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Overall, we support the adoption of revised water quality criteria for chloride to adequately protect
aquatic life in Pennsylvania. However, we have a number of concerns with the proposed criteria. Our
comment addresses the following concerns:

s DEP has the authority to adopt water quality criteria more stringent than the federal guidelines,
and is obligated to consider “the state of scientific and technical knowledge” when making such
determinations;

e The 1988 EPA criteria is based on outdated scientific data and methodologies;

e Adopting a set of criteria that would apply to all aquatic life uses fails to adequately protect those
four aquatic life uses as defined in 25 PA. Code § 93.3 (2009);

¢ There is a need for more chronic exposure studies and for studies that reflect Pennsylvania’s
particular aquatic life;

e The majority of chloride criteria were developed using data on NaCl toxicity, which is the least
toxic salt. However, continued Marcellus Shale exploration will expose Pennsylvania watets to
more toxic salts, such as MgCl, KCl, and CaCl;

¢ The increasing Marcellus Shale industry activity will produce wastewater that will contribute
high levels of chloride to streams and groundwater;

o The Commonwealth has already witnessed the devastating effect of high chloride concentrations
on aquatic life, such as the Dunkard Creek kill;

In light of the legal requirement to protect all aquatic life uses by utilizing the most current science,
implementing the British Columbia approach and criteria values is the only way to compensate for
some gaps in the scientific knowledge and still ensure the protection of Pennsylvania’s aquatic life
uses. This conservative approach compensates for the lack of scientific data while still adequately
considering the state of scientific knowledge and protecting all four aquatic life uses, but the
Department must still work to fill in the gaps of scientific knowledge about chloride’s impacts on
aquatic life. The Department should address the imminent need for good criteria now by adopting the
British Columbia values, and should move immediately to gather better toxicology data--especially
on chronic exposures--and a better understanding of the effects of environmental variables like
temperature and ion mixtures on chloride toxicity so that, at the next opportunity, the Department
will be prepared to update the science, propose an even better set of criteria to protect aquatic life
uses, and act as a leader in the field.
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RegComments(@state.pa.us
Re: Chapter 93 Ambient Water Quality Criterion; Chloride (Ch)

Dear Environmental Quality Board members,

Thank you for the opportunity to comment on the proposed revisions to Chapter
93 of the Pennsylvania Code noticed in the May 1, 2010 edition of the Pennsylvania
Bulletin, The University of Pittsburgh Environmental Law Clinic respectfully submits
these comments on behalf of our client, Clean Water Action, joined by the Sierra Club,
Earthjustice, the Three Rivers Waterkeeper, the Delaware Riverkeeper Network, and the
Pennsylvania Council of Trout Unlimited. Collectively, we commend the Environmental
Quality Board (the “EQB” or the “Board”) for recognizing the need to adopt revised
water quality criteria for chloride that will protect aquatic life in Pennsylvania, and we
strongly support the amendment of Chapter 93 to achieve that purpose.

However, the Board’s proposal to adopt chloride criteria that are more than two
decades old (“Proposed Chloride Criteria™) is far weaker than the science and the law
require. There are two major categories of problems with the Board’s Proposed Chloride
Criteria. First, since 1988, when the federal Environmental Protection Agency (“EPA”)
proposed its chloride criteria guidelines (the “1988 EPA Criteria”), which the Board has
proposed to adopt unaltered, there have been significant new scientific studies about the
toxicity of chloride and its effects on aquatic life, including some more recent studies by
EPA. These studies not only offer more reliable data and more appropriate
methodologies, but also reveal errors in the development of the 1988 EPA Criteria.
Second, the 1988 EPA Criteria were not designed to account for Pennsylvania’s water
quality regulatory scheme or its characteristic aquatic life communities and chloride
sources, and the Board’s uncritical adoption of those standards necessarily replicates
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those problems. The Proposed Chloride Criteria do not account for the fact that, with
respect to water quality standards, Pennsylvania designates four categories of aquatic life
as critical uses (cold water fishes, warm water fishes, trout stocking fishes, migratory
fishes), each of which deserves distinct chloride criteria values. The Proposed Chloride
Criteria do not account for the stream ecology of the Commonwealth, which consists of
distinct aquatic life communities and stream parameters. Also, the Proposed Chloride
Criteria do not account for those chloride sources that are especially significant to
Pennsylvania (and adjacent states) such as wastewaters from Marcellus Shale
development. Chloride criteria more stringent than the federal minima are amply justiﬁed
by the need to protect Pennsylvania’s aquatic hfe from elevated and more toxlc spe01es of

chloridefront gasdevelopment wastewaters. - e hmem

Drawing upon the expertise of the Stroud Water Research Center (the “Stroud
Center”), this comment, based on an expert report from the Stroud Center, recommends
that the Board use different criteria development methodologies to set different criteria
values that would actually protect all four aquatic life uses in Pennsylvania in accordance
with the law, and we recommend that the Board act quickly to adopt more protective
chloride criteria.

L. The Stroud Water Research Center provides expert support for this
comment.

Clean Water Action, along with the University of Pittsburgh Environmental Law
Clinic, Earthjustice, the Three Rivers Waterkeeper, the Sierra Club, the Delaware
Riverkeeper Network, and the Pennsylvania Council of Trout Unlimited jointly retained
the Stroud Center to evaluate whether the Proposed Chloride Criteria are adequately
protective of aquatic life uses in Pennsylvania. The Stroud Center’s expert report (the
“Stroud Report™), which is annexed hereto as Appendix A, finds flaws with the 1988
EPA Criteria, evaluates alternative criteria values and criteria development
methodologies, and recommends that the EQB propose chloride criteria that are different
from the 1988 EPA Criteria and that are adequately protective of aquatic life uses in
Pennsylvania in accordance with the law.

The Stroud Center is an internationally recognized research facility, specializing in
the examination of the physical, chemical, and biological processes of streams and rivers,
the life history of organisms, and the ecology of watersheds. The Stroud Center is staffed
by experts in the fields of chemistry, microbial ecology, invertebrate biology, watershed
ecology, and ecosystem modeling.

The scientists who prepared the appended expert report are nationally and
internationally recognized as experts in the field. Those scientists are:
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Dr. David B. Arscott, who is the Assistant Director and a Research Scientist at Stroud,
specializes in aquatic invertebrate ecology, water resource monitoring program
development, tropical river ecology, riparian and wetland ecology, ecohydrology,
landscape ecology, and surface-groundwater interactions. He has published a large
volume of scholarship on various topics within his field, including: the development of
river flow ecology; molecular tracers of soot and sewage contamination; the relationship
of major ions and nutrients to watershed conditions across a mixed-use, water-supply
watershed; and riverine landscape diversity.

Dr. John K. Jackson serves as a Senior Research Scientist at Stroud. He has produced
significant scholarship in the areas of sequential decision plans, benthic
macroinvertebrates, and biological monitoring; climatic change and the life histories and
biogeography of aquatic insects in eastern North America; freshwater biomonitoring and
benthic macroinvertebrates; and the transport of B.#.7. and its effect on drift and benthic
densities of nontarget macroinvertebrates in the Susquehanna River.

Dr. William Eldridge, an Assistant Research Scientist at Stroud, serves as the Principal
Investigator of the Fish Molecular Ecology Division. His research and scholarship
examines population viability of Chinook salmon following harvest selection; Fst
interpretation, a measure of genetic distance; genetic diversity-over multiple generations
of supplementation: an example from Chinook salmon using microsatellite and
demographic data; and long-term effects of translocation and release numbers on fine
scale population structure among coho salmon (Onchorhynchus kisutch).

The Stroud Center evaluated various sets of chloride criteria in the U.S. and
Canada; examined the available data and studies; and made several important
observations, including:

e There is a paucity of studies on chronic, long-term exposures of aquatic life to
chloride. Without more information on chronic exposures, setting an adequately
protective chronic criterion is difficult.

