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Clean Water Action supports implementation of the proposed water 
quality standard for chlorides as contained in the Triennial Review of 
Water Quality Standards. There is a strong need for the chloride standard 
to be implemented due to existing discharges of chloride in several 
watersheds in the state. As recently as June, 2012, multiple wastewater 
treatment plants have reported to DEP discharges of chlorides exceeding 
70,000 mg/L, several times saltier than seawater. 

DEP's current draft proposal to utilize the chloride standard developed in 
Iowa in 2009 improves upon DEP's proposal in 2010 which was based on 
EPA's standard developed in 1988. The Iowa standard incorporates both 
more recent scientific knowledge, and in particular recognizes the 
relationship between chloride toxicity, the presence of sulfates, and 
hardness. 

Clean Water Action recommends that EQB support the adoption of a 
safety factor for the chronic criteria prior to finalization ofthe standard in 
order to ensure that all uses will be protected. The safety factor is 
necessary due to lack of several factors not accounted for in the Iowa 
standard. Most notably, the Iowa standard is based solely on the toxicity 
of chlorides of sodium, while there is considerable evidence that chlorides 
of potassium, magnesium, and calcium have a greater toxic effect. In 
addition, a safety factor should encompass the current scientific 
uncertainty ofthe chronic effects of chloride on aquatic life. 
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Re: Comments by Clean Water Action on the Triennial Review of Water Quality Standards; 
Chloride Criteria 

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 July 7, 2012 edition of the Pennsylvania Bulletin (42 Pa.B. 
4367). The University of Pittsburgh Environmental Law Clinic respectfully submits these 
comments on behalf of our client, Clean Water Action, along with an expert report by the 
Stroud Water Research Center. Clean Water Action supports the proposed criteria for chloride, 
but recommends the inclusion of a margin of safety for the chronic chloride criterion based on 
the current state of scientific and technical knowledge as fully described in the attached Review 
of the 2012 Proposed Water Quality Criteria for Chloride for the Protection of Aquatic Life In 
Pennsylvania by the Stroud Water Research Center.1 In addition, as anticipated by the triennial 
review process, Clean Water Action fully expects that any future studies related to the acute or 
chronic aquatic life impacts of chloride will be incorporated into the chloride criterion every 
three years. Clean Water Action commends 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 strongly supports the amendment of Chapter 93 to 
achieve that purpose. 

1 We incorporate the Stroud Review, attached to this comment as Attachment A, into this comment in its 



I. An Immediate Need for a Chloride Water Quality Criterion Exists in 
Pennsylvania. 

Currently, Pennsylvania's only existing numeric criteria for chloride protects a single 
use: potable water supply uses at the point of a water supply intake. Aquatic life uses between 
water supply intakes or in waters of the Commonwealth without a water supply intake are 
unprotected without a thorough investigation of potential violations of Pennsylvania's 
antidegradation policy. The lack of a numeric criterion to protect aquatic life uses of 
Pennsylvania's waters has resulted in surface water discharges of chloride in levels that far 
exceed the typical chloride concentration of seawater at 19,000 mg/l.2 

In June of 2012, a single wastewater discharger reported a maximum daily effluent 
concentration of 73,726 mg/l of chloride into McKee Run.3 The same discharger reported an 
average monthly concentration of 73,202 mg/l of chloride discharged to McKee Run.4 Similarly, 
in June of 2012, Blacklick Creek experienced a maximum daily discharge of 78,179 mg/l of 
chloride and an average monthly discharge of 74,411 mg/l of chloride.5 These discharge 
concentrations of chloride are unlimited in each respective NPDES permit because of the 
extraordinary distance from the point of discharge to the point of intake for downstream water t 

supplies. In one recent Response to Public Comments on a draft NPDES permit, the Pepartment 
stated that "[t]he Department recognizes the toxic effects of Chloride on aquatic life. Presently, 
the Department evaluates and controls fee toxic effects of chloride indirectly through 
application of a water quality criterion for osmotic pressure."6 Numeric criteria addressing the 
aquatic life impacts of chloride is necessary to allow permit writers to evaluate and control the 
toxic effects of chloride directly. 

II. Adoption of the Iowa Criteria with a Margin of Safety fulfills DEP's Statutory 
Obligations Given the Immediate Need for a Numeric Aquatic Life Criterion. 

The Board must 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; 
(2) The present and possible future uses of particular waters; 

2 2010 Stroud Report at 2, appended as Attachment B. 
3 June 2012 Discharge Monitoring Report of Hart Resource Technologies, Inc., NPDES Permit No. PA 
0095443, available at http://www.ahs.dep.state.pa.us/NRS/ (PA DEP NPDES eDMR Data System). 
4 M 
5 June 2012 Discharge Monitoring Report of Pennsylvania Brine Treatment, Inc., NPDES Permit No. PA 
0095273, available at http://www.ahs.dep.state.pa.us/NRS/ (PA DEP NPDES eDMR Data System). 
6 Brockway Area Sewer Authority, Borough of Brockway, Jefferson County, NPDES Permit No. 
PA0028428 Fact Sheet, Addendum - Fourth Draft> page 11, attached as Attachment C. 



(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.7 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. It 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 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.8 

7 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 standards apply. 
8 40 C.F.R. § 131.11(b); EPA, 1988 Ambient Water Quality Criteria for Chloride -1988, EPA 440/5-88-001, pg 
009. 



In 1988, EPA published a Section .304(a); criteria document entitled "Ambient Water 

Quality Criteria for Chlor ide- 1988," EPAJ440-5T88-OG1, 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.f19 

A. The current state of science supports the Iowa Criteria with the addition of a safety 
factor for the chronic criterion. 

Since 1988/ the science on chloride toxicity has changed dramatically;Significant flaws 
are now apparent in the L988 EPA Criteria s tudiesandrnore recent studies have been published 
in peer-reviewed literature that the Board must consider in determining the appropriate 
chloride criteria fo^ EPA did not 

have the beneS io ln^w toxicity 
adequately appreciate the need for safety factors forlbothBcute and chronic criteria. In 
addition, EPA did not account for the synergistic effects of hardness, sulfate levels, or 
temperature, despite theirwelledoeumented 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 at & 
Criteria.10 Recently, EPA worked with Iowa 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, admitted 
that some of the studies used to develop theT988 EPA Criteria are no longer reliable.11 The 
development of the 2009 Iowa Criteria reflects scientific knowledge that chloride toxicity to 
aquatic life changes depending on the presence of specific ions such as water hardness and 
sulfate concentrations. The attached Stroud Report details the state of the science on chloride 
toxicity and concludes the following: 

The chloride criteria proposed by the EQB on July 7, 20i2 are an 

improvement over the criteria that were proposed in 2010. 

Specifically, the proposed criteria incorporate characteristics of the 

receiving waters that affect chloride toxicity. However, as was 

9 EPA, 1988 Ambient Water Quality Criteria for CMorfde-,1988> EPA 440/5-88-001. 
10 EPA, Draft Strategy: Proposed Revisions to the' 'Guidelmesjvr Deriving Mumerical National Water Quality 
Criteria for the Protection ofAquatic Organisms and Their Uses' (2003), availableat 
http://www^pa.gov/waterscience/criteria/aqiife/, 
11 2010 Stroud Report at 10. 



highlighted in our previous review, the newly proposed criteria 

based on the Iowa standard may not be protective of aquatic life 

in Commonwealth streams, rivers, and lakes. [] ...the EQB may 

address uncertainty [by] including] a safety factor in the 

derivation of the chronic criteria. 

The Stroud Report acknowledges the current state of the science supports the Iowa chloride 

criteria and provides a mechanism to ensure that adoption of the Iowra criteria w7ill not result in 

impairment of aquatic life uses of Pennsylvania waters. In adopting the Iowa chloride criteria 

with a safety factor for the chronic chloride criterion, Pennsylvania will be adopting criteria 

based on sound scientific rationale and accounting for local conditions to protect the aquatic life 

uses of our waterways. 

B. The Iowa criteria, while more stringent than the federal guidelines, addresses many 
of the flaws in the 1988 Criteria. 

Pennsylvania will not be the first state to recognize the need to exceed the federal 
standard. Subsequent to the release of the EPA 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. 111. Admin. 
Code, tit. 35 § 302.208(f) (2009). 

Iowa provides an example of a state working with the EPA on departing from the 1988 EPA 
Criteria and instead adopting different and more protective criteria 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, The IDNR worked closely with the 
EPA to update the 1988 EPA Criteria document by performing a literature search and 
recalculating the 1988 acute and chronic chloride criteria based upon the new data.12 The Iowa 
DNR determined that the 1988 acute criterion of 860 mg/L and the chronic criterion of 230 mg/L 
needed to be updated and recalculated because "the EPA national criteria were published in 
1988, the derivation of the criteria was based on toxicity data available before 1987." As a result, 
IDNR worked closely with the EPA office of Research and Development and found several 
studies that were not considered in EPA's development of the national criteria for chloride and 
more toxicity data was needed to determine if four particular species were indeed sensitive to 
chloride. Consequently, EPA contracted with the Great Lakes Environmental Center in 
Columbus, OH and Illinois Natural History Survey at Champaign, IL to perform additional 
toxicity testing.13 Therefore, the Iowa chloride criteria with a safety factor will address the flaws 

12 Iowa Department of Natural Resources, Water Quality Standards Review: Chloride, Sidfate and Total 
Dissolved Solids, (February 9, 2009), available at 
http://www.iowadnr.gov/water/standards/fiies/ws_review.pdf. 
13 EPA, Acute Toxicity of Chloride To Select Freshwater Invertebrates. (September 26, 2008). 



in the 1988 criteria and the uncertainty that remains for chronic toxicity to aquatic life in 

Pennsylvania. 

III. The Board Should Adopt the Iowa Chronic Chloride Criterion with a Margin of 
Safety to Protect Aquatic Life Uses of Waters of the Commonwealth. 

Whenever the Board proposes n^w^w^ 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 l igh t of the current state of scientific 

knowledge on the impacts to such uses. S ^ 3 5 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, in eluding... fish or 

other aquatic life, including but not limited to such contamination by alteration of the physical, 

chemical or?biqlogical properti^ (requiring 

consideration of the state of scientific knowledge in adoptir^ifulasiand r^ Section 

93.3 of Title 25 of the Pennsylvania Administrative Code defines the protected water uses for 

the Commonwealth, which includes t h ^ life protected use. The Glean Streams Law does 

not define the term "aquatic life iise," so the agency has defined i t as comprising four distinct 

uses: CWF, WWF, MF, and TSF,14 r o 

The Commonwealth risks impairment of its aquatic life uses by chloride loading unless 
it incorporates a safety factor in the derivation of the chronic criterion. While the Iowa Criteria 
reflect the most significant developments in chloride toxicity research, scientific uncertainty 
related to the toxicity of %e c h ^ or calcium, the application of 

the Iowa chronic criterion toPenn 
of chronic data available remains prevalent. The toxicity of various species of chloride is 
especially relevant in Pennsylvania where s tele gas wastewaters contain disproportionately 
high amounts of non-NaCl salts such as MgGl, GaGl and KC1.15 Not only are those non-NaCI 
salts often more toxic to aquatic life than is NaCl, they can react in solution in a manner that 
impacts the toxicity of chloride. The Stroud Center's review of the proposed chronic chloride 
criterion recommends the inclusion of a safety factor in the derivation of the chronic criterion at 
a level below the species mean chronic values or the genus mean chronic values that will ensure 
that the Commonwealth will avoid impairment. The current state of scientific knowledge 
requires that the Board adopt the proposed chronic?chloride criterion with a safety factor. 

14 25 PA. CODE §93.3 (2012). 
15 2010 Stroud Report at 20. 



IV. Conclusion 

Clean Water Action agrees 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. 

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 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 Iowa chloride criteria with a margin of 

safety for the chronic criteria to protect Pennsylvania aquatic life. 

Respectfully submitted, 

Date: August 21,2012 /s/ 
Emily A. Collins, Esq. 
PA Attorney ID No. 208990 
Supervising Attorney 
eac50@pitt.edu 

M_ 
Oday Salim, Esq. 
PA Attorney ID No. 309542 
Staff Attorney 
ods4@pitt.edu 
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Stroud Center Review of Proposed Chloride Criteria I 2012 

1. Introduction 

The Environmental Quality Board of Pennsylvania on July 7, 2012 proposed amending 25 Pennsylvania 
Code Chapter 93.7 relating to the water quality standard for chloride. The Board proposed adopting the 
Iowa equation-based aquatic life criteria for chloride based on the best available sound science (PA 
Bulletin 12-1292). This review is in response to the proposed standard for chloride in surface waters and 
builds on a previous report (Stroud Water Research Center 2010) that evaluated the water quality 
standard for chloride proposed by the EQB in 26lO;? -

Chloride criteria for aquatic organisma;are;neerJed iniPennsylyanja to protect aquatic life in our surface 
waters. Chloride can enter surface water vi§/pad salt r^noff^e.!., following brine application for dust 
suppression, or following deicer application 6 f M or other industrial 
discharge. In 2010, the EQB of Pennsylv&hi i^^ criteria from the US 
EPA (EPA 1988) for Aquatic Life Uses for Cold Water Fishes (CWF), Warm Water Fishes (WWF), 
Migratory Fishes (MF), and Trout Stocking (TSF). Those criteriayvere an acute criterion of 860 mg 
chloride/Land a chronic criterioh of :28®.:r|i:g,;ch|gflH^I^3r; .f-. r , 

We found a number of faults with the criteria p ^ conclusions ofthe previous 
report are attached as Appendix 1 at the end of this document. The changes proposed in 2010 were not 
adopted by the EQB, in part because they did not incorporate the latest available science. Some ofthe 
concerns identified by us in 2010 have been add r^ Iowa equation based criteria. 
However, the Iowa equation based criteria da no| pfJequateiy address some critical scientific gaps which 
we feel will leave some species at risk of harm. In this comment, we suggest some options that the EQB 
may consider. Due to the large amount e^uhc#l i th ty one option that may be rapidly 
incorporated would be to re-derive the; ehrohfc safety factor to provide an 
enhanced level of protection. 

The acute and chronic criteria equationiprdpdstd b ^ ^ are based on reports by 
Stephan (2009 a,b,c,d,e,f,g,h). We will use these reports as the basis of our review and critique. 

2. Strengths ofthe proposed standard 

2.1. EPA has not officially adopted new national criteria since 1988 (EPA 1988). The derivation of the 
2009 Iowa criteria incorporated data from recent chloride toxicity studies. 

2.2.The most significant development with the 2009 Iowa Criteria is an acknowledgement that the 
toxicity of chloride to aquatic organisms varies depending upon the other ions present. 
Specifically, the criteria use equations to account for changes in toxicity due to water hardness 
(i.e., cation content [primarily calcium and magnesium, but could also include iron and 
manganese] of water) and sulfate concentrations. 

2.3.The 2009 Iowa criteria also clarified rules of data inclusion or exclusion. The 2009 criteria 
included static tests that were excluded in 1988 (Stephan 2009a). The approach was to include 
a test unless there was an obvious reason to exclude it (Stephan 2009a). 
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3. Weaknesses and concerns resulting from implementing the 
proposed standard 

3.1. These proposed criteria are based on toxicity studies of dissolved chloride that has dissociated 
from sodium chloride (NaCI), although chlorides dissociated from calcium chloride (CaCI2), 
magnesium chloride (MgCi2), or potassium chloride (KCI) may be present in surface water and 
can be more toxic to aquatic organisms (e.g., Mount et al. 1997). 

3.1.1. In 1988, the EPA noted that "the chlorides of potassium, calcium, and magnesium are 
generally more toxic to freshwater species than sodium chloride" (EPA 1988 p. 7), but 
there was insufficient data on the toxicity of the chlorides of calcium, magnesium, or 
potassium to derive criteria. 

3.1.2. The relationship between the toxicity of the chloride of sodium and the toxicity of the 
chlorides of potassium, calcium and magnesium has held over time. Below are the ratios of 
the LC50 concentrations for the chloride of calcium (Ca), magnesium (Mg), or potassium (K) 
to the LC50 concentration for the chloride of sodium (Na) for the same species and test 
water (Stephan 2009a p. 10): 

• Ca/Na (n=5): 0.57-0.98 

• Mg/Na (n=3): 0.34-0.55 

• K/Na(n=5): 0.11-0.25 

Note: a ratio <1 indicates that the chlorides dissociated from calcium, magnesium, or 
potassium caused mortality at a lower concentration. 

3.1.3. The chlorides of calcium, magnesium, or potassium may be present in the environment in 
such a way that they threaten surface waters. 

• Potassium, magnesium, or calcium chlorides are used as deicers (Salt Institute 2004, 
Chang 2009). 

• Potassium chloride can be present in the effluent from hydraulic fracturing for natural 
gas extraction (URS Corporation 2011), and is also commonly used as a water softener. 

• Use of liquid brine salts as dust suppressants on roadways and at construction sites 
(Piechota et al. 2002) 

3.2.The proposed chronic criteria may be above the level that causes adverse impacts to aquatic 
organisms in Pennsylvania. 

3.2.1.The proposed criteria are based solely on studies of animais and do not consider toxicity to 
aquatic plants. Stephan (2009a, 2009b, 2009c, 2009d, 2009g) did not indicate why plants 
were not considered in the derivation of the Iowa Criteria. In 1988, the EPA noted that the 
alga Spirogyra setiformis was extremely sensitive to the effects of chloride (71 mg/L; 
growth, chlorophyll, C14 fixation; lOd; Shitole and Joshi 1984) as was the desmid Netrium 
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digitus (200 mg/L; growth inhibition; 21d; Hosiaisluoma 1976). However, the 1988 criteria 
did not include plant species in the derivation because "a Final Plant Value, as defined in 
the Guideiines, cannot be obtained because no test in which the concentrations of 
chloride were measured and the endpoint was biologically important has been conducted 
with an important aquatic plant species" (EPA 1988). These concentrations for plants are 
below the SMCV observed for vertebrate and invertebrate animals (Table 1) suggesting 
that plants may be more^ 

3>2.2.Recent research with freshwater mussels suggests that the glochidia of some species may 
be more sensitive to chlorirJe thafifhe current suite M aquatic organisms for w data is 
available (Gi.llis 2011, Pandolfo et al. 2012). Stephan included data from juvenile 
freshwater mussels or freshwater mussels that do not have a glochidia stage (i.e., Villosa 
deluWibfeMd TdrW0flis Lampsilissiliquoid, 
Wang 2007; ̂  excluded all studies with 
glochidia because of their unique life-history which requires that they attach to a fish host 
in order to survive (Stephan 2009a p. 7[d]). The unique life history of most freshwater 
m p with them. However, 

therefore i t " ^ be protective of them. One "very 
important questto^̂ ^̂  relevant 
for glochidia?'" (Stephan 2009a p. 7[d]). 

3.3.The proposed chronic criterion is not robust. 

3.3.1. The genus mean chronic values (GMCV) should not have been calculated directly from the 
species mean chronic values (SMCV) without first correcting for hardness and sulfate. 

3.3.1.1. The SMCV from; different experiments were not normalized for hardness and 
sulfate (Stephan 2009c). As a result, the SMCV are not directly comparable because 
the toxicity of chloride varies depending upon the chemical composition of the water 
in which the test was done (e.g., Mount et al. 1997, Soucek 2007, Elphick et al. 2011). 
Therefore, calculating the GMCV as the geometric mean ofthe SMCV for a given 
species is not appropriate. It should be noted that the species mean acute values 
(SMAV) were corrected for hardness and sulfate before calculating the GMAV 
{Stephen WQSg). 

3.3.2.There is inconsistency in the meaning of the species mean chronic value (SMCV). The 
SMCV determined by Stephen (2009c) refer to different levels of impairment for different 
species. 

3.3.2.1. Stephen (2009c) used the geometric mean of the no observed effect 
concentration (NOEC) and lowest observed effect concentration (LOEC) to determine 
the SMG^ used in the experiments, 
but the amount of i ^ among experiments 
^Table 1); Therefore the SMCV determined by Stephen (2009c) refer to different 
levels of impairment for different species. 
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3.3.3.Different researchers analyzing the same data have arrived at different results and 
different conclusions. 

3.33.1. The guidelines that different researchers have used to determine which studies 
should be included and the interpretation ofthe EPA 1985 guidelines differ between 
researchers (e.g., EPA 1988, Stephan 2009a). As a result the rules to determine the 
appropriate studies and data to use to derive chloride criteria are not interpreted in 
a consistent manner and researchers have differed in the tests they included or 
excluded. For example, Stephan (2009c, 2009e) excluded an acute and chronic study 
of Rana sylvatica by Sanzo and Hecnar (2006) because they used technical grade 
sodium chloride, but Elphick et al. (2011) included this study when deriving a chronic 
criterion. 

3.4. The proposed chronic criterion does not account for uncertainty in data and methods. 

3.4.1.The proposed chronic criterion equation may allow for chloride concentrations in surface 
waters of Pennsylvania above the concentration shown to cause harm to aquatic 
organisms during laboratory experiments. For example, the SMCV for some species in 
Table 1 are near or exceed the normalized chronic criterion of 389 mg chloride/L which 
Iowa adopted for surface waters where sulfate and hardness are not known. The SMCV in 
Table 1 would need to be corrected for hardness and sulfate to confirm that the chronic 
criterion would exceed the SMCV. In 1988, the EPA affirmed that the proposed chronic 
criterion was below the three SMCV available at that time (EPA 1988). Stephan in 2009 did 
not affirm that the proposed chronic equation was below the ievei shown in laboratory 
experiments to impair aquatic organisms. 

3.4.2.The proposed chronic criterion equation includes a correction for hardness and sulfate 
although the exponents for hardness and sulfate are based on studies in two labs (GLEC 
and INHS 2008, p29 & 36) of only one species (C dubia) under acute conditions (Stephan 
2009f). Stephan (2009f) presents evidence that "supports the concept" that "the sulfate 
exponent might be more negative than indicated by the GLEC and INHS (2008) data" 
(Stephan 2009f p. 4). A negative exponent for sulfate means that a higher sulfate 
concentration lowers the LC50 for chloride. Thus, reliance on the 2009 Iowa equations may 
not offer the intended level of protection to aquatic organisms in Pennsylvania. 

3.4.3.The endpoints of chronic tests conducted under laboratory conditions (e.g., survival, 
reproduction) may not reflect the most sensitive response in nature. In nature, a stress 
response may occur at lower concentrations than what are observed under controlled 
laboratory settings. A similar pattern is seen with behavioral responses such as avoidance, 
coughing or rapid breathing by fish, or increased activity (Atchison et al. 1987, Scott and 
Sloman 2004, Hellou 2011). Behavioral responses have been poorly documented or not 
measured in most laboratory experiments of chloride toxicity, therefore it is unknown how 
the behavior of aquatic organisms in nature wouid be affected by eievated chloride. 

3.4.4.There has been no attempt to account for the fact that the available data represents only a 
small percentage of the species found in Pennsylvania. Including studies conducted since 
the 2009 Iowa criteria were derived results in a different acute-to-chronic ratio (ACR) and 
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acute and chronic criteria (e.g:j Elphick et al. 2011). It is to be expected thyt additional 
data may change the criteria, such as occurred between the derivation ofthe 1988 criteria 
and the 2009 criteria (e.g., ACR= 7.594, EPA 1988; ACR = 3.187, Stephan 2009h; ACR = 
3.50, Elphick et aL 2011). Focusing on species found in Pennsylvania may also alter the 
criteria. ••^' -::y': 

3.4.5.Different methoclstbd^riv criterion may result in different criterion. Stephan 
(2009c, 2009th) cmd the #CR wherdas Elphick et al. (2011) derived a chronic criterion 
directly from Chrdni^Mitt 307 mg/L, Elphick etal. 2011; chronic 
criterion =428 ffi^ factors, such as if 
how hardness and ^ could also account for differences in the 
criterion. 

3.4.6;TheJaekbf ^ 
uncertainty. 

Table teVWW\m is the 
geometric mean^bT^^ chronic 
values and the acute^OMchronfa 
Category 
Fish - hon-salmonid 
Fish - salmonid 
Clacjoceran 
Cladoceran 
Cladoceran 
Cladoceran 
C:,?Jui;eran 
Cladoceran 
Cladoceran 

Ciadoceran 
Qadocisrari 
Cladoceran 
Cladoceran 
Frog 

Species 
Fathead minnow 
Rainbow trout 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 

Ceripdgphnia dubia 
Daphnia dmbigud 
Daphnia magna 
Daphnia pulex 
Rana sylvatica 

Endp^int^^ .•;..„.....,.:,...,-
33d; survival i v 

Earlyllife stage>i|tii^iyal c~ 
7-9d; Reproduction 
7d;? ' 'AAyyAAAy: 
6-7d; Reproduction 
6-7d; Reproduction 
7d; Reproduction 
7d; Reproduction (12 studies] 
7d; Survival 
7d; ReprJDfductio 
7d; Reproduction 
10d; R6prl)duicticMi 
10d;; Reproidu^tion v 
21d; Reproduction 
90d; Survival 

:NCrEC (mg/L) ; ; , 
35219% reduction) 
643{4% reduction) 

?v 
yf -:-A y •••• v i-.-

M/^ (A 
N/A 
N/A '--•••"-• A:A-A, 

<152-303 
1092 
^55-819 
N/A 
N/A 
2184 
314 (0% reduction) 
N/A 

LOEC(mg/L) 
533 (15% reduction) 
1324 (46% reduction) 
?(EC50) 

' ' ? • ' • ' • 

442.24(IC25) 
385.2 (IC25) 

346(ie25) 
346-685 (IC50) 
1456 
455-1092— 
370,6 (EC20) 
292.4 (EC20F 

2597 (EC50) 
441 (27% reduction) 
625 (62% reduction) 

SMCV(mg/L) 
433:i 
922.7 
925 
235 
<442.2 
<385.2 
<340 
<322 
N/C6 

<629 
370,6 
2^2:4 
2382 
372 
<625 

Reference 
(BirgeW al. 1985) 
Spehara9871 

(Cowgill and Milazzo 1990) 
(Diamond etal. 1992) 
WISLOH 2007 (mod. Hard water) 
WISLOH 2007 (Hard water) 
LasieretM20045 

(Aragao and Pereira 2003) 
(Cooney et al. 1992) 

(Harmon et al. 2003) 
(Harmon et al. 2003) 
(Cowgill and Milazzo 1990) 
(Birge et al. 1985) 
(Sanzo and Hecnar2006) 

^Unpublished memorandum sent directly,tQ C, Stephan from R. L Spehar on June 24,1987. Data is not available 
on-line (scholar.google.com, search "chloride author:Spehar", Aug. 3, 2012). 
2 Data not presented in Stephan (2009c) and dpcument not available for download (Aug. 3, 2012) 
3 Stephan (2009c) did not use the NOEC to calculate the SMCV. 
4 WISLOH 2007 refers to an unpublished study that could not be found on the Wisconsin State Laboratory of 
Hygiene webpage (http://www slh.wfec.edu/ /search "chloride'', Aug. 3, 2012). IDNR (2007) presents results from 
the WISLOH lab covering the period 2000^2007, however the results in that report (Table 4: C. Dubia chronic 
toxicity 703 mg C17L; table 7: C dublaxfororxic toxicity: 4127 mgC17L) do not match those presented by Stephan 
(2009c). Corsi et al: (2010) present^reMltsfrom the WlSUOH fib over the same tirne period, but the studies do not 
appear to be the same as the ones reviewed by Stephan (2009c) because the Corsi study focused on surface 
waters receiving road run-off. n r ; ; 
5 Data was presented in a poster at the SETAC meeting and is not available on-line (Aug. 3,2012) 
5 The geometric meamfpr u dubia survival in the study by Cooney et al. (1992) was not calculated by Stephan 
(2009c) because reproduction was more sensitive. 
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4. Point of Clarification 

4.1. As written in PA Bulletin 12-1292 it appears that Pennsylvania will adopt the Iowa criteria in 
toto, including Iowa's criteria for waterbodies where sulfate and hardness are not known. Iowa 
defined normalized acute and chronic criteria to be applied to waterbodies where sulfate and 
hardness are not known that were based on the statewide background values for hardness (200 
mg/L) and sulfate (63 mg/L). Average hardness and sulfate concentrations may be different in 
PA and therefore the normalized acute and chronic criteria for Iowa may not be appropriate for 
PA. 

