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(7) Briefly explain the regulation in clear and nontechnical language. (100 words or less)

Section 303(c)(1) of The Clean Water Act requires that states periodically, but at least once every 3
years, review and revise as necessary, their water quality standards. This proposed rulemaking
constitutes Pennsylvania’s current triennial review of its water quality standards. The proposed
regulation will update and revise ambient water quality criteria in Section 93.7 Table 3 and Section

93 .8c Table 5.

In §§ 93.1, 93.4, 93.7 and 93.8, there are language or typographic corrections proposed to add clarity. In
§ 93.9a-93.9z, several changes to the drainage lists are proposed to clarify stream names, segment

boundaries, and to correct typographical and other errors.

(8) State the statutory authority for the regulation. Include specific statutory citation
The Pennsylvania Clean Streams Law, Act of June 22, 1937 (P.L. 1987, No. 394) as amended

35 P.S. § 691.1 et seq.
Section 1920-A of The Administrative Code of 1929, as amended, 71 P.S. § 510-20

Section 303(c)(1) and (2)(A) of The Federal Clean Water Act, 33 U.S.C.A. §1313(c)(1) and (2)(A)




(9) Is the regulation mandated by any federal or state law or court order, or federal regulation?
Are there any relevant state or federal court decisions? If yes, cite the specific law, case or
regulation as well as, any deadlines for action.

Section 303(c)(1) of the federal Clean Water Act and 40 CFR 131.20 require that states review
their water quality standards and modify them, as appropriate, at least once every three years. This
regulation fulfills this requirement for Pennsylvania’s triennial review of water quality standards. This
federal requirement is based upon recognition that the science of water quality is constantly advancing.
Its purpose is to ensure that standards are based on current science, methodologies, and US EPA
mandates, recontmendations and guidance. The federal mandate for states to develop water quality
criteria is found at section 303(c)(2)(A) of the Clean Water Act (CWA). When states develop standards,
they are required to designate uses of the waters involved and the water quality criteria for such waters
based upon such uses. The federal Clean Water Act requires the following factors to be taken into
consideration:

“Such standards shall be such as to protect the public health or welfare, enhance the
quality of the water and serve the purposes of this Chapter. Such standards shall be
established taking into consideration their use and value for public water supplies,
propagation of fish and wildlife, recreational purposes, and agricultural, industrial,
and other purposes, and also taking into consideration their use and value in
navigation.” 33 U.S.C.A. §1313(c)(2)(A).

The federal regulations describe the states’ obligations to develop criteria. Besides developing criteria
that protect designated uses, the criteria “must be based on sound scientific rationale and must contain
sufficient parameters or constituents to protect the designated use.” 40 CFR §131.11.

It is the objective of the Clean Water Act to "restore and maintain the chemical, physical and biological
integrity of the Nation's waters". A toxic substance discharged into a surface water will, in certain
quantities, degrade the chemical and biological integrity of the waters causing disease, death or
significantly reducing the reproductive capacity of native flora and fauna. To meet this obligation, and
the intent of the law, the Department regulates substances that degrade the integrity of the natural
biological community of our waters. ‘

(10) State why the regulation is needed. Explain the compelling public interest that justifies the
regulation. Describe who will benefit from the regulation. Quantify the benefits as completely as
possible and approximate the number of people who will benefit.

The purpose of developing the water quality standards is to protect Pennsylvania’s surface waters.
Pennsylvania’s surface waters, through the water quality standards program, are protected for a variety of
uses—drinking water supplies for humans, livestock and wildlife; fish consumption; irrigation for crops;
aquatic life uses; recreation; industrial water supplies and special protection. This regulation is
necessary to protect the water resources from the threat of toxic substances. All the citizens of this
Commonwealth will benefit from the regulation since it will provide the appropriate level of water
quality protection for all water uses.

Any reduction in the total toxic load in Pennsylvania waterbodies is likely to have a positive effect on
the human health of Pennsylvanians. This reduction will translate into an as yet unknown economic




benefit through avoided cleanup costs later in time as well as avoided costs for the treatment and caring
for persons with illnesses and disabilities that can be reasonably attributed to environmental
contaminants in surface water.