¢ Taxa selection in toxicology studies is a major factor in good criteria development.
Stroud notes that numerous studies utilized by the 1988 EPA Criteria were not
truly random and did not include particularly sensitive species, yielding less
protective criteria values.

e The majority of chloride criteria are dominated by data on NaCl toxicity, which is
the least toxic salt. Such data does not represent well the contribution of more
toxic non-NaCl salts from activities related to the coalbed methane and Marcellus
natural gas industries.
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¢ Without toxicology studies that are based on Pennsylvania’s aquatic life and
without a serious consideration of the role of temperature, it will be difficult to
protect all four aquatic life uses in the Commonwealth (coldwater fishes,
warmwater fishes, trout stocking, migratory fishes).

s The 1988 EPA Criteria are based on outdated data and methodologies.

e Various criteria development methodologies, like Iowa’s and British Columbia’s,
have desirable elements that could yield better criteria than the 1988 EPA Ceriteria.

Stroud notes that since publication of the 1988 EPA Criteria, more data and
methodologies have become available for use in developing criteria. At the same time,
Stroud also notes that there are still studies to be done (for, e.g., chronic exposure and
exposure to multiple salts), methodological considerations to be evaluated (for, e.g.,
better taxa selection for toxicology studies), and data to be collected. In light of the legal
requirement to protect aquatic life uses by utilizing the most current science, Stroud
concluded that the only way to compensate for some gaps in the scientific knowledge
about chloride’s impacts on Pennsylvania’s aquatic life would be to propose the
conservative approach implemented by British Columbia.

We incorporate the Stroud Report in this comment by reference.

Il. The Board has the authority to adopt water quality criteria more
stringent than those of the federal government.

The EQB has the authority and duty to “formulate, adopt, and promulgate such
rules and regulations as may be determined by the board for the proper performance of
the work of the department [of environmental protection]...” 71 P.S. § 510-20(b). The
Department of Environmental Protection (“*DEP” or “Department”) has the power to
develop reasonable regulations implementing the stated policy of the Clean Streams Law,
which provides that “[w]henever the department finds that any activity... creates a danger
of pollution of the waters of the Commonwealth or that regulation of the activity is
necessary to avoid such pollution, the department may... establish the conditions under
which such activity shall be conducted....” 35 P.S. §§ 691.5(b)(1), 691.402 (2009). The
conditions that the Department deems necessary to prevent water pollution and thereby to
implement the provisions of the Clean Streams Law “become the rules and regulations of
the department” upon adoption by the Board. 71 P.S. § 510-20(b); see Dep’t of Envii.
Protection v. North American Refractories Co., 791 A.2d 461, 462 (Pa. Cmwlith. 2002).

Section 303(c) of the federal Clean Water Act requires states to submit newly
adopted water quality standards to EPA for approval. 33 U.S.C. § 1313(c). EPA evaluates
proposed water quality standards, such as the proposed chloride criteria, for consistency
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with the requirements of the CWA. Id. § 1313(c)(3). A water quality standard should
“provide water quality for the protection and propagation of fish, shellfish and wildlife
and for recreation in and on the water and take into consideration their use and value of
public water supplies, propagation of fish, shellfish, and wildlife, recreation in and on the
water, and agricultural, industrial, and other purposes including navigation.” 40 C.F.R. §
131.2. Pennsylvania protects four aquatic life uses: cold water fishes (CWF); warm water
fishes (WWF); migratory fishes (MF), and trout stocking (TSF). 25 Pa. Code § 93.3
(2009).

Section 304(a) of the CWA requires EPA to develop and publish water quality
criteria that reflect the latest scientific knowledge “on the relationship that the effect of a
constituent concentration has on particular aquatic species and/or human health.” 33
U.S.C. § 1314(a), 40 C.F.R. § 131.3(c). Water quality criteria comprise elements of state
water quality standards and are expressed as constituent. concentrations, levels, or
narrative statements, representing a quality of water that supports a particular use. 40
C.F.R. § 131.3(b). Federal criteria are developed for the purpose of giving states
guidance on developing the proper criteria to protect their waters. Id. § 131.3(c). Each
aquatic life criterion consists of two components, which EPA defines as a criterion
maximum concentration (CMC) for acute protection and a criterion continuous
concentration (CCC) for chronic protection.1 In Pennsylvania, each component is further
defined in terms of magnitude, duration, and the maximum desired frequency of
occurrence. 25 Pa. Code § 16.21.

DEP is free to adopt regulations that are more protective than federal standards.
The Clean Streams Law empowers DEP to adopt regulations “as may be deemed
necessary for the protection of the purity of the waters of the Commonwealth, or parts
thereof, and to purify those now polluted, and to assure the proper and practical operation
and maintenance of treatment works approved by it.” 35 P.S. § 691.304 (2009). The
federal Clean Water Act specifically allows states to adopt and enforce “any standard or
limitation respecting discharges of pollutants” or any other requirement to control
pollution as long as the state rules are not “less stringent than the effluent limitation, or
other limitation, effluent standard, prohibition, pretreatment standard, or standard of
performance under [chapter 26]....” 33 U.S.C. § 1370(1) (2010).

Ill. Pennsylvania law requires protection of four distinct aquatic life
uses.

Whenever the Board proposes new water quality criteria, it must consider the
Clean Streams Law prohibition against the introduction of pollutants that cause harm to
“uses,” such as the aquatic life use of Commonwealth waters, in light of the current state

' EPA, WATER QUALITY HANDBOOK §3.1.2 (“Criteria for Aquatic Life Protection™) (last updated on
Friday, November 9, 2009), available at hitp://www.epa.gov/waterscience/standards/handbook/.
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of scientific knowledge on the impacts to such uses. See 35 P.S. § 691.1 (defining
“pollution” as “contamination of any waters of the Commonwealth such as will create or
is likely to create a nuisance or to render such waters harmful, detrimental or injurious
to...uses, including. ..fish or other aquatic life, including but not limited to such
contamination by alteration of the physical, chemical or biological properties of such
waters™); see also 35 P.S. § 691.5(a)(4) (requiring consideration of the state of scientific
knowledge in adopting rules and regulations). Section 93.3 of Title 25 of the
Pennsylvania Administrative Code defines the protected water uses for the
Commonwealth, which includes the aquatic life protected use. The Clean Streams Law
does not define the term “aquatic life use,” so the agency has defined it as comprising
four distinct uses: CWF, WWF, MF, and TSF.? There is no definition of aquatic life use
that is independent of the four uses listed in Table 1 of section 93.3. The Commonwealth,
therefore, must adopt acute and chronic criteria values for chloride that are specifically
protective of those four aquatic life uses. Pennsylvania has already recognized the unique
composition of each of these four aquatic ecosystems, and has accordingly set distinct
water qu%lity criteria values for dissolved oxygen and temperature that correspond to
each use.

There is a demonstrated correlation between temperature and chloride toxicity.
The Stroud Center reviewed research that evaluated the relationship between NaCl and
temperature on chironomid survival. The study concluded that chironomid survivals
increased as temperatures decreased. The Stroud Report notes that “[a]s temperature
increased, salt appeared to have an increasingly negative effect at decreasing
concentrations, until at 22°C, any amount of salt depressed survival significantly.”

Since Pennsylvania has already recognized that water bodies with specific
protected aquatic life uses must maintain certain temperatures to support their
‘ecosystems, and sound science supports a correlation between temperature and chloride,
the Commonwealth must assign acute and chronic criteria values that adequately protect
each individual aquatic life use.

In addition to temperature, the selection of certain species when conducting
toxicology studies during the criteria development phase factors into the protection of
different aquatic life uses. For example, the Stroud Report states that when developing
criteria values for CWF and TSF streams, studies that include the more chloride-tolerant
Daphnia species are not justified because they may expose rainbow trout to chloride
concentrations that approach chronic levels.’

