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Many Water Quality Standard
Violations May Not Be Significant

Enough To Justify Costly Preventive Actions

Advanced waste treatment for municipal sew-
age may not be worth the tremendous costs--
estimated by the Environmental Protection
Agency at $10 billion--unless it will make a
substantial difference to water quality. In set-
ting or revising water quality standards, States
generally do not consider costs, and many
standards are based on questlonable data. A
number of costly advanced waste treatment
plants may have little effect on water quality.

This report presents a number of options to
the Congress concerning the funding of ad-
vanced waste treatment projects. It also makes
recommendations to the Administrator of the
Environmental Protection Agency to help im-

prove the way water quality standards are set
and |mplemented and the procedures used
in assessing the need for advanced waste
treatment.
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COMPTROLLER GENERAL OF THE UNITED ST ATES
WASHINGTON, D.C. 20848

B-166506

To the President of the Senate and the
Speaker of the House of Representatives

This report discusses the Environmental Protection
Agency's Construction Grants Program and the significance
of advanced waste treatment to prevent violations of water
quality standards.

We made our review because of congressional concern about
how water quality standards affect the degree of wastewater
treatment needed by municipalities. The Congress was espe-
cially concerned about the large costs generally associated
with advanced wastewater treatment. ‘

Copies of this report are being sent to the Director,
Office of Management and Budget; the Chairman of the Council
on Environmental Quality; and the Administrator, Environmental
Protection Agency.

Acting ComptroYler' General
of the United States







COMPTROLLER GENERAL'S MANY WATER QUALITY STANDARD

REPORT TO THE CONGRESS VIOLATIONS MAY NOT BE
SIGNIFICANT ENOUGH TO JUSTIFY
COSTLY PREVENTIVE ACTIONS

The Environmental Protection Agency
administers a Construction Grants Program
under the Federal Water Pollution Control
Act, as amended, commonly referred to as the
Clean Water Act, to restore and maintain the
quality of the Nation's waters. The Agency
estimates that $10 billion will be needed
through the year 2000 to construct advanced
waste treatment facilities for municipal
sewage for this program.

GAO discussed advanced waste treatment with
Federal and State water quality officials

and consultants knowledgeable of water quality
matters and reviewed various scientific studies
on water quality. Based on these discussions
and reviews, GAO found that advanced waste
treatment--which removes some pollutants left
after secondary treatment--with few excep-
tions, may not be justified. GAO found that:

--Mathematical models used to predict water
quality are often imprecise and inexact.

--Federal funding is insufficient to achieve
water quality standards for all waterways
within a reasonable time.

--The Environmental Protection Agency makes
it difficult for States to relax or down-~
grade water quality standards.

--Relating the impact of various treatment
levels to water use is difficult. (See
pp. 18, 23, 24, 45, and 69.)

Each State has developed water quality standards
to protect its waterways and the uses it plans
to make of them. The standards help determine
the type of wastewater treatment needed to
protect waters for those uses.
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Advanced treatment, which may be required in
municipalities, is very expensive. Costs rise
in relation to pollutants removed--the more
pollutants removed, the higher the costs.
States generally do not consider costs,
‘however, in setting or revising water quality
standards. (See pp. 42 to 44.)

VIOLATIONS MAY NOT BE SIGNIFICANT

Violation of a water quality standard may not
always mean that significant environmental,
social, or public health damage has occurred.
The seriousness of a violation depends on a
number of factors. For example:

--The scientific basis for the standard may
be questionable. GAO's review showed that
water quality levels needed to protect
water for a designated use are sometimes
based on limited experimental investigation
and that competent scientists disagree
about the effects of water quality on
aquatic life.

--The water may not be important to society.
Some streams are virtually inaccessible--
guarded by canyons, steep slopes, or other
physical barriers. Others offer no public
access or access only to a few hikers. 1In
low-population areas some streams may receive
very little use. In these situations water
quality standard violations are not as harmful
as violations in heavily used waters.

GAO noted that a number of advanced waste
treatment plants, either planned, under con-
struction, or in operation, offered question-
able benefits. The Appropriations Conference
Committee in 1979 directed that environmental
and public health benefits must be considered
significant before such plants can be approved
for construction. However, the Clean Water
Act does not impose such a requirement. (See
pp. 5 to 17 and 53 to 67.)

PREDICTING WATER QUALITY
STANDARD VIOLATIONS IS UNCERTAIN

'In many instances municipalities are
constructing treatment facilities more
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sophisticated than secondary to prevent
predicted water quality standard violations.

These predictions are generally based on
mathematical models. GAO's review showed
that the models being used produce highly
uncertain results. When poorly developed
or improperly applied, the models frequently
cannot simulate complex natural processes,
and adequate water quality data is either
not used or not available. Many natural
processes are too complicated for modeling
to determine whether advanced treatment

is needed.

Modelers could improve their techniques. .

'For example, nonpoint source pollution

(runoff from agricultural and forest lands
and storm runoff from urban areas) should
be considered, water quality data should
be reliable and adequate, and the model's
predictive reliability should be specified.
(See pp. 18 to 41.)

COSTS HAVE NOT BEEN
CONSIDERED ADEQUATELY

The law does not require communities to

consider adequately the costs of achieving

water quality standards. Although EPA
generally assumes that the economic feasibil-
ity of achieving a standard will be determined
before standards are set, most standards have
not received such analysis. Almost all of the
State officials in the 12 States GAO visited
said they did not perform rigorous economic
analyses before setting standards. As a
result, States tended to classify most of
their waterways as fishable/swimmable--which
often necessitates advanced treatment.

It is difficult for States to reclassify

streams downward and may become even more

difficult in the future because the Agency
discourages downgradings. Agency officials
said a State is expected to ensure the
economic reasonableness of attaining the water
uses it designates in a standard. They said
that when a body of water is given a fishable/
swimmable designation, the Agency presumes
that the State had determined the economic
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reasonableness of attaining the necessary
water quality for that use. (See pp. 42
to 52.)