Reduced toxics in Pennsylvania’s waterways will likely increase recreational fishing and tourism to
swimming and fishing locations throughout the state. Health effects from eating contaminated fish may
reduce the value of the recreational fishery because the ability to consume fish may be an important
attribute of the overall fishing experience. These regulations would reduce bioaccumulative chemicals
of concern, such as acrolein, cis-1,2-dichloroethylene and phenols, that currently may affect fish and
wildlife throughout the state. Additionally, cleaner rivers and fish may lead to increased birding and
wildlife viewing opportunities, as the benefits of cleaner fish work themselves up the food chain,
resulting in substantial economic benefits. Persons who recreate on the waters and who fish, both for
sport and consumption, will benefit from better water quality protection.

A reduction in toxics found in Pennsylvania’s waterways may lead to increased property values for
properties located near rivers, streams or lakes. A 2006 study from the Great Lakes region estimated that
property values were significantly depressed in regions associated with toxic contaminants (PAHs,
PCBs, and heavy metals). The study showed that a portion of the Buffalo River region (approx. 6 miles
long) had depressed property values of between $83 million and $118 million for single-family homes,
and between $57 million and $80 million for multi-family homes as a result of toxic sediments.
“Economic Benefits of Sediment Remediation, ” http://www.nemw.org/Econ (last accessed January 14, 2013).
While this study related to the economic effect of contaminated sediment, the idea that toxic pollution
depresses property values is easily transferable to the waters of Pennsylvania. A reduction in toxic
pollution in Pennsylvania’s waters may have a substantial economic benefit to property values in close
proximity to waterways.

There are economic benefits to be gained by maintaining clean water for potable water supply use.
Water suppliers, and their customers, may benefit from lower pretreatment costs if water is withdrawn
that meets the surface water quality standards. Assuring the availability of clean water will cut down on
the costs to consumers for purchasing household pretreatment/water filtration systems and bottled water.
See “The Real Costs of Bottled Water,” San Francisco Chronicle, Feb. 18th, 2007, <
http://www.sfgate.com/green/article (last accessed November 15, 2012) which estimates the cost of
bottled water to be anywhere between 240 and 10,000 times more expensive than tap water. An
additional benefit to greater reliance on tap water is the reduction of containers that need to be recycled
or disposed of in landfills. Persons may incur a cost benefit by reducing their dependence on bottled
waters and household water filtration systems based on their confidence in source water quality.

By controlling toxics at the point of discharge, users downstream will not have to bear the costs
associated with cleaning up someone else’s discharge before the water can be used. For example, fewer
toxics in surface waters may reduce costs incurred by downstream surface water users who have to pre-
treat water for industrial or commercial use (i.e. food processors). Also, reductions at the point of
discharge reduce the costs for water suppliers who will have to treat water that is high in toxics at their
intakes to meet drinking water standards. Passing on the treatment to water suppliers will increase costs
to drinking water customers. Any intervening water uses such as irrigation and fish consumption,
between the point of discharge and the point of use, will be protected by limiting the amount of toxics
that may be discharged. Under these scenarios, multiple surface water users will benefit—industrial,
agricultural, commercial, and potable water users.




There are also economic benefits to be gained by having clearly defined remediation standards for
surface waters. Under Pennsylvania’s Land Recycling and Environmental Remediation Standards Act,
liability relief is available, by operation of law, if a person demonstrates compliance with the
environmental remediation standards established by the law. Surface water quality criteria are used to
develop remediation standards under the law. Persons performing remediation depend upon these
criteria to obtain a liability relief benefit under the law. An article in the Duquesne University Law
Review discusses the importance of liability limitation as “vital to the participation in the remediation
process.” The article recognizes that “liability protection provides the missing ingredient—financial
incentive—for undertaking the cleanup of an industrial site.” See “COMMENT: Pennsylvania's Land
Recycling Program: Solving the Brownfields Problem with Remediation Standards and Limited
Liability,” Creenan, James W. and Lewis, John Q., Duquesne University Law Review, 34 Duq. L. Rev.
661 (Spring 1996). Industrial land redevelopers will benefit from these regulations by having financial
certainty when choosing a surface water cleanup standard and by being eligible for liability relief under
state law.

(11) If data is the basis for this regulation, please provide a description of the data, explain in_
detail how the data was obtained, and how it meets the acceptability standard for empirical,
replicable and testable data that is supported by documentation, statistics, reports, studies or
research. Please submit data or supporting materials with the regulatory package. If the material
exceeds S0 pages, please provide it in a searchable electronic format or provide a list of citations
and internet links that, where possible, can be accessed in a searchable format in lieu of the actual
material. If other data was considered but not used, please explain why that data was determined
not to be acceptable.

Please see the attached rationale documents for specific literature reviews and citations.

Some studies were reviewed, but not used because they were determined to be incomplete for use in
calculating the corresponding criteria.