225 PA. CODE §93.3 (2009).

? See 25 PA CODE §93.7 (2009).
* Stroud Report at 17.

> Id at 20.
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In other states with similar sets of aquatic life uses, the agencies have developed
numerical water quality criteria that vary with different aquatic life uses. The following
table consists of examples of states that have set use-specific criteria in correlation with
their aquatic life designations.® . In Iowa, for example, for each one-tenth change in pH,
there is a different allowance of ammonia for the different cold water aquatic life types
and the warm water aquatic life types. For example, at a pH level of 6.5, the acute
criterion levels of ammonia are 48.8 (WW-1, WW-2, WW-3) and 32.6 (CW-1. CW-2).
Determination of the chronic criterion is dependent upon both pH and temperature (in °C)
and whether or not there are early life stages present.

State Regulated Toxic Aquatic life use designations/amount permitted
Nebraska’ Ammonia and Warmwater class A; warmwater class B; coldwater class A;
metal/inorganics coldwater class B
Ohio" Ammonia, chlorine, Exceptional warmwater; warmwater; limited warmwater;
pH modified warmwater; seasonal salmonid; coldwater; limited
resource water
Maine® Bacteria Class AA waters (as naturally occurs); Class A waters (as
naturally occurs); Class B waters (64/100 ml(g.m.*) or 427/100
ml(inst. *); Class C waters (142/100 ml (g.m.*) or 949/100 ml
(inst.*)
Arizona" Suspended Adquatic and wildlife coldwater (80mg/L); aquatic and wildlife
sediment warmwater (80 mg/L); aquatic and wildlife ephemeral (no
standard); aquatic and wildlife effluent-dependent (no standard)
Idaho’’ Ammonia Cold water; salmonid spawning; seasonal coldwater; warm water;
modified
Kentucky™ Alkalinity Cold water aquatic life; warm water aquatic life
Iowa" Ammonia and other Cold Water aquatic life, type 1 {CW-1}; Cold Water Aquatic Life,
toxics type 2 (CW-2); Warm water aquatic life, type 1 (WW-1); Warm

water aquatic life, type 2 (WW-2); Warm water aquatic life, type
3 (WW-3)

* g.m., geometric mean,; inst., instantaneous level

¢ MEC Water Resources, Inc., Review of Aquatic Life Use Designations for Select States (Apr. 2008),
available at www.erc-env.org/Review of Aquatic Life Use Designations for Selected States_Final.pdf
(appended hereto as Appendix B).
7 117 NEB. ADMIN CODE Ch. 4 §003.02B2a(2)(b) (2009).
# OH10 ADMIN. CODE 3745-1-01

® 38 ME. REV. STAT. ANN 465

' ARIZ. ADMIN. CODE R18-11-109.

! IDAHO ADMIN. CODE r. 58.01.02.250
2 401 KY. ADMIN, REGS. 10:031
 JowA ADMIN.CODE 567-61.2(455B).
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These examples demonstrate the feasibility of establishing numeric criteria specific to
each aquatic life use. There is nothing about chloride that suggests a different approach.

In developing the 1988 EPA Criteria, the federal government did not consider the
four-part aquatic life use scheme that Pennsylvania uses today. However, federal
regulations specifically allow states to “adopt sub-categories of a use and set the
appropriate criteria to reflect varying needs of such sub-categories of uses, for
instance, to differentiate between cold water and warm water fisheries.” 40 CF.R. §
131.10(c) (emphasis added). The EPA’s 1985 Handbook also encourages the
development of use-specific criteria. The Handbook expressly states in the section on
aquatic life designated uses that “[i]f subcategories of [aquatic life designated use] are
adopted (e.g. to differentiate between coldwater and warmwater fisheries), then
appropriate criteria should be set to reflect the varying needs of such subcategories.
The table above demonstrates a series of states that have set appropriate criteria to reflect
varying needs of multiple aquatic life uses; Pennsylvania, with respect to dissolved
oxygen, has also adopted criteria specific to multiple aquatic life uses."

»14

If the Board believes that the 1988 EPA Criteria are sufficient, it must explain
why, given that the 1988 EPA Criteria do not correspond to different aquatic life uses.
Because EPA did not have Pennsylvania’s aquatic life uses in mind, and because the
Stroud Report points out the flaws in the toxicology studies used in 1988 and the absence
of consideration for temperature’s effects on chloride, the Board should address the lack
of adequate protection for multiple aquatic life uses in one of two ways. After accounting
for the varying degrees of chloride toxicity in CWF, WWF, TS and MF waters, the Board
should either choose the lowest, most protective criteria values and apply them to all the
aquatic life uses, or it should choose criteria values that correspond, based on the current
science, to each aquatic life use. Anything less will not adequately protect all critical uses
as required by law.

IV. Both EPA and DEP must consider current science in developing
water quality criteria.

The Board is required to exercise sound judgment and discretion when
implementing a declaration of policy, or when adopting rules and regulations. 35 P.S. §
691.5(a). When proposing water quality criteria, the Board must consider the following
five factors:

(1) Water quality management and pollution control in the watershed as a
whole; '

4 EPA, WATER QUALITY HANDBOOK §3.2.2 (“Aquatic Life”) (last updated on Friday, November 9,
2009).

1525 PA CODE § 93.7 (Table 3, setting different sets of dissolved oxygen levels for TSF, WWF and HQ-
CWEF). ‘
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(2) The present and possible future uses of particular waters;
(3) The feasibility of combined or joint treatment facilities;
(4) The state of scientific and technological knowledge;
(5) The immediate and long-range economic impact upon the
Commonwealth and its citizens.

Id. (emphasis added). The Department’s regulations acknowledge that it may
develop criteria for any substance not already included in the table of specific water
quality criteria and associated critical uses that “is determined to be inimical or injurious
to existing or designated water uses using the best available scientific information, as
determined by the Department.” 25 Pa. Code § 93.7(c).

The criteria development standards used by the federal agency in its Water Quality
Handbook to ensure that a sound scientific rationale exists for the federal minimum
criteria are also used during Pennsylvania’s development of criteria.'® Under the federal
scheme, chloride is a nonconventional pollutant because it is neither a conventional nor a
toxic pollutant.’” 33 U.S.C. 1311(b)(2)(F). Chapter 3.4.2 of the Water Quality Handbook
is entitled Criteria for Nonconventional Pollutants. 1t states in part that:

Criteria requirements applicable to toxicants that are not priority toxic
pollutants {e.g. ammonia and chlorine), are specified in the 1983 Water
Quality Standards Regulation (see 40 CFR 131.11). Under these
requirements, States must adopt criteria based on sound scientific rationale
that cover sufficient parameters to protect designated uses.

The relevant federal regulation, which embodies the policy stated in the Handbook,
provides:

States must adopt those water quality criteria that protect the designated
use. Such criteria must be based on sound scientific rationale and must
contain sufficient parameters or constituents to protect the designated

16 Phone conversation with DEP Attorney Tom Barron (Attorney, Div. of Water Quality Standards,
Pennsylvania Dept. of Environmental Protection) (Monday, June 7 2010). Mr. Barron said that when the
Commonwealth proposes water quality criteria that are identical to the federal guideline criteria, then the
relevant federal criteria development standards apply.

17 Under the federal scheme, there is a distinct set of criteria development standards that apply to
conventional and toxic pollutants, and also to nonconventional pollutants like chloride. Currently, the
DEP has no separate criteria development scheme for nonconventional pollutants, despite the fact that the
term is defined in section 92.1 of Title 25 of the Pennsylvania Code (“a pollutant which is nota
conventional or toxic pollutant™). The DEP should express clearly that when proposing criteria identical
to those provided by the federal government, the applicable criteria development standards from the
Clean Water Act would apply unless there are already Pennsylvania standards in place. In this case,
because of the absence of a Pennsylvania regulatory scheme that governs nonconventional pollutants like
chloride, the federal standards apply, but that is not stated anywhere in the DEP literature.
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use. For waters with multiple use designations, the criteria shall support the
most sensitive use.

