
core set of indicators is monitored to provide Statewide or basin/watershed level information on
the fundamental attributes of the aquatic environment and to assess water quality standards
attainment/impairment status. Previously, chemical and physical indicators were emphasized;
however, biological monitoring and assessment should assume a more prominent role in State
monitoring. [2, 3].
The strategy should also describe a process for identifying supplemental indicators to monitor
when there is a reasonable expectation that a specific pollutant may be present in a watershed,
when core indicators indicate impairment, or to support a special study such as screening for
potential pollutants of concern. Supplemental indicators are often key to identifying causes and
sources of impairments and targeting appropriate source controls. These supplemental indicators
may include each water quality criteria in the State’s water quality standards, any pollutants
controlled by the National Pollutant Discharge Elimination System (NPDES), and any other
constituents or indicators of concern.
Table 1 presents examples of recommended core and supplemental water quality indicators. The
Consolidated Assessment and Listing Methodology [4] provides additional information on
considerations for selection of supplemental indicators (see
http://www.epa.gov/owow/monitoring/calm.html, Chapter 11).
E. Quality Assurance
Quality Management Plans and Quality Assurance Project Plans are developed,
maintained, and peer reviewed in accordance with EPA policy to ensure the scientific
validity of monitoring and laboratory activities. The Quality Management Plan (QMP)
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Table 1. Recommended water quality indicators for general designated use categories
Recommended Core and Supplemental Indicators

Recommended Core
Indicators

Aquatic Life &
Wildlife

Recreation

Drinking Water

Fish/Shellfish
Consumption

*Condition of
biological communities
(EPA recommends the
use of at least two
assemblages)
*Dissolved oxygen
*Temperature
*Conductivity
*pH
*Habitat assessment
*Flow
*Nutrients
*Landscape conditions
(e.g., % cover of land
uses)

*Pathogen indicators
(E. coli, enterococci)
*Nuisance plant Growth
*Flow
*Nutrients
*Chlorophyll
*Landscape conditions
(e.g., % cover of land
uses)

*Trace metals
*Pathogens
*Nitrates
*Salinity
*Sediments/TDS
*Flow
*Landscape
conditions (e.g., %
cover of land uses)

*Pathogens
*Mercury
*Chlordane
*DDT
*PCBs
*Landscape
conditions (e.g., %
cover of land uses)

*VOCs (in
reservoirs)
*Hydrophyllic
pesticides
*Nutrients
*Other chemicals of
concern in water
column or sediment
*Algae

*Other chemicals of
concern in water
column or sediment

Additional indicators
for lakes:
*Eutrophic condition

Additional indicators
for lakes:
*Secchi depth
Additional indicators
for wetlands:
*Wetland
hydrogeomorphic
settings and functions

Additional indicators
for wetlands:
*Wetland
hydrogeomorphic
settings and functions
Supplemental
Indicators

*Ambient toxicity
*Sediment toxicity
*Other chemicals of
concern in water
column or sediment
*Health of organisms

*Other chemicals of
concern in water
column or sediment
*Hazardous chemicals
*Aesthetics

documents how the State monitoring program will plan, implement, and assess the effectiveness
of its quality assurance and quality control operations. Quality Assurance Project Plans (QAPPs)
document the planning, implementation, and assessment procedures for a particular project, as
well as any specific quality assurance and quality control activities. EPA guidance on developing
QMPs and QAPPs is available at www.epa.gov/quality.
These plans should reflect the level of data quality that is appropriate for the specific uses of the
data, such as comprehensive assessment and listing of impaired waters, TMDL development,
NPDES permit issuance, and NPS effectiveness. Data quality and quantity needs are expected to
vary according to the consequences of the resulting water quality decisions.
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Under 40 CFR 130.4(b), State monitoring programs are to include collection and analysis of
physical, chemical, and biological data, and quality assurance and control programs to ensure the
data are scientifically valid. Under 40 CFR 31.45, if a grantee’s project involves environmentally
related measurements or data generation, the grantee must develop and implement quality
assurance practices consisting of policies, procedures, specifications, standards, and
documentation sufficient to produce data of adequate quality to meet project objectives and
minimize loss of data due to out-of-control conditions or malfunctions.
A grantee that uses Section 106 funds for monitoring activities should include, in its Quality
Assurance Program Plan (QAPP) or equivalent document, a description of how:
•

Each study or monitoring program objective is defined in specific qualitative and
quantitative terms and linked to an environmental management decision or reporting
requirement associated with the goals of the Clean Water Act.