(12) Describe who and how many people will be adversely affected by the regulation. How are
they affected?

Persons proposing new or expanded activities or projects or applying for renewal of existing National
Pollutant Discharge Elimination System (NPDES) permits which result in discharges to waters of the
Commonwealth may be adversely affected by the regulations since they are required to provide effluent
treatment to meet limitations that are calculated based on the water quality criteria and surface water
uses. These regulations are intended to update the water quality standards for the Commonwealth and
may result in higher design engineering, construction, and treatment costs to meet the more stringent
criteria for selected parameters. Before a new criterion is used to generate an effluent limit in a permit,
discharge monitoring takes place that indicates whether the parameter is present at a level of concern.
The permit writer will develop an effluent limit which considers the water quality criterion as well as
other factors such as mass and flow, to develop the limit. Once that limit is developed, the discharge
will be measured against it. Although it is unknown at this time how many discharge facilities the new
standards will apply to, industries that might be affected are identified in the rationale documents
attached.




The following industries might be affected by this rulemaking:
For acrolein, persons who produce polyester resin, polyurethane, propylene glycol and acrylic acid and
who use it as an herbicide to control submersed and floating weeds and algae in irrigation canals.

For nonylphenol, persons who use-it as a chemical intermediate in the processing of other chemicals and
is also found in wastewater treatment plant effluent as a breakdown product from surfactants and
detergents.

For sulfonate compounds and resorcinol, persons who use detergents in industry, agriculture, coal
mining drilling fluid additives and formulations for oil recovery operations or persons who use it as a
chemical intermediate for the synthesis of pharmaceuticals and in the production of dyes and
plasticizers.

For phenols, persons who use it for conversion to plastics or related materials and who use it in creating
polycarbonates, epoxies, nylon, detergents, herbicides and pharmaceuticals.

For benzyl chloride, persons who use it as an intermediate in the processing of dyes, pharmaceuticals
and perfumes or in the production of synthetic tannins and as a gum inhibitor in gasoline.

For acrylamide, persons who use it as an industrial chemical in the production of polyacrylamides, which
are used as flocculants for clarifying drinking water and treating municipal and industrial effluents. It
may also be used by persons to improve production from oil wells, in making organic chemicals and
dyes, in sizing of paper and textiles, in ore processing and in the construction of dam foundations and
tunnels.

For 2-Butoxyethanol, persons who use it as a solvent in spray lacquers, enamels, varnishes and latex
paints and as an ingredient in paint thinners and strippers, varnish removals and herbicides. Persons may
also use it as a bulk additive in the hydro-fracking process.

For cis-1,2-dichloroethylene, persons who use it as a solvent for waxes, resins, polymers, fats and
lacquers.

For cyclohexylamine, persons who use it in boiler water treatment as a corrosion inhibitor, in rubber and
plastic synthesis, in agricultural chemicals and as an emulsifying agent.

For strontium, persons who use it in ceramics, glass products, pyrotechnics, paint pigments and
fluorescent lights. It is also produced in natural gas production.

For 1,2,4 and 1,3,5 Trimethylbenzene, persons who produce it in the petroleum refining process and who
use it as a solvent in coatings, cleaners, pesticides and inks.

(13) List the persons, groups or entities that will be required to comply with the regulation.
Approximate the number of people who will be required to comply.

See Question #12. Persons with new or existing discharges into surface waters of the Commonwealth
must comply with the regulation if the chemical is present in the dischargers effluent at levels that are
either toxic to humans or aquatic life. Although persons “required to comply” may overlap with the

5




same group of persons “adversely affected by the regulation,” some persons may volunteer to comply,
such as a person conducting a remediation, in order to obtain liability relief.

(14) Provide a specific estimate of the costs and/or savings to the regulated community associated
with compliance, including any legal, accounting or consulting procedures which may be required.
Explain how the dollar estimates were derived.

In accordance with thé federal Clean Water Act, the Department is not to consider achievability or the
cost of compliance when developing water quality criteria. (Please see # 9) As for implementation of
these criteria, please consider the following:

Where a water quality standard exists for a pollutant, and in the Department’s judgment the discharge of
such pollutant from a point source will be at a concentration that has the reasonable potential to exceed
that standard, the Department is required to establish monitoring requirements and/or water quality-
based effluent limitations for the pollutant in an NPDES permit. These effluent limitations are calculated
based on the water quality criteria. However, there are factors that may be considered by the Department
under the Clean Water Act that may result in the modification of such effluent limitations or the deadline
by which compliance with limitations must be achieved. Based on site-specific evaluations and
economic considerations, effluent limitations developed based on new water quality criteria may be
modified, or more time for compliance may be granted under applicable regulations.