40 C.F.R. § 131.11 (emphasis added). Federal regulations and the 1988 EPA Criteria
documents specifically authorize states to use a range of scientifically defensible methods
in establishing water quality criteria, including the adjustment of national criteria to
reflect site-specific information.'® ‘

In 1988, EPA published a 304(a) criteria document entitled “Ambient Water
Quality Criteria for Chloride — 1988.” EPA 440-5-88-001. Under these federal criteria,
levels of chloride at a minimum should be kept to an acute level of 860 mg/l and to a
chronic level of 230 mg/l. EPA’s water quality criteria represent the floor for state
requirements. The 1988 EPA Criteria recognize, however, that “in many situations States
might want to adjust water quality criteria developed under Section 304 to reflect local
environmental conditions and human exposure patterns before incorporation into quality
standards.”!” The Board must adjust the federal water quality criteria for chloride to
address the four aquatic uses designated by Pennsylvania law and, in doing so, should
ensure that proposed revisions to Chapter 93 accommodate local conditions in the
Commonwealth consistently with the best available science.

A. The current state of science does not support the 1988 EPA Criteria.

Since 1988, the science on chloride toxicity has changed dramatically. Significant
flaws are now apparent in the 1988 EPA Criteria studies, and more recent studies have
been published in peer-reviewed literature that the Board must consider in determining
the appropriate chloride criteria for Pennsylvania. As the Stroud Report demonstrates,
EPA did not have the benefit of new toxicity studies or criteria development
methodologies and did not adequately appreciate the need for safety factors for both
acute and chronic criteria, In addition, EPA did not account for the synergistic effects of
hardness, sulfate levels, or temperature, despite their well-documented influence on
chloride toxicity.

Moreover, EPA repeatedly has admitted the shortcomings of the 1988 EPA
Criteria. In 2003, the EPA published a document entitled “Draft Strategy: Proposed
Revisions to the ‘Guidelines for Deriving Numerical National Water Quality Criteria for
the Protection of Aquatic Organisms and Their Uses.”” That document declares the need
to rethink the 1985 water quality criteria development guidelines that were used to arrive

18 40 C.F.R. § 131.11(b); EPA, 1988 Ambient Water Quality Criteria for Chloride — 1988, EPA 440/5-88-
001, pg 009. '
1 EPA, 1988 Ambient Water Quality Criteria for Chloride — 1988, EPA 440/5-88-001.
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at the 1988 EPA Criteria.%’ Recently, EPA worked with at least one other state, lowa, to
assist in the development of better chloride criteria that more adequately protect aquatic
life. In 2009, Charles Stephan, the scientist responsible for reviewing the chloride
toxicology studies for EPA in 1985 and 1988, adm1tted that some of the studies used to
develop the 1988 EPA Criteria are no longer reliable.?’ Whatever scientific value the
1988 EPA Criteria had in 1988, they no longer retain that value in 2010. Therefore, the
Board may not simply adopt those criteria for future use in Pennsylvania.

B. The current state of science requires that conditions specific to
Pennsylvania be taken into account in developing chloride criteria

Because of Pennsylvania’s aquatic ecology and the various sources of chloride in
the Commonwealth, any attempt to develop chloride criteria that protect the four aquatic
life uses must consider a number of factors that were not considered by EPA in 1988.
Only by considering the following factors would EQB be considering the state of
scientific knowledge in 2010 and basing its criteria on sound scientific grounds:

Non-NaCl salts and ion synergies due to Marcellus activities.

When examining the 1988 EPA Criteria, the Stroud Center noted that although the
EPA conceded that salts other than NaCl, (such as MgCl, KCl, and CaCl) might have
more adverse effects on aquatic organisms, the EPA restricted itself to studies that
evaluated only NaCl’s impact. That limitation is especially relevant in Pennsylvania,
where the Marcellus Shale wastewaters contain disproportionately high amounts of non-
NaCl salts such as MgCl, CaCl, and KC1.* Not only are those non-NaCl salts often more
toxic to aquatic life than is NaCl, they can react in solution in a manner that impacts the
toxicity of chloride. Because the volume of Marcellus wastewaters is predicted to rise
significantly in the next decade, and because there now is some science available on the
toxicity of non-NaCl salts, EQB must take into account the contribution of the full range
of chlorides from the Marcellus Shale activities.

The relationship between chloride loadings in groundwater and chloride impairment in
hydrologically connected surface waters.

The United States Geologlcal Survey authored a detailed report that evaluated the
relationship between groundwater and surface water with respect to chloride levels.” The

 EPA, Draft Strategy: Proposed Revisions to the ‘Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses’ (2003), available at
http://'www.epa. gov/watersmence/crltena/athe/

2! Stroud Report at 10.

> Id at 20.

BUSGS, Chloride in Groundwater and Surface Water in Areas Underlain by the Glacial Aquifer System,
Northern United States, Scientific Investigations Report 2009-5086 (2009).
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report noted that increases in chloride loads in both groundwater and surface waters are
related to increases in road area and consequent deicing, increases in wastewater and
septic-system discharges, recycling of chloride from drinking water, and leachate from
landfills and salt storage areas. The report found a strong positive correlation between the
amount of chloride in aquifers and elevated, impairment levels of chloride in
hydrologically connected surface waters. Sites with maximum concentrations of chloride
greater than 230 mg/l in surface streams had base-flow concentrations of chloride greater
than 75 to 90 milligrams per liter, indicating that basins with high chloride concentrations
in groundwater or wastewater discharge were more likely to exceed the recommended
chronic criteria.?* As the repott mentions, some of the chloride loading in groundwater
arrives very slowly in the form of saline plumes from landfill sites and salt and brine
storage areas.” Considering the current state of scientific knowledge on the relationship
between groundwater chloride loadings and surface water chloride levels, any
development of chloride criteria to protect aquatic life uses in Pennsylvania must
consider the chloride levels in the Commonwealth’s aquifers both today and over time.
Such a consideration should entail taking a more conservative approach to criteria
development to compensate for both what is known and unknown about aquifers and
chloride in Pennsylvania.

V.  Other states have adopted water quality criteria more stringent than
the federal guidelines.

Pennsylvania would not be the first state to recognize the need to exceed the
federal standard. Subsequent to the release of the 1988 EPA Criteria, several states
adopted state-specific chloride criteria that exceed EPA’s recommended minimum.
Wisconsin established acute and chronic chloride criteria of 757 and 395 mg/l,
respectively, to protect fish and aquatic life. Wis. Admin. Code NR § 105.06. Illinois has
a total chloride criterion of 500 mg/l. Ill. Admin. Code, tit. 35 § 302.208(f) (2009).

Iowa provides an example of a state working with the EPA to develop chloride
criteria that are different from and more protective than the 1988 EPA Criteria and that
take into consideration the state’s particular needs. Iowa’s Department of Natural
Resources (IDNR) revised its water quality criteria for chloride in 2009. Prior to its
rulemaking, IDNR, working closely with EPA, performed a literature search and
discovered studies published after 1988, which indicated the need to collect additional
data to determine if four species used for toxicity testing actually were sensitive to
chloride. Consequently, EPA contracted with the Great Lakes Environmental Center in
Columbus, OH and 1111n01s Natural History Survey at Champaign, IL to perform
additional toxicity testing.® Towa then recalculated the acute and chronic chloride

* Jd at 32-33.
% Id at 32.
B EPA, Acute Toxicity of Chloride To Select Freshwater Invertebrates. (September 26, 2008).
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criteria based upon the new data.”” More details on the Iowa standard are available in the
Stroud Report in § 3.4.