5. Summary and Recommendations 

5.1.The chloride criteria proposed by the EQB on July 7, 2012 are an improvement over the criteria 
that were proposed in 2010. Specifically, the proposed criteria incorporate characteristics of 
the receiving waters that affect chloride toxicity. However, as was highlighted in our previous 
review, the newly proposed criteria based on the Iowa standard may not be protective of 
aquatic life in Commonwealth streams, rivers, and lakes. Examples of uncertainty are: 

5.1.1.The proposed chronic criterion may allow for ambient chloride concentrations in surface 
waters in Pennsylvania above the concentrations shown to cause harm to aquatic 
organisms in laboratory experiments. 

5.1.2.The criteria are based only on the chloride of sodium although the chlorides of calcium. 
magnesium or potassium may enter surface waters of Pennsylvania and are more toxic to 
aquatic organisms. 

5.1.3.The proposed criteria are derived from only a few species found in Pennsylvania. 
5.1.4.There are only seven species (6 after excluding the frog, Rana sylvatica which Stephan 

[2009g] excluded because the sodium chloride used in the experiment was technical 
grade) for which there are acceptable chronic data (Table 1). 

5.1.5.Glochidia and plants were not included in the derivation ofthe acute or chronic criteria. 
5.1.6.The proposed criteria may not be protective of our more sensitive stream dwelling 

invertebrate species, particularly early life history stages (e.g., glochidia of mussels or early 
life stages of other invertebrates). 

5.1.7.Exponents for hardness and sulfate in the acute and chronic criteria equations may be 
under-protective. 

5,1.8.The species mean chronic values (SMCV's) were not corrected for hardness and sulfate 
concentrations. 

5.1.9.The SMCV refer to different levels of impairment for the different experiments and 
species. 

5.1.10. The SMCV are not corrected for hardness or sulfate. 
5.1.11. The endpoints of laboratory toxicity studies do not include behavioral responses. 

Behavior may be affected at lower chloride concentrations than are survival, reproduction 
or growth. 

5.2. Following are some recommendations on how the EQB may address uncertainty. 
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5.2.1.lnclude a safety factor in the derivation ofthe chronic criterion. At a minimum, that safety 
factor should be sufficient to ensure that the chronic criterion is below the SMCV or 
GMCV. Following are some reasons that a safety factor should be used: 

5.2.1.1. "Safety factors are used to provide an extra margin of safety beyond the known 
or estimated sensitivities of aquatic organisms" (EPA 1985 p 36). 

5.2.1.2. The acute criterion incarporates a safety factor^ 
does not. The 1985 EPA guidelines indicate that a safety factor of 2 is always to be 
used when calculating the acute criterion (called the criterion maximum 
concentration in EPA 1985, p 54, item XI.B.) but does not give a rationale for this 
using this safety factor. Although the EPA did not include a safety factor when r 

deriving the chronic criterion in 1988, the chronic value was below the level shown 
to cause harm to the three spjecies fpr which data were available at that time (EPA 
JL988). It is unclearIf the rjrogosecJ ch criterion is below the level shown to 
cause harm b^ corrected for hardness or 

5.2:1.3. the acute anrl chrbhic c r i ^ studies using the chloride of 
sodium, but the chlorides of potassium, magnesium or calcium may be present in 
surface waters;bf Pehhsyfv^ than is the 
cHioride of sodium. 

5.2.1.4. Envirpnmental impacts (including avoidance) may occur at lower concentrations 
then those that affect growth dr survival. 

5.2.1.5. British Columbia (Nagpai et al. 2063) used a safety factor of 5 in the derivation 
of thei c h r o n i c ^ asfollows: 

• Chronic data available from the j fe^ 
• In a recent^udy,^ 

reproduction of 3.75 in C. dubia exposed to NaCi for 7 days. Also, LC50/LC0 of 3 
and LCioo/LCo of 4 were obtained by Hughes (1973), whereas the DeGreave et 
al. (1991) data yielded LCso/NOECratiosthat ranged from about l.Oto 6.9; 

• Additional protection may be required for those species that are more sensitive 
but have not yet been tested in the literature. 

5.2.2.A new review of chloride toxicity studies should be conducted to generate a more 
complete and up-to-date list of species and genus mean acute and chronic values. The 
references sited at the end ofthis comment include a few studies that have been 
published since 2009. A new review should: 

5.2.2.1. Resolve the controversy regarding aquatic plants and glochidia. 
5.2.2.2. Clearly define rules to include or exclude a study and document the rationale for 

studies that are excluded; 
5.2.2.3. The species mean acute values and species mean chronic values should be 

calculated using a consistent and biologically meaningful endpoint. For example, 
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Elphick et al. (2011) used probit regression to determine an endpoint that was 
consistent among species (e.g., the IC10). 

5.2.2.4. Derive species mean chronic values normalized for hardness and sulfate; 
5.2.2.5. Explore the possibility of deriving chronic criterion directly from the data rather 

than using the ACR (e.g., Elphick et al. 2011); 
5.2.2.6. Include in the review toxicity studies with the chlorides of potassium, 

magnesium or calcium. Although conducting additional experiments with species 
found in Pennsylvania is the preferred approach, it may be appropriate to use the 
ratios cited above (3.1.2) to derive the SMAV or SMCV. For example, the chloride of 
potassium appears to be 4-10x more toxic to aquatic organisms than is the chloride 
of sodium. 
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Appendix 1: from Stroud Water Research Center 2010. Rulemaking by 
the Pennsylvania Environmental Quality Board [25 PA. CODE CH. 93] for 
Ambient Water Quality Criterion; Chloride (Ch) [40 Pa.B. 2264] 
[Saturday, May 1 2010]. Stroud Contribution No. 2010004. 

Conclusions 
After reviewing four different approaches for deriving water quality chloride criteria to protect aquatic 
life (Stephan et al. 1985, Evans and Frick 2001, Nagpa! et al. 2003, Iowa DNR 2009) and the data 
underpinning PA's proposed criteria (EPA 1988) and the Iowa criteria (Stephan 2009a,b,c), it is clear 
that: 

1) All approaches set chloride criteria that are at least several times greater than natural baseline 
chloride concentrations, and therefore represent a measurable and significant change in the 
chemical composition of freshwater ecosystems in the NE United States. The question that the 
current evidence is unable to answer is: will these criteria result in significant biological change? 
There is limited evidence of the biological impact of previous elevated chloride levels in aquatic 
ecosystems in the U.S. or Canada. Past monitoring efforts (see introduction) suggest that some 
streams regularly reach the acute criterion, but there has not been a noted change in biota 
following these pulses, largely because of a dearth of biological data following these episodic 
events. One study has demonstrated that macroinvertebrate drift increases in response to 
pulsed chloride input (Blasius and Merritt 2002). Another study has demonstrated losses of 
species in stream fish communities with small changes in chloride levels across a regional-scale 
analysis (Meador and Carlisle 2007), and the composition of algal species has been observed to 
change when chloride concentrations increase (Evans and Frick 2001). Nonetheless, there are 
limited data on biological changes accompanying changing chloride concentrations in the 
natural environment. We could not find any studies evaluating the influence of chloride on vital 
stream functions such as primary production, stream metabolism, or nutrient uptake or 
processing, all of which are important indicators of water quality for aquatic ecosystems. 

2) All of these criteria are based on data for invertebrate and fish species that are not a random 
subset of stream invertebrate and fish species. Rather, most of the species with chloride data 
are known to be not especially sensitive to changes in environmental condition, which is one 
reason they survived well in the laboratory and became standards in laboratory bioassay 
protocols. The most recent iteration of the taxa that qualify based on EPA standards (in Stephan 
2009a,b,c) doesn't include any classically sensitive stream invertebrate species such as 
stoneflies, mayflies, and caddisflies, al! of which are important indicators of stream condition 
and are integral in the regulatory definition of stream impairment. Our concern is that criteria 
intended to protect most (e.g., 90% or 95%) of the species with chloride data might actually 
protect a much smaller proportion of all species that occur in a natural community because the 
natural community includes many species known to be sensitive to environmental change while 
the laboratory studies are biased toward species known to be at least moderately tolerant of 
environmental change. This is one reason to approach the acute and chronic criteria with a 
strong safety factor. 

13 
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3 | Data available areprimarily/^rom acuje t o x i c i t y ^ criterion may be more 
important for long-term structuring stream communities and maintaining designated use for 
aquatic life. For example, fish tendTO b^mMerately^toleraht 
macroinvertebrafes, but they are one of t he j rw stress. For 
example, fat head minnows f&jrge et al. 1985) experienced the greatest mortality between days 
9 and 21 and ther&fpre had one of th£ highest acdte-to-chrbnic ratios examined. The dearth of 
chronic studies on both invertebrates and fish is troubling. It is likely that, like some amphibians 
(e.g., spotted salamander), embryonic and early life stages of some fish will be more sensitive 
than js currently recognized^ # 

4) The majority of chloride criteria developed to plate are limited to or dominated by data on NaCI 
chloride toxicity, the least toxic salt. This point is routinely justified by the fact that NaCI is the 
most anthropogenically abundant of these four salts. However, no special guidance is given for 

u ^ permitting^s to include,significant amounts of 
chloride derived fronn;thampre toxic np 

^ acute 
(CM<6) ancjp al. 1985, EPA 1988), 

... £van§ and Friak,(Evap Jpwa (Iowa 
DNR 2009) and have^ompared^ 3). The 
r a i ^ andtherange pf the chrpnic yalues is 91 - 428 mg/l 

, 0- . This cpmpa authors have made 
with regard to studies included or: exclu^gd. We note that the PA proposed acute value is the 
least protective criterion, primarily J^cause it is not based on more recent acute toxicity studies. 
VVe recommend that PA ad^pt,^h^acute criterion that is reflective of these new data. The 
method adopted ^by British:}§$\u^$\§* is Athe fr t ip^i protjective of aquatic life among these 

.: apprpaches. BC inyp that; acknowledged bpth the uncertainty of 
X^ th§k aquatic life. Since BC 
adopted their criteria, only new acute dataset^ have become available and the values in Table 3 
utilize those data but use the BCapo^ 
factor]). The BC use of a safety factor of 2 for the acute criteria was also consistent with what 
the EPA had done. However, BC was the only entity to apply a safety factor for the chronic 
eriterion (5). Mle feejjthat the use of a safety factpr for chrpnic criteria derived from the use of 
an ACR is - clearly j - u s t ^ toxicity studies, and the 
desire t o protect species that may; be more sen|i|iye than those used in the standard laboratory 
bioassays. We recommend that P ^ BC has used for 

calculating both acute and chroniq data. We feel that this is particularly important for the 
chronic criteria, as there is the potential for permitted discharges (particularly from the 
Marcellus Shale gas drilling industry} to raî se chloride concentrations in streams to near the 
chronic criteria level. Given the paucity of data determining thresholds for chronic effects, this 
approach is warranted. At theyery |east,,a safety factor should be applied to any of the other 
methods producing a s h r o ^ , 

We have a number of concerns that are spe^ificto the actions and options available for PADEP: 

6) Protecting CWFs and TSFs based on ACRs that included more chloride-tolerant Daphnia is not 
justified when it may expose rainbow trout to chloride concentrations approaching their chronic 

14 
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levels (1,324 mg/l CI" killed 46% of individuals in an early life stage test and at 643 mg/l CI" killed 
<4%). Trout are an integral component in the definition of these two aquatic life uses. The 
proposed chronic vaiue of 230 mg/l is potentially a concern for biotic assemblages in 
Pennsylvania. For example, Meador (2007) suggests that optimum CI" values are low (3-35 mg/l) 
and we infer that if those CI" concentrations are exceeded it may result in changes in fish 
community structure. Similarly, not having a temperature component also seems to invite 
season-specific impairments of macroinvertebrates in TSFs and WWFs based on the recent 
findings of Silver et al. (2009), based on the seasonal movement of organisms into and out of 
various life history stages, and based on variation in their metabolic rates in response to 
seasonal changes in water temperature. Adding a temperature component to the chloride 
criteria wouid require further research on temperature effects. 

7) The Evans and Frick (2001) method has the benefit of being reproducible and open to 
interpretation. Their use of nearly all of the valid acute LC5o data in Fig. 7-2 (Evans and Frick 
2001), and the calculation of a sigmoid curve function (including 95% confidence intervals) that 
describes the percent of genera affected versus chloride concentration, is readily digestible by 
the public. However, the sigmoid curve function can be generated using various numbers of 
terms (parameters) in the equation and/or various equations (e.g., sigmoid, logistic, Weibull). 
The result of choosing a slightly different function can result in differences in acute and chronic 
values. To use this approach requires a valid justification for the choices made in fitting the 
curve to these data. Furthermore, these data still represented a small subset of aquatic species, 
and were biased towards lab friendly species that are easiest to culture (e.g., Daphnia). Since 
the selection of taxa was not a random subset of the aquatic species at large, most criteria 
based on the animals selected are primarily protective of those species tested (e.g., being 
protective of 95% of those taxa might only be protective of 50% of all species). This point is not 
limited to Evans and Frick but is valid for all of the approaches we have reviewed. This is the 
primary reason that the application of a safety factor is needed. The Evans and Frick (2001) 
study did not apply a safety factor to either their acute LC50 relationship or the derived chronic 
relationship. 

8) More data is generally better, but there is a need for more consideration of how data gets 
incorporated. The Stephan (2009a,b,c) approach of calculating a predicted genus mean chronic 
value from the species mean acute values does not seem justified in this case. The GMCVs are 
not much better than guesses, and there is no attempt to correct for this inherent uncertainty. 
Adding GMCV values above the lowest four gives the false sense of increased precision of the 
true distribution of the GMCV, which has the result of increasing the final chronic value (FCV). 
We feel it would be appropriate to apply a safety factor to the chronic criteria to acknowledge 
the uncertainty in the FCV. 

9) The use of hardness and sulfate equations (Iowa DNR 2009) in PA will improve protections and 
application of the chloride criteria only to a limited extent since the range of criteria in PA would 
be narrow (based on EMAP site values for hardness and sulfate in PA). Secondly, the hardness 
and sulfate exponents in the Iowa criteria were based on data from an acute toxicity study of 
only one species (C dubia), although four species were studied and three were sensitive to 
hardness. No data were available on the relationship between hardness or sulfate and chronic 
toxicity. In the end, Iowa uses a default value for hardness and sulfate if no other data are 
available. This is akin to setting a fixed criterion vaiue but allowing site-specific deviations if one 
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gathers the appropriate data. Clearly, more species-specific data are needed to better 
understand the relationship between chloride toxicity and hardness or sulfate. 

10) As noted above, previous reviews of chloride considered only NaCI and considered road salt to 
be the most likely source of chloride. We feel that the current proposed standard should 
explicitly acknowledged that these criteria are specific to NaCI derived chloride, and guidance 
should be given to address cases when significant chloride is derived from salts (i.e., KG, MgC!2 

A andiCaCI2) that: have proven to be more toxic sources of chloride; ? 

Our review of four approaches (Stephan et al. 1985, Evans and Frick 2001, Nagpal etal . 2003, Iowa DNR 
2009) for deriving chloride criteria to protect aquatic life identified a number o f weaknesses in the 
available data and the analyses used to derive criteria. We were especially concerned with (1) the near 
absence of important stream^inhabiting and stream-classifying spec ie 
caddisflieS) (2) the dependence on relatively fe 
studies that were very important (e 
justify using a Very conservative ap̂ D 
ihroniP tri | |r ia»ould*result in chlori^ 
c&hwa n t i^ t io^TO m nwrly o bseTyedTi# f^en hsylvtrrra stfSams i n t he temPit MWM Wrndit|irt $;m; 
Exceptional Value and High Q u a l i t y ^ 
Catiadian Province of British Columbia (Nagpal et al, 2003) - they acknowledged the weaknesses in 
available data> and applied safety factors of 2 for the acute criterion and 5 for the chronicicriterion. 
Given the limits in the available data; and the potential that treated wastewaters from Marcellus Shale 
drillihg may result in near-criterion chloride concentrations 356 days per year (versus the 30 days of a 
standard chronic bioassay), we believe the British Columbia criteria (either the originailly adopted criteria 
or our re-calculated criteria in Table 2) would bBthe most protective of aqu^^ 
streams) especially for the t rout and many polIution^sensitive macroinvertehrateispeeies that 
characterize Cold Water Fishes streams. ' 
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1. Introdwctio^i 

The Environmental Quality Board of Pennsylvania on Juiy 7, 2012 proposed amending 25 Pennsylvania 
Code Chapter 93.7 relating to the water quality standard for chloride. The Board proposed adopting the 
Iowa equation-based aquatic life criteria for chloride based on the best available sound science (PA 
Bulletin 12-1292). This review is in response to the proposed standard for chloride in surface waters and 
builds on a previous report (Stroud Water Research Center 2010) that evaluated the water quality-
standard for chloride proposed by the EQB in 201C). 

Chloride criteria for aquatic organisms are needed in Pennsylvania tp protect aquatic life in our surface 
waters. Chloride can enter surface water via rp^d salt rM^gl l^gv/ following brine application for dust 
suppression, or following deicer application or storage), or through wastewater or other industrial 
discharge. In 2010, the EQB of Pennsylvania prdpdfe^ adoptihg the recommended criteria from the US 
EPA (EPA 1988) for Aquatic Life Uses for Cold Water Fishes (CWF), Warm Water Fishes (WWF), 
Migratory Fishes (MF), and Trout Stocking (TSF). Those criteria were an acute criterion of 860 mg 
chloride/L and a chronic criterion of 200 f i | chjf i i d^ fL 

We found a number of faults with the criteria proposedin j2Cfl:Q Jind the conclusions of the previous 
report are attached as Appendix 1 at the end of this document. The changes proposed in 2010 were not 
adopted by the EQB, in part because they did not incorporate the latest available science. Some of the 
concerns identified by us in 2010 have been addressed bythp proposed Iowa equation based criteria. 
However, the Iowa equation based criteria dp not adequately address some critical scientific gaps which 
we feel will leave some species at risk of harm. In this comment, we suggest some options that the EQB 
may consider. Due to the large amount of uhcertaihtythaf^ one option that may be rapidly 
incorporated would be to re-derive the MhrpnfetpitiN safety factor to provide an 
enhanced level of protection. 

The acute and chronic criteria equations proposed by the EQB of Pennsylvania are based on reports by 
Stephan (2009 a,b,c,d,e,f,g,h). We will use these reports as the basis of our review and critique. 

2. Strengths ofthe proposed standard 

2.1. EPA has not officially adopted new national criteria since 1988 (EPA 1988). The derivation ofthe 
2009 Iowa criteria incorporated data from recent chloride toxicity studies. 

2.2.The most significant development with the 2009 Iowa Criteria is an acknowledgement that the 
toxicity of chloride to aquatic organisms varies depending upon the other ions present. 
Specifically, the criteria use equations to account for changes in toxicity due to water hardness 
(i.e., cation content [primarily calcium and magnesium, but could aiso include iron and 
manganese] of water) and sulfate concentrations. 

2.3.The 2009 Iowa criteria also clarified rules of data inclusion or exclusion. The 2009 criteria 
included static tests that were excluded in 1988 (Stephan 2009a). The approach was to include 
a test unless there was an obvious reason to exclude it (Stephan 2009a). 
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3. Weaknesses and concerns resulting from implementing the 
proposed standard 

3.1.These proposed criteria are based on toxicity studies of dissolved chloride that has dissociated 
from sodium chloride (NaCI), although chlorides dissociated from calcium chloride (CaCI2), 
magnesium chloride (MgCi2), or potassium chloride (KCI) may be present in surface water and 
can be more toxic to aquatic organisms (e.g., Mount et al. 1997). 

3.1.1. In 1988, the EPA noted that "the chlorides of potassium, calcium, and magnesium are 
generally more toxic to freshwater species than sodium chloride7' (EPA 1988 p. 7), but 
there was insufficient data on the toxicity of the chlorides of calcium, magnesium, or 
potassium to derive criteria. 

3.1.2. The relationship between the toxicity of the chloride of sodium and the toxicity of the 
chlorides of potassium, calcium and magnesium has held over time. Below are the ratios of 
the LC50 concentrations for the chloride of calcium (Ca), magnesium (Mg), or potassium (K) 
to the LC50 concentration for the chloride of sodium (Na) for the same species and test 
water (Stephan 2009a p. 10): 

• Ca/Na (n=5): 0.57-0.98 

• Mg/Na (n=3): 0.34-0.55 

• K/Na(n=5): 0.11-0.25 

Note: a ratio <1 indicates that the chlorides dissociated from calcium, magnesium, or 
potassium caused mortality at a lower concentration. 

3.1.3. The chlorides of calcium, magnesium, or potassium may be present in the environment in 
such a way that they threaten surface waters. 

• Potassium, magnesium, or calcium chlorides are used as deicers (Salt Institute 2004, 
Chang 2009). 

• Potassium chloride can be present in the effluent from hydraulic fracturing for natural 
gas extraction (URS Corporation 2011), and is also commonly used as a water softener. 

• Use of liquid brine salts as dust suppressants on roadways and at construction sites 
(Piechota et al. 2002) 

3.2.The proposed chronic criteria may be above the level that causes adverse impacts to aquatic 
organisms in Pennsylvania. 

3.2.1.The proposed criteria are based solely on studies of animais and do not consider toxicity to 
aquatic plants. Stephan (2009a, 2009b, 2009c, 2009d, 2009g) did not indicate why plants 
were not considered in the derivation of the Iowa Criteria. In 1988, the EPA noted that the 
alga Spirogyra setiformis was extremely sensitive to the effects of chloride (71 mg/L; 
growth, chlorophyll, C14 fixation; lOd; Shitole and Joshi 1984) as was the desmid Netrium 
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digitus (200 mg/L; growth inhibition; 21d; Hosiaisluoma 1976). However, the 1988 criteria 
did not include plant species in the derivation because."a Final Plant Value, as defined in 
the Guidelines, cannot be obtained becauseno test in which the cpncentrations of 
chloride were measured and the endpoint was biologically important has been conducted 
with an important aquatic plant species" (EPA 1988). These concentrations for plants are 
below the SMCV observed for vertebrate and invertebrate animals (Table 1) suggesting 
that plants may be more sensitive to chloride than are animals. 

3.2.2.Recent research withTreshwater mussels suggests that the gldthidia of some species may 
be more sensitive to chloride than the current suite of acfuatic organisms for which data is 
available (Gillis 2011, Pandolfo et al. 2012). Stephan included data from juvenile 
freshwater mussels or freshwater musselstha Villosa 
delaMbisi^m 
Wmg2.0m;$phaerium simile, GLfC and INHS 1008)phut Stephan excluded all studies with 
glochidia because of their unique life-history which requires thrat they attach to a fish host 
in order to survive (Stephan 2009a p. 7[d]). The unique life history of most freshwater 

smus$el# 
freshvvater m ulsetsaTM 2012), 
therefor^it' isimpp^^ "very 
importantdueStiPnM duration is ecologically relevant 
for glochidia?'" (Stephan 2009a p. 7[d]). 

3.3.The proposed chronic criterion is not robust. 

3.3.1. The genus mean chronic values (GMCV) should not have been calculated directly from the 
species mean chronic values (SMCV) without first correcting for hardness and sulfate. 

3.3,1.1. The SMCV from different experiments were not no rma l s and 
sulfate (Stephan 2009c). As a result, the SMCV are not directly comparable because 
the toxicity of chloride varies dependingi upon the chemical composition ofthe water 
in which the test was done-fei^, Mount etal , -1997, Soucek 2007, Elphick et al. 2011). 
Therefore, calculating the GMCV as the geometric mean ofthe SMCV for a given 
species is not appropriate. It should be noted that the species mean acute values 
(SMAV) were corrected for hardness and sulfate before calculating the GMAV 
(Stephan 2009g). 

3.3.2.There is inconsistency in the meaning of the species mean chronic value (SMCV). The 
SMCV determined by Stephen (2009c) refer to different levels of impairment for different 
species. 