Accurate costs and savings, however, cannot be determined at this time since such cost analysis is based
on site-specific considerations that must be evaluated on a case-by-case basis.

There is one area of costs that the Department can provide. The following is a summary of analytical
laboratory costs based on the analytical method used. The information was obtained from the National
Environmental Methods Index (NEMI) web-site. This web-site can be used to access most EPA
approved analytical methods: www.nemi.gov

Analytical Method | Relative Cost Analytes

EPA 8316 $0 50 Acrylamide

EPA 5030C $51-200 Cyclohexylamine
1,4 — Dioxane
Acrolein

Cis 1,4-dichloroethylene
2-butoxyethanol

Benzyl Chloride

EPA 6410B $201 - 400 Phenol

Sulfonic acids

EPA 8015C $201 - 400 1,4 — Dioxane

Acrolein

EPA 8260B $201 - 400 Trimethylbenzenes
Benzyl Chloride

EPA 8270D $201 - 400 Phenol

Resorcinol
2-butoxyethanol

EPA 1624 >$400 1,4 — Dioxane
Trimethylbenzenes
Cis-1,4 dichloroethylene
2-butoxyethanol

EPA 1625 > $400 Acrolein
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(15) Provide a specific estimate of the costs and/or savings to local governments associated with
compliance, including any legal, accounting or consulting procedures which may be required.
Explain how the dollar estimates were derived.

Entities within local governments may be responsible for operating and maintaining publicly owned
sewage treatment facilities (i.e., publicly owned treatment works--POTWSs). Such facilities require
NPDES permits for discharges of effluent to surface waters of the Commonwealth. Such permits require
the collection of effluent samples and analyses of pollutant concentrations and often have specific
limitations on the concentration or amount (mass) of pollutants that may be discharged to the receiving
waters. '

The water quality standards established in Chapter 93 are used within DEP modeling applications that
use statistics and site-specific information to compute pollutant limitations for permits. Where
limitations are not established, DEP may still require monitoring of pollutants in permits if it is believed
that the pollutant is “of concern” and should be evaluated at some later time. In both cases (limits and
monitoring), a cost is incurred by the NPDES permittee to achieve compliance. DEP’s analysis of these
regulatory changes to Chapter 93 water quality standards has resulted in a finding that for the majority of
the changes, there is no anticipated fiscal impact to local governments, as the pollutants are not typically
established as limitations or monitoring requirements in NPDES permits for sewage facilities. To the
extent that such pollutants are found in POTW effluent, the industrial sources of the pollutants, which
are connected to the POTW, may be subject to pretreatment programs to prevent them from entering the
POTW at toxic levels.

(16) Provide a specific estimate of the costs and/or savings to state government associated with the
implementation of the regulation, including any legal, accounting, or consulting procedures which
may be required. Explain how the dollar estimates were derived.

This regulation is based on and will be implemented through existing Department programs, procedures
and policies. There are no additional implementation costs associated with this regulation. The
Department does not expect other state agencies to experience any costs associated with any legal,
accounting or consulting procedures.




(17) In the table below, provide an estimate of the fiscal savings and costs associated with
implementation and compliance for the regulated community, local government, and state
government for the current year and five subsequent years.

FY +1
Year

Current FY
Year

FY +2
Year

FY +3
Year

FY +4
Year

FY +5
Year

SAVINGS:

$ $

$

$

$

Regulated Community

Not
Measurable

Local Government

[43

State Government

[13

Total Savings

[43

COSTS:

Regulated Community

Not
Measurable

Local Government

(13

State Government

(43

Total Costs

<

REVENUE LOSSES:

Regulated Community

Not
Measurable

Local Government

[13

State Government

43

Total Revenue Losses

(43

(17a) Provide the past three year expenditure history for programs affected by the regulation.

Program

FY -3
(2009-10)

FY -2
(2010-11)

FY -1
(2011-12)

Current FY
(2012-13)

Environmental Protection
Operations
(160-10381)

84,218,000

78,021,000

77,359,000

74,547,000

Environmental Program

Management
(161-10382)

31,100,000

28,881,000

27,755,000

24,965,000




(18) Explain how the benefits of the regulation outweigh any cost and adverse effects.