VI. Recent developments in Pennsylvania demonstrate the need for
standards more stringent than the Proposed Chloride Criteria

The Board has a duty to propose and eventually adopt water quality criteria for
chloride that protect the four aquatic life uses for Pennsylvania. Pennsylvania already has
some chloride-related problems, such as road salt runoff, that are common to most
jurisdictions. However, Pennsylvania has chloride-related problems that are more
particular to the region. First, activities related to the Marcellus Shale industry contribute
significant amounts of chloride. Second, some of Pennsylvania’s streams, such as
Dunkard Creek, have recently suffered disastrous consequences of elevated chloride
levels. Third, the EQB should consider groundwater contributions to chloride loading.
Pennsylvania has a strong interest in adopting chloride criteria that are different and
better than the 1988 EPA Criteria in order to address the chloride-related problems in the
Commonwealth.

A. Marcellus Shale wastewater, which contains very high concentrations
of chloride with more toxic speciations of salt than those studied for
the 1988 EPA Criteria, must be taken into account when formulating
Pennsylvania’s chloride criteria for aquatic uses.

Prior to recent development of hydraulic fracturing, the natural gas contained
within Marcellus Shale underlying Pennsylvania was considered prohibitively expensive
to access. However, technological development, along with the rising cost of natural gas,
has led to increased interest in and development of the formation’s resources. It is
especially critical for Pennsylvania to develop adequate chloride criteria because of the
unique impacts that gas drilling in the Marcellus Shale pose for the Commonwealth. The
fracking fluids used for Marcellus Shale drilling operations and the resulting wastewater
will contribute high levels of salts generally, and higher levels of the more toxic
speciations of salt specifically, into Pennsylvania’s waters.

The Marcellus shale is of marine origin and naturally contains high levels of salt.
These salts are present in the formation brines that primarily consist of the chlorides of
sodium, potassium, calcium and magnesium.28 Most of these cations are essential
nutrients for organisms. Different organisms, however, have different requirements and
tolerances for these salts. Brines have elevated concentrations of these chloride salts,

%7 Jowa Department of Natural Resources, Water Quality Standards Review: Chioride, Sulfate and Total
Dissolved Solids, (February 9, 2009), available at http://www jowadnr.gov/water/standards/files/ws_review.pdf
(appended hereto as Appendix C).

2 Soeder, D, J. and Kappel, W. M., May 2009, Water Resources and Natural Gas Production from the
Marcellus Shale, USGS Fact Sheet 2009-3032, 5.
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which have proven to be toxic to organisms at such high levels. For several aquatic
species, potassmm calcium, and magnesium salts of chloride are more toxic as compared
with sodium.?

The stratigraphic section of the Appalachian Basin possesses deep basinal saline
brines. Oftentimes, potassium chloride, a metal halide salt composed of potassium and
chlorine, is added to the fracturing fluid as a clay stabilizer to prevent the swelling and
migration of formation clays, which could reduce pore space and subsequentl reduce
permeability.*® Generally, between four to seven million gallons of the water,”' along
with sand and fracking fluids, are required to extract gas from a Marcellus Shale drilled
well. Saline brine was observed in post-fracturing flowback fluids because of a breach
into an area of the shale that contains mobile brine.*? These brines possess total dissolved
solids (“TDS”) ranging from 9,990 to 343,000 mg/1 and chloride concentrations much
higher than seawater, ranging from 35,000 to 150,000 mg/L.** According to a study
conducted in 2009 by the Society of Petroleum Engineers, wastewater from Marcellus
Shale development has a sahmty comparable to modern-day hypersaline evaporates, in
terms of aqueous chemistry.>*

The waste fluids generated by Marcellus Shale drilling and fracturing are
considered industrial wastewater and are categorized as residual wastes. Generally, the
water is treated or disposed of in five major ways. First, it may be treated in municipal
waste treatment plants. However municipal waste treatment plants are usually not
adequately prepared or do not have sufficient technological capability to sufficiently
process the components of the solution. In addition, high chloride concentrations in
ﬁ‘acturmg wastewater could destroy the biological agents used to process municipal
waste.> Usually, even if flowback water is treated through the typical municipal water

 Evans, M. and C. Frick. 2001. The effects of road salts on aquatic ecosystems. NWRI Contribution
Series No. 02-308, National Water Research Institute and Umwmty f Saskatchewan, Saskatoon, SK,
Canada. 53 58.

w0 URS CORPORATION, WATER RELATED ISSUES ASSOCIATED WITH GAS PRODUCTION IN THE
MARCELLUS SHALE: ADDITIVES USE; FLOWBACK QUALITY AND QUANTITIES; REGULATIONS; ON-SITE
TREATMENT; GREEN TECHNOLOGIES; ALTERNATE WATER SOURCES; WATER WELL-TESTING (2009)
(hereinafter “URS CORPORATION™).

A Susquehanna River Basin Commission, Natural Gas Well Development in the Susquehanna River
Basin (Information Sheet), 1 (Jan. 2010) (available at
http://'www.google.com/url?sa=t&source=web&cd=5& ved=0CCkQFjAE&url=http%3 A%2F%2Fwww.sr
be.net%2Fprograms%2Fdocs%2FProjectReviewMarcellusShaleNEW)(1_2010).pdf&ei=7h4VTPKiD4H
knQfmh_STDA&usg=AFQjCNFsnl9®sYL.SLalD3nbTHFHriW21 A&sig2=gExim30HVVdk{Dmj544Uq
Q)

%2 URS CORPORATION at 12.

3 Pettyjohn, W.A., THE OHIO JOURNAL OF SCIENCE 71(5): 257, September 1971, p-258

34 Blauch, M.E., et al.at11.

¥ Wood, Mnchael & Sharon Ward. Responsible Growth: Protecting the Public Interest with a Natural Gas
Severence Tax. April 2009. Page 18. Accessible at
http://www.pennbpc.org/sites/pennbpc.org/files/Responsible%20Growth%620-%20PA%20 Severance

%20Tax.pdf.
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process, the systems are not sufficient to eliminate the potentially toxic levels of chloride.
Second, the solution can be disposed of in a deep injection well. This method is often
utilized in Texas, where flowback is injected into depleted oil and gas wells.
Pennsylvania’s unique geological composition makes this option less viable. The
limestone and shale underlying Pennsylvania contains naturally occurring fractures,
increasing the likelihood that the fracturing wastewater could migrate into drinking water
aquifers. Third, industrial wastewater treatment plants, such as crystallization and
evaporation plants, may be utilized to treat the wastewater. Fourth, wastewater
increasingly is being partially treated and reused as fracturing fluid. Finally, it may be
stored in open evaporation pits. This option is also less viable in Pennsylvania because of
the high annual rainfall.

There is a risk of contamination from these chemicals due to on-site storage of
flowback in pits prior to treatment or reuse. Such storage could result in a leak or spill,
contaminating surrounding surface waters. Similarly, inadequate well construction or
fracturing “out of zone™ can result in leaks from gas wellbores, allowing flowback to
contaminate aquifers.>®

The potential damage to aquatic habitats from unnatural chloride levels has been
devastating in Pennsylvania. The Dunkard Creek kill in September 2009 poisoned
innumerable fish and salamanders and completely eliminated mussels from the
ecosystem.”’ Experts cite the presence of P. parvum, a type of golden algae that produces
a potent toxin, as the main cause of the kill. Increased abundance of P. parvum is directly
related to increased salinity.”® As an even more recent example, the natural gas blowout
that occurred on June 3, 2010 in Chester County released over a million gallons of brine
and natural gas into the forest surrounding the well site. One expert analogized the
damage to “spraying saltwater all over the surrounding vegetation because the water on
site has a ‘very, very high’ content of salt and chloride.”™

Another concern stems from the quantity of water necessary for gas extraction.
Water management problems are increasing, especially during low flow months (July
through October) when millions of gallons of water are extracted from surface waters and
groundwater for use in the drilling and stimulating shale gas wells. Water usage during
these low stream flow months could decrease the assimilative capacity of surface water
for chloride and other toxics, thereby negatively affecting the aquatic life in those

3 Tom Meyers, Review and Analysis of DRAFT Supplemental Generic Environmental Impact Statement
on the Qil, Gas, and Solution Mining Regulatory Program Well Permit Issuance for Horizontal Drilling
and High-volume Hydraulic Fracturing to Develop Marcellus Shale and Other Low-permeability Gas
Reservoirs: September 2009. December 2009 at 14, 20 (on file with the authors).