3.3.2.1. Stephen (2009c) used the geometric mefi l of the no observed effect 
concentration (NOEC) and lowest observed effect concentration (LOEC) to determine 
the SMCV. The NQECand L ^ 
but the am 
(Table 1); Therefore the SMCV determinedhy Stephen (2009c) refer t o d 
levels of impairment for different-species. 
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3.3.3.Different researchers analyzing the same data have arrived at different results and 
different conclusions. 

33.3.1. The guidelines that different researchers have used to determine which studies 
should be included and the interpretation ofthe EPA 1985 guidelines differ between 
researchers (e.g., EPA 1988, Stephan 2009a). As a result the rules to determine the 
appropriate studies and data to use to derive chloride criteria are not interpreted in 
a consistent manner and researchers have differed in the tests they included or 
excluded. For example, Stephan (2009c, 2009e) excluded an acute and chronic study 
of Rana sylvatica by Sanzo and Hecnar (2006) because they used technical grade 
sodium chloride, but Elphick et al. (2011) included this study when deriving a chronic 
criterion. 

3.4. The proposed chronic criterion does not account for uncertainty in data and methods. 

3.4.1.The proposed chronic criterion equation may allow for chloride concentrations in surface 
waters of Pennsylvania above the concentration shown to cause harm to aquatic 
organisms during laboratory experiments. For example, the SMCV for some species in 
Table 1 are near or exceed the normalized chronic criterion of 389 mg chloride/L which 
Iowa adopted for surface waters where sulfate and hardness are not known. The SMCV in 
Table 1 would need to be corrected for hardness and sulfate to confirm that the chronic 
criterion would exceed the SMCV. In 1988, the EPA affirmed that the proposed chronic 
criterion was below the three SMCV available at that time (EPA 1988). Stephan in 2009 did 
not affirm that the proposed chronic equation was beiow the ievei shown in laboratory 
experiments to impair aquatic organisms. 

3.4.2.The proposed chronic criterion equation includes a correction for hardness and sulfate 
although the exponents for hardness and sulfate are based on studies in two labs (GLEC 
and INHS 2008, p29 & 36) of only one species (C. dubia) under acute conditions (Stephan 
2009f). Stephan (2009f) presents evidence that "supports the concept" that "the sulfate 
exponent might be more negative than indicated by the GLEC and INHS (2008) data" 
(Stephan 2009f p. 4). A negative exponent for sulfate means that a higher sulfate 
concentration lowers the LC50 for chloride. Thus, reliance on the 2009 Iowa equations may 
not offer the intended level of protection to aquatic organisms in Pennsylvania. 

3.4.3.The endpoints of chronic tests conducted under laboratory conditions (e.g., survival, 
reproduction) may not reflect the most sensitive response in nature. In nature, a stress 
response may occur at lower concentrations than what are observed under controlled 
laboratory settings. A similar pattern is seen with behavioral responses such as avoidance, 
coughing or rapid breathing by fish, or increased activity (Atchison et al. 1987, Scott and 
Sloman 2004, Hellou 2011). Behavioral responses have been poorly documented or not 
measured in most laboratory experiments of chloride toxicity, therefore it is unknown how 
the behavior of aquatic organisms in nature would be affected by elevated chloride. 

3.4.4.There has been no attempt to account for the fact that the available data represents only a 
small percentage of the species found in Pennsylvania. Including studies conducted since 
the 2009 Iowa criteria were derived results in a different acute-to-chronic ratio (ACR) and 
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acute and chronic criteria (e;g., Elphick etah 2011). I t is to be expected that additional 
data may change the criteria, such as occurred between the^ derivation of the 1988 criteria 
and the 2009 criteria (e.g., ACR= 7.594, EPA 1988; ACR = 3.187, Stephan 2009h; ACR = 
3.50, Elphick et at. 2011). Focusing on species found in Pennsylvania may also alter the 

'• criteria, A ' ':' ";;n ok^rA. 

3:4.5.Different methods to derive the chronic criterion may result in different criterion. Stephan 
(2009c, 2009hf) used the ACR whereas Elphick etal . (2011) derived a Chronic criterion 
directlyfrom chronic studies, (chronic c 2011; chronic 
criterion =428 mg/L> Stephan 20D9h). It should alsP be noted that other factors, such as if 
how hardness and sulfate were accounted for/could also accouht for differences in the 
criterion. 

3.4.6tThe lack of robustness in the^derivation o f t b r 
uncertainty. 

Table 1: Data used to derive^thespeefes #feanchronic values(SMCV^by Stephan|2009c).; The SMCV is the 
geometric mean ofthe;NOECind the LO ECi A Subset pf this data was use chronic 
values and the acuterto-chronic ratio, which was used tp derive the^ppposed 
Category 
Fish - noh-salmohic 
Fish - salmonid 
Cladoceran 
Cladoceran 
Cladoceran 
Cladoceran 
Cladoceran 
Cladoceran 
Cladoceran 

Cladoceran 
Cladoceran 
Cladoceran 
Cladoceran 
Frog 

Species, 
Fathead minnow 
Rainbow trout 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 
Ceriodaphnia dubia 

Ceriodaphnia dubia 
Daphnia drhbigua 
Daphnia magna 
Daphnia pulex 
Rana sylvatica 

Endpoint 
33d; survival 
Early life stage; survival 
7-9d; Reproduction 
7d;? 
6-7d; Reproduction 
6-7d; Reproduction 
7d; Reproduction 
7d; Reproduction (12 studies] 
7d; Survival 
7d; Reproduction 
7d; Reproduction 
lOd; Reproduction 
lOd; Reproduction 
21d; Reproduction 
90d; Survival 

NpEC(mg/L) , 
352 (9% reduction) 
643 (4% reduction) 
?2 

? ; ' ; - u '•'"'• v y - ' 

N/A3 

N/A 
N/A 
<152-303 
1092 
<455^8197 

WA 
N/A ' 
2184 
314 (0% reduction) 
N/A ' 

LQECfag/LJb . , 
533 (15% reduction) 
132|i|46%!reductfOn) 
?(EC50) 
? 
442.24(IC25) 
385.2 (IC25) 
34dllC25)P 
346-685 (IC50) 
1456 
455-1092 V 
370.6 (EC20) 
292:4 (EC20)' 
2597 (EC50) 
441 (27% reduction) 
625 (62% reduction) 

SMCV(mg/L) 
433.1 

?%7 
925 
235 
<442;2 
<385.2 
<34G •'•"••"" 
<322 
N/C6 

<629 
370,jS <, 

'wiA:4v:{ 
2382? 

372 
;<625 ;-- : ' ; :- ' 

Reference 
(Birgeetai; 1985) 
Spehar ia^ 1 

(Cowgilj and Milazzo 1990) 
(Diamond et al. 1992) 
WISLpH2007 (mod. Hard water) 
WISLOH 2007 (Hard water) 
Lasieretal, 2004s 

(Aragao and Pereira 2003) 
(Cooney et al. 1992) 

(Harrnpn et al. 2003) 
(Harmon et al. 2003) 
(Cowgill and Milazzo 1990) 
(Birge etal. 1985) 
(Sanzo and Hecnar 2006) 

1 Unpublished memorandum sent directly to C. Stephan from R. L. Spehar pnJune 24,1987, Data is not available 
on-line (scholar.gooRle.com, search ''chloride author:Spehar^,Aug. 3,2012). 
2 Data not presented in Stephan (2009c) and document not available for dpwnlpad (Augv3, 2012) 
3 Stephan (2009c) did not use the NOEC to calculate the SMCV. 
4 WISLOH 2007 refers to an unpublished study that could not be fpund on the Wisconsin State Laboratory of 
Hygiene webpage (http://www.slh.wisc.edu/, search "chloride", Au|v 3, 2012). IDNR (2007) presents results from 
the WISLOH lab cbvering theperiod ittOd-2007, however the: results in that report (Table 4: C. Dubia chronic 
toxicity 703 mg CI7L; Table 7: C. dubia chronic toxicity: 427 mg Cl/L) do not matchthosepresented by Stephan 
(2009c). Corsi etal. (2010) preseht results frorti the WISLOH lab over tfte same tirfre period, but the Studies do not 
appear to be the same as the ones reviewed by Stephan (2009c) because the Corsi study focused on surface 
waters receiving road run-off. 
5 Data was presented in a poster at the SETAC meeting and is not available oniline (Aug.;3, 2012) 
6 The geometric mean for C. dubia survival in the studysby Copney etai, (1992) was not ^aicuiated by Stephan 
(2009c) because reproduction was more sensitive. 
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4. Point of Clarification 

4.1. As written in PA Bulletin 12-1292 it appears that Pennsylvania will adopt the Iowa criteria in 
toto, including Iowa's criteria for waterbodies where sulfate and hardness are not known. Iowa 
defined normalized acute and chronic criteria to be applied to waterbodies where sulfate and 
hardness are not known that were based on the statewide background values for hardness (200 
mg/L) and sulfate (63 mg/L). Average hardness and sulfate concentrations may be different in 
PA and therefore the normalized acute and chronic criteria for Iowa may not be appropriate for 
PA. 

5. Summary and Recommendations 

5.1. The chloride criteria proposed by the EQB on July 7, 2012 are an improvement over the criteria 
that were proposed in 2010. Specifically, the proposed criteria incorporate characteristics of 
the receiving waters that affect chloride toxicity. However, as was highlighted in our previous 
review, the newly proposed criteria based on the Iowa standard may not be protective of 
aquatic life in Commonwealth streams, rivers, and lakes. Examples of uncertainty are: 

5.1.1.The proposed chronic criterion may allow for ambient chloride concentrations in surface 
waters in Pennsylvania above the concentrations shown to cause harm to aquatic 
organisms in laboratory experiments. 

5.1.2.The criteria are based only on the chloride of sodium although the chlorides of calcium, 
magnesium or potassium may enter surface waters of Pennsylvania and are more toxic to 
aquatic organisms. 

5.1.3.The proposed criteria are derived from only a few species found in Pennsylvania. 
5.1.4.There are only seven species (6 after excluding the frog, Rana sylvatica which Stephan 

[2009g] excluded because the sodium chloride used in the experiment was technical 
grade) for which there are acceptable chronic data (Table 1). 

5.1.5.Glochidia and plants were not included in the derivation ofthe acute or chronic criteria. 
5.1.6.The proposed criteria may not be protective of our more sensitive stream dwelling 

invertebrate species, particularly early life history stages (e.g., glochidia of mussels or early 
life stages of other invertebrates). 

5.1.7.Exponents for hardness and sulfate in the acute and chronic criteria equations may be 
under-protective. 

5.1.8.The species mean chronic values (SMCV's) were not corrected for hardness and sulfate 
concentrations. 

5.1.9.The SMCV refer to different ieveis of impairment for the different experiments and 
species. 

5.1.10. The SMCV are not corrected for hardness or sulfate. 
5.1.11. The endpoints of laboratory toxicity studies do not include behavioral responses. 

Behavior may be affected at lower chloride concentrations than are survival, reproduction 
or growth. 

5.2. Following are some recommendations on how the EQB may address uncertainty. 
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5.2.1.Include a safety factor in the derivation of the chronic criterion. At a minimum, that safety 
factor should be sufficient to ensure that the chronic criterionsipbel0w?theSMCVor 
GMCV. Following are some reasons that a safety factor should be used: 

5.2.1.1. "Safety factory are used to provide an extra margin of safety beyond the known 
or estimated sensitivities of aquatic organisms,, (EPA 1985 p36)> 

5.2.1.2. The acute criterion chronic criterion 
does not. The ^9£5 EPA guidelines indiGate that a safety factpr of 2 isalways to be 
used when calculating the acute criterion (called the criterion maximum 
concentration in EPA 1985, p 54, item XI.B.) but does not give a rationale for this 
using this safety factor. Although the EPA djd nptingludejisafety factor when 
deriving the chronic criterion in 1988, the chronic value was beldw the level shown 
to cause harm to the thr ayailable at that time (EPA 
p88f . It is unci 

cause ^ ness or 

5.2.1.3. The acute and o h r d h i c c ^ of 
sodium, but the^ chlorides of potassium, magnesium or calcium may be present in 
surface waters df Pennsylvania andaire more toxic t o aquatic organisms than is the 
chloride of sodium. 

5.2.1.4. Environmental impacts (including avoidance] may occur atlower concentrations 
then those that affect growth or survival. 

5.2.1.5. British C p l u m ] ^ 2M3)vUsed a safety factor of 5 In the derivation 
of the chrpnic guideline. Tfieir justify 

• Chronic data ayaiiahlefrpm^ 
• In a recent study, Pianipnd et al. (1992|^ 

reproduction of 3.75M C. dubia exposed to NaCI for 7 days. Also, LC5o/LC0 of 3 
and LCioo/LCopf 4 were obtained by Hug^ 
al. (1991) data yielded LC50^ 

• Additional protection, may be required for t ^ 
but have not yet been tested in the literature. 

5.2.2. A new review of chloride toxicity studies should be conducted to generate a more 
complete and up-to-date iist of species anci genus mean acute and chronic values. The 
references sited at the end of this comment include a few studies that have been 
published since 2009. Apgw review shpuld: 

5.2.2.1. Resolve the cpnfrpversy regarding aquatic plants and glpc 
5.2.2.2. Clearly define rules to include or exclude a study and document the rationale for 

studies that are excluded; 
5.2.2.3. The species mean acute yalues and species mean chronic values should be 

calculated using a consistent and biologically meaningful endpoint. For example, 
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Elphick et al. (2011) used probit regression to determine an endpoint that was 
consistent among species (e.g., the IC10). 

5.2.2.4. Derive species mean chronic values normalized for hardness and sulfate; 
5.2.2.5. Explore the possibility of deriving chronic criterion directly from the data rather 

than using the ACR (e.g., Elphick et al. 2011); 
5.2.2.6. Include in the review toxicity studies with the chlorides of potassium, 

magnesium or calcium. Although conducting additional experiments with species 
found in Pennsylvania is the preferred approach, it may be appropriate to use the 
ratios cited above (3.1.2) to derive the SMAV or SMCV. For example, the chloride of 
potassium appears to be 4-10x more toxic to aquatic organisms than is the chloride 
of sodium. 



Stroud Gender Review of Proposecl Chloride Criteria I 2012 

6, Literature Cited 

Allert, A., Cole-Neal, C, and Fairchild, J.' 2012. Toxicity of chloride under winter low-flow conditions in an 
urban watershed in central Missouri, USA. Bulletin of Environmental Contamination and 
Toxicology 89: 296-301. doi: 10.l0b7/s00128-012^0673-0: 

Aragao, M.A., and Perfeira, E.V. 2003. Sensitivity of tenodaphrim different ages to sodium 
chloride. Bulletin of Envirpnmental Cpntaniinatidrv aj)d tpxicplogy -701:1247-1250. doi: 
1 0 . 1 0 0 ^ ; 

Atchison, GJ.,Henry^M;G., and Sandh a review. 
Environmental ^iologf of Fishes I S : 11-25. doh iO.i0d7/BF000b2324, 

Birge, V\/.J., Black, J.A., Westerman, A.G., Short, T.M., Taylor, S.B., Bruser, D.M., and Wallingford, E.D. 
1985. Recommendations on numerical values for regulating iron and chloride concentrations for 
the purpose of protecting warm water species of aquatic life in the Commonwealth of Kentucky. 
Memorandum of Agreement No. 5429, Kentucky Natural Resources and Environmental 
Protection Cabinet, School of Biological Sciencesand Graduate Center forToxicology, University 
of Kentucky, Lexington. Available from 
web.as.uky.edu/Bi0iogy/faculty/birge/lab/RecomNum^^ [accessed 3 
August 2012]. 

Cooney, J. d., Lenoble, B. j . , Pollock, T. I., Smith, G. j . , De'graeve, G. m., and Moore, E.I. 1992. Effects of 
environmental and experimental design factors on culturing and toxicity testing of Ceriodaphnia 
dubia. Environmental Toxicology and Chemistry 11: 839-850. doi: 10.1002/etc.5620110612. 

Corsi, S.R., Graczyk, D.J., Geis, S.W., Booth, N.L., and Richards, K.D. 2010. Afresh look at road salt: 
Aquatic toxicity and water-quality impacts on local, regional, and national scales. Environ. Sci. 
Technol. 44: 7376-7382. doi: 10.1021/esl01333u. 

Cowgill, U.M., and Milazzo, D.P. 1990. The sensitivity of two cladocerans to water quality variables : 
salinity and hardness. Archiv fur Hydrobiologie 120:185-196. [accessed 3 August 2012]. 

Diamond, J.M., Winchester, E.L., Mackler, D.G., and Gruber, D. 1992. Usê  ofthe mayfly Stenonema 
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Conclusions 
After reviewing four different approaches for deriving water quality chloride criteria to protect aquatic 
life (Stephan et al. 1985, Evans and Frick 2001, Nagpal et al. 2003, Iowa DNR 2009) and the data 
underpinning PA's proposed criteria (EPA 1988) and the Iowa criteria (Stephan 2009a,b,c), it is clear 
that: 

1) All approaches set chloride criteria that are at least several times greater than natural baseline 
chloride concentrations, and therefore represent a measurable and significant change in the 
chemical composition of freshwater ecosystems in the NE United States. The question that the 
current evidence is unable to answer is: will these criteria result in significant biological change? 
There is limited evidence of the biological impact of previous elevated chloride levels in aquatic 
ecosystems in the U.S. or Canada. Past monitoring efforts (see introduction) suggest that some 
streams regularly reach the acute criterion, but there has not been a noted change in biota 
following these pulses, largely because of a dearth of biological data following these episodic 
events. One study has demonstrated that macroinvertebrate drift increases in response to 
pulsed chloride input (Blasius and Merritt 2002). Another study has demonstrated losses of 
species in stream fish communities with small changes in chloride levels across a regional-scale 
analysis (Meador and Carlisle 2007), and the composition of algal species has been observed to 
change when chloride concentrations increase (Evans and Frick 2001). Nonetheless, there are 
limited data on biological changes accompanying changing chloride concentrations in the 
natural environment. We could not find any studies evaluating the influence of chloride on vital 
stream functions such as primary production, stream metabolism, or nutrient uptake or 
processing, all of which are important indicators of water quality for aquatic ecosystems. 

2) All of these criteria are based on data for invertebrate and fish species that are not a random 
subset of stream invertebrate and fish species. Rather, most of the species with chloride data 
are known to be not especially sensitive to changes in environmental condition, which is one 
reason they survived well in the laboratory and became standards in laboratory bioassay 
protocols. The most recent iteration ofthe taxa that qualify based on EPA standards (in Stephan 
2009a,b,c) doesn't include any classically sensitive stream invertebrate species such as 
stonefiies, mayflies, and caddisflies, all of which are important indicators of stream condition 
and are integral in the regulatory definition of stream impairment. Our concern is that criteria 
intended to protect most (e.g., 90% or 95%) of the species with chloride data might actually 
protect a much smaller proportion of all species that occur in a natural community because the 
natural community includes many species known to be sensitive to environmental change while 
the laboratory studies are biased toward species known to be at least moderately tolerant of 
environmental change. This is one reason to approach the acute and chronic criteria with a 
strong safety factor. 
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3); Rata (available are primarily from acute toxicity studies>ibut the chronic criterion rriay 
linportant for long-term structuring stream communities and maintaining de$ighated p e fpr 
aquatic life. For example, fish tend to be moderately tolerant of acute chloride stress relative to 
macroinvertebrates, but they are one of fthe^more sensitive taxa t o er^oniechlbridf stress. For 
example, fat head minnows (Birge etal . 1985) experienced the greatest mortality between days 
9 and 21 and therefore had one of the highest acute-to-chronicfatiorexartifhed. fftfe fearth of 
chronic studies on both invertebrates and fish is troubling, it is likely that, like some amphibians 
(e.g., spotted salamander), embryonic and early life stages of some fish wil'Kfti-.rrr0r|^|fi^it[ve 
than is currently recognized. , 

4) T^e majority of chloride criteria are IlrrvitedJo wMPTiinated by data on NaCI 
chloride toxicity, the least toxic salt. This point is routinely justified by the fact that NaCI is the 
most anthropogenically abundant of these four salts. However, no special guidance is given for 

_ p e r m M of 
^ phjpr$^ 

c ^ acute 

, EyaM and Frjc (Iowa 
DMR 2009) and have comparedvthe range of values with the propose 3). The 
range of acute values is 564 - 830 mg/l CI- and the range of the chrpnic values is 91 - 428 mg/l 
CI-. This comparison eliminates tb^ variability in the, choices each of the authors have made 
with regard to studies included or excluded. We note that;thfeP/^,prj9p.psle4jacutg.. value is the 
least protective criterion, primarily because it is not based on more recent acute toxicity studies. 
We recommend that PA adopt an acute criterion that is reflective of thise new data. The 
method adopted by, British Columbia is t h f m o s ^ pf i^uatic life arnori^ these 
apprpaches. BC invoked a precautionary principle that acknowledge both the uncertainty of 

p the available data and analyses and th^ BC 
adopted their criteria, only new acute datasets have become available gnd the values in Table 3 
utilize those data but use the BC approach to arrive at a finaI value (i.e., lowest SM AV/2[safety 
factor]). The BC use of a safety factor of 2 for the acute criteria was also consistent with what 
the EPA had done. However, BC was the only entity to apply a safety factor for the chronic 
criterion (5). We feel that the use of a safety factor for chrpnic criteriaderiyed from the use of 
an ACR is clearly justified given the very limited number of chronic the 

desire to protect species that may be more sensitive than thosejjsed tn the standard laboratory 
bioassays. We recommend that RADBP adopt the same methodology that BC has used for 
calculating both acute and chronic data. We feel that this is particularly important for the 
chronic criteria, as there is the potential for permitted discharges (particularly from the 
Marcellus Shale gas drilling industry) to raise chloride concentrations in streams to near the 
chrpnic criteria level Given the paucity of data determining threshold^ for chronic effects, this 
approach is warranted. At the very least, a safety factor should be applied to any of the other 
methods producing a chronic crjterjon. 

We have a number of concerns that are specific to the actions and ppfions available for PADEP; 

6) Protecting CWFs and TSFs based on ACRs that included more chloride-tolerant Daphnia is not 
justified when it may expose rainbow trout to chloride concentrations approaching their chronic 
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levels (1,324 mg/l CI" killed 46% of individuals in an early life stage test and at 643 mg/l CI" killed 
<4%). Trout are an integral component in the definition of these two aquatic life uses. The 
proposed chronic value of 230 mg/i is potentially a concern for biotic assemblages in 
Pennsylvania. For example, Meador (2007) suggests that optimum CI" values are low (3-35 mg/l) 
and we infer that if those CI" concentrations are exceeded it may result in changes in fish 
community structure. Similarly, not having a temperature component also seems to invite 
season-specific impairments of macroinvertebrates in TSFs and WWFs based on the recent 
findings of Silver et al. (2009), based on the seasonal movement of organisms into and out of 
various life history stages, and based on variation in their metabolic rates in response to 
seasonal changes in water temperature. Adding a temperature component to the chloride 
criteria wouid require further research on temperature effects. 

7) The Evans and Frick (2001) method has the benefit of being reproducible and open to 
interpretation. Their use of nearly all of the valid acute LC50 data in Fig. 7-2 (Evans and Frick 
2001), and the calculation of a sigmoid curve function (including 95% confidence intervals) that 
describes the percent of genera affected versus chloride concentration, is readily digestible by 
the public. However, the sigmoid curve function can be generated using various numbers of 
terms (parameters) in the equation and/or various equations (e.g., sigmoid, logistic, Weibull). 
The result of choosing a slightly different function can result in differences in acute and chronic 
values. To use this approach requires a valid justification for the choices made in fitting the 
curve to these data. Furthermore, these data still represented a small subset of aquatic species, 
and were biased towards lab friendly species that are easiest to culture (e.g., Daphnia). Since 
the selection of taxa was not a random subset of the aquatic species at large, most criteria 
based on the animals selected are primarily protective of those species tested (e.g., being 
protective of 95% of those taxa might only be protective of 50% of all species). This point is not 
limited to Evans and Frick but is valid for all of the approaches we have reviewed. This is the 
primary reason that the application of a safety factor is needed. The Evans and Frick (2001) 
study did not apply a safety factor to either their acute LC50 relationship or the derived chronic 
relationship. 

8) More data is generally better, but there is a need for more consideration of how data gets 
incorporated. The Stephan (2009a,b,c) approach of calculating a predicted genus mean chronic 
value from the species mean acute values does not seem justified in this case. The GMCVs are 
not much better than guesses, and there is no attempt to correct for this inherent uncertainty. 
Adding GMCV values above the lowest four gives the false sense of increased precision of the 
true distribution of the GMCV, which has the result of increasing the final chronic value (FCV). 
We feel it would be appropriate to apply a safety factor to the chronic criteria to acknowledge 
the uncertainty in the FCV. 

9) The use of hardness and sulfate equations (Iowa DNR 2009) in PA will improve protections and 
application of the chloride criteria only to a limited extent since the range of criteria in PA would 
be narrow (based on EMAP site values for hardness and sulfate in PA). Secondly, the hardness 
and sulfate exponents in the Iowa criteria were based on data from an acute toxicity study of 
only one species (C dubia), although four species were studied and three were sensitive to 
hardness. No data were available on the relationship between hardness or sulfate and chronic 
toxicity. In the end, Iowa uses a default value for hardness and sulfate if no other data are 
available. This is akin to setting a fixed criterion value but allowing site-specific deviations if one 
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gathers the appropriate data; Clearly, more species-specific data are needed to better 
understand the relationship fritweenchloWd^e toxicity and hardness or sulfate* 

10) As noted above, previous reviews of chloride considered only NaCI and considered road salt to 
be the most likely source ^ We feel that the current proposed standard should 
explicitly acknowledged that these criteria are specific to NaCI derived chloride, and guidance 
should be given to iddressxases when significant chloride is derived from salts (i.e., KG, MgCI2 

and CaCliJithat hav^proventosbe more toxic sources of chloride. 