THE CONGRESS IS CONCERNED ABOUT
PROJECTS HAVING INSIGNIFICANT
ENVIRONMENTAL AND PUBLIC HEALTH
IMPROVEMENTS

The Clean Water Act allows advanced waste
treatment plants to be built regardless of
environmental impact or cost. However,; in
1979 the Appropriations Conference Committee
stipulated that Construction Grant Program
funds could be used for advanced waste treat-
ment only if (1) the incremental cost of the
treatment is $1 million or less or (2) the
Agency Administrator personally determines
that advanced treatment is required and that
it will definitely result in significant
water quality and public health improvements.

During July 1978 hearings before the Subcommittee
on Oversight and Review, House Committee on
Public Works and Transportation, GAO and others
pointed out a number of questionable advanced
waste treatment projects. During fiscal year
1979, the first year of the Appropriations
Conference Committee restriction, the Agency
acted on 26 projects where advanced waste
treatment cost more than $1 million and the
Agency's regional administrators acted on

178 projects involving $1 million or less.
These actions included approval of the entire
project as proposed, approval of a portion

of the project, or deferral of all or a

portion of the project.

GAO's review of nine of these projects showed
that, for most, the Agency's review process
did not indicate that advanced waste treatment
would definitely result in significant water
quality and public health improvements. For
example, the Agency's analysis of the projects
did not show the:

--Significance of the projects' advanced
treatment portion to the environment. Rather,
the analysis discussed the project as a whole
and failed to distinguish between secondary
treatment and advanced treatment.
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--Effect on public health. There was little
indication that the projects would produce
significant health improvements or that they
were intended to do so.

--Significance of the advanced waste treatment
portion on established waterway uses. Little
analysis had been done to determine how the
advanced treatment portion would improve water
uses.

--Social significance or benefits of the
projects. Little, if any, documentation
existed showing how many more persons would
be able to fish, swim, or boat on the waterway.
(See pp. 55 to 58.)

RECOMMENDATIONS TO THE ADMINISTRATOR,

ENVIRONMENTAL PROTECTION AGENCY

GAO recommends a number of corrective measures
to improve the process for setting and imple-

menting water quality standards and to better

assess the need for advanced waste treatment.

(See pp. 69 to 70.)

AGENCY COMMENTS AND GAQO EVALUATION

In commenting on a draft of this report,

the Agency agreed with GAO that the Nation's
water pollution control program is costly and
complex. But it generally did not agree with
GAO's conclusions, stating they reflect a mis-
understanding of the legislative objectives
and fail to recognize that States may legally
set their own water quality standards.

GAO recognizes that the Congress wanted to make
"all" waters fishable and swimmable, but only
"wherever attainable." Although the Congress
did not require the Agency to weigh benefits
against the costs of building advanced waste
treatment, it did recognize that the fishable/
swimmable goal was not attainable in all cases.
In fact, the Agency itself directs States to
consider "environmental, technological, social,
economic, and institutional factors" in deter-
mining attainability. Therefore, GAO continues
to believe that costs should be considered in
setting water quality standards and in deter-
mining the need for advanced waste treatment.
(See pp. 70 to 73.)




MATTERS FOR CONSIDERATION
BY THE CONGRESS

GAO is presenting for congressional consideration
several options that would give the Agency the
flexibility to more closely consider costs in
explaining the need for advanced waste treatment
projects. (See pp. 73 to 74.)
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Advanced waste
treatment

Algal blooms

Biochemical
oxygen demand

Dissolved oxygen

Effluent

GLOSSARY

Treatment processes which remove
additional pollutants from wastewater
beyond those eliminated by primary
and secondary treatment. There are
different degrees of advanced
treatment with substantially dif-
ferent costs. Advanced waste treat-
ment processes may remove nutrients
such as phosphorus and nitrogen,

a high percentage of suspended solids,
and oxygen-demanding substances.

Prolific growths of algae that may be
stimulated by phosphorus and nitrogen
in water. Algae can severely decrease
the oxygen dissolved in the water;
certain species can cause taste and
odor problems. The advanced waste
treatment processes of denitrification
and phosphorus removal are designed to
prevent algal blooms in waste-receiving
waters.

The oxygen consumed in waste
decomposition.

The oxygen freely available in water.
Dissolved oxygen is vital to fish and
other aquatic organisms and for the
prevention of offensive odors. Tradi-
tionally, dissolved oxygen has been
accepted as the single most important
indicator of a water body's ability

to support desirable aquatic life.
Secondary treatment and advanced waste
treatment are generally designed to
protect dissolved oxygen in
waste-receiving waters.

A wastewater discharge.




Effluent
limitations

Kinetic rate
coefficient

Modeling

Nonpoint sources

Nutrients

Point sources

Pollution
(of water)

Primary waste
treatment

Restrictions established by a State or
EPA on quantities, rates, and concentra-
tions in wastewater discharges.

A number that describes the rate at
which a water constituent (such as bio-
chemical oxygen demand or dissoved
oxygen) increases or decreases.

Mathematical techniques for predicting
the effect of waste treatment on water
gquality.

Sources of pollution that are difficult
to pinpoint and measure. Common
examples- are runoff from farms, forests,
mines, construction sites, and city
streets.

Elements or compounds essential for
growth and development of organisms;
for example, nitrogen and phosphorus.

Sources of pollution that can be
readily identified, such as factories
and sewage treatment plants.

Contamination or other alteration of the
physical, chemical, or biological proper-
ties of water--including changes in
temperature, taste, color, or odor--or
the discharge into the water of any
liquid, gaseous, radioactive, solid, or
other substance that may create a
nuisance or render such water detri-
mental or injurious to public health,
safety, or welfare.

Treatment usually involving screening
and sedimentation for removing the
larger solids in wastewater. The pro-
cess removes about 30 percent of
carbonaceous biochemical oxygen demand
from domestic sewage.




Secondary waste
treatment

Suspended
solids

Wasteload
allocation

Water quality
criteria

Water quality
standard

Treatment following primary treatment
that uses biological digestion and
additional settling to reduce
biochemical oxygen demand by 80 to

90 percent.

Small particles suspended (not dissolved)
in water. Very small particles are dif-
ficult to remove by conventional means.