% Reynolds, Louis. Update on Dunkard Creek. USEPA Region 3 Environmental Analysis and Innovation
Division. November 23, 2009. Page 1.

1. At 3.

% Tim Puko. Marcellus Blowout Sprays Gas in Clearfield County. PITTSBURGH TRIBUNE REVIEW.
Saturday, June 5, 2010.
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streams.”’ Adding chemicals to waters with decreased in-stream flow prevents sufficient
dilution and adds stress to an ecosystem already burdened by decreased water quantities.

Finally, unlike various other wastewaters, Marcellus Shale wastewaters contain
not just NaCl, but also other salts like MgCl2, CaCl2, and KCI. These non-NaCl salts are
more toxic to aquatic communities than is NaCl. The interactions among the cations of
those salts (Ca, K, Mg and Na) have a demonstrated impact on the level of chloride’s
toxicity.*' The fact that Marcellus Shale wastewaters contain non-NaCl salts could impact
Pennsyvlania’s aquatic life in a fundamental way unless their presence is accounted for
when developing chloride criteria for the Commonwealth.

B. Dunkard Creek conditions demonstrate existing chloride impacts on
Pennsylvania’s aquatic life.

Dunkard creek is an example of the sort of havoc that elevated chloride levels can
create. The Dunkard Creek watershed drains approx1mately 180 square miles in
Monongalia County in West Virginia and Greene County in Pennsylvania.** Beginning
on September 1, 2009, elevated levels of chlorides and other pollutants caused a massive
fish kill that spanned approximately 43 miles of stream. The contamination killed high
numbers of fish and salamanders, and completely eradicated the mussel population. After
the incident, Region 3 of the Environmental Protection Agency, along with the West
Virginia and Pennsylvania Departments of Environmental Protection and the
Pennsylvania Fish and Boat Commission sampled the creek. Louis Reynolds, a Fisheries
Biologist at Region 3 authored a report (“Dunkard Update™) evaluatmg the fish kill
generally and focusing ultimately on chloride’s contributions to it.*

The cause of the fish kill was an elevated salinity level that facilitated a substantial
bloom of a saltwater golden algae called Prymnesium parvum (“P. parvum”). P. parvum
produces a toxin capable of killing aquatic life. While P. parvum usually resides in
saltwater, it is now being found in brackish inland waters which elevated salinities are
both natural and anthropogenic. Since its discover in 2001 , P. parvum blooms have
killed over 30 million fish in 33 water bodies.

P. parvum blooms are associated increased salinity. Research demonstrates that
the dangerous toxm produced by P. parvum is dependent upon the availability of cations
like Ca*" and Mg?* in the surrounding water**—the very cations that are

4 M.B. Sweeney, McClure S., Chandler, S., Reber, C., Clark, P., Ferraro, J., Jacobs, P., Watta, D
Rogers, C., Bonnet, V., Shotts, A., Hess, S. Marcellus Shale Natural Gas: Environmental Impact.
Marcellus Shale Natural Gas Extraction Study 2009-2010. Pages 1-15.
! Stroud Report at 16.
2 § ouis Reynolds (Fisheries Biologist, USEPA Region 3), Update on Dunkard Creek (Nov. 23, 2009)
(“Dunkard Update” appended hereto as Appendix D).

B
“ 1dat3.
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disproportionately present in Marcellus Shale flowback, produced waters and
wastewaters.*’

Ultimately, the Dunkard Update focused on the contribution of chloride to the fish
kill. The Dunkard Update considered the kill incident to be one of chronic exposure
because chloride levels were elevated above the criteria (230 mg/L) for long periods of
time. Chloride levels during the kill in the area of the kill were in the range of 400 to
4,000 mg/L.46 In addition to chlorides, the Dunkard Update recognizes that the presence
of ion matrices (multiple anions and cations that, when in combination, have synergistic
properties and effects) contributed to the high dissolved solids load, ionic stress, and total
ion toxicity.

Once P. parvum is in an aquatic environment it is nearly impossible to eradicate it
since, with increasing total dissolved solids, freshwater algae that would otherwise
compete with P. parvum are too stressed and debilitated to compete. The Dunkard Update
concludes that the best way to avoid future fish kills as a result of P. parvum would be to
decrease the levels of both TDS and chlorides. It adds that there should be more efforts to
understand the effects of ion matrices present in Marcellus shale and coalbed methane
brines that contain more chloride. '

Conclusion

We agree with the Department and the Board that an imminent need exists for the
adoption of chloride water quality criteria that protect Pennsylvania’s aquatic life uses.
The Board can promptly meet that need by using the methodology developed by British
Columbia® to calculate acute and chronic values as described in conclusion number five
in the Stroud Report. The Stroud Center makes their recommendation by assessing the
current state of scientific knowledge on acute and chronic chloride toxicity. The most
recent acute toxicity studies were not considered in EPA’s 1988 acute criterion, which
makes the 1988 acute value the least protective of aquatic life out of all of the criteria
considered by the Stroud Center. “ A distinct lack of chronic toxicity studies for chloride
led the Stroud Center to conclude that a safety factor should be applied to chronic criteria
derived from the use of an acute to chronic ratio to adequately protect the most sensitive
aquatic species in Pennsylvania, such as trout and pollution-sensitive macroinvertebrate
species characteristic of CWF waters. The state of scientific knowledge on adequate
protection of aquatic life uses in Pennsylvania requires use of the British Columbia
methodology to set chloride criteria.

 Stroud Report at 3, 7, 15-16, 20.

* Dunkard Update at 3.

#” Ministry of Environment {British Columbia, Canada), Overview Report; Ambient Water Quality Guidelines for
Chloride {2003}, available at http://www.env.gov.bc.ca/wat/wq/BCguidelines/chloride/chloride.html (appended
hereto as Appendix E).
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The Department must implement a standard that is reflective of the current state of
scientific knowledge. In order to provide adequate protection to aquatic life uses,
individual criteria should be set to adequately protect each of Pennsylvania’s four aquatic
life use designations. In addition, the presence of Marcellus Shale development
wastewater makes the Commonwealth more vulnerable than other states to high chloride
loadings and greater chloride toxicity. The Dunkard Creek fish kill was a devastating
example of the impact chloride has on aquatic life. Not only will chloride levels be higher
because of Marcellus Shale wastewater, but it could also increase because of
contributions from groundwater. The Commonwealth should use the British Columbia
methodology described in the Stroud Report to adopt chloride criteria that will ensure
protection of Pennsylvania’s aquatic life uses. British Columbia acknowledged the lack
of a full set of necessary data and reacted by building in safety factors to ensure the
protection of aquatic life. In light of the legal requirement to protect all aquatic life uses
by utilizing the most current science, implementing the British Columbia approach and
criteria values is the only way to compensate for some gaps in the scientific knowledge
and still ensure the protection of Pennsylvania’s aquatic life uses. The Department can
choose to use the British Columbia values of 600 mg/L (instantaneous maximum) and
150 mg/L (average of 5 weekly measurements taken over a 30 day period), or it can
choose to use the Stroud Center’s recalculations of the British Columbia methodology-
based criteria that yield 564 mg/1(instantaneous maximum) and 91 mg/L ((average of 5
weekly measurements taken over a 30 day period). This conservative approach
compensates for the lack of scientific data while still adequately considering the state of
scientific knowledge and protecting all four aquatic life uses, but the Department must
still work to fill in the gaps of scientific knowledge about chloride’s impacts on aquatic
life. The Department should address the imminent need for good criteria now by adopting
the British Columbia values, and should move immediately to gather better toxicology
data--especially on chronic exposures--and a better understanding of the effects of
environmental variables like temperature and ion mixtures on chloride toxicity so that, at
the next opportunity, the Department will be prepared to update the science, propose an
even better set of criteria to protect aquatic life uses, and act as a leader in the field.