Our reviewbf four approaches (Stephan etal. 1985/€vans and Frick 2001, Nagpal etal. 2003, Iowa DNR 
2009) for deriving chloride criteria to pritect aquatic life identified a number of AA/eaknesses in the 
available data and the analyses used to derive criteria. We were especially concerned with (1) the near 
absenceiof^ mayflies, stoneflies, and 
catJdisfltes; t ^ H e d e p ^ 
studies5 th^t^ereivirpmp 
justifpisi?^ 
chroriicriterlaw 
concentrated streams in theirmPlt natural 
ExceptiPhal Vilu criteria f or chldrideiwewderived by the 
CaHa#ah^ in 
available datapa^ 
Given the l i m i t s the potential that treated wastewaters from Marcellus Shale 
drillihg may result in near^criteri^hchlpride concehtrations 356 days peryear (versus the 30 days of a 
standard chronic bioassay), we believe the British Columbia criteria (either the originally adopted criteria 
or our re-calcul i 
streamsl^peirally^^ 
chiracterize Cold Wiater F&heSStreamsi r 4a- r n 
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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 (Chi) criteria for Potable Water Supplies 
at a maximum concentration of 250 mg/l. The proposed amendment adds chloride criteria (Ch2) 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/l 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 
Iowa, 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, Iowa, 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 Salt in 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: CH3COO"). There are several types of salt, but this report 
focuses on the chloride-containing salts which include (but are not limited to) sodium chloride (NaCI), 
calcium chloride (CaCI2), magnesium chloride (MgCI2), and potassium chloride (KCI). When dissolved in 
water, these salts dissociate into their free ions (i.e., the cations Na+, Ca2+, Mg2+, K+ and the anion CI"). 

Aquatic organisms vary in their salt tolerance. Salt tolerance also varies depending on the specific cation 
involved. For example, Ca2+ is essential for algal growth. Most plants require Mg2+ 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-td-speeies and this result^ inf different toxicity thresholds for eath 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, Stenohajine organisms can only tolerate a narrow range of 
salinities. Stenohaline species can be:fM:Pth;gr#uWiyidtd 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 o f the toxicity of chloride or other salt-deriyedjion^ it is important 
to consider whether the organisms are known to be salt tolerant or salt sensitive or whether there are 
other known I f e like 

saimpnidiFOfithe genus QncprhyncftyskV^ 
deyelopifg chem 
s tu td ies^ 
experience itf ?to>^ 

mean that the sensitive ̂ organisms wou lde^ at the lowest concentrations 
compared to more tolerant organisms. Understanding each organism's life>history sensitivities is also 
importantisinee negative impactsto any component of the life history will typically result in a decrease 
in;survivaTofthe.po:p;ulation. ,. -;^% ::mo-$ 6-- - n^ iVK-

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 
bedrocki surficial materi or saline groundwater 
(brihes); and (4) volcanic activity (Mullanfey e t al. 2009). Oteahs typically contain about 19,000 rrig/l of 
chloride resulting in the latmt^ph and CI". This; results in the 
deposition of Na+ and CI" being highest along the cioast. 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/l (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/l (approximated 
25th and 75th 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 (NaCI, QaCI2, IVlgCI2, and KC|), sodium chloride (NaCI) is the most 
commonly produced and used in environmental applications. Its primary environmental use is as a 
deicing agent. NaCI is used to soften water in suburban and rural homes and CI" is then released to 
drainfields where it eventually flows to groundwater. Sodium chloride is also used as a food additive 
arid condiment, in manufacturing pulp and pap^r:, setting dyes in textiles and fabriqs, 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. I t 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 iood processing, and as $ sodium-free substitute for table salt or as an alternative 
vvater softener. KCI is sometimes used in petroleum and natural gas operations. Calcium chloride is also 



Expert Report on the Proposed Ambient Water 
Quality Criteria for Chloride in PA Waters 

DUD 

used as an ice-melting compound and is more effective than NaCI 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 CaCI2 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 etal. 
2009). 

Prior to 2005, the largest use of salt had been in the chloralkali 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 KG, MgCI2, CaCI2, NaCI 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/l/yr from ~15 to >40 mg/l CI" over the 20-yr period 1985-2005 (Kelly et al. 2008). In 
these NY tributaries to the Hudson River, the average annuai input of NaCi was 1.4 million kg/yr (Keily 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 typically had CI" concentrations < 30 mg/l 
with many streams < 10 mg/l (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 rangingfrdrh 18-2700 mg/l (e.g., Benbow and Merritt 2004, Silver et al. 
2009). The increases in CI" concentrations in freishwat^r in the northeastern US threatens salt-sensitive 
biota and may result in the extirpation o f certain spedes that may ultimately cause changes in 
community structure and function (e.g., loss of algae, invertebrates, and fish) bf these stream 
ecosystems. 

The type of water body has a significant impact bnthe chloride concentration. According to Evans and 
Frick (2001), the highest chloride concentrations in freshwafer habitats are typicaliy found in roadside 
ditches where mel^water is concenttrated fup tb 19/135 itig/L, full strength sea water is about 19,250 
mg/L). The next highest jievels cire in rivers abdMtelMs^ 
(up to 4>310 rrrg/LJ- Small lakes and pdnds typically te^ than larger Jakes, but levels in 
small lakes w^ 
and but have r r i o r & d ^ 
Mor i stagnant1 a k&s an d prbhds WiSy sl!>v$yf icffcti^ and develop # saltifer hyf^iifftriibri 
(bottom strata) (Evans and Frick 2001). 

Th^re is a strong seasonal fcbmpbh^ northern US 
that were sampled 10 or more timers fbr chloridfe Bietw^en 19M arid 2004, the highest values were 
generally found during the Winterahd spring itibhthf |NbV-April) coinciding with winter deicing activity 
(Muilahey et al. 2009).! High^cdncentratibhs bf ehlo'riie that occurred in late spring and surrimer when 
there was no deicing activity may be due i& the discharge of groundwater containing high 
concentrations of Chloride or could bereliated to wastewater discharges containing chloride during a 
low-flow period." —--- - - ^ . - n <\-o^. -yy, •••. SM-;^ 

in the same 100 streams as above, meariah 6.4 tohs/mi2 from the forested 
basins, 15.4 tons/ml2 from the agficultiira! basirisf and §8 tons/mi2 from the urban basins (Mullaney et 
al. 2009). The median baseflow chloride cbncehtratibn 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 included 
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.: .••• -.A^.:A::^A A . :-,-..•/ A^A:- .. 

Data were availafble to test for temporal trends in ehloride loading for 19 sites (Mullaney et al. 2009). At 
three urban sites, increases in chloride load overt ime 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 sceptic systems, increases 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, 
chloride concentration depends on salting intensity, soil type, climate, topography, and water volume, 
with larger water bodies exhibiting lower 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 chloride concentrations in baseflow of sampled streams ranged from 18 
to 280 mg/l (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 included 
some more recent literature. The EPA acknowledged that the chlorides of potassium, magnesium, and 
calcium were generally more toxic to aquatic organisms than sodium chloride, but they limited their 
analyses to sodium chloride because the most data was available for this salt, and because most ofthe 
anthropogenic salt in the environment is likely to be sodium chloride (EPA 1988). All of these other 
forms of CI- salts are typically found in Marcellus Shale waste water effluent. They noted that there was 
not sufficient data to indicate that toxicity would change with hardness, alkalinity, or pH. 

To generate the Criterion Maximum Concentration (CMC), the EPA relied on studies by independent labs 
that identified the concentration of contaminant that caused mortality or a sub-lethal fitness effect to 
50% of the individuals in a 96-hour exposure (LC50 or EC50, respectively) to establish the acute criteria. 
Rules that the EPA followed when selecting studies are outlined in the "Guidelines for deriving 
numerical national water quality criteria for the protection of aquatic organisms and their uses" 
(Stephan et al. 1985) (hereinafter "1985 guidelines"). These EPA recommended rules require them to 
give preference to studies that used a flow of fresh water through the system (flow-through) over 
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studies that used static water or that recycled water through a biofilter (renewal). EPA's review 
included 45 values for the 96-hr LC50, or EC50 from 15 species representing 13 genera. Of these 45 
values, 23 were dropped because the salt used w a s not NaCI. Of the remaining 22 values, 4 were 
dropped because the study was not conducted in flow-through water and a value for the same species 
using fldw-thrdugh water was available; The species mean acute value (SMAV) was^the geometric mean 
of tests on the same species. The genus mean acute value (GMAV) was the geometric mean of tests on 
the same species. In 1988, there were 12 GMAVs. 

The EPA used a procedure detailedTn the 1985 Guidelines to calculate the Final Acute Value (FAV). The 
FAV is used to calculate the criterion maximum eo^ calculate the 
FAV is designed to protect 95% of the species, as iti&e is a 95% confidence interval in their formula 
(however, it is not clear if this is intended to prdtect 95% df spett^ 
species used in det^rmihingthe critfe 
1988> thie four lowest G M A J V s ^ 
i^dpdd)) arvd 3795 (Crimfo^^ total 
number of GMAV available (in this case 12), they calculated the FAV to be 172(3 mg/L; The FAV is then 
divided in half (i.e., a safety factor of 2 is applied) to determine the CMC of 860 mg/L. 

The same approach can be used to calculate the criteria continuous Concentration (CCC) if there is 
suffieieht data from chronic expb^restudies^but in 1988 sufficient data did not exist. Rather, the EPA 
took advantage of the fact that there was a great deal more information on acute toxicity than there 
was on chronic toxicity to use the acute-to-chronic ratio (ACR) approach. Chronic studies had been 
conducted on three species: fathead minnows;!rainbow t p for 
these species was calculated as the geometric mean between the lowest observed effect concentration 
(LOEC) and the no observed effect concentration (NOEC). The ACR for a given species was the ratio of 
the acute LC50 or EC5o to the chronic value. In 1988, the EPA determined the ACR for fathead minnows 
(15.17), rainbow trout (7.308), and Daphnia' pulex (3,952). The EPA then calculated the geometric mean 
of the three species' ACRs, which was 7.594. The CCC is then determined to be the FAV divided by the 
ACR. The CCC was determined to be 230 mg/L (1720/7.594 rounded to the nearest ten). The data from 
the chronic studies were used only to set the ACR, and did not factor in the determination of the CCC in 
any other way. The ACR approach is acceptable when there are animals in at least three different 
families, provided that 1) at least one is a fish, 2) at least one is an invertebrate, and 3) at least one is an 
acutely sensitive freshwater species (EPA 1985). The Final Acute-to-Chronic Ratio geometric mean ACR 
was 7.594. 

There are three factors in the derivation of the CMC, or acute criterion, which make the EPA approach 
protective. First, the EPA uses data from 96-hour exposure experiments to derive a CMC which is not to 
be exceeded for more than one hour every three years. The toxicity of chloride is time dependent. 
Chloride levels that are lethal over 96-hpurs may not have an impact when exposure is less than one day 
(Evans and Frick 2001). The second factor that makes the EPA approach protective is in the equations 
used to calculate the FAV, which are d^sig;ned to protect 95% of the species represented in the testing. 
These equations may result in a FAV that is lower than the lowest observed GMAC. Finally, the EPA 
applies what appears to; be a safety factor of two to the FAV to arrive at the CMC. This safety factor may 
be used to account for the fact that the FAV ref lets a value at which acute mortality will occur in some 
species, but the aim of the criterion is to prevent chloride levels from reaching these toxic levels. One 



Expert Report on the Proposed Ambient Water 
Quality Criteria for Chloride in PA Waters Wtrm J t o B a i CIKIIR 

concern, however, is that the FAV equations are sensitive to the number of genera for which there are 
GMAVs, but not necessarily to their toxicity values. The artifact arises because the equations for FAV 
are designed to account for the precision with which one knows the variance among the GMAVs (W. 
Eldridge, personal observation1). When there are few studies, one is less sure ofthe true distribution of 
the GMAVs, and the equations have a correction factor which lowers the FAV. As studies are added, the 
precision should increase. Therefore, adding an additional GMAV that is larger than the lowest four will 
increase the FAV. Only by finding a GMAV that is more sensitive than the fourth lowest will the FAV 
become lower. 

On the other hand, the derivation of the criteria continuous concentration (CCC; or the chronic criteria) 
does not include any additional protections that we could see. For instance, the CCC is determined from 
the FAV before the safety factor is applied. In addition, the chronic values used by the EPA are the 
geometric mean of the NOEC (no observable effect concentration) and the LOEC (lowest observable 
effect concentration). Therefore, one cannot be certain that no effect will occur. In addition, the chronic 
value is completely dependent upon the derivation ofthe FAV and the ACR. For a given FAV, dividing by 
a smaller ACR will result in a higher CCC. And the lack of protections comes despite chronic studies 
having been conducted for only three species. The ACRs varied from 3.9 (Daphnia) to 15.17 (fathead 
minnow). These chronic studies were limited in ''sensitive" life history components (i.e., embryonic, 
eggs, juvenile fish). In addition, no plant, algae or amphibian toxicity data were included. Spirogyra 
setiformis was extremely sensitive (71 mg/l produced inhibition of growth, chlorophyll, and C fixation). 
Plants and algae are foundational resources for stream food webs. The loss of taxa or their abundance 
may have impacts to higher trophic levels such as invertebrates and fish. 

The EPA 1988 criteria also do not account for the synergistic effects of hardness, sulfate, or 
temperature. Since 1988, each of these variables have been shown to significantly influence chloride 
toxicity (Iowa DNR 2009). Current efforts by the EPA (as reflected in the Iowa criteria described below) 
attempt to address hardness and sulfate interactions but not temperature. The 1988 criteria also were 
derived only from NaCI toxicity studies despite data cited in that study indicating greater toxicity to CI" 
derived from KCI and MgCI2, The study (EPA 1988) also states specifically that the criterion probably will 
not be adequately protective when the chloride is associated with potassium, calcium, or magnesium, 
rather than sodium. If PA adopts the 1988 federal chloride criteria, PA should acknowledge that the 
criteria is not protective when the chloride is associated with potassium, calcium, or magnesium, as 
there is sufficient evidence that acute and chronic values for CI" derived from KCI and MgCI2 would be 
considerably lower than the 1988 acute criterion (there is just not enough data to calculate acute 
criteria). Currently, the Commonwealth does not regulate Mg, K, or Ca, but should consider adding Mg2+ 

to the metal concentration criteria. 

3.2 Evans and Frick 2001 
In 2001, Evans and Frick (2001) published a review ofthe available chloride toxicity data, which included 
a unique method to derive chloride criteria for aquatic life. They were tasked with evaluating the 
impact of road salt on aquatic life in Canada. Evans and Frick (2001) present a different method of 
deriving the criteria. The Canadian method involves a three tier approach. The first and second tiers 

1 Authors observations on the result of the formula after adding or subtracting studies from the equation. 
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provide for the determination that the substance under consideration reaches levels inthe environment 
that could have an adverse impact. Tier three assessments provide for the analysis ofthe likelihood that 
the substance under consideration wil l have a harmful impact on the environment. It does so by 
considering the distribution of exposures or effects among organisms (Evans and Frick 2001). Evans and 
Frick (2001) reviewed the available chloride toxicity data and the criteria for other jurisdictions. From all 
the acute studies (less than 7 days), they usedpst those involving a 2-4 day exposure. They normalized 
the 2-day and 3-day exposures studies to a 4-day exposure by lisinga correct ion factor based on Cowgill 
and Milazzo (1990) who investigated LD5o responses of two species of cladocerans to sodium chloride at 
daily intervals over a 7-day period (Evans and Frick 2001). They noted the lack of chronic studies, and 
therefore relied on the EPA 1988 ACR (7,59) to calculate a chronic value for the same species for which 
they had acute data. Theyused these chronic data to prepare a cumulative distribution curve of the % 
of taxa that would be affected for a given cohcentrMon of chloride. They t i t a sigmoid function through 
that curve and calculated 95% confidence intervals ardund that regression. The procedure for choosing 
the sigmoid function vvas not describSd. Several optionscexist tor fitt ing sigmdid curves (etg.> 3, 4, or 
parameters, Idgisti^VVeibull/fGd 
can result in considerable^ 
criteria Would be derived), A l s o p c b h # a ^ 

forming their 96 hr curve) for their review ŵ  begins at 10% of 
species affected with a mean of 240 mg/L C l : , n 

One strength of this approach is that the authdrs were able to generate confidence •intervals for their 
distribution. The lower bound to the 95% confidence interval (for their chronic curve) at which 10% of 
species were affected was 194 mg/L and the upper bound was 295 mg/L (Evans and Frick 2001). 
However, their approach was heavily dependent iipon the ACR> as wa§ the EPA 1988 approach. Their 
approach is also sensitive to the derivation of the sigmoid curve. Curved fitting is sensitive to the 
equation forthe curve as well as the data that is being f i t ted, SigmaPtot> which Evans and Frick used to 
fit the sigmoid curve, has three different equations for the sigmô ^̂  4-, or 5- parameter 
equation. It is not apparent which version they used; or even what their rationale was for fitting a 
sigmoid curve. There are other equations fbr the sigmdid curve that might also be appropriate. The 
amount, distribution and transformation of these data (Evans and Frick-log transformed their data 
before fitting) will also affect the f i t of the Curve. Using a different equatibn for the curve or not 
transforming the data would result in a slightly different predicted value for the 5% species cutoff, 
which makes this approach less robust than other approaches for calculating criteria. 

3.3 British Columbia 2003 
The British Columbia Ministry of Environment adopted an Ambient Water Quality Guideline for Chloride 
\n 2003 (Nagpal et al. 2003). Their guideline for Freshwater and Aquatic Life states that the average of 5 
weekly measurements taken over a 30-day period shpuld not exceed 150 rhg/L with an instantaneous 
maximum not to exceed 600 mg/L. British Columbia considered the available scientific literature, 
existing guidelines from other jurisdietibns, and environmental Cdndi^ In British 
Columbia, background chloride concentrations are 1-100 mg/L CI" with maximum concentrations from 
13-140 mg/L CI*. Most of the chloride thattenters the environment 10 British Columbia is from the 
storage and application of road salt for accident prevention, which is predominantly NaCI. Their 
standards are based on two reviews - Evans and Frick (2001) and Bright and Addison (2002). British 
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Columbia considered the scientific literature on chloride toxicity to be "not always conclusive because it 
is usually based on laboratory work that, at best, only approximates field conditions." British Columbia 
invoked a "precautionary principle" to incorporate built-in safety factors that are conservative relative 
to the EPA 1988 guidelines, but considered natural and background conditions in the province. 

The acute and chronic rationales were as follows: 

Acute rationale: The guideline for maximum chloride concentration was derived by 
applying a safety factor of two to the 96-h EC50 of 1204 mg/L for the tubificid worm, 
Tubifex tubifex (Khangarot 1991), and rounding the number to the nearest tenth. A 
safety factor of two is applied to the acute data because ofthe relative strength ofthe 
acute data set (28 values, 20 species, 15 studies). 

Chronic rationale: The recommended water quality guideline was derived by dividing 
the lowest LOEC (lowest observed effect concentration) from a chronic toxicity test by 
a safety factor of 5. The lowest LOEC for a chronic toxicity test was 735 mg/L for 
Ceriodaphnia dubia (DeGreave et al. 1992). That chloride concentration resulted in a 
50% reduction in reproduction over the 7 day test duration. Utilizing this value and 
following the application of a safety factor of five, the chronic guideline is 150 mg/L 
(rounded to the nearest tenth place). The safety factor of 5 in the derivation o f the 
chronic guideline was justified as follows: (a) chronic data available from the literature 
were scant; (b) in a recent study, Diamond et al. (1992) found a LOEC/NOEC ratio for 
reproduction of 3.75 in C. dubia exposed to NaCI for 7 days. Also, LC50/LC0 of 3 and 
LCioo/LCo of 4 were obtained by Hughes (1973), whereas the DeGreave et al. (1992) 
data yielded LC50/NOEC ratios that ranged from about 1.0 to 6.9; (c) additional 
protection may be required for those species that are more sensitive but have not yet 
been tested in the literature. 

The guidelines are used to set site-specific objectives. In most cases, the objectives are the same as the 
guidelines, but they could be higher or lower depending upon background levels and the value and 
significance of the waterbody. The guidelines and objectives have no legal standing, but they can be 
used to develop waste management permits, orders and approvals that do have legal standing. 

3.4 Iowa 2009 
In 2009, Iowa adopted new chloride criteria for the protection of aquatic life after consultation with the 
EPA and the publication of new data produced by the Great Lakes Environmental Center (GLEC) and the 
Illinois National History Survey (INHS) on chloride toxicity to four invertebrate species (Iowa DNR 2009). 
Those studies assessed the water flea (Ceriodaphnia dubia), planorbid snail (Gyraulus parvus), tubificid 
worm (Tubifex tubifex), and fingernail clam (Sphaerium simile) sensitivity to chloride under varying 
hardness concentrations. (For purposes here, hardness is a measure of the concentration of dissolved 
calcium carbonate - CaC03). Results indicated that the water flea, clam, and worm had decreased 
sensitivities to chloride with increasing hardness. The water flea was tested for the influence of sulfate 
concentrations on chloride sensitivity and was found to be negatively influenced by S04 concentrations. 
As a result, the State of Iowa proposed 12 options (both acute and chronic) for setting chloride criteria 
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with 8 of those options varying with hardness and sulfate concentrations, 4 varying with hardness only, 
and 4 flat criteria. Ultimately, Iowa adopted two of the options that vary with hardness and sulfate: 
acute chloride criteria = 287.8^£hardn and chronic chloride criteria .= 
177.87*[hardness]a 2 0 5 7 9 7^ I i i lust rates how the chloride criteria vary with hardness 
assuming a constant sulfate concentration of 37.9 mg/l (an average of PA streams from an EPA EMAP 
study, see below). The Iowa DNR states that if no hardness or sulfate dataare available, the statewide 
default values will be used but there is no further guidance in that document that present the default 
values (Iowa DNR 2009). However, the lovya fact sheet states that background hardness and sulfate 
concentrations are 200 mg/l as CaC03 and 63 mg/l S04 

(http://www.iQwadnr.EOv/water/standards/files/ws faet.pdf). j 

Iowa worked with the EPA to develop their chlorideicriteria. Iowa instituted three major changes from 
the 1988 EPA Criteria. The first was to add acute and chronic studies and to remove what were 
determine<|tpibe!qu^^ of genera used 
to calculateih;e l ^ i a 
pair of c r i te i io^ 
secondary interactions o T ^ ^ tp*chl|pide toxicity; ^ h e third\ma|o in the 
way they calculated thevcr^ by 
the EPA in 1908, they used the:ACRsind genu%mean acute value (GMAV) tO'CaJGulatea predicted genus 
mean chronic value (pGMCV). Theyithen^ using 
the same equations used for ..the FAV. Thesejchanges resulted in a lower CMC but higher CCC for most 
observed values of hardness and suJfate4xTheilpy^.approach is better able to account for site specific 
conditions, but the method to determine t 
tothesame:critiGism.;^ ^ ; : - . ^ v v ^ M^tlVk'yv;^k :o = rv:;̂ '> 

The review and analysis of existing toxicity stud ̂ ^̂  and 
amendments written by Charles Stephan ofthe EPA in Duluth, MN dated Jan. 15, 2009 (Stephan 2009b) 
and Feb. 3, 2009 (Stephan 2009c, a) and in the Water Quality Standards Review (Iowa DNR 2009). 
According to Stephan (2009b), some studies that were used in 1988 were no longer appropriate. Short 
acute tests were not used because they sometimes give higher LC50s than standard tests (Stephan 
2009b). Data from Dowden (1960) and Kostecki and Jones (1983) were not used becaus 
Stephan (2009), there were problems with thesource of the dilution water. Hamilton et al. ( 1975) was 
not used because the midges were not adequately acclimated (according to Stephan 2009b). Acute 
tests where organisms were fed were not used in EPA 1988 criteria, but these tests were used by 
Stephan in 2009 and are given preference over unfed acute tests when the test organisms were 
ciadocerans. In addition, tests that were conducted in static or renewal water were not used by the EPA 
in 1988. But Stephan (2009c, a) thought that "for chloride, as long as the concentration of dissolved 
oxygen is sufficiently high, it seemed appropriate to give static and renewal acute tests the same weight 
as flow-through acute tests in the deriva|k>n of theSM^ 

Since the 1988 review by the EPA, a study by Wurtzand Bridges (1961) was uncovered, which included 
six species including two species suspected of being sensitive to chloride (Iowa DNR 2009). A second 
study (Khangarot 1991) included acute toxicity data for the tubificid worm {Tubifex tubifex), which 
indicated that this species might also be-highly sensitive these data were considered 
unacceptable because the test temperature was high and the acute value for Daphnia magna in the 

10 
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same water was unusually low (Stephan 2009). Given the importance of these data, and the lack of 
verification by other laboratories, the IDNR and EPA determined that more toxicity data were warranted 
to independently determine if those species were indeed sensitive to chloride (Iowa DNR 2009). The 
1985 guidelines for deriving water quality criteria (Stephan 1985) also allow for the use of a criteria 
equation rather than a criteria value if there is sufficient evidence that toxicity varies in a predictable 
manner with one or more environmental variables. 

EPA contracted with the GLEC in Columbus, OH and the INHS at Champaign, IL to perform the additional 
toxicity testing of potentially sensitive species, and to evaluate the impact of hardness or sulfate to 
chloride toxicity. They evaluated the acute toxicity of chloride to four freshwater invertebrate species: 
water flea (Ceriodaphnia dubia), fingernail clam (Sphaerium simile), planorbid snail (Gyraulus parvus), 
and tubificid worm (Tubifex tubifex). The experiments were conducted under different levels of water 
hardness (all four species) and sulfate concentrations (C dubia only). Rank order of sensitivity to acutely 
lethal chloride at a given water hardness is in order (most to least): S. simile>C. dubia>G. parvus>T. 
tubifex. 

The addition of the new studies indicated that the EPA 1988 criterion maximum concentration (CMC) 
was too high. Incorporating new toxicity values for sensitive taxa resulted in a final acute value (FAV) of 
1364 mg/L CI", which was divided by 2 to arrive at a CMC of 682 mg/L. This value is lower than the 1988 
EPA CMC (860 mg/L). Although Iowa did not use this value for their CMC, they did present it as an 
option (Iowa DNR 2009). 