The maximum load of pollutants each dis-
charger of waste is allowed to release
into a particular waterway. Discharge
limits are usually required for each
specific water quality criterion being
violated or expected to be violated.

Specific levels of water quality

which, if not violated, are expected to
render a body of water suitable for

its designated use.

A legal designation of the desired use
for a given water body and of the water
quality criteria appropriate for that

use.







CHAPTER 1

INTRODUCTION

THE NATURE AND FUNCTION
OF WATER QUALITY STANDARDS

One goal of the Federal Water Pollution Control Act,
as amended, commonly referred to as the Clean Water Act,
is to achieve by mid-1983, wherever attainable, water
quality that provides for

--the protection and propagation of fish, shellfish,
and wildlife and

--recreation in and on the water.

These are commonly called the fishable/swimmable goal. The
act requires States or, if necessary, the Environmental
Protection Agency (EPA) to set and/or maintain appropriate
water quality standards (WQS) for both interstate and intra-
state waters. WQS must include (l) a designation of a use
or uses for a given body of water (for example, swimming,
fish habitat, or public drinking water supply) and (2) water
quality criteria specifying the type of water quality needed
to protect the designated use(s).

EPA has recommended water quality criteria for various
water uses and requires States to justify less stringent
criteria. States may require higher water quality than EPA
recommends. According to EPA officials, EPA is precluded
by the act from reviewing State criteria for excessive
stringency, and it does not do so.

WQS serve several functions. 1In particular, standards
may form the basis for:

--Requiring treatment beyond secondary for
municipalities.

--Controlling nonpoint sources (such as agricultural
runoff).

WATER QUALITY STANDARDS AND
ADVANCED WASTE TREATMENT"

Theoretically, WQS are to be developed as follows:

--First, the desired use(s) are designated for a
body of water (for example, domestic or agricultural

water supply, swimming, fishing, or boating) after
considering the costs of attaining the use(s).
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--Second, water quality characteristics (temperature,
dissolved oxygen (DO), heavy metals, toxic substances
and others) related to the designated use(s) are
identified and concentration limits (water quality
criteria) are set for those that cannot be violated
without interfering with the designated use(s).

--Third, the quality of the existing water is analyzed
and accurate, scientific models are developed to pre-
dict water quality after all point source dischargers
have secondary treatment (or its industrial equiva-
lents). If water quality will not meet the standards,
the models must accurately determine the additional
treatment needed. This additional treatment is
called advanced waste treatment (AWT).

In practice, however, it does not always work that way.
Many difficulties prevent this approach from producing
reliable results. Estimating the value of the environmental
and social benefits of a designated water use is often not
easy. The process of identifying the (1) water quality
needed at any given time to support the designated use and
(2) costs of attaining this water quality is complicated.
This complexity is due in part to the limits of present
scientific understanding and the intricacy of ecological
relationships. Consequently, it is very difficult to set
optimal WQS. ‘

The following chapters discuss in more detail the
relationship between WQS and AWT. Chapter 2 explains why
AWT may not always be necessary to prevent WQS violations.
In that chapter we discuss the scientific basis for some
water quality criteria. We point out that unless strong
scientific evidence is available, the criteria may not be
significant to water quality. Thus, funds may be spent
to prevent insignificant violations with no appreciable
improvements to water quality or public health. Chapter
3 discusses how modeling predicts what happens to water
gquality when pollution loads change and how modeling may
be used to predict the need for AWT. Chapter 4 discusses
the high costs of AWT and the extent to which EPA allows
cost considerations to enter into the use designation
process. In chapter 5 we evaluate the significance of a
number of AWT projects being approved by EPA. For some
AWT projects, the Appropriiations Conference Committee re-
stricted funding to those that will significantly improve
the environment and public health.




SCOPE OF REVIEW

We made our review at EPA headquarters, Washington,
D.C.; EPA regional offices in Seattle, Washington; Kansas
City, Missouri; Chicago, Illinois; Dallas, Texas; Boston,
Massachusetts; Atlanta, Georgia; and at State agencies
responsible for water quality in Washington, Oregon, Iowa,
Kansas, Ohio, Oklahoma, Michigan, Alabama, Wisconsin,
Illinois, Massachusetts, and Minnesota. The locations were
selected to obtain broad geographical coverage of States
for which AWT projects had been approved by EPA. We reviewed
pertinent documents, interviewed various officials and con-
sulted experts in the areas of WQS and AWT.

As of September 30, 1979, about $28 billion has been
appropriated and $24 billion obligated to construct publicly
owned waste treatment works. EPA estimates that $1.5 billion
applies to AWT. EPA and the States have placed a high
priority on constructing such facilities if needed to meet
WQS. 1In many cases these facilities will provide AWT that
is much more expensive than secondary treatment.

We visited nine AWT projects awarded in fiscal year
1979; reviewed documents; and discussed these projects with
local offi~cials, design engineers, and other interested
parties. The nine projects visited were selected because
they represented the first projects awarded in fiscal
year 1979.

The Appropriations Conference Committee has required
the EPA Administrator to personally ensure that Federal
funds for fiscal year 1979 be used for projects providing
treatment beyond secondary only if the projects would
significantly benefit the public health and improve water
quality. Four of the projects we visited were reviewed by
EPA regional offices.

We looked at 11 projects to evaluate the use of models
the Administrator reviewed before approving treatment beyond
secondary. These 11 projects were the first projects con-
sidered in EPA's revised review process. Five of the
projects were approved as proposed, but six had portions
disapproved. We evaluated these projects solely to
determine if the modeling. was reliable. We did not
review the Administrator's decisionmaking process.

We concentrated our review on AWT for municipal sewage
treatment plants and did not consider AWT for industrial
dischargers. However, we believe that the analysis used to
justify effluent limits for industrial dischargers may have
the same problems we identified for municipal dischargers,
as shown in the following chapters.
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We discussed our work with the EPA's internal audit
group, reviewed relevant internal audit reports, and reached
agreement on any followup action required in connection with
our findings. According to an EPA internal audit official,
only a very small portion of the group's work is related
to program results-type reviews and no work has been done
on the significance of WQS vioclations.