Once again, thank you for the opportunity to comment on the proposed water
quality criteria for chloride. Please feel free to contact us at (412) 648-1300 with any
questions or concerns. ‘
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1 Report Goal and the Proposed Pennsylvania Chloride Criteria

The Pennsylvania Environmental Quality Board has proposed to amend Table 3 in 25 Pa. Code § 93.7
(Specific Water Quality Criteria) which currently sets a Chloride (Ch;) criteria for Potable Water Supplies
at a maximum concentration of 250 mg/l. The proposed amendment adds chloride criteria (Ch,) for
Aquatic Life Uses for Cold Water Fishes (CWF), Warm Water Fishes (WWF), Migratory Fishes (MF), and
Trout Stocking (TSF) for chronic conditions not to exceed a four-day average of 230 mg/| and for acute
conditions not to exceed a one-hour average of 860 mg/l. Both chronic and acute criteria should not be
exceeded more than once every 3 years on the average. These criteria are identical to those
recommended by the US EPA (EPA 1988).

This report examines Pennsylvania’s currently proposed ambient water quality criteria for chloride for
the adequate protection of aquatic life uses in Pennsylvania. To that end, the report examines closely
the scientific rationale behind the 1988 set of chloride criteria set by the EPA (which the Environmental
Quality Board has decided to use as their criteria), and chloride criteria adopted by other states like
lowa, and the Canadian province of British Columbia. The report evaluates the methodologies utilized in
formulating the various sets of chloride criteria to determine which methodologies best protect aquatic
life uses of the Commonwealth’s water resources. The report addresses the chloride problem in the
Pennsylvania context in order to fashion a recommendation that will apply to the Commonwealth’s
particular issues. Finally, the report recommends that the Board propose a set of chloride criteria using
the British Columbia approach that is based on scientifically sound rationale and will adequately protect
aquatic life uses in Pennsylvania.

This report reflects the scientific opinion of three scientists at the Stroud Water Research Center, Drs.
D.B. Arscott, W.H. Eldridge, and J.K. Jackson after their review of the proposed standard, existing
standards (EPA, lowa, Ohio, Canada), and a substantial proportion of the scientific literature on chloride
in the environment and toxicity effects. This report was prepared during the 45-day review period
starting on 1 May 2010.

2 Introduction

2.1 Saltin nature

Salinity is the total concentration of salts in water. In chemistry, salts are ionic compounds that can
result from the neutralization reaction of an acid and a base. Salts are composed of cations (positively
charged ions) and anions (negatively charged ions). The component ions can be inorganic (such as
chloride), as well as organic (such as acetate: CH;COO'). There are several types of salt, but this report
focuses on the chloride-containing salts which include {but are not limited to) sodium chioride (NaCl},
calcium chloride (CaCl;), magnesium chloride (MgCl,), and potassium chloride (KCl). When dissolved in
water, these salts dissociate into their free ions (i.e., the cations Na*, Ca**, Mg**, K* and the anion CI’).

Aquatic organisms vary in their salt tolerance. Salt tolerance also varies depending on the specific cation
involved. For example, Ca* is essential for algal growth. Most plants require Mg since it is a
component of the chlorophyll molecule. Na* and K* are involved in ion transportation and exchange
across cell membranes in most organisms and chloride plays a role in the osmotic salinity balance and
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the exchange ions. However, an organism’s requirement for each of these varies from cation-to-cation
and from species-to-species and this results in different toxicity thresholds for each cation specific to
each organism of interest.

Organisms that tolerate a wide range of salinities are “euryhaline” and are typically present in estuaries
where salinities can change hourly due to tidal fluctuations, or are diadromous species that migrate
between fresh water and salt water. Stenohaline organisms can only tolerate a narrow range of
salinities. Stenohaline species can be further subdivided into those that live in low-salinity environments
(e.g., freshwaters) and those adapted to high salinity environments (e.g., marine systems). Prior to
selecting organisms for assessment of the toxicity of chloride or other salt-derived ions, it is important
to consider whether the organisms are known to be salt tolerant or salt sensitive or whether there are
other known life stages that may be adapted to different saline conditions (e.g., anadromous fish like
salmonids of the genus Oncorhynchus). Understanding general salt sensitivity is important because
developing chemical criteria to protect a broad array of aquatic organisms will only be successful if the
studies underpinning the criteria have focused on the proportion of taxa that will be the first to
experience its toxic effects. Since chemical toxicity is primarily related to concentration, this would
mean that the sensitive organisms would experience chemical stress at the lowest concentrations
compared to more tolerant organisms. Understanding each organism’s life history sensitivities is also
important since negative impacts to any component of the life history will typically result in a decrease
in survival of the population.

2.2 Sources and pathways of salt that enters aquatic ecosystems

Natural sources of salts to water resources include (1) the oceans; (2) the natural weathering of
bedrock, surficial materials, and soils; (3) geologic deposits containing halite, or saline groundwater
(brines); and (4} volcanic activity (Mullaney et al. 2009). Oceans typically contain about 19,000 mg/| of
chloride resulting in the atmosphere above the oceans being dominated Na* and CI". This results in the
deposition of Na* and CI" being highest along the coast. The contribution of wet deposition to natural
concentrations of CI” in streams in the northern US is estimated to be ~0.1 — 2.0 mg/ (Mullaney et al.
2009) varying with distance from the coast. In forested watersheds in the northern US, stream CI
concentrations typically ranged (as measured from 1991-2000 by USGS) from ~5-30 mg/! (approximated
25" and 75" percentile by eye from Fig. 15 in Mullaney et al. 2009). But in the snowy region of the U.S.,
natural sources represent only a fraction of the salt that enters the ground water and surface water.

Of the chloride salts discussed here {NaCl, CaCl,, MgCl,, and KCl), sodium chloride {(NaCl) is the most
commonly produced and used in environmental applications. Its primary environmental use is as a
deicing agent. NaCl is used to soften water in suburban and rural homes and ClI" is then released to
drainfields where it eventually flows to groundwater. Sodium chloride is also used as a food additive
and condiment, in manufacturing pulp and paper, setting dyes in textiles and fabrics, and the production
of soaps and detergents. In 2002, world production was estimated at 210 million metric tons (Feldman
2005). Magnesium chloride has many applications but its primary environmental use is as a deicing
agent and as a dust and erosion control agent. It is also used in the manufacture of textiles, paper,
fireproofing agents, cements, and refrigeration brine. Potassium chloride is primarily used as a fertilizer
but is also used in food processing, and as a sodium-free substitute for table salt or as an alternative
water softener. KCl is sometimes used in petroleum and natural gas operations. Calcium chloride is also
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used as an ice-melting compound and is more effective than NaCl at lower temperatures. The Salt
Institute states that the optimum temperature for ice melting by Na-, Mg-, and Ca-chloride is -6, -28,
and -67 °F, respectively (Salt Institute 2004). Other environmental uses for CaCl, include use in fire
extinguishers, in wastewater treatment as a drainage aid, in blast furnaces, in food processing (e.g.,
pickles), and in fabric softeners (as a thinner).