The studies by the GLEC and INHS demonstrated that the toxicity of chloride varied with both hardness 
and sulfate (Stephan 2009b). Stephan (2009b) used regression of log transformed hardness and LC50s 
from four species to determine how acute responses varied with hardness. Three of the four species 
showed a strong positive relationship with hardness; i.e., as hardness increased, more chloride was 
needed to achieve an acute response. The fourth species, the snail Gyraulus parvus, showed no 
response. One species, C. dubia, showed a negative relationship with sulfate, although the effect was 
less than had been observed with hardness. Stephan (2009b) noted that the average ofthe exponents 
(describing the hardness response) for three species (5. simile, G. parvus, T. tubifix) was similar to that of 
C. dubia, which he used to justify exclusive use of C. dubia to derive the exponents used in the Iowa 
criteria. Multiple regression was used to determine the exponents for hardness and sulfate using log 
transformed C dubia LC50's, hardness, and sulfate. 

Iowa explored four different options for accounting for changing toxicity as a result of site-specific 
hardness and sulfate concentrations. Under Option A, acute values were not normalized for either 
hardness or sulfate and the criteria were not dependent upon either hardness of sulfate (a fixed 
standard similar to the EPA 1988). Under Options B, C, and D the acute values were either not 
normalized for hardness and sulfate (Option B) or were normalized (Options C and D), and were either 
dependent upon both hardness and sulfate (Options B and C) or just hardness (Option D). In the end, 
Iowa elected to go with Option C, but the CMC and CCC equations were updated to reflect additional 
data that became available between the time the draft criteria were published and the time the final 
rule was presented. The final rule was still based on Option C but with the new values (constants) that 
represented an increase in the values for the CMC and the CCC. 

11 



Expert Report on ithe ciijQpoSiea! Ambient Water 
Quality Criteria for Cbloride ih PA Waters 

QUO 

Stephan (2009c, a) also determined the ACR to be lower than the one used by the EPA in 1988. In 1988, 
the EPA calculated a geometric mean ACR of 7.594 based on two studies of three species: fathead 
minnows [ACR=1547]> Daphnia pulex [ACR= 3.951] (Birge et at 1985), and rainbow trout [ACR=7>308] 
(SPEHAR 1987). But the ac^ite and chronic tests with the fathead minnow were performed in different 
waters; and Stephan (2009) determined that the ACR should not be used. Five^^a^ 
available from the scientific literature in 2009 for species for which both acute and chronic values were 
calculated in the same water. The additional ACRs were all from invertebrate cladocerans and were 
much smaller than the ACR for fathead minnow and rainbow trout: three ACRs for Ceriodaphnia dubia 
(1.508, >3.841, and 2.601), one for Daphnia ambigug (4,148) and one for Daphnia magna (1.974) 
(presented in Stephan 20Q9). For a given p u t e v 
result of the smaller AGRspsedte^ 

mg/L). - . - • - - ; > y:yArA.My- A\.AjAAm- ' ^ ^ ^ r ^ W ^ ^ ^ f ? •' - A ^y:\;^ :;^y;y:: : - ^ , . ^ ' 

The ACR has a large influence ovejx,tbe CCC valuerstfeeiefpip, tpwa expi red four] different^methods of 
selecting the ACR. CCC1 was derived using ACR = 4.826 which is the geometric mean of the ACRs fp^ 
rainbow trout (7.308) and the geometric mean of the three Daphnia species (3.187). CCC1 was 

determined to be too high f ^ 
ACR = 3.187 which is the geometric mean ^ 
determined to he appropriate fpr species at the 5% percentile (Iowa DNR 2Q09). The IDNR document did 
not state the exact value of CCQ3 but claims that |£CC3 was derived from rpredicted Genus :Mean 
Chronic Values that were calculated using ACR = 7.308 of Rainbow Trout for vertebrates and ACR .=, 
3.187 of Daphnia for invertebrates." This statement implies that the ACR for CCC3 was the average of 
ehosetwo values or 5.248<: However, w e t ^ 
review dpcument^^ t he review document). The 
review document provides no additional insight^intobow Iowa derived the ACR of 3.357, but the 

arithmetic^m^ 
to be an additional Issue in the CCG3 equation under Option C. if theiAGR of 3.357 for CCC3 is correct, 
then the multiplier would not be Jt63L.,5>vŷ :htJ:P:b'is-.th©>/̂ lti|#.--in.'th#rr Table 4 (Iowa DNR 2009) but rather 
should be 151.5 (i.e., 2*CMC/CCC3-ACR = 
for Options A, B, and D and we expect that the formula for Option C would be the same. If we are 
correct that the CCC should be 151.5, the resulting chronic criteria would be reduced by 10-30 mg/l CF at 
a sulfate concentration of 37;9 mg/l. iowaseleeted Option C for the acute criterion and CCC3 under 
Option C as their final proposed chloride criteria after input from the JEPA and a special Technical 
Advisory Committee "based on the scientific justification" (Iowa DNR 2009). 

If trout were indeed not used in the selection of the CGC3-ACR value for the Iowa chronic criteria, then it 
follows that this ACR was; derived: from three different Daphnia studies. The Stephan (2009b) report 
suggests that these three studies were Harmon et al. 42003), Covygill and Milazzo (1990), and Birge etal . 
(1985). One of these studies hadif very low ACR tor Daphnia magna |i,e,, resulting from a high chronic 
value relative to other studies) (Cowgill and Milazzo 1990). D. magna is(;known to be atypical of 
cladocerans becauseof i t s i h ^ 

The fourth approach that Iowa explored te d 
Standards Review dated Feb. 9, 2009, which contained the/final proposed chloride criteria/ but was 
presented in a March 2, 2009 update to their proposed chloride criteria (Stephan 2009a, c). It was in this 
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new document that the method of calculating the CCC fundamentally changed from what the EPA had 
done in 1988. Rather than use the ACR from four species to calculate the CCC (Iowa DNR 2009), this 
approach relied on the predicted GMCV from 29 genera (Stephan 2009a). This method still relied on the 
ACR, but changed how it was used (Stephan 2009a). In addition, the predicted GMCV did not represent 
new research, but rather were derived from the existing GMAVs and ACRs. Stephan (2009a) divided the 
GMAV for each species by the ACR to calculate a genus mean chronic value (GMCV). The GMCVs were 
then used to calculate a FCV using the same equations that were used to calculate the FAV. Stephan 
(2009a) noted that the ACR for vertebrates appeared to be large (rainbow trout 7.308 and fathead 
minnow 15.17) relative to the ACR for invertebrates (Daphnia geometric mean ACR 3.187). Therefore, 
he applied the rainbow trout ACR to all vertebrates and the Daphnia geometric mean ACR to all 
invertebrates, and arrived at a FCV=CCC of 417.0 mg/L CI". Using two ACRs had a substantial effect on 
the CCC value when compared to a single geometric mean ACR. With an ACR of 4.826 the FCV=CCC 
would have been 282.6 mg /L CI" (Stephan 2009a). 

Stephan (2009a) justified the alternative approach based on the "good science" clause in section XII.B of 
the 1985 guidelines. This approach is based on the fact that the four low SMACRs for chloride were 
obtained with invertebrates, whereas the single high acceptable SMACR was obtained with a vertebrate, 
and another unacceptable SMACR for fathead minnows was also high (Stephan 2009a). This can be 
interpreted to mean that vertebrates have a higher ACR on the average than invertebrates (Stephan 
2009a). 

3.5 Delaware, Maryland, New Jersey, New York, Ohio, Virginia, West 
Virginia 

New Jersey, Virginia, and West Virginia have already adopted the EPA (1988) recommended criteria. 
New York State has chloride criteria set at 250 mg/l for protecting surface and ground water designated 
as a water supply for drinking. Ohio, Maryland, and Delaware do not have water quality criteria 
protecting aquatic life from chlorides. However, Ohio has a statewide aquatic life criterion for total 
dissolved solids of 1,500 mg/l and human health criteria for the Ohio River main stem at 250 mg/l CI". 

The Delaware River Basin Commission (DRBC) has classified certain waters for "special protection" 
because they have exceptionally high scenic, recreational, ecological, and/or water supply value. 
Accordingly, the DRBC has stated that those "special protection" waters (SPW) shall have no measurable 
change in their existing water quality (2008). The DRBC defines a "Measurable Change to Existing Water 
Quality" as an actual or estimated change in a seasonal or non-seasonal mean (for SPW waters upstream 
of and including River Mile 209.5) or median (for SPW waters downstream of River Mile 209.5) in-stream 
pollutant concentration that is outside the range of the two-tailed upper and lower 95 percent 
confidence intervals that define existing water quality. All of these waters requiring special protection 
had median chloride levels less than 50 mg/l CI" which suggested that increases over 50 mg/l would near 
violation of the rule. This example is similar to PA's Antidegradation Law that protects biota and water 
quality of each stream within its designated and existing use in PA (e.g., EV = exceptional value streams, 
HQ = high quality streams). (PADEP defines a measurable if the instream concentration of a pollutant 
exceeds the upper 95 percent confidence limit of the median value in the data set used to determine 
the instream water quality objective). The DRBC documented the location of the "Outstanding Basin 
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Waters" and "Significant Resburce Waters" as reaches along the Upper Delaware (river miles 330.7-
250.1), portions of intrastate tributaries, the Middle Delaware (river miles 250.1-134.34), and portions 
of tributaries located within theiDelaware Water Gap National Recreation Area. Furthermore, the DRBC 
established specific aquatic life use criteria for chloride based on the naturally dilute background levels 
of the Delaware River for two zones river mite 15-day average CI" is 50 

mg/l and from river mile 108.5 to 95.0 where maximum? 30-day average concentrations of CI" is 180 
mg/L •• '-•":•; . 

3.6 EPA Revision to the 1988 Chloride Criteria 
the US EPA is Currently" reviewing the 1988 chloride criteria (see Stephan 2009b) ahd has considered 
r^vi- î n;ĵ ' tht§lri:::i1|*S$'"t<'=©'Q'iy.#(fH'̂ :'̂ r'̂ 'eH îft '̂-lViurri-erfS^I1 NatidnSl Water Quality Criteria for the Protection 
of Aquatic O^ahfems i h Wes" (EPA 20O3f. The most recent analysis by the EPA (Stephan 2009a, 
b, c), which were used by Iowa to set their criteria in 2®(3§;d6 hot explicitly propose nevv EPA chldride 
criteria. ^However, the indication from Stephan (2009b) is that the new EPA guidelines will shift to a 
vv%ighicfPe\M 
ch#t|e "in the guidelM 
information Will^^^ 
will be used as § M friethbd that chronic criteria are 
generated, although the juStificlitrdn biefiind Stephah (2009a) ador^ihg the FCV approach h yet to be 
critically reviewed. The use of criterion equations in Iowa does not reflect a fundamental shift from the 
1985 guidelines, however this was a new approach for chloride regulation in the US. The implication is 
that the EPA may consider environmental variables, such as hardness and sulfate that are likely to affect 
chldride toxicitywhen theViipfdali their criteria. n «i5 

3.7'Calculation 
The criteria describedvabove were determined with different sets of data, therefore we explored which 
criteria would arise from the different methods if the same data set was used. The four methods that 
we explored were EPA 1988, Evans and Frick 2001, British Columbia 2003, and Idvva 2009. All methods 
were re-calculated using the GMAVs from the Stephan 2009a report, and are presented in Tables 1 
and 2. For each method, we calculated or determined the FAV, CMC, FCVand CCC using what we think 
best represents the method. Fprtb& methods that relied on an ApR, we used thr 
demonstratethe sensitivity df the CCC valuetothe ACR. Fbrthe Iowa 2009 method> we determined the 
criterion values (i.e., ignoring hardness or sulfate)^ hot the equations, for better comparison with the 
other methods. 

All methods indicate that the FAVafnd CMC would be less than 830 mg/L, which is the EPA value and the 
value proposed by PA (Table 2). The EVahs and Frick 2001 method resulted in the most similar value 
(824 mg/L) and the British Columbia method resultednn the smallest value (564 mg/L). The EPA 1988 
and lovva 2009 methods resultedsih thes^me value (640 mg/L) because the same set of ê  
USed/"'1 '-. -•-•; tyyy- *:'v? A :*; A - A 

The four methods resulted %i slightly different values for the FCV but vastly different values for the CCC 
(Table 1); The Evans arid Fnck and British Columbia methods resulted in lower values than the proposed 
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criterion; the EPA 1988 and Iowa methods resulted in higher values. The most conservative method, by 
far, was British Columbia's, which resulted in a CCC of 91 mg/L. The reason the Evans and Frick method 
gave a lower value than EPA 1988 and Iowa was because of the ACR. We used an ACR of 7.59 for Evans 
and Frick. Iowa used two ACRs, one for vertebrates (7,308) and another for invertebrates (3.187), which 
we would have expected to result in a lower FCV; but in this case, the value for FCV using this approach 
is only slightly smaller than the value derived using the EPA 1988 approach, which used just the 3.187 
value. The probable reason the change is slight is that the Iowa method relied on only the four lowest 
predicted GMCVs to calculate the FCV, and in this case only one vertebrate was among those four. 

It is not clear which method works best. All methods make a number of assumptions, and each is 
sensitive to the data used. There is less discrepancy among the values for the CMC but the CCC values 
are particularly sensitive to the method used. In the face of such uncertainty, it would be best to err on 
the side of caution and use a safety factor when deriving the CCC criterion. 

4 General Comments on Chloride Toxicity Literature 
There are several reviews of the chloride toxicity literature that provide greater detail than we will go 
into here (see EPA 1988, Evans and Frick 2001, Iowa DNR 2009, Stephan 2009a,b,c). Based on our 
inspection of these reviews and a limited search of the relevant literature we have attempted to identify 
limitations to the general body of literature and to point out potential gaps in knowledge. 

The quantification of the impact of chloride concentrations on aquatic organisms has been primarily 
approached from a toxicological perspective where laboratory studies are used to isolate organisms of 
interest and subject them to varying concentrations of chloride in the form of NaCI, CaCI2, MgCI2, or KCI. 
The majority of studies has been limited to the use of NaCI but Evans and Frick and to some extent 
Stephan (2000B) summarize those studies. In addition, the majority of studies has conducted short-term 
or acute studies (1 week or less; typically 96 hrs but 24 and 48 hrs studies are common) where 
concentrations of salt vary dramatically and the primary response variable is mortality (lethality). As 
such, acute studies primarily result in the documentation of LC50 values (lethal concentrations where 
50% mortality occurs). There are a limited number of longer-term or chronic studies and even fewer 
studies that have conducted both acute and chronic studies using the same organisms as part of the 
same study. Chronic studies typically involve other life stages that may vary in toxicity response. Non-
lethal response variables include % hatching success, growth rate, metabolic rate, or size at maturity, for 
example. The limited nature of both acute and chronic information produced within a study for the 
same organism is very important to the derivation of ACRs (see Iowa Criteria above and through this 
report) used in nearly all ofthe proposed criteria in the United States and is also extensively discussed in 
the Canadian review conducted by Evans and Frick (2001). 

As mentioned previously, there are far fewer studies examining CaCI2, MgCI2, or KCI toxicity to aquatic 
organisms than for NaCI toxicity. Evans and Frick (2001) and Stephan (2009b) summarize most of those 
studies. In 1988, the EPA presented acute toxicity data for CaCI2, MgCI2, and KCI, but limited the 
derivation of the acute and chronic criteria to only NaCI toxicity studies. Both reviews found that KCI 
tends to be the most toxic salt followed by MgCI2, CaCI2, and then NaCI. The majority of chloride criteria 
developed to date are limited to or dominated by data on NaCI chloride toxicity, the least toxic salt. This 
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point is routinely justified by the fact that NaCI is the most anthropogenically abundant of these four 
salts. Marcellus shale discharges constitute an example of anthropogenic contributions of other salts. 

One of the more intriguing studies we reviewed was a study conducted on Eastern Australia's aquatic 
macroinvertebrate fauna (E)uniopetal.2007)dPunlop etal . (2007) collected 102 species from 4rregions 
in E. Australia and conducted acute (72: ihr) lihloride toxicity tests. They observed regionally-specific 
salinity tolerances and suggested that local ambient conditions influenced sensitivities within species. 
They also provided exemplary analysis that ranked the acute toxicity of the major taxdnomic groups 
studied. The only other study we reviewed that attempted to do this was Evans and Frick (2001), but 
they used information fromxmany disparate studies anddid not findeseveral representatives within each 
major taxonomic group t o p 

indicated that the known eyolutiobary invasions^bf various^axonomic groups to freshwater tended to 
groups of organisms p red ispose fc tb^ example,: decapods ((primarily crayfish) 
invaded freshwater directly from salt water environments; out of all of the groups tested, they had the 
highest salinity t o l e r ^ ^ 
the first insects to invade fresh was 
interesting to note that SOs^l iah aq mpr|^:saiine cbhditiohsjthan 
North American taxa (logically f b t e ^ 
inland waters have elevated s a l ^ m evaporative losses and subsequent 
concentration of Salts in residual pbois ot wafe^ also intri^uJng to note that no comparable 

study has been conducted in the US (i.e., no single study has so exhaustively included so many taxa from 

an extensive geographical range). X 

Two studies on chlbride toxicity 
these eggs are sensitive to low chloride concen|ratibns ^perh as 150 mg/l CI") (Turtle 2001, 
Karrakeretal. 2008). However, b o t h ; ^ 
have influenced survivorship, and the Karraker etal . (2008) study only measured specific cohductivity as 
a surrogate for salinity. Other amphibian studies (bbugherty and Smith 2006, Sanzo and Hecnar 2006) 
document chloride impacts to larval stages of various frogs, •and.phe study (Dougherty and Smith 2006) 
observed lower LC5oS for _MgCI2 derived Cl" (as low as 116 mg/l CI) compared to NaCI derived CI" (as low 
as 406 mg CI/l) for Rana cldmiians. The EPA do not include data from amphibians and the 
recent EPA review by Stephan (2009) only includes tw^ tadpole and 
Chorus frog). Evans arid Frick (2001) provide ^ ' n 

their acute and chronic chloride risk charaGterizatron. Amphib^ species in Pennsylvania that occur in 
streams or in water bodies immediately adjacent tp streams are listed in Table 3. Not including stream 
dwelling or stream-side wetland dwelling amphibians may ultimately yield a less protective criteria. 

There have been a very limited number of studies on the synergistic effects of salt cations on chloride 
toxicity. Evans and Frick (2&p.l)-;pplr>t, ^outj.'th:?.;tyjj^qse salt solutions that contain different salts 
(particularly Na, Ca7 Mg, and K) in certain J^opprtiphs can be phYsiplojgjcallyibalanced to neutralize or 
reduce the specific toxicity of each through ^ritagbnistic action. This can lead to reduced toxicity of 
cations to aquatic organisms. Evans arid Frjck (2Q0 studies that have investigated this ion 
synergy: Garrey (1916) using minnows; Grizzle and Mauldin (19§5) using juvenile striped bass, red drum, 
and channel catfish; and Borgmann (1996) using a freshwater amphipod. A common thread appears to 
be that, at the right concentration, Ca tends to reduce the toxicity of NaCI. The GLEC and INHS studies 
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(see Iowa DNR 2009, Stephan 2009b) quantified the influence of hardness on CI" toxicity in 4 species 
known to be sensitive to CL and also the influence of sulfate on Ceriodaphnia CI" toxicity (see analysis of 
Iowa criteria below). Those studies found that 3 of the 4 taxa studied had increased tolerances of 
chloride with increasing CaC03 hardness; Ceriodaphnia had decreased tolerance of CI" with increasing 
S04 concentrations. All ofthe studies on the ion synergies and chloride toxicity are for acute tests only. 
We have found no studies that have evaluated these relationships on a chronic basis. 

Silver et al. (2009) studied chironomid larvae (non-biting midges) responses to road deicing salt in two 
constructed wetlands in NE Pennsylvania. Specific conductivity (as an indicator of salt concentration) 
during runoff events in winter approached that of seawater (30 mS/cm). Conductivity remained high 
during winter (4 mS/cm) and returned to 1 mS/cm in spring. They conducted laboratory tests using NaCI 
to test the influence of NaCI and temperature on chironomid survival and found that lower 
temperatures resulted in higher survivorship. In fact, at low temperature, survival appeared to be higher 
in the presence than in the absence of salt. As temperature increased, salt appeared to have an 
increasingly negative effect at decreasing concentrations, until at 22°C, any amount of salt depressed 
survival significantly. Silver et al. (2009) suggested that at low temperatures, NaCI uptake by midge 
larvae may help induce supercooling and external NaCI may depress the freezing point to prevent 
inoculative freezing. Also, at lower temperatures, midges may enter diapause and be physiologically 
inactive, so metabolic costs of osmoregulation are lowered. These data suggest that seasonal changes in 
temperature may be an important factor to consider with regard to chloride toxicity, especially higher 
summer temperatures associated with warm water fisheries. 

Meador and Carlisle (2007) examined distributions of 105 stream fish species from 773 sites throughout 
the US for relationships with 10 chemical and physical variables measured by the USGS National Water 
Quality Assessment Program. They calculated tolerance indicator values for all physical-chemical 
variables based on changes in fish community patterns. Chloride tolerance indicator values were 
relatively low. For example, Brook Trout and Cutthroat Trout had a calculated tolerance value of 3.1 and 
4.4 mg/l CI", respectively. A classification of Tolerant, Moderate, and Intolerant was developed for each 
physicochemical variable. Chloride tolerance categories were 35=42 mg/l CI" (tolerant), 23-31 mg/l CI' 
(moderate), and 10-24 mg/l CI- (intolerant). The remaining fish taxa were associated with each group. 
Several other physicochemical variables were correlated with CI" concentrations (e.g., suspended 
sediments and total phosphorus). Other unmeasured variables may be influencing these patterns; and 
at such a broad spatial scale, the ultimate factors and mechanisms responsible for fish distributions are 
likely to be complex. These results suggest that changes in chloride concentrations that are less than the 
EPA 1988 (and the proposed PA criteria) chronic criteria value may still influence fish distributions and 
ultimately alter site-specific fish community structure. 

5 Examples of baseflow chloride concentrations in PA (EMAP 
survey 1993-96) 

From 1993-1996, the USGS collected water chemistry samples from 246 streams in Pennsylvania as part 
of a national Environmental Assessment and Monitoring Program (EMAP). Concentrations of major 
anions, cations, major nutrients, and organic and inorganic carbon are available online2 along with other 

http://oaspub.epa.Rov/emap/webdev emap.show frames?entry id in=275 
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related datasets3. Hardness (mg CaC03/L) was calculated from Ca2+ and Mg2+ concentrations using 
Standard Method 2340B (Standard Methods 1998). 

Sample sites were located throughout the state but were primarily from the Appalachian Plateau and 
Ridge and Valley physiographictprdvinfees (Fig: 2). The average chloride/ sulfate, and hardness 
concentrations (± 9E% confidence intervals) were ? . ^ 
mg/l, respectively. Only 19 of 246 sites had CI" concentrations > 20 mg/l, and 4 sites were >50 mg/l CI" 
(Fig. 3). The concentrations of chloride, sulfate, arid hardness varied by aquatic use designation (Fig. 4) 
such that EV and HQ streams had the lowest concentrations and WWF and TSF had the highest 
concentrations. All four approaches t o set acute and chronic^ criteria would result "in chloride 
concentrations at l^ast several times grea ts 
Pennsylvania streams in^their most natural condition ( i ^ ^ High Quality waters). 

It is also Jhstriuctivestbsnote thatpthe^range^bf edncSntratiom ot< hardbess in ^Pennsylvania was 
considerablytovver t h a # t 
hardness cobcir^r CaSOy compared t o 29Hdf the 246 EMAR 
sites incPA> l f i # ig / lCa 
sduthvyest PActended to havf higher hardness#^^ 
(Fig. ,^^^ > H f e ^ > :^AAy::, ,,,_ r •• A:Oy - h^r - , 

6 Stream Chloride Concentrations iii Pennsylvania from EMAP 

EMAP datawere used to eaiculate acute and chronic^ 
Those data indicate that the lOAÂa criteria woulrfipwe criteria from the proposed 860 
mg/ltoanaverage of 5 0 0 $ ^ 
mg/l to 309.6 ±6.5 mg/l (Fig. 6). The range of values calculated for the 246 EMAP sites using the acute 
and chronic Iowa criteria were 342v8 - 742:0uand 211v8r- 458,6 mg/l CI", respectively and the full 
distribution of data are shown in the middle and lower panels of Fig. 6. 

EMAP data were paired with information on the PA designated use assigned to each sampling site. The 
site-specific criteria derived using; the Iowa Criteria equations were then partitioned based on the 
designated use (Fig. 7). Based on those data, EV and HQ designations would have lower chloride criteria 
applied to those sites (if they were to be ineluded in a chloride criteria; currently Antidegradation 
Criteria protect EV and HQ streams) compared to CWF, WWF, and TSF. 

Finally, EMAP data were used to calculate Iowa chloride criteria (chronic and acute) over the range of 
hardness or sulfate. Occurring in the database (Fig, 8), Th$ resulting panels in Fig. 8 illustrate the 
relationship between the chronic and acute chloride criteria and either hardness or sulfate over the 
entire range of hardness and sulfate conditions occurring in the EMAP PA dataset (left panels) and for 
the majority of sites (right panels; Lev/̂ x-axis concentrations range over the 95% confidence intervals for 
either sulfate fupper right panel] and hardness [lower right panel] in the EMAP dataset). 

' http://www.epa.gov/emap/html/data/sutfwatr/data/mastreams/9396 
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7 Conclusions 
After reviewing four different approaches for deriving water quality chloride criteria to protect aquatic 
life (Stephan et al. 1985, Evans and Frick 2001, Nagpal et al. 2003, Iowa DNR 2009) and the data 
underpinning PA's proposed criteria (EPA 1988) and the Iowa criteria (Stephan 2009a,b,c), it is clear 
that: 

1) All approaches set chloride criteria that are at least several times greater than natural baseline 
chloride concentrations, and therefore represent a measurable and significant change in the 
chemical composition of freshwater ecosystems in the NE United States. The question that the 
current evidence is unable to answer is: will these criteria result in significant biological change? 
There is limited evidence ofthe biological impact of previous elevated chloride levels in aquatic 
ecosystems in the U.S. or Canada. Past monitoring efforts (see introduction) suggest that some 
streams regularly reach the acute criterion, but there has not been a noted change in biota 
following these pulses, largely because of a dearth of biological data following these episodic 
events. One study has demonstrated that macroinvertebrate drift increases in response to 
pulsed chloride input (Blasius and Merritt 2002). Another study has demonstrated losses of 
species in stream fish communities with small changes in chloride levels across a regional-scale 
analysis (Meador and Carlisle 2007), and the composition of algal species has been observed to 
change when chloride concentrations increase (Evans and Frick 2001). Nonetheless, there are 
limited data on biological changes accompanying changing chloride concentrations in the 
natural environment. We could not find any studies evaluating the influence of chloride on vital 
stream functions such as primary production, stream metabolism, or nutrient uptake or 
processing, all of which are important indicators of water quality for aquatic ecosystems. 