We reviewed the steps leading to AWT because AWT is
so costly. According to EPA, about $10 billion will be
needed by the year 2000 for additional treatment at some
facilities. WQS may determine the need for treatment
beyond secondary.

During the review we were assisted by Dr. Donald T.
Lauria, Professor of Water Resources Engineering at the
University of North Carolina, and by Mr. Jerome Horowitz,
private consultant on water quality and pollution control.
We reviewed water quality studies by groups such as the
National Academy of Sciences and the National Academy
of Engineers, EPA's Environmental Research Laboratory in
Duluth, Minnesota, the American Fisheries Society and other
similar research oriented organizations. We also discussed
water quality matters with individuals recognized as being
experts in such fields as water gquality and mathematical
modeling.

To demonstrate that WQS may not be applicable in all
instances, we drew from studies used by EPA and the National
Academy of Sciences in establishing the basis for such stand-
ards. We also provide comments from various officials and
experts that support this position.




CHAPTER 2

MANY WATER QUALITY STANDARD

VIOLATIONS MAY NOT BE SIGNIFICANT

Violation of a WQS does not necessarily mean that
significant environmental damage has been done. WQS
violations vary widely in their ecological 1/ effects;
some violations may have virtually no ecological impact.
Violations also vary greatly in their social significance,
depending on the value of the water body and its aquatic
life to society.

The following discussion is not intended to show that
WQS are erroneous, but that much uncertainty exists in
the WQS-setting process.

VIOLATIONS MAY BE
ECOLOGICALLY INSIGNIFICANT

The ecological significance of violating WQS is
neither precise nor certain. Scientific information on how
all species respond to different levels of pollution is
simply not available. WQS violations which may be dangerous
to some types of aquatic life may cause little damage to
others. 1In fact, standards are generally designed to protect
the more sensitive (and presumably more valuable) species,
which may be a small fraction of the total aquatic life
in a body of water. The significance of a violation also
varies with its frequency, duration, intensity, and extent.

The scientific basis for some
standards is questionable 2/

The biological significance of a WQS violation depends,
in part, on whether scientific evidence shows that a certain

1/The interrelationship of aquatic organisms and their
environments.

2/A large portion of the scientific information cited
throughout this chapter was obtained from EPA's
"Quality Criteria for Water - 1976" and "Water Quality
Criteria - 1972," prepared by the National Academy of
Sciences for EPA.




level of water quality is needed to protect aquatic life.
Unfortunately, not enough scientific knowledge is available
to eliminate uncertainty in setting standards. EPA describes
its criteria as "scientific judgments" based on limited
experimental investigation and has warned that they should

be used with considerable judgment.

The data to quantify the fishable/swimmable goal in
a scientifically sound manner is still rather limited. The
ideal data base for criteria development would include infor-
mation on a large percentage of aquatic species and would show
the response to a range of concentrations for various factors
(DO, ammonia, pH, phosphorus) over a long period. But this
data is not available. Investigators are only now beginning
to derive such data for a few water constituents. The
effects of any substance on more than a few of the vast
number of aquatic organisms have not been investigated.

The opinions of competent scientists conflict on the
degree to which various characteristics—-even common ones--
affect aquatic life. Test results vary widely for the same
fish species, similar conditions, and the same toxic material.
The Director of the Illinois Environmental Protection Agency
has pointed out that the fishable/swimmable goal is a bio-
logical objective, but the criteria are physical and chemical
substitutes. He stated: "To allege that we have sufficient
knowledge to make this chemical to biological relationship
with great specificity is, in my judgment, wrong."

We reviewed a number of characteristics affecting the
water quality EPA says is needed for fishing/swimming.
In particular, we looked at DO and ammonia because these
characteristics are very important to fish.

DO criterion lacks
firm scientific basis

DO concentrations are important in gaging water quality.
In fact, DO has been called "probably the single most impor-
tant water quality parameter in fisheries management." There-
fore, a complete and thorough scientific basis for the
recommended DO criterion would be expected, but cannot be
found. Scientists disagree considerably on how much DO fish
need. Most species of adult fish (including brook trout)
can survive at very low DO concentrations. Minimum tolerable
levels reported by some investigators are several times
greater than those reported by others for the same fish
species, tested at about the same temperatures. Many apparent
contradictions also exist about the effects of DO levels
on hatching of fish eggs and growth of many young fish.




We believe EPA lacked sufficient data to base the DO
criterion on the needs of specific fish species. EPA,
however, based its recommended DO criterion on concentrations
known to permit "the maintenance and well-being of the
population as a whole." The DO levels for maintaining a
good, naturally occurring fish population also lack clear-cut
scientific support. For example, a DO concentration of 4
milligrams per liter (mg/l), 1/ and perhaps much lower, will
support a varied fish population, including valuable food
and game species; but one researcher found the greatest
variety of species at 9 mg/l. Lowering the DO to even
5 or 6 mg/1l can kill some fish or stunt their growth.

In fact, researchers have pointed out that the rates of
growth and embryonic development and the activity of fish
can be limited by the supply of oxygen even when DO concen-
trations are near or above saturation levels.

According to "Water Quality Criteria - 1972" (prepared
by the National Academy of Sciences and the National Academy
of Engineering):

"Any reduction of dissolved oxygen can reduce the
efficiency of oxygen uptake by aquatic animals and
hence reduce their ability to meet demands of their
environment. There is evidently no concentration
level or percentage of saturation to which the oxygen
content of natural waters can be reduced without
causing or risking some adverse effects on the
reproduction, growth, and consequently the produc-
tion of fishes inhabiting those waters * * *" Any
reduction in oxygen may be harmful by affecting fish
production and the potential yield of a fishery."

EPA headquarters has recommended a minimum DO level of 5 mg/l
(not a daily average). Because DO levels may fluctuate
during a 24-hour period, achieving a minimum of 5 mg/1l
requires a higher level of DO (for example, 6 mg/l) as a
daily average. However, at least two EPA regions have
recommended minimums of 4 mg/l and daily averages of 5 mg/l.