The common pathways through which salt enters ground and surface waters are atmospheric
deposition, the dissolution of deicing salts from normal use on streets, parking lots, highways, and other
paved surfaces; storage and handling of deicing salts; release of brines from oil and gas production;
leaching from landfills; the treatment of drinking water and wastewater; and discharge of wastewater
from treatments facilities and septic systems (Mullaney et al. 2009). The major anthropogenic sources
of CI" in surface waters of the US are deicing salt, urban and agricultural runoff, and discharges from
municipal wastewater plants, industrial plants, and the drilling of oil and gas wells (EPA 1988). The use
of salt in the US has increased from 42.9 million tons in 1975 to ~58.5 million tons in 2005. The major
use of salt in 2005 was for deicing of roads, parking lots, and other impervious surfaces (Mullaney et al.
2009).

Prior to 2005, the largest use of salt had been in the chiloralkali industry that produces chlorine and
sodium hydroxide (Mullaney et al. 2009). Potassium and sodium chloride salts are also a common
additive to hydraulic fracturing fluid used by the natural gas industry (GWPC 2009). The chemical
composition of the fracturing fluid can change when injected in the geological formation by chemically
dissolving other materials stored in the rock formation and the hydrocarbons being extracted. The
concentration of salts in fracking fluid can increase substantially in geological formations containing
large quantities of salt or formations derived from marine sediments, e.g., Marcellus Shales in NW and
SW PA. Chloride salts dissolved into this fluid may contain KCl, MgCl,, CaCl,, NaCl and/or other metal
chlorides. Unused fluid and the “flowback” fracking fluid is either reused or treated as waste. In some
instances, the treated fracking fluid may be permitted to discharge to surface waters. In this case,
permitted discharges of treated flowback from salt-laden geological formations may be of concern for
their chloride content.

2.3 Salinity trends in freshwaters

The salinity of many streams, rivers, and lakes in the northeast United States has been increasing over
the last couple of decades (Siver et al. 1996, Rosenberry et al. 1999, Kaushal et al. 2005b, Kelly et al.
2008, Gardner and Royer 2010). For example, CI" concentrations in stream baseflow of a NY stream have
increased by 1.5 mg/i/yr from ~15 to >40 mg/I CI over the 20-yr period 1985-2005 (Kelly et al. 2008). In
these NY tributaries to the Hudson River, the average annual input of NaCl was 1.4 million kg/yr (Kelly et
al. 2008). 83% was from road salt, 8% was from parking area salt, 4% was from sewage, and 3% was
from water softeners. Natural sources (i.e., wet and dry deposition and weathering) accounted for <1%
each. Minimally impacted watersheds in the NE U.S. probably typicaily had CI" concentrations < 30 mg/l
with many streams < 10 mg/| {estimated from Mullaney et al. 2009). Kaushal et al. (2005b) measured CI’
concentrations of up to 25% of the concentration of seawater in streams of Maryland, New York, and
New Hampshire. Rosenberry et al. (1999) measured CI' concentrations in a New Hampshire stream
changing from 3.5 mg/l in 1970 to 53 mg/l in 1994. Chang and Carlson (2005) surveyed tributaries of
Spring Creek (in PA) during spring snowmelt and documented peak CI" concentrations of 362 and 551
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mg/l CI" in two of ten tributaries sampled during the winter-spring of 2001-2002. Studies of road-side
wetlands have measured CI in ranging from 18-2700 mg/| (e.g., Benbow and Merritt 2004, Silver et al.
2009). The increases in CI" concentrations in freshwater in the northeastern US threatens salt-sensitive
biota and may result in the extirpation of certain species that may ultimately cause changes in
community structure and function (e.g., loss of algae, invertebrates, and fish) of these stream
ecosystems.

The type of water body has a significant impact on the chloride concentration. According to Evans and
Frick {2001}, the highest chloride concentrations in freshwater habitats are typically found in roadside
ditches where melt-water is concentrated (up to 19,135 mg/L, full strength sea water is about 19,250
mg/L). The next highest levels are in rivers and streams in populated areas with significant road salt use
{up to 4,310 mg/L). Small lakes and ponds typically have higher levels than larger lakes, but levels in
small lakes were below 200 mg/L. Lakes and ponds that are large and/or have many streams flowing in
and out have more dilution capacity than rivers and streams which keeps chloride concentrations low.
More stagnant lakes and ponds may slowly accumulate chloride salts and develop a saltier hypolimnion
(bottom strata) (Evans and Frick 2001).

There is a strong seasonal component to chloride concentrations. In 100 streams in the northern US
that were sampled 10 or more times for chioride between 1991 and 2004, the highest values were
generally found during the winter and spring months (Nov-April) coinciding with winter deicing activity
(Mullaney et al. 2009). High concentrations of chloride that occurred in late spring and summer when
there was no deicing activity may be due to the discharge of groundwater containing high
concentrations of chloride or could be related to wastewater discharges containing chloride during a
low-flow period.

In the same 100 streams as above, mean annual chloride loads were 6.4 tons/mi’ from the forested
basins, 15.4 tons/mi’ from the agricultural basins, and 88 tons/mi’ from the urban basins (Mullaney et
al. 2009). The median baseflow chloride concentration was 3.5 mg/L for forested basins, 21 mg/L for
agricultural basins, and 81 mg/L for urban basins {Mullaney et al. 2009). The maximum measured
chloride concentrations exceeded the EPA chronic criterion (230 mg/L) in 13 sites with urban land use
and 2 sites with agricultural land use. Six sites had concentrations greater than the EPA 230 mg/L in 10
% or more of the samples collected. At three sites, samples were greater than the acute criterion (860
mg/L). Significant terms explaining variability of chloride yield were highway density, number of major
discharges upstream of the monitoring site in the USEPA PCS database, potential evapotranspiration,
and the difference between the percent urban and agricultural land. Major discharges inciuded
municipal wastewater treatment facilities with discharges greater than 1 million gallons per day, and
other facilities that the EPA rates as major based on volume and type of pollutants and type of receiving
waters.

Data were available to test for temporal trends in chloride loading for 19 sites (Mullaney et al. 2009). At
three urban sites, increases in chioride load over time could be attributed to changes in the application
of deicing salts, the expansion of the road network and impervious surfaces that needed deicing,
increases in the number of septic systems, increases in the volume of wastewater discharge, and the
arrival of saline groundwater plumes from landfills and salt-storage facilities over time.
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Increased chloride concentration in groundwater is beginning to raise the baseline chloride
concentration in streams in rural areas. During the period 1986-2005, chloride concentration increased
1.5 mg/L per year and chloride export increased 33,000 kg/year in tributaries to the Hudson River (Kelly
et al. 2008). Road salt use and increased population density were not sufficient to account for the
increased CI'. Increase in streamwater concentration was more likely due to a lag effect of long-term
road salt use and subsurface buildup.

In the New York City drinking water supply watersheds, groundwater is a major contributor to streams.
Groundwater discharge accounts for at least 60% of total annual stream flow in the Croton watershed
(Heisig 2000). Chloride concentration in groundwater supplies exhibits a relatively linear relationship to
road-salt application rate or two-lane road density throughout the year. In surface-water supplies,
chioride concentration depends on salting intensity, soil type, climate, topography, and water volume,
with larger water bodies exhibiting fower concentrations through the process of dilution (Heisig 2000).
Deicing salts applied to roads during winter have been the primary source of solutes to groundwater in
the Croton watershed, where chioride concentrations in baseflow of sampled streams ranged from 18
to 280 mg/I (Heisig 2000).

Baseline chloride levels are also increasing in rural streams of the northeast that have not seen an
increase in road density (Baltimore MD, Hudson Valley NY, and Hubbard Brook NH) (Kaushal et al.
2005a). Possible causes are increased use of road salt and higher concentrations of chloride in
groundwater.

3 Review of Existing Chloride Criteria

3.1 EPA 1988 Criteria

The PA DEP has proposed criteria that are the same as those derived by the EPA in 1988. Therefore we
will use the EPA 1988 criteria as a starting point for this review.

In 1988, the EPA published a recommended Ambient Water Quality Criteria for Chloride (EPA 1988). To
prepare the criteria, they reviewed the available chloride toxicity studies in August 1985, and