2) All of these criteria are based on data for invertebrate and fish species that are not a random 
subset of stream invertebrate and fish species. Rather, most of the species with chloride data 
are known to be not especially sensitive to changes in environmental condition, which is one 
reason they survived well in the laboratory and became standards in laboratory bioassay 
protocols. The most recent iteration of the taxa that qualify based on EPA standards (in Stephan 
2009a,b,c) doesn't include any classically sensitive stream invertebrate species such as 
stoneflies, mayflies, and caddisflies, all of which are important indicators of stream condition 
and are integral in the regulatory definition of stream impairment. Our concern is that criteria 
intended to protect most (e.g., 90% or 95%) of the species with chloride data might actually 
protect a much smaller proportion of all species that occur in a natural community because the 
natural community includes many species known to be sensitive to environmental change while 
the laboratory studies are biased toward species known to be at least moderately tolerant of 
environmental change. This is one reason to approach the acute and chronic criteria with a 
strong safety factor. 

3) Data available are primarily from acute toxicity studies, but the chronic criterion may be more 
important for long-term structuring stream communities and maintaining designated use for 
aquatic life. For example, fish tend to be moderately tolerant of acute chloride stress relative to 
macroinvertebrates, but they are one of the more sensitive taxa to chronic chloride stress. For 
example, fat head minnows (Birge et al. 1985) experienced the greatest mortality between days 
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9 and 21 and therefore had one of the highest acute-to-chronic ratios examined. The dearth of 
chronic studies on both invertebrates and fish is troubling. It is likely that, like some amphibians 
(e.g., spotted salamander), embryonic and early life stajges of some fish will be more sensitive 
than is currently recbihized. 

4) The majority of chloride criteria developedto date are limited to or dominated by data on NaCI 
chloride toxicity, the least toxic salt. This point is routinely justified by the fact that NaCI is the 
most ahthrdpogehicaily abundant of these four salts. Hovvever, no special guidance is given for 
permitting salt Applications or industrial effluents known to include significant amounts of 
chloride derived from the more toxic non-sbdium salts, including Marcellus Shale wastewater. 

5) Using the data provided in Stephah 2009a ( T a ^ calculated both the acute 
(CMC) and chrdhic^ (Stephan et a 1. lM5, EPA 1988), 
EvahSahd Fr i i l 1j0J^^ (Iowa 

f D ^ 

Hangie bf cJCiSeflfu^^ 
C1-. t h i l cdW^ \/#?faĴ :iiiiE /̂.1-i-fi.":"̂ h".#̂ £Tidit!lBe:s>-;@'S-cH" c'«g(f'•;tK'fe"'"a"ruiW:c>ir̂ ;H"a:\?e made 
w i th regard t b studies included or excluded. W e r ib |e tha t - the PA proposed acute vailue is the 
(east protective Criterion, primarily because i t ii Hdt based oh more recent acute toxicity studies. 
We recbmmehdthafPA adopt an ac new data. The 
method adopted by British•'••/d0iurnbiS-:'#'ifhe most protective of aquatic life iamong these 
approaches. BC invoked a precautionary principle that acknowledged both the uncertainty of 
the available data and analyses and the importance of protecting their aquatic life. Since BC 
adopted their criteria, bhif new acute datasets h^Ve becbrne available and the values in Table 3 
utilize those data but use the BC approach to arrive at a final value (i.e., lowest SMAV/2[safety 
factor]). The BC uM bf â^ with what 
the EPA had done. Hb#ever, BC was the only entity to apply a l a ^ 
criterion (5). We feel that the use of a safety factor for chronic criteria derived from the use of 
an ACR is clearly justified given the very limited number of chronic toxicity^S^ and the 
desire to protect species th^trhay be more sehsitive than those used in the standard laboratory 
bioassays. We recornrriehd that PADtPadbpt the same methodology that BC has used for 
calculating both acute and chronic data. We feel that this is particularly important for the 
chronic criteria, as there is the pbtentKI for pefMt t discharges (particularly from the 
Marcellus Shale gaS drilling industry) td raise chloride concentrations in streams to near the 
chronic criteria level. Given the paucity of data determining thresholds for chrbnic effects, this 
approach is warranted. At the very least, a safety factor should be applied to any of the other 
methods producing a chronic criterion. 

We have a number of concerns that are specific to the actions and options available for PADEP: 

6) Protecting CWFs and TSFs biased dn ACRs that included hibre Chloride-tolerant Daphnia is not 
justified when it may expose r i ihbbwtrb i i t to chloride cdncehtrations approaching their chronic 
levels (1,324 rh^/l cHill led Wtirtindividuals in an batly life stage test and at £43 mg/l CI" killed 
<4%). Trout are an integral Cbitiponent in the definition of these two aquatic life uses. The 
proposed chrbnic value of 230 mg/l is potentially a concern for biotic assemblages in 
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Pennsylvania. For example, Meador (2007) suggests that optimum CF values are low (3-35 mg/l) 
and we infer that if those CI" concentrations are exceeded it may result in changes in fish 
community structure. Similarly, not having a temperature component also seems to invite 
season-specific impairments of macroinvertebrates in TSFs and WWFs based on the recent 
findings of Silver et al. (2009), based on the seasonal movement of organisms into and out of 
various life history stages, and based on variation in their metabolic rates in response to 
seasonal changes in water temperature. Adding a temperature component to the chloride 
criteria would require further research on temperature effects. 

7) The Evans and Frick (2001) method has the benefit of being reproducible and open to 
interpretation. Their use of nearly all of the valid acute LC50 data in Fig. 7-2 (Evans and Frick 
2001), and the calculation of a sigmoid curve function (including 95% confidence intervals) that 
describes the percent of genera affected versus chloride concentration, is readily digestible by 
the public. However, the sigmoid curve function can be generated using various numbers of 
terms (parameters) in the equation and/or various equations (e.g., sigmoid, logistic, Weibull). 
The result of choosing a slightly different function can result in differences in acute and chronic 
values. To use this approach requires a valid justification for the choices made in fitting the 
curve to these data. Furthermore, these data still represented a small subset of aquatic species, 
and were biased towards lab friendly species that are easiest to culture (e.g., Daphnia). Since 
the selection of taxa was not a random subset of the aquatic species at large, most criteria 
based on the animals selected are primarily protective of those species tested (e.g., being 
protective of 95% of those taxa might only be protective of 50% of all species). This point is not 
limited to Evans and Frick but is valid for all of the approaches we have reviewed. This is the 
primary reason that the application of a safety factor is needed. The Evans and Frick (2001) 
study did not apply a safety factor to either their acute LC50 relationship or the derived chronic 
relationship. 

8) More data is generally better, but there is a need for more consideration of how data gets 
incorporated. The Stephan (2009a,b,c) approach of calculating a predicted genus mean chronic 
value from the species mean acute values does not seem justified in this case. The GMCVs are 
not much better than guesses, and there is no attempt to correct for this inherent uncertainty. 
Adding GMCV values above the lowest four gives the false sense of increased precision of the 
true distribution of the GMCV, which has the result of increasing the final chronic value (FCV). 
We feel it would be appropriate to apply a safety factor to the chronic criteria to acknowledge 
the uncertainty in the FCV. 

9) The use of hardness and sulfate equations (Iowa DNR 2009) in PA will improve protections and 
application of the chloride criteria only to a limited extent since the range of criteria in PA would 
be narrow (based on EMAP site values for hardness and sulfate in PA). Secondly, the hardness 
and sulfate exponents in the Iowa criteria were based on data from an acute toxicity study of 
only one species (C. dubia), although four species were studied and three were sensitive to 
hardness. No data were available on the relationship between hardness or sulfate and chronic 
toxicity. In the end, Iowa uses a default value for hardness and sulfate if no other data are 
available. This is akin to setting a fixed criterion value but allowing site-specific deviations if one 
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gathers the appropriate data. Clearly, more species-specific data are needed to better 
understand therelationship between chloridetoxicity and hardness or sulfate. 

10) As noted above7iprevious reviews of chloride considered only NaCI and considered road salt to 
be the imostf Jilply solirce of j standard should 
explicitly acknowledged t b ^ 
should be givenitoaddress cases when significant chloride is derived from salts (i;e., KCI, MgCI2 

and CaCI2) that have proven to be more toxicsourees of chloridev 

OU r re vi ew of f our approa ches(Stepha n et a 1.1.985, Eva ns and Fri ck 2001, Nagpa I et a 1. 2003, Iowa DNR 
2009) for derivingChloride criteria t o ^protect aquatic life identified a^number of weaknesses in the 
available data and the analyses usfed to derive^criteriai W (1) the near 

absence of important s t r e a m ^ and 
caddisflies, (2) th fedependeh ie^ of excluding some 
stbdies*that w e i e i v e i ^ i ^ 
justify using a very iconic approaches tdsetsacute and 
chronicr criteria w o u ^ a t least several rtimes greater than^base flow 
concentrations c o m m o n ^ condition (i.e., 
Exceptional Value and High Quality by the 
Canadian Province of British Columbia (Nagpal flet al. 2003) - they acknowledged the weaknesses in 
available data, and applied safety factors of 2 for the acute criterion and 5 for the chronic criterion. 
Given the limits in the aya i lab led i ta^ Marcellus Shale 
cirilling may result in near-criterion^^ of a 
standard chronic bioassay|iwe?believethe Br criteria (eitherthedriginallyadopted criteria 
or our re-calculated criteria in Table 2f v^ould be the most prdtectivedf aquatic life for Pennsylvania 
streams, especially for the trout and many pollution-sensitive macroinvertebrate species that 
characterize Cold Water Fishes streams. 
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Table 1: Chloride genus mean acute values (GMAV in mg Chloride/L) ranked highest to lowest. The 
GMAV is the geometric mean of the species mean acute values (SMAV). Table reproduced from 
Stephan 2009a. 
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Table 2: The chloride criterion maximum concentration (CMC or acute criterion in mg Chloride/L) and 
criterion chronic concentration (CCC or chronic criterion in mg Chloride/L) calculated using four different 
methods based on the 29 GMAV values in Table 2 (GMAV values from Stephan 2009a). The CMC is 
calculated by dividing the final acute value (FAV) by the safety factor, and the CCC is calculated by 
dividing the final chronic value (FCV) by the safety factor. Three of the methods relied on the acute-to-
chronic ratio (ACR) to convert the FAV into an FCV. 

Method FAV Safety 
factor 

CMC 

PA Proposed 

EPA19883 

E&F2001b 

BC 2003° 

Iowa 2009d 

1,364 
1,648 
1,128 
1,364 

2 

2 

2 

2 

860 
682 
824 
564 
682 

Method 

PA Proposed 

EPA 1988a 

E&F2001b 

BC2003C 

Iowa 2009d 

ACR 

3.187 
7.59 

7.308 & 3.187 

FCV 

428 
217 
455 
422 

Safety 
factor 

1 
1 
5 
1 

CCC 

230 
428 
217 
91 

422 

The EPA's 1985 equations were used to calculate the FAV. The ACR is the geometric mean of 3 Daphnia species and was taken from Stephan 
2009a. The FCV is the FAV/ACR. 
E&F = Evans & Frick 2001. A 3-parameter sigmoid curve was fit to the cumulative percentage of genera lost as a function of the natural log 
transformed GMAVs using the nls function in R. The equation was % genera lost=a/(l+exp(-(ln(GMAV)-c)/b)) and the fitted values were 
a=1.035, b=0.431, c=8.692. The FAV is the value at which 5% of genera are predicted to be lost. Evans &Frick (2001) did not specify a safety 
factor for the CMC, so a safety factor of 2 was assumed. The ACR is the same one used by the EPA in 1988 based on fathead minnow, 
rainbow trout and Daphnia pulex. The FCV is the FAV/ACR. 
The FAV is the lowest observed GMAV (1128 mg/L for Sphaerium simile) and the FCV is the lowest observed effect concentration (LOEC, 455 
mg/L for Ceriodaphnia dubia by Aragao and Pereira (2003) reported in Stephan 2009b). 
The EPA's 1985 equations were used to calculate the FAV. The FCV was calculated using the same equations with the predicted GMCVs 
which were calculated by dividing the GMAV by the ACR of 7.308 for vertebrates or 3.187 for invertebrates. 
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Table 3: Amphibian species in Pennsylvania associated with streams or stream-side pools. Data from PA Fish and Boat 
^Commission (http://vyww.fish.statevpa.us/amp refehtm). 

Species 
Acris crepitans crepitans 

Bufo americarius iv 
americanus 

Bufo woodhousii fowleri 

Cryptobranchus 
alleganiensis alleganiensis 

Desmognathus fuse us 
fuscus 

Desmognathus monticola 
monticola 

Desmognathus 
ochrophaeus 

Eurycea bislineata 
bislineata 

Eurycea longicauda 
longicauda 

Gyrinophilus porphyriticus 
porphyriticus 

"HSprjiidactylium scutatum 

Necturus maculosus 
maculosus 

Notophthalmus viridescens 
viridescens 

Pseudacris brachyphona 

Pseudacris feriarum 
feriarum 

I jeudacris feriarum kalmi 

Pseudacris triseriata 

Pseiidotriton montcmus 

moniahns 
Pseuddtritoh ruber ruber 

Rana catesbeiana 

Common name 
Northern Cricket 
frog 

'Eastern American 
Toad 

Fowler's Toad 

Easern Hellbender 

Northern dusky 
salamander 

Appalachian seal 
salamander 

Mountain dusky 
salamander 

Northern two-lined 
salamander 

Longtail 
sa lama rider 

NOrthe^ Spring • 
salamander^ 

Four-tdeS;- f ' '* ; l !*^ : 

salamander vv̂ v I 

Mudpuppy 
salamander 

red-spotted newt 

Mountain Chorus 
Frog 

Upland Chorus Frog 

New jersey Chorus 
frog 

Western chorusf 
frog 

Eastern mud 
salarriander 

Northern red 
salamander 

Bullfrog 

Habitat 
streamside (occasionally) 

eggs and larva sometimes in slow moving 
streams 

streamside (occasionally) 

Large order stream Fast moving 

Headwaters and seeps 

Streamside and headwaters 

Lotic 

streamside and streamrpeky brooks 

associated with caves;ishale and 
limestone creeks 

springs 

Seeps and boggy areg?" s:"| 

Lotic (most orders of streams) and lent ic 

Lotic (headwaters) and lent ic 

mountains streamside 

riparian floodplains 

Rare frog Woodland frog 

farmland grasslands near water 

muddy springs and muciky areas along 

streams, swamps, arid Tjpgs 

clean small strearHsV springs 

mainly large bodies of water; large ;v 

slowmoving- heavy vegetative streams 

Egg 
submerged grasses 

tyes (Sometimes) 

yes (sometimes) 

yes under rocks or logs 

eggs are laid near water 

Eggs attached to moist 
rocks 

near water 

submerged rocks/logs 

swallow water 

under rocks 

single eggs on;^s|reSmside 
moss above water 

Streamside nest points 
to water 

yes, attached;to 
vegetation 

yes 

yes 

•'• •-.- -yes 

'• .-,. • •., ;yes. :•:• . 

yes 

yes 

yes 

Larva 
yes 

yes • 
(sometimes) 

yes 
(sometimes) 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

Juvenile 
no 

••''•-• : no •"•••••: 

no 

yes 

yes 

streamside 

streamside 

yes 

yes 

yes 

yes/no 

yes 

No, terrestrial 

streamside 

streamside 

streamside 

streamside 

streambank/ mud 

yes 

yes 

Adult 
no 

•yes"- ;-
streamside 

yes -
streamside 

yes 

yes -
streamside 

streamside 

streamside 

yes -
streamside 

;.yes*?r , 
streamside 

yes 

no 

..••• . Ye?•••-,.;'.'-r •/•-

" ;>; ;feS::; y'--': 

streamside 

streamside 

streamside 

streamside 

streambank/ 
mud 

yes 

yes 

Rana clamitans melanota 

Rana palustris 

Rana pipiens 

Rana sphenocephala* 

Rana sylvatica 

Northern Green Smaller streams shallow water 
Frog (occasionallyj (reproduction) 

Pickerel frog Smaller streams shallow water 
:-'''':'v-to:ccas'bhally:)'-^.rep^duct-i6ri)'' 

Northern Leopard Smaller streams shallow water 
frog (occasionally) (reproduction) 

Coastal Plain Smaller streams shallow water 
Leopard frog (occasionally) (reproduction) 

Wood Frog Smaller streams shallow water 
(occasionally) (reproduction) 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

streamside 

streamside 

streamside 

streamside/ 
terrestrial 

yes 

streamside 

streamside 

streamside 

streamside/ 
terrestrial 

All Ambystoma species excluded typically breed in vernal pools 
All Plethodon species excluded because of terrestrial habits 
ny/a crucifer crucifer, Hyla versicolor versicolor and Pseudacris crucifer crucifer excluded typically breed in vernal pools 

m 



Expert Report on the Proposed Ambient Water 
Quality Criteria for Chloride in PA Waters 
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Hardness (mg/l) 
Figure 1: Iowa acute (red = upper line) and chronic (orange = lower line) chloride criteria at constant sulfate concentration of 
37.9 m/l (average S04 concentration of 246 sites in PA from the EMAP database 1991-2000). Grey lines are 95% confidence 
intervals for sulfate concentrations from 246 sites in PA. 
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Expef f Be port oh the Prop bse d Am b ieht Water 
5 QualitySrlteria for Chloride in PA Waters 
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JFigure 2: Stream chloride concentrations (color referenced in legend) from the EMAP data set (1993-1993) at 246 sites 
[throughout Pennsylvania (Physiographic Provinces color coded in legend) 
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Expert Report on the Proposed Ambient Water 
Quality Criteria for Chloride in PA Waters Wmm Mmmi osim 
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Chloride concentration range (mg/l) 
[Figure 3: Frequency distribution of EMAP sites in each 2 or 5 mg/l Chloride bin (note after 20 mg/l bin size changes from 2 to 5). 
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Quality Criteria forilhloride in PA Waters 
OUD' 

Figure 4: Box plots (middle line = mean; upper and lower box 
limits = 25th and 75th percentiles, error bars = 5th and 95th 

percentiles, and black circles are outliers) of stream 
concentrations of chloride (upper left), sulfate (upper right), 
hardness (bottom) in mg/l by Pennsylvania designated use 
(EV = Exceptional Value, HQ = High Quality, CWF = Cold Water 
Fishery, WWF = Warm Water Fishery (WWF), and TSF = Trout 
Stock Fishery, note now MF or Migratory Fishery site in EMAP 
dataset). Data from EMAP dataset 1993-1996. 
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Expert Report on the Proposed Ambient Water 
Quality Criteria for Chloride in PA Waters 

DUD 
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[Figure 5: Hardness (left) and sulfate (right) concentrations (color coded yellow = low to red = high) measured at the 246 EMAP| 
bites from 1993-96. 
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Expert Report on the Proposed Ambient 
Quality Criteria for Chloride in PA Waters 

)UD" 

jpwa versus Pa Qbl£)ride Criteria ; 
(based on EMAP data t # | from 24B Pa gjtef); 

-r-t m in 

Chronic Chloride Criteria Distribution img/i 

o o o o o o o o o 
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l / i W L 1 t / 5 S D ( D l O U J i O . I 

Acute Chloride Criteria Distribution (mg/1) 
Figure 6: Box plots (upper panel) showing the acute and chronic 
criteria from the Iowa formulation (box percentiles same as in 
Fig. 4) that accounts for hardness and sulfate versus the 
proposed PA criteria (flat line at either 860 or 230 mg/l. Middle 
and lower panels are frequency distributions for the chronic 
(middle) and acute (lower) chloride criteria Calculated for each 
of the 246 USGS EMAP sites by 10 mg/l chloride bins. 
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Expert Report on the Proposed Ambient Water 
Quality Criteria for Chloride in PA Waters 

CUD 
\K&FER R B W C H C&NtliS 

Iowa Chronic Criteria by Designated Used 
(Using 246 EMAP Sites in PA) 

EV HQ CWF WWF TSF 

Iowa Acute Criteria by Designated Use 
(Using 246 EMAP Sites in PA) 

± 1 1 
i i i i i 

T T 

HQ CWF 

Figure 7: Iowa chronic (upper) and acute (lower) criteria (mg/l CI") 

calculated for the 246 EMAP sites partitioned by PA designated uses 

(EV = exceptional value; HQ = high quality; CWF = cold water 

fisheries; WWF = warm water fisheries; TSF = trout stock fisheries). 

Boxes are same as describe in Fig. 4) 
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Expert Beport on the Proposed Ambient Water, 
Quality Criteria for Chloride in PA Waters 

Iowa Standards at Constant Hardness 
(68.5 mg/l Hardness Ave EMAP ± 95% C.I.) 

1000 
Suifetefmg/l) 

Iowa Standards at Constant Hardness 
(SS.Smg/l Hardness Ave £MAP ± 95% CJ.) 

Rar^eis for S5% CL of EMAP Sites 
95%-CL =r.2.1 - 54 mg/l S04 

Iowa Standards at Constant Sulfate 
(37,9 mg/i Sulfate Ave EMAP $ 95% CI.) 

4c& -y mo 
Hardrjesi {nag/JJ 

iowa Standards at Constant Sulfate 

{37-9 nig/l Sufe Aye m&P ± 95%-CI,} 

S&fiCJ. = 54-S2 mg/! Hardriels 

p f . soo 

65 70 75 .§' 
Hardness (rag/I} 

Figure 8: Relationship between the resulting chloride criteria (chronic = upper red line; acute = Jower orange) and either 

sulfate holding hardness constant (upper panels with hardness constant at 68.5 mg/l) or hardness holding sulfate constant 

(lower panels with sulfate constant at 37.9 mg/l). Panels on the left are for the entire range of either sulfate or hardness 

found in the EMAP data set. Panels on the right magnify the x-axis around t h ^ §596 corificlfnce intervals for sulfate (upper) 

and hardness (lower). Grey lines above and below each curve were topputed using the 959o confidence concentrations for 

either sulfate or hardness. 
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laPf Pennsylvania 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

Northwest Regional Office 

July 3, 2012 

Mr. Lou Waldeck 
Chairman 
Brockway Area Sewage Authority 
501 Main Street 
Brockway, PA 15824 

Re: Sewage 
Brockway WWTP 
NPDES Permit No. PA0028428 
APS ID No. 494075 
Brockway Borough, Jefferson County 

Dear Mr. Waldeck: 

Your Final NPDES Permit is enclosed. Also enclosed is a copy of the Fact Sheet generated 
along with the NPDES Permit. The Fact Sheet includes an Addendum that lists all the comments 
received, and the Department's responses to those comments, through the four Draft NPDES 
Permit public notices. 

Read the permit and special conditions carefully. The permit is valid for five years. You must 
reapply for renewal 180 days before the expiration dati on the first page of the permit. 

Please be advised that this NPDES Permit now require! you to submit DMRs electronically 
using the Department's electronic DMR (eDMR) program. This requirement can be found in 
Special Condition No. II in Part C of your NPDES Perfjiit. Since your facility is already signed 
up for eDMR, no further action is required. However, in the event that a paper DMR is required, 
we have provided a Discharge Monitoring Report (DIvlR) and Supplemental Reporting Forms. 

Please complete the enclosed Laboratory Accreditation Form and submit it with your initial 
DMR. You are not required to submit this Form again (luring the remainder of the permit term 
unless a change is made to the laboratory or methods used to analyze parameters in your permit. 

Any person aggrieved by this action may appeal, pursuant to Section 4 of the Environmental 
Hearing Board Act, 35 P.S, §7514, and the Administrative Agency Law, 2 Pa.C.S.A. Chapter 
5A, to the Environmental Hearing Board, Second Hoot*, Rachel Carson State Office Building, 
400 Market Street, P.O. Box 8457, Harrisburg, PA 17iG5-8457, 717.787.3483. IDD users may 
contact the B6ard through the Pennsylvania Relay Service, 800.654.5984. Appeals must Be filed 
with the Environmental Hearing Board within 30 days pf receipt of written notice of this action 
unless the appropriate statute provides a different time period. Copies of the appeal form and the 
Board's rules of practice and procedure may be obtained from the Board. The appeal form and 
the Board's rules of practice and procedure are also available in Braille or on audiotape from the 

230 Chestnut Street | Meadville* PA 16335-3481 

814.332.6942 I Fax 814.332.6121 Rr}nted on Recyc|ed ^ ^ www.depweb.state.pa.us 



Mr. Lou Waldeck f s 2 P , . # : - ^ ;i fv :• f v,; 

Secretary to the Board at 717.787.3483. IMS paragraph does not,in and of itself create any 
right of appeal beyond that permitted by applicable statutes and decisional law. 

IF YOU WANT TO CHALLENGE THIS ACTION, YOUR APPEAL MUST REACH THE 
BOARD WITHIN 30 DAYS. YOU DO NOT NEED A LAWYER TO FILE AN APPEAL 
WITH THE BOARD. 

IMPORTANT LEGAL RIGHTS ARE AT STAKE, HOWEVER, SO YOU SHOULD SHOW 
THIS DOCUMENT TO A LAWYER AT ONCE. IF YOU CANNOT AFFORD A LAWYER, 
YOU MAY QUALIFY FOR FREE PRO BONO REPRESENTATION. CAL&THE 
SECRETARY TO THE BOARD (717.787.3483) FOR MORE INFORMATION.1 

If you have any questions, please call Stephen McCauley ofthe Permits Section at 
814.332-6136. 