The choice of a DO criterion has a significant economic
impact. For example, Ohio officials told us that raising
the average DO from 5 to 6 mg/l will cost about $76 million
per year in Ohio alone. Ohio officials believe an average
of 5 mg/1 DO at the 7-day, l0-year low flow (occurring only

1/Equivalent to parts per million (assuming unit density).




0.2 percent of the time) is more than adequate to protect
Ohio's aquatic life.

Ammonia criteria also have
inadequate scientific basis

Ammonia is another water quality factor for which
the EPA-recommended criterion lacks a clear-cut scientific
basis. For example:

—--Extensive research on ammonia toxicity has shown
many different results for different species under
different test conditions, and some research
results are contradictory. A committee of the
American Fisheries Society concluded that EPA has
not shown that its recommended criterion is appro-
priate for most freshwater fish. The State of
Ohio has determined that a higher level could
be used for warmwater species, and the State of
Iowa has set different criteria for warmwater and
coldwater species and for winter and summer
conditions.

--Various researchers reported toxic levels ranging
from 0.2 to 2 mg/l of un-ionized ammonia. On
the other hand, EPA recommended a criterion of
0.02 mg/l to protect life forms for which no
research was available. EPA's "Quality Criteria
for Water—-1976" provided no scientific basis for
this safety factor, and the Director of EPA's
Environmental Research Laboratory (Duluth, Minn.)
recently conceded that EPA's recommended criterion
appears to be too conservative for many streams.

The ammonia criterion selected by a State can have
guite an impact on sewage treatment costs. AWT may reduce
the ammonia in sewage £o meet the WQS for ammonia. However,
much of this treatment may not be useful because violating
the standards may have no biological significance.

Other important factors have
little scientific foundation

Another important water quality characteristic is pH (a
measure of acidity), which affects the toxicity of many com-—
pounds. Again, we found no clear-cut scientific support for
the EPA-recommended criteria for freshwater fish. According
to the European Inland Fisheries Advisory Commission, there
is no definite pH range within which a fishery is unharmed and
outside which it is damaged; rather, it deteriorates gradually




as pH values move further away from the normal range. At
some levels of pH, various species of aquatic life thrive but
others do poorly.

Bacteria levels are considered important for swimmable
waters, and EPA has recommended levels of fecal coliform
bacteria that should not be exceeded for swimmable waters.
However, epidemiological studies have not determined that the
bacterial levels in bathing witers relate to illness in swim-
mers. In fact, a cause-and-effect relationship is
questionable at the bacterial levels typically found in
U.S. waters today.

EPA has recommended other specific criteria to protect
waters used for domestic water supply from pollutant levels
that could cause public health problems. Like other criteria
recommended by EPA, these have limited scientific support and
are very conservative. For example:

--EPA set a criterion of 50 ug/l (micrograms
per liter) for total chromium, although
symptoms of excessive dietary intake are
unknown, and a family is known to have drunk
water for 3 years at a level of 450 ug/1 (9

. times EPA's recommended criterion) without
known 111 effects.

--EPA recommended a mercury criterion of 2
ug/l. "Water Quality Criteria-1972" also
recommended this criterion, in the belief
that mercury intake from all sources should
be limited to 30 ug/day. The lowest contin-
uous exposure associated with toxic symptoms,
however, is approximately 300 ug/day of the
most toxic form of mercury for a person of
average weight (154 pounds).

The quality criteria for domestic water supplies are
made even more conservative by assuming that the drinking
water treatment process will remove none of the toxics for
which the criteria are set. The degree to which toxic
substances are removed by the drinking water treatment pro-
cess (sedimentation, filtration, and chlorination) is
generally not known. Some toxic substances, however, are
known to be associated with suspended solids in raw surface
waters and may be removed, at least to some extent, by
treatment.

EPA officials informed us that EPA is making some of its
criteria less conservative. For example, EPA has published
drafts of criteria for 65 toxic pollutants. The methodology




used to derive aquatic life criteria departs from the
traditional practice of protecting the most sensitive species
tested and instead introduces statistical techniques designed
to be 95 percent protective. EPA officials also informed us
that EPA intends to update all its criteria periodically to
keep them scientifically current.

General standards do not fit R
all waters at all times of year

The biological significance of a WQS violation depends
on how the general criteria fit the specific water body and
the time of year when the violation occurs. Five basic
factors may make a violation relatively unimportant in a
specific body of water at a specific time of year.

Local aquatic species

The general standard may not fit the local aquatic
community. Aquatic species vary greatly in sensitivity, and
EPA-recommended criteria are set to protect the more sensi-
tive species (for example, trout). If these species are not
present in a body of water, a WQS violation may be without
biological significance. 1In waters across the United States,
some 500 native freshwater fish dwell. Each tends to live in
a certain environment. For example, sturgeon are not found
in a trout stream. Habitat is affected by more than just
water quality. These environments are named according to the
species that inhabit them:

—--The trout stream is usually in forested mountains near
the source. The water is swift and clear; it cascades
and tumbles; and the bottom is stoney. The stream is
almost completely shaded by trees, which keeps its
waters cold enough for trout to survive.

--The bass stream lies downhill from the trout fishery.
Its water is somewhat slower and warmer; more than
three-quarters of the water is in sunlight. Some 30
percent of the surface is made up of calm eddies and
pools. Less oxygen is dissolved in this water, but a
greater variety of fish have adapted to it.

--The minnow stream is too small and warm to support
trout and too small to support significant numbers of
smallmouth bass or other warmwater game fish. The
stream supports primarily forage fish (such as darters,
minnows, and shiners).

--The sturgeon river has waters which are deep, warm,
and slower than the trout and bass streams. Most of
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the river is in sunlight, and the warmth supports much
more life than the bass stream. Sturgeon, catfish,
carp, and rock bass live in these rivers.

--The lake trout lake is dominated by lake trout and
whitefish. Older lakes and those farther south, how-
ever, may feature rough fish such as perch, bullheads,
and carp.

Natural levels of local pollutants

Local violations of general WQS may result from natural
sources. Levels of pollutants from these sources vary sub-
stantially from one water body to the next, which makes it
difficult to achieve standards consistently. Although natural
levels of pollutants may have significant adverse effects,
including fishkills, they may be part of the normal ecology
and not significant enough to warrant corrective action.