Please see question 10 for a complete description of the benefits of the regulation. Overall, the benefits
to the citizens of the Commonwealth will accrue from protecting the surface waters of the
Commonwealth for a multitude of water uses. Pennsylvania’s surface waters, through the water quality
standards program, are protected for a variety of water uses—drinking water supplies for humans,
livestock and wildlife; fish consumption; irrigation for crops; aquatic life uses; recreation; industrial
water supplies and special protection. This regulation is necessary to protect the water resources from
the threat of toxic substances.

Protection of water quality, up front, reduces the need for costly remedial measures that are often
difficult to retrofit. In addition, maintenance of water quality eliminates the need for spending taxpayer
dollars to meet additional regulatory obligations such as federally mandated total maximum daily loads
(TMDLs). If a waterbody becomes impaired and is not meeting its protected water uses, the
Commonwealth will be obligated to develop TMDLs and impose more stringent water quality standards.
By maintaining the appropriate water quality to protect the uses, this additional cost can be avoided.

Adverse effects associated with the adoption of new criteria may take the form of additional treatment
requirements. Sometimes these requirements require costly upgrades. If new criteria apply to a facility
and if treatment requirements require significant and costly changes operationally, there are regulatory
mechanisms in place, through the NPDES permitting program, to manage an appropriate schedule for
meeting the new standards.

(19) Describe the co_mmuﬂications with and input from the public and any advisory council/group
in the development and drafting of the regulation. List the specific persons and/or groups who
were involved.

The Water Resources Advisory Committee (WRAC) was briefed on the scope of the regulation at the
July 14, 2010 meeting, and provided on-going updates on the review and regulatory development at the
April 13, June 15, July 13, October 13, and December 16, 2011 meetings, three of which were special
meetings dedicated to the triennial review. WRAC was also provided a draft of the proposed regulatory
amendments prior to the December 2011 meeting, so they could consider the amendments and make
recommendations at the January 11, 2012 meeting. On January 11, 2012, the Department’s Water
Resources Advisory Committee (WRAC) voted to present this rulemaking package to the Board. In
addition, the Department provided to the Agricultural Advisory Board (AAB) on August 17,2011 a
regulatory agenda that included the triennial review of water quality standards, but the AAB declined the
need for their consideration at their regularly scheduled October 19, 2011 meeting.

In addition to the above WRAC meetings, an ad hoc committee of WRAC met on August 27 and 29 of
2012 to discuss the science associated with the development of certain proposed water quality standards.

The public was afforded the opportunity to comment on the proposal during a public comment period,
which also provided for public hearings.

Following closure of the public comment period for the proposed rulemaking, WRAC, in coordination
with the Department, initiated an Ad hoc workgroup to discuss two aspects of the triennial review




proposed rulemaking for revisions to Chapter 93, Water Quality Standards. An Ad hoc workgroup met
on August 27, 2012 to discuss the proposed sulfate aquatic life criterion, and again on August 29, 2012,
to allow for scientific information to be presented on the aquatic life and human health criterion for
molybdenum.

The draft final regulation was discussed with WRAC at its November 28, 2012. WRAC approved
moving forward with development of final rulemaking for consideration by the Environmental Quality
Board.

(20) Include a description of any alternative regulatory provisions which have been considered
and rejected and a statement that the least burdensome acceptable alternative has been selected.

There were no non-regulatory alternatives available to consider in this case.

In addition to the flexibility afforded by the regulatory mechanisms in the NPDES permitting program,
the water quality regulations include a provision that allows for the development of site-specific water
quality criteria, in lieu of the statewide criteria, under certain circumstances. In particular, if site-specific
biological or chemical conditions of the receiving waters differ from the conditions upon which the
statewide criteria are based, the Department will consider a request for site-specific criteria. A
discharger has the opportunity to weigh the costs of developing a site-specific standard against the usage
of an existing statewide standard.

(21) Are there any provisions that are more stringent than federal standards? If yes, identify the
specific provisions and the compelling Pennsylvania interest that demands stronger regulations.

No. The regulations are not more stringent than the companion federal standards allow. Under federal
law, surface water quality standards are primarily a state responsibility. EPA provides oversight and
guidance and approves state standards for surface water, but does not promulgate standards that apply
nationwide. Where a state’s standards are inadequate, EPA will promulgate standards for the state.

(22) How does this regulation compare with those of other states? How will this affect
Pennsylvania’s ability to compete with other states?