Sincerely, 

A 
John-.A-rHold^Pili :^kkA. fe- AAAJ-A & wmkywy 
RBgioml:Manageron •V/#\ -R;-^ 

Clea.n.P'^^iBrdgram:! --m ^rry-r;y 

Enclosures 

cc: U.S* Environing 

^— -isasr i^ 
Mte iRdfert ©SWr, Mtiat^^ (Mth enclosures) 
Monitoring and Cdmpliaii(5i 
Bl̂ SERDa*& Systems ariiAjbalysis 

/':: NPDESEile ^;^A^-.^.A 
JAHrSAM 



COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

CLEAN WATER PROGRAM 

APS Id 

Client Id 

494075 

202231 

Site Id 

Auth. Id 

263008 

751643 

For Department Use Only 

FACT SHEET / STATEMENT OF BASIS 

NAME OF 
APPLICANT Brockway Area Sewer Authority 

Borough of Brockway, 
PROJECT 
LOCATION Jefferson County 

APPLICATION 
NUMBER PA0028428 

BRIEF DESCRIPTION OF PROJECT AND DISCUSSION 

This application is for a renewal of a Part I (NPDES) Permit, for an. existing discharge of treated sewage from a 
Municipal STP. 

The Brockway WWTP was Authorized on 4/17/2007 through an NPDES Permit Amendment to accept up to 14,000 
gallons per day (gpd) of natural gas-related wastewater. 

This facility is classified as an Authorized Load / No Increase under the treatment requirements of Chapter 95.10. 

This is a Major discharge. The EPA Waiver is not in effect. 

The Mailing Information is: The Permittee Information is: The Site /DMR Information is: 
Brockway Area Sewage Authority 
501 Main Street 
Brockway, PA 15824 

Brockway Area WWTP 
70 Industrial Park Drive 
Brockway, PA 15824 

Mr. Lou Waldeck 
Chairman 
Brockway Area Sewage Authority 
501 Main Street 
Brockway, PA 15824 

The Responsible Official is: Mr. Lou Waldeck, Chairman - phone: 814-268-6565 

A Part II Water Quality Management permit fejiot required at this time. 

Act 14 - Proof of Notification was submitted and received. 

The 2010 Chapter 94 report was reviewed and this facility remains neither hydraulically nor organically overloaded. 

The applicant should be able to continue to meet the limits of this permit and protect the uses of the receiving stream. 

RECOMMENDATION AND ACTION 

Appmva.. 
- Issue 

By 
Region 

Approve 
^IsStfT^ 

By 
Central 
Office 

Refus 
e Signature Date 

X 
STEPHEN A. MCCAULEY, E.i.T. 

REVIEWING ENGINEER 

jZs£2**^t~ ^£ZZ*£— ^DRAFT 

^ 5 ^ ^ ^ g ^ ^ v/FINAL t/iSfi&rx, 

DAVID G . B A L O G . P . E . 

PERMITS SECTION CHIEF (*l*-%lt / 2 _ 

X 
JOHNA. HOLDEN, P.E. 

REGIONAL MANAGER (afctyz. 
PART C - PERMIT CONDITIONS: 

E. Ultraviolet (UV) Disinfectioh 
F. Whole Effluent Toxicity Testing 
G. Radiation Protection Action Plan 

STANDARD: I. A. Stormwater into sewers 
B. Right of way 
C. Department revocation of permit 
D. Solids handling 

SPECIAL: II. Requirement to,Use eDMR System 
III. ' Drilling Waste Volume 
IV. Receipt of Residual Waste 
V. Solids Management 
VI. Acceptance of Natural Gas-Related Wastewaters Requirements 

1 -



Brockway Area Sewer Authority 
Site: Bropkway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) . 

Receiving Stream: Little Toby Creek (Stream Code 50229) 

Watershed: 17-A 

Protected Water Uses: Cold Water Fishes 
Aquatic Life 
Water Supply ' ^^-?v.: :.->*. 

Recreation 

Secondary Waters: Clarion River (Stream 6frd£4§22% " 

For the purpose of evaluating effluent requirements for,TR§i4^0^MQ|i3lU9rt#j-anc* Phenolics, the nearest dqwnstregnrv 
potable water supply teiri Company on the felianojn Kiy^r; 
approximately 45.0 rriiIes"bilWtb# 

Brockway receives 53% of its flowfrom^the Borough of Broikii lr. ^ contributes 32% #nd I^rton 
Township (Elk County) contributes 15% of the flow to the Brockway WWTP. There gre no combined sewers in the 
Brockway system. ' . ' .^fe^^-^V^^aWH^o^ 

Treatment consists of the following: a fini i f e ^ "with a total! c^j^ity of SSS.pQO 
gallons, two 750,000 gallon oxidation ditches, two 239,84^ 
Ultraviolet (UV) light disinfection, and post aeration. The se^agete a rriapr upgrade in 2ti>o£ 
and the new facilities are permitted under WQM permit number 3303403; 

Modelin^resiilted in less stringent limits for XM0B5 MridWi^ but the p^ w€re 
retained since the facility has nc>f had any problems mef ting the more restrictive limits. The winter limit for Fecal 
Coliforms was reduced to r 

T"he previous permit required monthly mo 
watef. Usifig the sampling results from the renewal ^plicatioff â  
be well below its calculated WQBEL of 59.7 pg/I, T t i i ^ monitoring of Lead has been removed.\ 
from this NPDES permit renewal. 

A Reasonable Potential Analysis was performed in f dcordancf w|h Pennsylyan procedures for the following 
pollutants of concern: Aluminum, Barium, Boron, Cadmium, Copper, dissolved Iron, Lead, Manganese, Mercury, Nickel, 
Osmotic Pressure, Selenium, Total l|qn, and E f c Pmssure limit AA/as required for this renewal NPDES 
Permit. 

Totsfl Iroh, Total Manganese, and Total Aluminum W&re nrvideled due to the i ^ /2M9 TMDL for Little Toby Creek, which is 
affected by Abandoned Mine Drainage ( A M ^ Total 
Manganese, and Total Aluminum are significantly lowerihan the water quality criteria standards. Therefore, no sampling 
will be added to this NPDES Perrnit! 1 

The proposed discharge limitations are based on ^ except for Ammonia-Nitrogen, which is 
water quality based, and Fecal C M ^ which are based on Chapter 93.7. Flow is monitor 
only. The limits for TDS are w#er quality based on the maximum values that were previously 
authorized to be dischai^ef under N^^^ p^sageqf Chapter 95.10 on August 21, 2010, 

Based on Chapter 95.10 and the DEP guidance document, monitoring has been included for the following pollutants of 
concern: Chloride, Bromide, Total Barium, Total Strontium, Radium 226/22$ (combined), Gross Alpha, and Total UrarYium 
due to the acceptance of natural gas-related wastewater. -.• 
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Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

For Outfall: 001 Latitude: 41° 15M3" Longitude: 78° 47' 50" River Mile Index: 10.62 Stream Code: 50229 

which receives wastewater from: municipal sanitary sewers serving Brockway Borough, Snyder Township, and 
Horton Township, and a maximum of 14,000 gpd of natural gas-related 
wastewaters. 

Discharges to: the Little Toby Creek. 

Monthly average daily flow: 1.5 million gallons per day (MGD). 

Parameters 

Flow (MGD) 

PH 
CBOD5 

Total Suspended Solids 

Fecal Coliform 
(05/01-09/30) 
(10/01-04/30) 

Ammonia-Nitrogen 
(05/01-10/31) 
(11/01-04/30) 

-; -TotahDissolved^Solids ~ -

Osmotic Pressure (in mOs/kg)* 
Total Barium 
Total Strontium 
Total Uranium (in pg/l) 
Chlqfide 
Bromide 
Gross Alpha (in pCi/L) 
Radium 226/228 (in pCi/L) 

Loadings (lbs/day) 

Monthly 
Average 

Report 

Within 
237 
375 

81 
243 

-t7;574 

Report 
Report 
Report 
Report 
Report 

Weekly 
Average 
Report 
Daily 
Max. 

Concentrations (mg/l) 

Monthly 
Average 

Weekly 
Average 

Instant. 
Maximum 

imits of 6.0 to 9.0 standard units at all times 
355 
562 

29,143 

Dsiiy ~ 
Max. 

19 
30 

Geo 
Mean 
200 

2,000 

6.5 
19.5 

" '^%zTA'~!-~"~ 

228 
Report 
Report 
Report 
Report 
Report 
Report 
Report 

28.5 
45 

-

38 
60 

1,000 
10,000 

13.0 
39.0 

T;960" 

456 
Report 
Report 
Report 
Report 
Report 
Report 
Report 

Monitoring 

Measurement 
Frequency 

Continuous 

Daily 
2/Week 
2/Week 

2/Week 
2/Week 

2/Week 
2/Week 

-- 2/Month**---•-

2/Month** 
2/Month** 
2/Month** 
2/Month** 
2/Month** 
2/Month** 
2/Month** 
2/Month** 

Sample 
Type 

Measured 

Grab 
24-Hr Comp. 
24-Hr Comp. 

Grab 
Grab 

24-Hr Comp. 
24-Hr Comp. 

~24̂ Hf Comp." 

24-Hr Comp. 
24-Hr Comp, 
24-Hr Comp. 
24-Hr Comp. 
24-Hr Comp. 
24-Hr Comp. 
24-Hr Comp. 
24-Hr Comp. 

Samples taken at the following location: Outfall 001, after UV disinfection and post aeration. 

- The US EPA has requested that upstream sampling of Osmotic Pressure be performed for the next NPDES Permit 
renewal to ensure that the background value used for modeling is representative (see Attachment 10). The DEP will 
have its Field Specialist sample for Osmotic Pressure upstream ofthe Brockway WWTP once the NPDES Permit 
renewal application is received. 

r - Refer to Special Condition VI. 



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM - First Draft: 

On August 3,2009, Timothy KeiSter,G ("BASA"), forwarded comments 
pertaining to the Draft N P D E ^ and the Department's 
responses follows: 

Comment 1: We object to the inclusion of an effluent limit, and mohitofing requirement, for copper at Outfall 001. 

Response 1: After obtaining further sample datar Total Copper was ̂ m 

Compient2: We q^ecr t^^ strontium at outfall 001. 
6 u r r | t e ; | ^ to collect some datavpn 
p i ra i^e te rs^ 

k ) In general, wejobject to impjpsitipn of any monitoring r6||u^menf whidh cannot be justified on the tesis of 
i being:! cpfitralla^ 

>jk&-. j. -certiplla 
4-̂ f/wU3Kc r ^ l l l ^ •'••..»£' : :\%t • 

R£S£6hS£2: The ifiiluSion of mohi^ 
requirements for chloride and̂  
natural^as-^ These paffililferf, as well as the others assigned as rfionifor arid 
report* have befen identified as pollutanfe o||i|r^erri associated with treating natural gas-r§iated ! 

. wastewaters. ; :k:k:kyA^. |„.,.....:.. ;. ; 

Sulfates, Chlorides, anti Strontium are ihdeepilpntrpllable pollutants ^ 
related wastewitei^ T^ are, in fact, due to the 

\ ; permittee's desire to ac^pt |nd"tre^ ^ __ ___ 

The monitoring i ^ Permit. 

Comment S^.v|Giv^|^fe^iuiEipn ayaiyi j l at pur discharppint, we believe that the 4,000 mg/l average, 10,000 mg/l 
maxipym, effluent l inii itpr dissolved solidly 

Thec^trollingre^ 
; A C C Q K ^ your backgrpurlllatai calculations,; and justification for imposition of such low 
dissolved solids efflueftLM 

Response Si The maximum should ham 
recommended maximum T*PS,cpn$e^ 
biological interfereride. This eduatii fo a hon-seasonaf̂  of 50,040 lbs/day of TDS at the permitted 
flow of 1.5 MGD for the Broc l^y STP. ^̂̂ ^̂̂ ^̂̂ ^̂̂ ^̂̂ ^̂̂ ^̂  ^̂̂  ^̂̂̂̂  , 

Hov^ver, With the^p^ the fourth Draft NPDES Permit will set 
the alldwaillmonthly a v i r i p f D l MhdtfntMfioh frftfje effluent based on the average discharged value 
of4,274mg/l. 



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM - First Draft (continued): 

On September 21, 2009, Jon M. Capacasa, Director of the Water Protection Division of Region III of the US EPA, 
forwarded a specific objection letter pertaining to the BASA Draft NPDES permit (see Attachment 2). In addition, the US 
EPA sent a separate letter dated September 21, 2009 to the DEP Central Office in Harrisburg, PA, reiterating their 
concerns on the methods used to develop several brine-related draft permits across Pennsylvania (see Attachment 3). 
A summary ofthe specific objections EPA stated on the BASA Permit, and the Department's responses, follows: 

Comment 1: The development of "monthly" Q7-1Q flows is inconsistent with the commonly accepted calculation 
approach of a Q7-1Q flow and has not been the interpretation or approach used by PADEP to develop 
NPDES permits in the past. PADEP must reanalyze and document the far field requirements to include 
calculations based on the normal "annual" Q7-10 calculations. 

Response 1: The Department has reanalyzed and documented the far field requirements for the BASA permit, to 
include calculations based on the normal "annual" Q7-10 calculations. 

Comment 2: The EPA recommends that the permit include a numeric water quality based effluent limit (WQBEL) for 
Osmotic Pressure based on the existing Chapter 93 standard, which would take the place ofthe "near 
field" analysis of TDS. 

Response 2: The Department will include a numeric water quality based effluent limit (WQBEL) for Osmotic Pressure in 
the re-draft permit, based on the existing Chapter 93 standard, in place of the "near field" analysis of TDS. 

Comment 3: According to page 6, paragraph (2)(b)(i), of PADEP's April 11, 2009 "Permitting Strategy for High Total 
Dissolved Solids (TDS) Wastewater Discharges", POTWs currently accepting brine wastewaters through 
an approved permit must also be given a final TDS effluent limit currently proposed at 500 mg/l effective 
January 1,2011. 

Response 3: The April 11,2009 "Permitting Strategy for High Total Dissolved Solids (TDS) Wastewater Discharges" is 
no longer in use. Instead, the revisions to Chapter 95 dated August 21, 2010, will be used to regulate 
facilities that accept brine wastewaters. 

Comment 4: PADEP should contact EPA in situations 'where PADEP is recommending a POTW to develop a 
Pretreatment Program. With EPA's positive determination, the permit would need to include the proper 
language to develop the program. Brockway currently is not required to have a Pretreatment Program and 
the draft permit does not have language for Brockway to develop a program. In order for Brockway (or 
any other POTW that doesn't currently have a program) to be required to develop an approved program, 
the permit needs to include the proper permit language once EPA has made the determination that a 

^ program is needed. 

Response 4: The Pennsylvania DEP will contact EPA in situations where PADEP is recommending that a POTW 
develops a Pretreatment Program. The Brine acceptance by Brockway has not caused any interference 
or pass through problems at the POTW. For Brockway, the DEP does not believe referring this case to 
EPA for a Pretreatment Program determination is necessary at this time. 

- 5 -



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM - Second Draft: 

On February28, 2011, Timothy Keister, Chairman^the 
comments pertaining to the second Draft N:RDE3permit!(see Attachment and the 
Department's responses fe^^^ .'k^k : 

Comment 1: Brpckway Area Sewerage; Authority (BASA) objects to the inclusion of effluent monitoring and limits for the 
parameter of "osmotic pressure". This objection is based on the fact that osmotic pressure is not a 

_ generally r e e o g n ^ standardized test methods, there is no USEPA 
approved procedure a t ^ controlled 
by osmetic pressure^ monitoring 
and effluent limits for total d i s s o l ^ of 
one pollutant using two different parameters, one of which, osmotic pressure/is going to increase our 

iiH^monitp^ AAkknykkiuo-k 0ck.: 

The use of "osmotic pressure" as an effl due to the fact that this parameter 
i v is Wt defirfediby any! g ^ 

o Heritor 
which has no scientifically valid, recognised standard analytical method îS notgacceptablefo BASA. We 
would also point out that total dissolved solids essentially regulates the exact same parameter, using a 

vtgeiieraHy 
:• pressure watered 

Response 1: Osmotic Pressure is r e q u i ^ accept natural gas-related 
wastewaters are now being ^ the "near 

/•' field" stream concerns. 

4£ee4heI*EPX)^^ 
Osmotic Pressure on | & i i i i ^ 
the cover letter of the thirl draft i M ! ! § fiermift 

A copy pf this document was addedto 

Comment 2: BASA objects to the inclusion of any monitoring for gross alpha, radium 226/228, and uranium. This 
objection is based en the fapjtthatrpM 

, production wastewaters in; ienn^ 
; researchers from Buekn#Uto 

hosted by Lycoming Colleg^^ 

Monitoring for ̂ unregulated not present 
a problem, is a waste of scarce BASA economic resources. We would request that PADEP provide any 
data to indicate that these parameters represent any concern as to pollution of the receiving stream. 

Response 2: The inclusion pf monitoring requirements for gross ̂  radium 226/223, and uranium at Outfall 001 is a 
direct result ofthe Brockway W ^ 
well as the others assignees mpnitp|and report, have been identified as pollutants of concern 
associated with treating natural gas-related wastewaters. 

Radioactivity is indeed a regulated parameter for the users of drinking water in the City of Clarion, since 
the water supply for the City of Clarion is downstream of the Permittee's discharge. The Department is 
requiring the parameters be monitored so data can be compiled to determine whether radioactivity is a 
concern or not. 

- 6 -



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM - Second Draft (continued): 

Comment 3: BASA objects to the requirement that a "Radiation Protection Action Plan" be prepared. As pointed out in 
our objection to any monitoring for radioactives, the only study issued on this subject determined that 
radioactives are not a concern for gas well wastewaters. Again, BASA does not have the economic 
resources to waste on useless plan preparation. 

We also note that the PADEP technical guidance document (385-2100-002), from which the suggestion to 
include such a plan was apparently taken, is still a draft document and in no way binding at the current 
time. In addition, please note that a guidance document is not law or regulation, the exact wording 
concerning inclusion of a "Radiation Protection Action Plan" is "should", not "shall", it is optional. 

Response 3: The PADEP technical guidance document (385-2100-002) was made final on November 12, 2011. The 
Special Condition requiring a Radiation Protection Action Plan has been included in the NPDES Permit. 
The exact wording of the Special Condition is "shall", it is not optional. 

- \ 
Comment 4: Please provide the calculations used to determine the mass limits for total dissolved solids on the draft 

permit. BASA is concerned that we are NOT getting the mass loading for the permitted 14,000 gpd, but 
instead are being permitted at the loadings from the average and maximum brine flows of 8,782 and 1,520 
gpd as provided to the PADEP in our letter of November 19, 2010. If the permitted 14,000 gpd is used our 
mass loadings would calculate as 17,585 lbs/day daily average and 29,161 lbs/day daily maximum. 

Please note that the gas well wastewater accepted by BASA for treatment is production wastewater, not 
hydrofrac flowback, and is accepted from just a single firm, Dannie Energy, under contract. Further, please 
note that BASA has no "project consultant" on renewal of our NPDES permit, so please correct your fact 
sheet accordingly. 

Response 4: BASA was jndeed NOT getting.-the mass loading for the permitted 14,0QQ gpd, but instead was being 
permitted at the loadings from the average and maximum brine flows of 8,782 and 11,520 gpd as provided 
to the PADEP in the letter of November 19, 2010. 

At the Permittee's request, and since the facility was permitted to receive up to 14,000 gpd of natural gas-
related wastewater prior to the passage of Chapter 95.10, the Department has agreed that the permitted 
14,000 gpd will be used io calculate your mass loadings. The new mass loadings for-TDS will therefore 
be 150,519 mg/l x 0.014 MGD x 8.34 = 17,574 lbs/day daily average and 249,600 mg/l x 0.014 MGD x 
8.34 = 29,143 lbs/day daily maximum. 

The Project Consultant listed on the previous Fact Sheet has been removed at the Permittee's request. 

-7 -



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM - Second Draft (continued): 

On March 3, 2011, Robert forwarded comments pertaining to 
the second Draft NPDH3 permit (see Attachm^ comments and the Department's responses 
follows: "" r" ; . v ^ - ^ ^ : ^ ^ v : * - 'l;";;;;;" ;..;. 

Comment 1: Jhe mass I p a d i ^ 
pr6\ r tde|^ 

f ^ i ^ shpuld:pop STP since that 
v ^ 

Response 1 ':'•' The Maps Jpai i^ islig|tj^|it the request of the Permittee (see Response 4 

No further relaxation i i j S i i l ^ 

AAAk ^ki'krf^ due t<Me "; J 

^ ; ; : ' ; ^ v ; j a ^ 
lk[:

:M^ volumes 
' / ! ' n W ^ The most 

r e ^ 
500rpg/l. 



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM-Third Draft: 

On June 9, 2011, Timothy Keister, Chairman of the Brockway Area Sewage Authority ("BASA"), forwarded comments 
pertaining to the third Draft NPDES permit (see Attachment 6). A summary of these comments and the Department's 
responses follows: 

Comment 1: Brockway Area Sewerage Authority (BASA) objects to the inclusion of effluent monitoring and limits for the 
parameter of "osmotic pressure". 

Response 1: Osmotic Pressure is required under Chapter 93, and is also being required by the US EPA to protect the 
"near field" stream concerns. 

Comment 2: BASA objects to the inclusion of any monitoring for gross alpha, radium 226/228, and uranium. 

Response 2: The inclusion of monitoring requirements for gross alpha, radium 226/228, and uranium at Outfall 001 is a 
direct result of the Brockway WWTP accepting natural gas-related wastewaters. These parameters, as 
well as the others assigned as monitor and report, have been identified as pollutants of concern 
associated with treating natural gas-related wastewaters. 

Radioactivity is indeed a regulated parameter for the users of drinking water in the City of Clarion, since 
the water supply for the City of Clarion is downstream of the Permittee's discharge. The Department is 
requiring the parameters be monitored so data can be compiled to determine whether radioactivity is a 
concern or not. 

Comment 3: BASA objects to the requirement that a "Radiation Protection Action Plan" be prepared. 

Response 3: The condition requiring a Radiation Protection Action Plan will remain in the NPDES Permit. The exact 
„ . _ „ _ ^ _ J A < & I ^ ^ _ ~ - — 

Comment 4: Please provide the calculations used to determine the mass limits for total dissolved solids on the draft 
permit. BASA is concerned that we are NOT getting the mass loading for the permitted 14,000 gpd, but 
instead are being permitted at the loadings from the average and maximum brine flows of 8,782 and 1,520 
gpd as provided to the PADEP in our letter of November 19, 2010. If the permitted 14,000 gpd is used our 
mass loadings would calculate as 17,585 lbs/day daily average and 29,161 lbs/day daily maximumr 

Response 4: BASA was indeed\NOT getting the mass loading for the permitted 14,000 gpd, but instead was being 
permitted at the loadings from the average and maximum brine flows of 8,782 and 11,520 gpd as provided 
to the PADEP in the letter of November 19, 2010. 

At the Permittee's request, and since the facility was permitted to receive up to 14,000 gpd of natural gas-
related wastewater prior to the passage of Chapter 95,10, the Department has agreed that the permitted 
14,000 gpd will be used to calculate your mass loadings. The new mass loadings for TDS will therefore 
be 150,519 mg/l x 0.014 MGD x 8.34 = 17,574 lbs/day daily average and 249,600 mg/l x 0.014 MGD x 
8.34 = 29,143 lbs/day daily maximum. 

Comment 5: We are requesting that the Department justify the inclusion of total alkalinity and sulfate in the permit. 

Response 5: Total alkalinity and sulfate were added to the third draft in response to the US EPA's letter requesting that 
all POTWs that accept Marcellus wastewater monitor for numerous pollutants of concern including total 
alkalinity and sulfate. 

Total alkalinity and sulfate are no longer required to be monitored with the fourth draft NPDES Permit. 
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Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0O28428 
Fact Sheet (Continued) 

ADDENDUM - Fourth Draft: 

On February 29, 2012, Roberts: l^eckir, P.Efof Nittafi & Associates, LLC, forwarded comments pertaining 
to the Fourth Draft NPDES pprmit(sfee M 
follows: -

Comment 1: 

response 1: 

Comment 2: 

Response2: 

Comment 3: 

Response 3: 

The TDS Limits^have a ma§^© Please eliminate the mass limit land 
only have the concentration limits of 4,274 mg/l Average Monthly and 7,960 mg/I Instahtaheous Max. 

The mass loading M under Chapter 95.10 and will not be 
removed. The concentration limits will also remain as drafted. 

FbrthSimpfe^ 
with a reasonablej^ the permit, (i.e. permittee shall 
irrpement t t e ^ citilWi1fs» 

r-'perrhit|; \ / - ' :
: : ; ;^ m^^^^j:^^^ • 

The NPDES Permit requires the R l t M i o f f W 
days of permit issuance. The Radiation Protection Action Plan is to be implemented once it has been 
approved by the i i ^ 

V\fewPUId lik&Wh^ 
that have been added to the permit due to the acceptance of gas wastewater ahd/6r the frequency of 
those parameters if it is determined over the course of the first year that nothing of environmental 
significance has bSeri i d i r i t i f i ^ ^ ttfe permit. 

A Bpciat CpriM to submit a 
-^umi^i^ofcsam^ 

sampling frequency, arid pss[b!y parameters, if the results of the 
s a M p l ^ sudh that 
further m ^ ^ 

In support otM^^ after 1 yelr, the Department 
considerieS^ 
has already been sampling for these |)arameters pursuant to EPA's Section 308 letter, so there is already 
a wealth Pf dat i , ;apf3| ap the riipnitdring was in i i p t 

: '{see-eomrilPhM^ 
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Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

ADDENDUM - Fourth Draft: 

On February 29, 2012, Ms. Rayza Santiago, Certified Legal Intern, and Ms. Emily A. Collins, Supervising Attorney, 
forwarded comments pertaining to the Fourth Draft NPDES permit (see Attachment 8). A summary of these comments 
and the Department's responses follows: 

Comment 1: The Brockway WWTP accepts industrial wastewater without pretreatment and therefore should be subject 
to the effluent limitations of 40 CFR Part 437 for facilities that accept untreated industrial waste. 