Some States hedge their standards to ignore violations
from natural causes. According to Washington and Kansas
officials, WQS violations are, in effect, ignored when the
cause is believed to be natural. In many States, WQS
are widely violated by natural conditions without much
regard. Extreme natural conditions affect the more common
water quality characteristics. For example:

--Some waters have naturally low oxygen content--
some so low that fish cannot live in them during
a large part of the year. However, tidal marshes
in Louisiana have low DO throughout the summer
but support a thriving fishery.

--Natural stream erosion and snow melt during
periods of high flow cause violations of
criteria for suspended solids and turbidity
(muddiness) .

--Many temperature standards are violated by common
natural conditions (e.g., summer heat).

Toxicity-reducing characteristics
of local water

The toxicity of a pollutant may be so greatly reduced
by the characteristics of local waters that a WQS violation
has no significant biological effect. For example: -

--Heavy metals such as cadmium, lead, copper, oOr zinc may
be considerably less toxic in hard water. Cyanide and

hydrogen sulfide are less toxic in waters with high pH.
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--Various instream conditions may reduce ammonia's
toxicity.

Form of the pollutant

The form in which a pollutant occurs may have a
significant biological impact. For example:

--According to an EPA official, criteria for heavy metals
are based on laboratory tests using the pure form of
the metal. He said that in actual streams these metals
generally are present in less potent forms. According
to a sanitary engineer, because only soluble metals are
toxic, many streams have good fish stocks in spite of
violating standards for total forms of various metals.

--Certain forms of cyanide are much less toxic than
others. EPA recommended a criterion of 5 ug/l1 total
cyanide to protect aquatic life and wildlife. But,
according to an environmental consultant, only free
cyanide has been shown to be toxic to fish at concen-
trations less than 1,000 ug/l. The National Academy
of Sciences' "Water Quality Criteria-1972" recommended
5 ug/l free (not total) cyanide. On July 25, 1979,
EPA proposed to replace its recommended total cyanide
criterion with one stated in terms of free cyanide.
According to EPA officials, however, relatively small
amounts of complexed cyanide can quickly generate
enough free cyanide to violate this criterion
if the water in question is moderately clear and
is exposed to sunlight.

—--Phenols are a large class of compounds. Many
phenols are toxic, and many of them give fish an
unpleasant taste. Except in the case of chloro-
phenols, a committee of the American Fisheries
Society found no justification for the EPA recommen-
dation of 1 ug/l. Phenol concentrations 10 to 25
times greater than EPA's criterion commonly occur
in Iowa's waters and have caused no problems. On
July 25, 1979, EPA proposed changing the phenol
criterion for protection of freshwater aquatic
life to 600 ug/l as a 24-hour average and 3,400
ug/1 as a maximum never to be exceeded.

--Turbidity criteria are often violated. Although
turbidity reflects the amount of sediment being
carried in the water, EPA officials told us that
only a rough relationship exists between turbidity
and the damage to fish habitat and spawning done

12




by sedimentation. They said that the damage depends
on the size of the sediment particles in a
particular stream at a particular time.

--Fecal coliform (bacteria) standards set to protect
swimming waters are also frequently violated. However,
the violation is significant only if bacteria that
cause disease in humans are present. An EPA official
told us that many violations—--perhaps most—-—are caused
by nonpoint source pollution, much of which is from
nonhuman sources (for example, drainage from pasture
lands). He told us there is little danger of disease
transmission from such a nonhuman source.

According to EPA officials, many water quality
characteristics influence a constituent's toxicity, but suf-
ficient data was available to include only the effects of
hardness on metals toxicity. While other characteristics (for
example, pH) also affect toxicity, not enough quantitative
data was available to include them in developing water quality
criteria.

EPA officials further added that the form of a metal does
affect toxicity; insoluble forms usually, but not always, are
less toxic than soluble forms. The practical difficulty is
that metals can shuttle back and forth between soluble and
insoluble forms as the water chemistry changes. EPA argues
that it may be practically impossible to predict changes
in water chemistry and shifts in metal solubility. Therefore,
EPA has chosen to express water quality criteria in terms
of total metal.

3

Time of year

The time of year when a WQS violation occurs may affect
the violation's significance. According to numerous experts,
violations of bacterial standards set for swimming waters
usually have no significance during the cold winter months.

Water quality criteria are generally set to protect
the most sensitive life stages of aquatic organisms, such
as spawning and migration. When such activities are not
occurring, or in streams stocked with fish propagated else-
where, violations of such standards may not be biologically
significant. '
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Some violations may not
cause problems

The biological significance of a WQS violation depends
on the nature of the violation itself--its intensity, dura-
tion, frequency, and extent. In other words, a brief,
occasional, and slight violation in a small portion of
a water body is generally not as serious as a sudden,
intense violation over a major part of the water body. A
particular violation, therefore, may have no significant
biological effect.

The longer a potentially lethal concentration lasts,
the more fish may die as a result. Even when the concen-
tration is not potentially lethal, duration and fregquency
are important in determining biological significarnce.

EPA-recommended water quality criteria are set at
levels to protect aquatic populations from long-term effects
on reproduction, growth, and level of activity. These
criteria presume continuous exposure. Higher concentrations
may be reached occasionally, but briefly, for many pollutants
without causing damage. For example, changes in instream
ammonia levels, as well as movement of fish into and out
of ammonia-enriched waters, affect the exposure time
and consequently the effects on aquatic life. According
to an environmental consultant, large numbers of small,
sensitive fish have been known to concentrate just down—
stream from a fish hatchery where the ammonia level was more
than 11 times higher than the EPA-recommended criterion
(based on continuous exposure); further downstream, where
ammonia levels were much lower, fewer fish were found.

EPA is now recognizing the importance of duration in
assessing the significance of a violation. Although water
quality criteria are generally regarded as limits never to
be violated, no matter how briefly or slightly, EPA in
May 1978 proposed the concept of a twofold criterion--
an instantaneous maximum and a 24-hour average. In estimat-
ing the costs of controlling combined sewer overflows for
its 1978 Needs Survey, EPA recognized that duration was
important and used the following criteria for DO:

"The minimum receiving water dissolved oxygen
concentration shall not average less than 2.0
mg/l for more than 4 consecutive hours; nor
shall the minimum receiving water dissolved
oxygen concentration average less than 3.0 mg/l
for more than 72 consecutive hours (3 days).