•

Selected indicators offer the most direct means of assessing the environmental attribute
under study, based upon the associated requirement and goals of the Clean Water Act.

•

The uncertainty associated with estimates and conclusions drawn from each component of
the monitoring program are understood, quantified, and limited to a reasonable extent,
commensurate with the potential costs (both monetary and environmental) of decision
errors.

•

The proposed sampling scheme will yield data that are representative of the environmental
attribute under study, with consideration of statistical probabilities associated with
sampling.

•

The quality of the data is assessed and validated to ensure that the data quality objectives of
the programs were met.

F. Data Management
The State uses an accessible electronic data system for water quality, fish tissue, toxicity,
sediment chemistry, habitat, and biological data (following appropriate metadata and
State/Federal geo-locational standards) with timely data entry and public access.
EPA’s new STORET (STOrage and RETrieval) system provides an accessible, nationwide
central repository of water information of known quality. In the future, EPA will require that all
States use STORET either directly or indirectly (e.g., via the Central Data Exchange (CDX)
which will include the Monitoring Data Standard). For States that do not currently operate
STORET, their monitoring strategies should provide for the use of STORET as soon as is
practicable. EPA is committed to providing updates and improvements to STORET to meet user
needs and to providing the State with training and other technical support. See
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www.epa.gov/storet for further information on STORET, including system updates for users and
instructions on how to download data via the Web.
In addition, the State should store its assessment information in an accessible electronic database.
For the 2004 305(b) reports and 303(d) lists, EPA strongly recommends that all States use either
the Assessment Database (ADB) or an equivalent relational database for storing WQS attainment
status for each assessment unit. See Appendix B of the 2002 Integrated Water Quality
Monitoring and Assessment Report Guidance [5] for further information on the electronic
reporting format. This guidance is available at: www.epa.gov/owow/tmdl/2002wqma.html
The State also provides appropriate geospatial data to enable the use of current Geographic
Information System (GIS) tools. The 2002 Integrated Water Quality Monitoring and Assessment
Report Guidance, Appendix B, asks states to define the geographic location of assessment units
using the National Hydrography Dataset (NHD). The use of NHD is strongly recommended for
the 2004 305(b) reports and 303(d) lists. The 1998 Content Standard for Digital Geospatial
Metadata [6] to label geospatial datasets applies to States and EPA. It provides for characterizing
geospatial data so that users can determine the data’s fitness for their purpose. For more
information, visit http://www.fgdc.gov/metadata/metadata.html.
G. Data Analysis/Assessment
The State has a methodology for assessing attainment of water quality standards based on
analysis of various types of data (chemical, physical, biological, land use) from various
sources, for all waterbody types and all State waters. The methodology should describe how
existing and available data and information relevant to applicable water quality standards,
including both core and supplemental indicators, will be compiled and analyzed to make
attainment decisions about State waters. The methodology describes how the state integrates its
primary data – collected specifically for making attainment decisions according to a State QAPP
– with data from secondary sources, collected for a variety of purposes under a variety of quality
control practices. (Secondary data could include, for example, volunteer monitoring data or
discharge monitoring reports.) The methodology should:
•

Identify the required or likely sources of existing and available data and information and
procedures for collecting or assembling it;

•

Describe or reference requirements relating to data quality and representativeness, such as
analytical precision, temporal and geographical representation, and metadata documentation
needs;

•

Include or reference procedures for evaluating the quality of datasets; and

•

Explain data reduction procedures (e.g., statistical analyses) appropriate for comparing data
to applicable water quality standards.
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For more information on developing assessment methodologies, see 40 CFR 130.7(b)(6)(iv) and
www.epa.gov/owow/monitoring/calm.html.
H. Reporting
The State produces timely and complete water quality reports and lists. The Clean Water
Act requires the State to provide certain reports and lists, including those listed below. EPA
encourages consolidation of reports wherever possible.
•

The Section 305(b) water quality inventory report, which includes Section 314 Lakes
Assessments, characterizes the condition and quality trends of monitored waters within the
State and is due on April 1 of even-numbered years. This is the primary State monitoring
program report to EPA and draws upon information from the Clean Lakes program,
nonpoint source program, TMDLs, and other national, State, and local assessments.