Other states are also required to maintain water quality standards with similar requirements, and must
review those water quality standards at least once every three years. The triennial review process is
specific to each state, and must address the specific environmental issues and needs of that state. Each
state’s water quality standards program must consider the best available science in developing standards
that will protect their specific designated and existing uses. The amendments will not put Pennsylvania
at a competitive disadvantage to other states.
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(23) Will the regulation affect any other regulations of the promulgating agency or other state
agencies? Ifyes, explain and provide specific citations.

No other EQB regulations or state agencies’ regulations are affected by this regulation.

(24) Submit a statement of legal, accounting or consulting procedures and additional reporting,
recordkeeping or other paperwork, including copies of forms or reports, which will be required
for implementation of the regulation and an explanation of measures which have been taken to
minimize these requirements.

No additional reporting, record keeping, or other paperwork will be required. No new procedures are
being developed with this regulation. New parameters will be added to already-existing Discharge
Monitoring Reports.

(25) Please list any special provisions which have been developed to meet the particular needs of
affected groups or persons including, but not limited to, minorities, elderly, small businesses, and
farmers.

There are no such provisions in this proposed regulation. Similar to the range of costs associated with
large businesses, compliance costs for small businesses will vary widely depending on the compliance
strategy of the affected entity (e.g., increased treatment, optimization of treatment process, pollutant
reduction strategies/best management practices, additional monitoring, and implementation tools).

(26) Include a schedule for review of the regulation including:

A. The date by which the agency must receive public comments: _3rd quarter 2012

B. The date or dates on which public meetings or hearings
will be held: during 45-day comment pd

C. The expected date of promulgation of the proposed
regulation as a final-form regulation: 2" quarter 2013

D. The expected effective date of the final-form regulation: 2™ quarter 2013

E. The date by which compliance with the final-form
regulation will be required: same

F. The date by which required permits, licenses or other
_approvals must be obtained: whenever permits/approvals are
issued or renewed, after rule is
published as final in PaB
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(27) Provide the schedule for continual review of the regulation.

This regulation will be reviewed in accordance with the sunset review schedule published by the
Department to determine whether the regulation effectively fulfills the goals for which it was intended.

Also, since there is a federal Clean Water Act requirement to review, and revise as necessary, the
Commonwealth’s water quality standards at least once every three years, there is inherently a schedule
built in for continual review of this regulation.
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02/01/13

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION
BUREAU OF POINT AND NON-POINT SOURCE MANAGEMENT

RATIONALE FOR THE DEVELOPMENT OF
AMBIENT WATER QUALITY CRITERIA FOR

DISSOLVED OXYGEN
PROTECTION OF AQUATIC LIFE USE

Revised 02/01/13

Statement of Issue

Aquatic life in Pennsylvania freshwater waterbodies are currently being protected from adverse
impacts associated with low dissolved oxygen by four categories of dissolved oxygen criteria
(DO), which is found in PA Code Chapter 93.7 Table 3. Only slight revisions have been made to
the numerical component of the dissolved oxygen aquatic life criteria since the Department of
Health Sanitary Water Board adopted their Rules and Regulations in 1967. Since then, many
new resources of new scientific literature and information have been made available, including
EPA’s review of literature that resulted in a dissolved oxygen criteria recommendation in the
“Quality Criteria for Water 1986 (also known as the “Gold Book™). Based on the availability of
updated scientific studies and recent concerns about the appropriateness of the current dissolved
criteria, a review of the current information regarding dissolved oxygen requirements of aquatic
life was undertaken.

Background

Dissolved oxygen refers to the oxygen gas that is dissolved in the water and made available to
aquatic life. Oxygen gets into the water by diffusion from the surrounding air, by aeration from
moving water or as a product of photosynthesis. The solubility of oxygen in water is highly
dependent on the temperature of the water, but is also affected by atmospheric pressure and
salinity. Dissolved oxygen fluctuates diurnally in a freshwater ecosystem due to photosynthesis
and respiration. Additionally, DO fluctuates seasonally mostly due to change in water
temperatures.

DO requirements for aquatic organisms were highly studied until the 1980°s. As such, there are
many peer-reviewed studies on the topic. The abundance of literature relating to lethal and sub-
lethal effects is helpful to understanding the deleterious effects of low dissolved oxygen
concentrations. Many lab experiments studying DO requirements of fish focused on determining
minimum DO concentrations necessary to avoid mortality in both adult and larval stages of
fishes. Other field and lab studies that examined sub-lethal effects of varying DO conditions
have shown stress responses in the form of avoidance, decreased swimming performance,
reduction in metabolic rate, reduced growth, and changes in behavior that may increase risk of
predation. Additionally, low DO concentrations have been shown to prevent spawning, and