In addition, the annual average receiving water
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dissolved oxygen concentratlon shall be greater
than 5.0 mg/1 for all waters which will support
warm water species and shall be greater than
6.0 mg/l for all waters which will support cold
water species.”

The extent of a violation may also be an important factor
in determining its biological significance. Violations in
only a portion of a water body may not be highly significant.
EPA's mixing zone 1/ guidance recognizes that limited areas
of degradation are less significant. This guidance permits
a State to allow poorer water quality (within certain concen-
tration limits) in a limited zone near a source of pollution,
as long as a zone of passage for migrating fish and other
organisms is protected and certain other conditions are met.

VIOLATIONS MAY BE
SOCIALLY INSIGNIFICANT

The environmental significance of WQS violations may
also depend on the social significance of the water body.
The social significance is determined by

—--the extent to which a water body is valuable to
someone for commercial or recreational purposes and

-—the availability of other water bodies providing a
similar use.

Some natural waters are
of little value to society

The significance of violations varies with the water
body's commercial or recreational usefulness to society.
This usefulness depends on the degree to which a water
body supports desired activities (such as fishing and
swimming) and on its accessibility to those who want to
use it.

Waters vary naturally in the amounts and kinds of fish
they support. The population of aquatic life naturally
found in one water body may be of a higher or lower value
than another water body. 1In particular, waters differ in
their ability to support game and pan fish, which are more
desirable for human use.

1/A zone of initial dilution in the immediate area of a
point or nonpoint source of pollution.
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Many natural factors affect the kind of quality of
fish supported. Some waters naturally support substantial
populations of trout or bass; others support primarily forage
fish such as minnows or rough fish such as carp. Some water
bodies (such as salt lakes) do not support any significant
fish life. Some streams are essentially dry ditches (except
when it rains) and are often useless as far as aquatic life
is concerned. Other intermittent streams, however, may have
deep holes that can sustain fish during long droughts. Some
streams are at times fully diverted for irrigation; others,
according to a Washington State official, are no more than
artificial channels for returning irrigation waters. Even
high-quality streams may be of limited value for fishing;
Washington State officials told us that many high mountain
streams are virtually without resident fisheries and that
many naturally go dry during part of the summer.

Waters also vary in attractiveness to swimmers. Some
streams are simply too dangerous for swimming because of
waterfalls, rapids, and dangerous currents. Others dis-
courage swimming because they are shallow, muddy, or cold.
Many streams dry up or nearly dry up in summer. New York
alone has over 3,000 intermittent streams that generally
cannot support swimming in the summer. Streams composed
of treated sewade (no matter how well treated) may discour-
age swimming for esthetic reasons despite their pleasant
appearance and acceptably low bacterial concentrations.

The usefulness of a water body for swimming or fishing
also depends on its accessibility. Social usefulness and
the significance of WQS violations are reduced by inaccessi-
bility. Some streams are almost inaccessible because of
canyons, steep slopes, or other physical barriers. Others
have no public access and some can be reached only by
a few hikers. Many are in low-population areas and receive
little use. Kansas WQS recognize the significance of
accessibility. Kansas has strict limits on coliform bacteria.
only where public swimming facilities are maintained.

Significance of violations is reduced if
other high-quality waters are available

The significance of a violation also varies with the
degree to which the water use in question is readily avail-
able in other nearby bodies of water. A violation that
limits the use of a specific water body for swimming or
fishing has less significance when it is located near other
swimming and fishing waters. In the State of Washington,
for example, State officials told us of a lake maintained

16




by wastewater flows. They said that nutrients in the sewage
promoted algae and weeds, which interfered with swimming.
However, the lake is an excellent fishery. According to these
officials, to make the water swimmable would require AWT (or
land disposal, which would be more cost effective but would
dry up the lake). They said that because a nearby lake is
available for swimming, this lake is maintained solely for
fishing.
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- CHAPTER 3

PREDICTING WATER QUALITY VIOLATIONS

BY USING MATHEMATICAL MODELS

IS VERY UNCERTAIN

AWT is usually justified on the basis of predictions
that without it WQS will be violated, at least during
summer droughts. These predictions, which are based
on mathematical modeling, may be made in the absence
of existing violations or before secondary treatment
is installed. We found, however, that current water
quality modeling is often unreliable-—too unreliable
to be used as the only justification for constructing
treatment facilities beyond secondary.

Mathematical modeling is very important for properly
predicting or estimating the level of treatment needed.
Modeling may be the only way to estimate the level of
treatment needed when there are no discharges from sewage
plants in the area or when determining the specific treat-
ment level needed beyond secondary. We believe modeling
has a place in making cost-effective environmental
decisions. However, our review indicates that substantial
improvement is needed.

Many of nature's processes are still not known well
enough to justify AWT through modeling. Mathematical models
that simulate DO levels in water are often difficult to
prepare. Often extensive information is needed and a great
deal of analysis is necessary to simulate a stream's
complex natural processes.

Many streams cannot be modeled; some, because
essential information is not available. However, EPA
believes that:

"While models currently in use do not attempt to
represent each and every process within an aquatic
system, those major processes that are significant
and relevant to the [AWT] decision are adequately
represented by those models."

We observed that modeling is poorly done in many
instances. Principal problems include

--neglecting or not fully understanding the impact
of nonpoint sources on water quality,
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--using unreliable or inadequate water quality
data, and

--failing to determine the model's predlctlve
reliability.

Some decisionmakers responsible for funding projects
for treatment beyond secondary seem to know that modeling
results are often imprecise. In some situations where
modeling results are suspected of being imprecise, decisions
are made to (1) construct less sophisticated facilities
than a model may specify, (2) phase in construction for
the AWT portions of new sewage treatment plants, and (3)
require stream surveys to assure reliable water quality
information.