•

The Section 303(d) list identifies all impaired waters based on existing and readily available
information. The list is also due on April 1 of even-numbered years.

•

Section 406 of the Clean Water Act, as amended by the Beaches Environmental Assessment
and Coastal Health Act of 2000, requires States with Section 406 grants to submit
information on monitoring and notification programs for coastal recreation waters.

Other reports and products resulting from water monitoring program activities include, for
example, reports or analyses to support triennial reviews, use attainability analyses (UAAs),
standards revisions, water quality based effluent limits (WQBELs) in permits, total maximum
daily loads (TMDLs), nonpoint source programs, and watershed plans.
The 2002 Integrated Water Quality Monitoring and Assessment Report Guidance (November 19,
2001) provides States, Territories, and authorized Tribes with guidance for integrating the
development and submission of 2002 305(b) water quality reports and Section 303(d) lists of
impaired waters. The Integrated Report will satisfy CWA reporting requirements for both
Section 305(b) water quality reports and Section 303(d) lists.
As explained in the FY 2001 Clean Water Act Section 106 Grant Guidance and the March 1,
2002 memorandum, “2002 Integrated Section 305(b) Reports and 303(d) Lists and the impact of
the 305(b) Reports on Annual S106 Grant Funding Targets”, EPA will not award any Section
106 funding under a Section 106 grant or performance partnership grant (PPG) unless a State has
annually updated its monitoring data in accordance with Section 106(e), and submitted the most
recently required Section 305(b) report [7, 8]. The annual update requirement may be satisfied
by uploading monitoring data to the national STORET warehouse or updating the 305(b)
assessment information in the National Assessment Database.
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The State is encouraged to report to the public on water quality, taking into account the needs of
interested audiences. Many States use various formats and media such as technical reports,
brochures, posters and other visual aids, oral presentations, newspaper articles, and the Internet.
I. Programmatic Evaluation
The State, in consultation with its EPA Region, conducts periodic reviews of each aspect of
its monitoring program to determine how well the program serves its water quality
decision needs for all State waters, including all waterbody types. This should involve
evaluating the monitoring program to determine how well each of the 10 elements is addressed,
and determining how needed changes and additions are incorporated into future monitoring
cycles. This evaluation will take into consideration the effects of funding shortfalls on a State’s
implementation of its monitoring program strategy. EPA and States recognize the importance of
a nationally consistent approach for evaluating state monitoring programs.
Since water quality monitoring programs are effective only when they meet the information
needs of water quality resource managers, the State should have a feedback mechanism for
reporting useful information to water quality managers and incorporating their input on future
data needs. Information needs may include site-specific criteria modification studies, support for
enforcement actions, validation of the success of control measures, modeling for TMDLs,
monitoring unassessed waters, and other activities. Decision-makers at the national, regional,
State, and local levels should be considered in this process.
The State should evaluate its overall monitoring program as part of a continuous improvement
feedback loop. This may include, for example, undertaking audits of the monitoring program,
quality assurance protocols, laboratory procedures, and data assessment procedures. See 40 CFR
130.5 and 130.6.
J. General Support and Infrastructure Planning
The State identifies current and future monitoring resources it needs to fully implement its
monitoring program strategy.
As part of an ongoing integrated planning process, the following needs (staff and training,
laboratory resources, and funding) should be assessed, considering current conditions and
planned improvements, and discussed with the Regions during negotiation for Section 106 grants
and PPGs that include Section 106 funds (Note: States may rely on workload models to assess
needs).
Staff and Training: The State should identify the required number of staff needed for a State
monitoring program, as well as needed training for field, laboratory, data management, and data
assessment staff, and should document adequacies and shortfalls. States should also address staff
and staff training needs for unassessed waterbody types.
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Laboratory Resources: The State should identify needed laboratory support (and should
document adequacies and shortfalls) to satisfy scientifically appropriate documented methods,
such as methods listed in 40 CFR Part 136, published in Standard Methods for the Examination
of Water and Wastewater, or published by the U.S. Geological Survey. U.S. EPA also
encourages the use of performance-based methods (i.e., scientifically appropriate methods that
meet established criteria for accuracy, sensitivity, bias, and precision and comply with specified
data quality needs or requirements).
Funding: The State should identify required funding (e.g., for salaries, training, travel,
equipment, laboratory analysis) for a State monitoring program, along with anticipated sources
and amounts of funding and the effects of any shortfalls.
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