MODELING IS A COMPLICATED PROCESS

The Clean Water Act requires that sewage treatment
plants must provide at least secondary treatment. 1In
many instances modeling is used to predict how much
additional treatment is needed beyond secondary. Modeling
predicts the amount of pollution that can be allowed without
violating WQS. Modeling involves the calculation of total
maximum daily loads of pollutants. The act explicitly
requires a margin of safety in the calculation of total
maximum daily loads to account for any lack of knowledge
about effects on water quality. These calculated loads
are then distributed among the point and nonpoint sources
of pollution through a process known as wasteload allocation.
The allocations are translated into pollution control
requirements through discharge permits, which set forth
the effluent limits that govern the design and operation
of treatment plants.

Mathematical models aid decisionmakers in ensuring that
pollutant discharges will not violate WQS. EPA estimated
that $10 million is spent annually on developing mathematical
models and special intensive stream surveys to obtain the data
required for modeling.

We discussed modeling problems with water quality
experts at the local, State, and Federal levels and reviewed

literature on mathematical modeling. We asked a member
of EPA's AWT Task Force 1/ to provide additional modeling

1/This task force is responsible for reviewing all prOJects

with incremental costs for treatment beyond secondary in
excess of $1 million. (See ch. 5.)
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information on 11 projects costing $202.1 million which

have incremental costs for treatment above secondary of $46.1
million. (See app. I.) EPA shares our belief that these proj-
ects reflect the quality of modeling work currently used to
justify AWT. EPA agrees that models have been misused in the
development of wasteload allocations and effluent limitaticns.
However, it says that most of the shortcomings have been
identified and remedial actions are being taken.

DO models for streams are among the simplest mathematical
models for estimating maximum daily pollution loads. The most
common models deal with only the DO component of water quality.
These models evaluate a stream's DO levels and the impact of
"various levels of pollutant discharges on future DO levels.
According to EPA officials, DO models have been researched
since the 1920s and are the most reliable type of model. We
concentrated our review on stream models of DO rather than on
models dealing with DO in lakes, reservoirs, and estuaries,
which are much more complex. Although it is recognized that
DO is just one component of water quality, other components
(such as toxic substances and nutrients) are usually ignored
in the most common models.

Models currently in use vary from simple "desk-top"
types to hiahly complex ones requiring a large computer to
perform the calculations. Simple or complex, all the models
for DO serve one common purpose--to predict whether supplies
of DO will be adequate during drought conditions once the
treatment plants are built.

An adequate supply of DO is important for two reasons:

~--Aquatic organisms must utilize oxygen that has been
dissolved in the water. Wherever it is important to
protect a stream's fishery. it is also important to
protect the fishery's oxygen supply.

--When waters lose all oxygen they often smell foul
and become septic. To protect the public, AWT must
ensure that streams never lose all DO.

Modelers must consider major factors
that are hard to determine

DO models keep track of a stream's oxygen supplies like
an accountant; they add the DO "income" and subtract the DO
"expenditures." Streams obtain oxygen from three major
sources:
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—--From oxygen already present in the water from other
sources.

--From the atmosphere by a process called atmospheric
reaeration, Water tumbling over rocks picks up much
more oxygen from the atmosphere than water lying in
deep, still pools. When ice covers the water in a
solid sheet, air is blocked off and generally the water
does not get oxygen from the atmosphere.

--From algae and other agquatic plants by a process
called biological reaeration. In sunlight plants
produce oxygen and add it to the water. At night
the plants breathe oxygen. thereby removing it from
the water.

Streams lose oxygen in three major ways:

--By oxidation of materials carried in the water.
As these materials decompose, they withdraw oxygen
from the water. Most models distinguish between two
kinds of oxidative decomposition: carbonaceous 1/
oxygen demand and nitrogenous 2/ oxygen demand.

--By decomposing muck in the streambed, a process called
benthic or sediment oxygen demand.

—--By nighttime loss of oxygen to plants living in the
water.

These six broad classes of oxygen income and expenditure
are not fixed constants; thev are highly variable rates.
Like some kinds of rates, they are a function of time. When
the oxygen income rate is fast and the oxygen expenditure rate
is slow, the stream will soon have a high net oxygen balance,
even if its starting balance was zero. Conversely, when a
stream expends oxygen more rapidly than its oxygen income
allows, it will eventually have a small net oxygen balance.
The net balance depends on how high the rates are and how long
they last. A short burst of high expenditure may do little
harm to the net oxygen balance, but a long spell of low

1/Readily oxidizable organic matter that is effectively
removed by secondarv treatment.

2/0rganic matter that is difficult to oxidize and is removed
by the AWT process of nitrification.
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expenditure may use up all the oxygen if the income is low.
Because the factors affecting DO levels in water are hard to
determine, the precision of a model depends to a large extent
on how well these factors are determined.

Biochemical oxygen demand
and ammonia measurements
require painstaking analysis

DO models require projections or data about biochemical
oxygen demand (BOD) and ammonia discharges, two very important
factors in oxygen consumption. BOD and ammonia measurements
allow the computation of the ultimate oxygen demand. These
are not easy measurements to make and require painstaking
effort.

One common measure of the amount of oxygen—-demanding
substances in a river is biochemical oxygen demand. When BOD
is carefully measured, analysts keep track of how much DO is
lost from the water day by day, usually for 5 days; if neces-
sary, they keep track for longer periods, such as 30 days.

Careful workers take pains to specify the kind of BOD:
the l-day BOD (the amount of DO consumed during 1 day), the
5-day BOD, the 20-day BOD, and so forth. BOD also depends on
temperature; at higher temperatures BOD is generally higher,
and at lower temperatures it is generally lower.

Temperature and time are two of the most important
factors affecting BOD, but others may also be important. For
example, many kinds of -metals dramatically lower BOD; tiny
traces of copper may cut the BOD in half. Whenever something
is done to reduce metal concentrations in a stream, BOD is
likely to increase sharply. Most laboratories measure
BOD at 20° C for 5 days, often diluting the samples with
distilled water (rather than with river water, which may
contain trace metals and other oxidation inhibitors).

Some laboratories add bacteria to BOD samples; others

do not. Each of these proced