Response 1: As a publicly-owned treatment works (POTW) the Brockway WWTP is not subject to 40 CFR Part 437. 
Brockway's acceptance of industrial wastewater does not subject it to 40 CFR Part 437. The natural gas-
related industrial wastewater accepted by Brockway WWTP is pretreated by the Dannie Energy 
Corporation, which has an on-site pretreatment facility. The indirect discharges from the Dannie Energy 
facility to the Brockway WWTP is subject to the pretreatment requirements in 40 CFR Part 437, but the 

v Department is not delegated to administer the pretreatment program, the US EPA is. The EPA is currently 
evaluating the Dannie Energy facility to determine whether any pretreatment requirements will be required 
(see Attachment 10). 

Comment 2: There are no limits for Chlorides and no monitoring for Bromides. 

Response 2: DEP agrees that bromide and chloride are potential threats to water quality standards, including protected 
uses such as potable water supply (PWS) arid aquatic life-related uses. But this observation does not 
translate into the necessity for quantitative effluent limits. There must be reasonable potential for the 
pollutant loading from the permittee's facility to challenge those water quality standards. The Department 
has fully considered the potential threats to water quality of chloride and bromide when developing the 
permit conditions for the Brockway facility as discussed below, 

_ _^_jChlotr ide - - :•..-., — — -

Chloride has an applicable water quality criterion in 25 Pa. Code Chapter 93 of 250 mg/L based on the 
need to protect the potable water supply use. As per 25 Pa. Code §96,3(d), the criterion for chloride is 
applicable only at a downstream point of water supply withdrawal. The nearest downstream PWS is 
located at the PA American Water Company on-the Clarion River, more than 45 miles downstream of the 
•Brockway WWTP discharge. Based on the information contained in the permittee's application, and also 
ambient water quality data, the permittee's facility is not capable of discharging sufficient chloride to 
challenge the water quality criterion for chloride at the PA American Water Company PWS, or at any other 
downstream PWS. 

The Department recognizes the toxic effects of Chloride on aquatic life. Presently, the Department . 
evaluates and controls the toxic effects of chloride indirectly through application of a water quality criterion 
for osmotic pressure. This renewed NPDES Permit for the Brockway WWTP will contain water quality-
based limits for osmotic pressure. 

Sampling and reporting for chloride is also required in the permit. The Department has begun to track all 
larger sources of TDS to assure that sufficient data are available to anticipate and avoid potential 
problems with water quality due to aggregate loadings of TDS in watersheds. Chloride is potentially a 
major component of TDS and is now tracked in facilities with Substantial chloride loadings. 

Bromide 

Bromide has low toxicity in the environment and there are no applicable water quality criteria in 
Pennsylvania. The Department is performing ongoing studies to quantify the concentrations and impact of 
bromide in our rivers and streams. Based on these studies, the Department has taken action to reduce 
the loadings of bromide to rivers and streams, primarily by reducing the discharge of treated natural gas 
wastewater. Many discharges have been eliminated. Others, such as Brockway, have been limited under 

-1.1.- :.-': 



Brockway Area Sewer Authority 
Site: Brockway Area WWTP 
Borough of Brockway, Jefferson County 
NPDES Permit No. PA0028428 
Fact Sheet (Continued) 

Response 2: the applicable provisions of 25 Pa. Code Chapter 95. Brockwa/s permit limits the Brockway WWTP to 
(continued) receiving and treating 14,000 gallons per day of natural gas wastewater from conventional shallow well 

vsources';^"' • •'wcC'A v'irvS A^A'AAA :-yi&al^.pkf;'-'''' r-^-ra-^-vv;-

In addition, a review of the downstream water supply sampling data f Hdws no Tf4M producfidri as a result 
of the acceptance of natural gas-related wastewater at the Brockway WWTP. Since the quantity of 
wastewater is to rpmiiri t h ^ ^ t t ^ 
shale gai i )^ i t i i r i ^ i f for future TI-fM prddudtion due to Bromide 
discharge as well. 

fc m ^ help 
; a i s d M ^ waters, 

,mkA:k arid take iddft 

Comment®: v r O^ [at the 
^ ^ e k \ ^ p ^ treatment 
a n d d i s c p i ^ e o f f ^ - : i r ' ' " : ^ v / : " ' ; ' r f ^ 

Response 3: The Brockway WWTP v ^ s t t to accept u|i> 
to 14,000 gallons, |er day | | p d | o f n a t ^ 
this voluffie i s ^ d f | ^ iQadih! 'M$PliiMltpc^way WVVTP is exempt 

mUM- Fourth Draft: 

On March 14 2012, Jpn M. Capapa^ of Region III of the US EPA, forwarded a 
letter tp Mt^ the EPA had placed 
on the Brppltey N^ y | ^ BASA 
Permit, andthe ^ 

Comment 1: The;as| i^ 
sartfplto^ 

The draft permit should be revised to specify that in-stream monitoring upstream of the discharge should 
be conducted f ^ ^ 

Response 1: Tha DEf^will hap tor OsmpticPressure upstream of the Brockway WWTP 
once the #F*DES Permit renewal applicatibp is received. 
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Brockway Area Sewage Authority 
70 Industrial Park Drive 
Brockway, PA 15824 

Augusta, 2009 

Mr. Stephen McCauk^EIT 
Pennsylvania Department of Environmental Protection 
230 Chestnut Street 
Meadvilie, PA 16335-3481 

RE: NPDES PA 0028428 
APS ID No. 494075 
Brockway Borough, Jefierson County 

Dear Mr. McCauley, 

P 814-265-0830 
F 814-265-0830 

basa@brQckwavtv.corn 

••: RECEIVED. 

AUS 0 5 200§ 

^^RD^BSTALFRaTlCTrGW 
Hrji O-WfcST RR30NALGFBCE 

We havecareftdfy reviewed.t&edrafi: amendedl^DES premrit as suppH under your 
coyer of June 18, 2009, and wish to provide the fohowing specific comments. 

1. We object to the inclusion of an effluent limit, and monitoring requirement, for copper 
at outfall 001. Our reasonsTor this objection are: 

a) There are no known controllable sources of copper in the plantMuent. Phoenix: 
Sintered Metals^ a potential copper source, operates with iero process water dxseharge. 

b) The proposed, effluent hrnitsj^ 
a level much below that needed to obtain the 1.0 mg/l specified by the USEPA for 
domestic water supplies and also lower than that needed for protection of aquatic Kfe. 

Bearing in mind that the Little Toby Creek is classified as a mild alkalinity- hard water* 
copper levels from 0.4 to as high as 1.25 mg/l have been reported as LC 50 values for 
rainbow trout. Accordingly, the proposed values cannot be justified for our discharge 
IMti 

c) Previous monitoring data for our discharge, sovm samples, sho^s an average value of 
' 0.(ffim^vM& 

collectionperiod we had no known sources of copperin our influent and that our plant is 
not designed for copfper removal. 

We will not accept an effluent limitation where compliance <^m^bQ(MMi!^ using our 
. e^tMgnewritfeatmentplant, and#ig^^ falls^i^thmA^:.,; 
efessMeafioii. We are requesting^at yofr 
imposition of a copper effluent limit; McM 



2. We ofrject to;tIie-m^s^;.p£monitoring: requirements for sulfate, chloride, and 
stroWium on o u t ^ not have to pay the cost for the 
Department wishing to collect some data on parameters which are already regulated by 
imposition of a dissolved solids effluent limitation. 

In general, we object to imposition of a&jr m o ^ ^ 
justified on the basis of foeiiiig^ 
increasingly stringent requirements on PADEP certified laboi^ori^haye^ ihe fp^t 
of pialytical work up substahtially^ thus pointless monitoring is a burdensome expense. 

3; Given the dilution available at our discharge point, we believe that the; 4̂ pQ|) ing^ 
j t ^ p ^ ; :|QpO0 mg/I ma^mum, ^ u e n t limits fordissdv^s^ 

We would note and call your attention to the fact that the "TDS Strategy of^^ri! 2p09" is 
not a regulation. tte ^ for control of TDS is the public: water supply 

Criteria o£500 mg# d^ 

limitations for our lmmw^ 

I trust fet these otgebrioiî  % i ^ ^ re\$ei^to<l a ^ t y prov^ w 
of a filial permit; Please contact me direct with any Questions or comments: 

Timothy Eeii 
Chairman 
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UNITED STATES ENVIRONMENTAL PROTECTION A^m^jBO" 
REGION HI : H ~ ' 

* 1650.Arch Street j ' A r >>nflQ 
Philadelphia, Pennsylvania 19103.-2029 §£P ft ^ *3 

Mr. Kelly Burch,,Director 
Northwest Regional Office. "' 

:• Pennsylvania Department of Environmental Protection 
-230 Chestnut Street . / 

vMead.ville,PA 16335-3481 " "k 

,Re: NPDES PennitNo. PA0028428 
• Brockway W t ^ P ' * 

Brockway Borough, Jefferson County 

•DearMr. Biirch: ;• / 

fe K'i m 

The draft National Pollutant Discharge Elimination System (^PDES) pennit renewal for the 
' kbdye-referenced facility was^received by the U.JSL Environmental^i^dtecfidn Agency (EPA) on 

1 0 O A ) l^tvyeen EPA andthe P ^ : 
fPA issuers general bbjeciiojifthm extension letter on My 4t^Q& Tteshft&v is a^ja i f fc 

i S h ^ s u b m i t ^ • 

EPA%o%ection to the djcaft pernnt and identification of revision? needed for EPA to remove the 
p^ec^dia are-described below, Ad$ticmal i n ^ 

:Aynjfedated September2iy^0O9, The enclosed lQttete$^^ •::[••] 
P i ^ 

^ _ ĵ lgjp̂ ĝ-̂ j _|jelpiv «0Ê-1JbL̂. issues specific to theBm^kw^y draft pennit. 

Monthly07-iOCalculations .,.'.; ;^;/\^3-/'-.:-' Z•-k<..•:'•••••. 

Pennsylv^sidef^ 
aQtuai or estimated to^ once in 10 years fpt. 
a zfteajn yrithu&^^ 
regulated flow." #AI0?}^ the©^rfai^ntv 
from lodk^ •••̂  
waterbddy i ^ rnon^^ 
TDS ̂ u e n t ^ q u ^ flie I p e ^ 
in^stream aii^ysisof te 



Most W tjtewate^ 
Chapter 93, including TDS, was not <le|i^"as monthly values. The development of 
''monthly" (|^10^^^ commonly accepted calculation app^ach 
of a Q7-10 Jowand has not been the interpretation or approach used by PADEP to 
d ^ I ^ ^ in the past. Monthly Q7-I0 flows do not appear to be the 

^ This is clearly not a typical approach for calculating a 
Q7-10 floWj and.it leads to higher Q7-10 values that result in less.sjtringbnt loads. EPA 
does not believe this to be a good precedent to set NPDES permits are to be developed 
based on critical conditions and PADEP regulations /guidance .us»:.̂ W^̂ --l<> 
critical (pidiicit to potect aquatic life. ;^ ..".^.^"^1I '̂,-:.\^^^-cvr-o 

•• Although the Broekw^ 
biolo^(^:pmce$ses at the treating pla^ 
near fielder ̂ fi^daaalysis, in oMer ^ 
must re^ :^M0^^^^^^^^k 
thenormal^^pimal"Q^ll)c^cU^<ps. '^permittiien m n ^ 
to incWethe more stringent reqtnreftient Por the ft^ to the: .'• 
next^ecfioa' '-v..:*''.' 

Near Field TDS Analysis - 1.8QQ nlg^Instream 

Based on ^ 

; e | | ^ | M t 

TNr^ 

^cording to page £ £ a r * t ^ 
%ategy &f H i ^ ^ 
|*ir<^^ 

•;,: iftal T I > ^ at S I S i i | f | J K # W : on J^mit| 



Therefore, in order to resolve this issue, the draft permit.must be corrected to include the 
final limit of 500 mg/I effective January 1,20 M.. 

I understand that a majority, if not all, of these issues need to be coordinated with your Central 
Office in Harrisburg. As these.issues affect other NPDES facilities in the Commonwealth, we 
are sending a separate letter to PADEP Central Office (copy enclosed) in order to address these 
issues across the Commonwealth, In the meantime, the pennit for firockway should not be : 

issued without written authorization from EPA-

If you have any questions, please contact rue, or Brian P. Tralear of nay staff at (215) 814-5723. : • 

Sinceiely, 

on M< C&pacasa, 
iWater Protection Division 

•Eneiosirie .• •'•:.';;"-*-

Pe: fenF^u^P^^ , 
A.:[. J?Ieard&^ 

k/Ste$hm IvfcCaule^ PADEP Northwest Office 
Timothy Keister, Brockway Area Sewage Au&rify 

''•.'¥:v 

k, ;••;•;• :-k Custorr^ *;kiv//k-};A :;k .' )"A 



A-W^cku^r 3 

^&}ST^ 

a UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
§ V ^ 7 | REGION III 
\+2l\(imp-# 1650 Arch Street 
3> ̂  PRC^^° Philadelphia, Pennsylvania 19103-2029 

Mr. Dana AunJcst*.©^ 
Bureau of W ^ e r ^ 
Pe*insylvaniaDe$p^ • 
Rachel Carson State Office Building • 
400 Market Street: .,.. .;,,'. :,,V .'•• ̂ Z ^^^^yy^^ 
Hamsbur&^PA-f^ ' v"l7 : :MV'^^: 

Dear Mr. Aunkst, 

On May 28, 2Qb99 E f | ^ ^ the Pensylvania Department of 
ikvironm^ draft Tett^ua 
Resource Management l * ^ ] ! ^ in theise consents, were 

: cpnceimwe had on ^ 
(TDS). Sub$^uentfy;EPA: Region 3 has iioMM the PADEP N o r t ^ 
objections to the draft permits fe a n d ^ t ^ C a ^ 
we have notified the Northeast Regional Office, of our objection to• jile draff | e t ^ ^ fe; i 
Wyoming Valley (P^OO2610^^ I t o c ^ j g j | ^ 
the same pipc^ 
TerrAqua draft pennit. 

On August 11,2009, i ^ staff had the :opp 
TomSt^ Toge&er \^M^ona l in& 
provided by yquroifficeato -
perspective of PADEP-sm^ As a result, our concerns 
have been reduced to the foll^ 

Monthly OT̂ -Xq XM^^^ms ^ 

Pennsylvania defines QTrlOffowm 
actual or estimated lowest 7 
a stream w i & W 
regulated £tow.if W s d e f l ^ 
limits in the a ^ 
does not p r o h ^ indiyid^i mon&s to caleufete 12" •• 

^separate Q7~^ •>" '*'.."•" 



Most ofthe water quality criteria established in the Commonwealth's regulations at 
Chapter 93, including TDS, was not derived as monthly values. The development of 
"monthly" Q7-10 flows is inconsistent with the commonly accepted calculation approach 
of a Q7-10 flow and has not been the interpretation or approach used by PADEP to 
develop NPDES permit limits in the past. Monthly Q7-10 flows do not appear to be the 
intent ofthe Chapter 96 definition: This is clearly not a typical approach for calculating a 
Q7-10 flow, and this approach generates higher Q7-1Q values that could result in less 
stringent permit limits. EPA does not believe this to be a good precedent to set. NPDES 
pennits are to be written based on critical conditions and PADEP regulations / guidance 
use the Q7-10 as the critical condition to protect aquatic life. 

Therefore, in order to resolve this portion of our objections, PADEP must reanalyze / 
redraft the above mentioned perniifs to include calculations.based on the normal "annual" 
Q7-10 calculations. 

Near Field TDS Analysis -1,800 mg/I Instream 

Based on the limited information available to EPA regarding the correlation between the 
Chapter 93 criteriaTor Osmotic Pressure (OP) of 50 niOs/kg and a TDS concentration; of 
1,800 mg/l, combm^ "far field" requirement of 500 mg/l TDS at 
potable water intakes yields the more stringent effluent limit than the "near field" analysis 
in all but one (Brockway) ofthe above draft permits, EPA recommends that ^ 

j n ^ d e a n u m ^ 
existing Chapter 93 standard. This would take the placdof the "near field" analysis of 
TDS and limit the discharge on water quality criteria that is applied at the point discharge.-

Therefore, in order to resolve this portion of our objections to these draft permits, PADJlP 
taiist include both 1) the more stringent TDS limitsof the "far field" (based on an annual 
Q7-40 flow) or inhibition ofthe POTW treatment process and2> the WQBEL for OP . 
(also basedonanannualQ7-10 flow). 

Final TOSUmits 

According to page 6, paragraph (2)(b)( i ;^ 
Strategy for High Total Dissolved Solids (TDS) Wastew^ 
currently accepting brine wastewaters through an approved permit must also be giyen a 
final TDS effluent limit currently proposed at 500 mg/l effective o»n January 1,2011. The 

: Brockway POTW was permitted to accept brine wastewater through a permit action in 
2007; It is -unclear if or when the New Castle POTW wasapproved to accept brine 
wastewater under a previouspermit. However, the draft pennit renewals fo 
Brocldvay and New Castle incorrectly assume that FOTW^ cunently approved under a 
perinit to treat brine wasrewater are exempt from complying with the final average 

j \ t $ Printed on 100% recycled/recyclablepaper with100%post-consumer fiber and process chlorine free, 
CustomerServiceHoittne: 1^0Q^38r2474 



monthly limit of 500 mg/l. As a result, these two draft permits are cunently written to 
allow the "interim period" TDS limits for the life of the pennit Interim period limits 

. should only be effective^iliilJl^^Aber-3I;'2Oi0/ 

Therefore, in orders 
mus tbecp^ 

In addition* # e folte^gisbei^ ji^'dSfSttfb^^^b^S^ but as a comment. 

r PrefreatmetifcWmt&mm 

• A<#ordii^fo^ 

•,.. S t rge^^ 

.. .' authorized to i m i f l e m ^ ^ 
program is needed fcee4^ 
v&erePADEP^ 
EPA's positive detejbii&ation, the pennit would he^d to m c l ^ o ; ^ ^ p ^ . ^ ^ i ^ ^ t d 

# i d 
for J&^ to fe inquired . 

Please xi^§0Mmt^ 
2Q091ta 
Instep, we have been r^ they are protective of aquatic life 
andhgtpn health eo^s fk i ??^ 

We ree^n to rf^ coMmmto put into de^opiiig 

^roce^nes to implem 

.D^artfnent's planned development of applicable TDS effluent standards. 

in conclusion, it is our p t i d S S i ^ yiur stiff that ̂ ADEP will consider these eonpaents 
and will p r a p o s r ^ (3rbe tifjese tmMoM', 
a r $ r e e e i \ ^ d ^ f l ^ ^ <m$^^ Om^p^m^y 
these $mffiit$ ̂ i 0 1 e ? l ^ ^ In adiiion, al̂  
d ^ p # f f n ^ -
recommendation M^'& '~'"-y yA'-i:: wm'-- -VJ --v- " • :•• "'• ..'•"'_'•" 

| # Printed on 160% m chlorine fr^e. 
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If you have any questions, please contact me or have your staff contact Mr. Brian Trulear at (215) 
814-5723. . 

Sincerely, 

on M.CapacasarDirgctor 
Water Protection Division 

cc: RonFurlan,, PADEP Cental Office 
Kelly Burchi,, Northwest Regional Office 
David Balbg, Northwest Regional Office 
KateCrbwley,NortheastRegionalOffice x 
Mike: Bninamonti, Northeast Regional Officê  

t # Printed onlO6%re<ycle0e^cm lpO%post^nsumer0^ 
•" , . ' . CustomerjSeh>fa 
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Brockway Area Sewage Authority P 814-265-0830 
70 Industrial Park Drive F 814-265-0830 
Brockway, PA 15824 E basa@brockwavtv.com 

February 28,2011 
y> > '7 / • • • nnk):r^^:k---- ^ - ^ - T ^ 

Mr. StephenMcCauley, BIT j LaUi; •: "•:.:•" V;^AJLJ)1 
Pennsylvania Department of Environmental Protection | . . . . . . 
230 Chestnut Street 1 MAR °4 2 0 

MeadvilfePA 16335.3481; 

' m N P D E S P 4 t o ^ ^ f e & a , V i i 
. APS ID l & v S ^ ^ ^ ^ ' « i - f 
Brockway Boroxilh^ Jefeson County 

Dear Mr. McCauley^ . '• ' ' V.,;.mlJ'.;;^ 

We have carefully revised 
supporting inform#o% 
provide the following specific c&mments c^l^ 
the draft as follows. 

1. Brockway Area Sewerage Authority-(BASA) objects to the inclusion of effluent 
monitoring and limits for theparaiiieter of "osmotic pressure". This objection is based on 
the fact that osmotic pressure is not a generally recognized effluent monitoring parameter 

^wilh^tm 
ik addition, the wastew^^pollula^ pressure 
is already monitored, witfr:^ti€di.Umt$- established, by the inclusion of mohitoring and 
effluent limits for total dissolved solids. Wbcarinot economically justify monitoring and 
regulation of one^ollutant using two differoot parameters, one of which, osmotic 
pressure, is going to increase ow monitoring ^ ~ 

The use of "osmotic pressi^' p^pbefflu^ limitation is not acceptable due to the fact 
that this parameter is not defined by a i^g& 
Regardless of the water quality ̂ te i ia given in Chapter 93, calculation of a permit 
effluent limitation based on a water quality c^e r i%\^ has no scientificaHy valid, 
recognized standard analytical method, is not acceptable to BASA. We would also point 
out that total dissolved solids essentially regulates the exact same parameter, using a 
generally recognized standaMafi^ ofthe environment 
as the osmotic pressure wat^ quffily criteria.. ;"''.•;; 



2. BASA objects to the inclusion of any monitoring for gross alpha, radium 226/228, 
and uranium. This objection is based on the fact that no significant amount of radiation 
has been reported in gas well production wastewaters in Pennsylvania. Our source ofthis 
information is the presentation made by researchers from Bucknell University, 
Lewisburg, PA, at the "The Science of Marcellus Shale" conference hosted by Lycoming 
College in Williamsport, PA, January 29, 2010. 

Monitoring for unregulated parameters, which have been shown by competent researchers 
to not present a problem, is a waste of scarce BASA economic resources. We would 
request that PADEP provide any data to indicate that these parameters represent any 
concern as to pollution of the receiving stream. 

. 3 . BASA objects to the requirement that a "Radiation Protection Action Plan" be 
prepared. As pointed out in our objection to any.monitoring for radioactives* the only 
study issued on this subject determined that radioactives are not a concern for gas well 
wastewaters. Again, BASA does not have the economic resources to waste on useless 
plan preparation. 

We also note that the PADEP technical guidance document (385-2100-002), from which 
the suggestion to include such a plan was apparently taken, is still a draft document and in 
no way binding at the current time. In addition, please note that a guidance document is 
not law or regulation, the exact wording concerning inclusion of a "Radiation Protection 

' Action Plan" is "should", not "shall", it is optional. 

4. please provide the calculations used to determine the mass limits for total 
dissolved solids on the draftjlermit.J3^ 
mass loading for the permitted 14,000 gpd, but instead are being permitted at the loadings 
from the average and maximum brine flows of average 8,782 and 11,520 gpd as provided 
to the PADEP in our letterof November 19, 2010. If the- permitted 14,000 gpd is used our 
mass loadings would calculate as 17,585 lb/day daily average and 29,161 lb/day daily 
maximum. - ~ 

Please note that the gas well wastewater accepted by BASA for treatment is: production 
wastewater, hot hydrofrac flowback, and is accepted from just a single firm, Dannie 
Energy, under contract. Further, please note that BASA has no "project consultant" on 
renewal of our NPDES permit so please corcect your fact sheet accordingly 



'Wew^.^rovi^^he.i,ii^DH? with the data used to determine the values reported to the 
PADp in our letter d^edI|ovemfeerlfv201O. : 

I trust that these eonmients wiffl he carefully reviewed and a reply provided prior to issue 
of a final permifc Please contact me d i r M y ^ t h any questions or comments. 

Sincerely, 

Timothy Keistef, CWT • 
BASA C h a i r m a n " 



NITTANY ENGINEERING & ASSOCIATES, LLC 

Suite 1 
2836 Earlystown Road 
Cen t re Hal l , Pennsylvania 16828 nea< 

Tel: (814) 364-2262 
Fax: (814) 364-2266 

»nitt anyeng inee r ing .com 

March 3, 2011 

,fl\ 3/7/^(1 
Mr. Stephen McCauley/EIT' 
Pennsylvania Department of Environmental Protection 
230 Chestnut Street 
Meadville, PA 16335-3481 

I MR 0 7 2011 J 

Reference: NPDES PA 0028428 
APS ID No. 494075 . 
Brockway Borough, Jefferson County 

Dear Mr. McCauley, 

On Behalf of the Brockway Area Sewage Authority Board I am addressing: thesecbnd.: 

draft of the NPDES Permit for your consideration. 1 understand Tim Keister, Chairman of 
BASA also submitted you comment on this matter, and this is in. addition; ••'. 

I have been asked by the Board to specifically address the concerns of.limiting the 
volume of natural gas-related^vv^stewaterand proposed mass Idading :: 

Assuming the influent waters to thePOTW contain500 mg/L TDS> using historfcal data; we 
calculated the average JDS of the brine coming into the POTW to be 179,270.75 mg/L or 
.1.49 lbs/gal and tjie maximum to be 333,383.42 mg/L or 2.78 lb/gal. Just^inrtply - : 

multiplying the average TDS and 14,000 GPD you get an average TDS Iqadlrtg of 20,860 
lbs and adding 1,982 lbs (for average plant flow minus, brine flow at 500 mg/L) the total is; 
22,842 lbs TDS. The maximum is 38,920 lbs plus 1,902tbs for normal plant influent gives 
40,902lbs. We are requesting these values be.used as they are the true historic values the 
plant has received. ; 

Also, there is not a current permit limit for the amount of brin£ that can be discharges to 
the plant, and the 14,000 gpd was used as a b a 
requesting that there should not be an influent volume limit to the amount of natural gas-
related wastewater and follow an accurate means of limiting this wqstesfream utilizing 
the mass loading we are requesting above. 

In summery, please revise the.draft to increase the TDS mass limit bdSed;.bn:'fJ1tacfoql.. 
historical amounts the plant has been treating as shown above arid the elimination of 
any influent gallon amount limit.; ;; 

. N i i \ a n.y. E n g j h e e r i n g & A s s o c i a I es, ' LLC 
E n g i n e e r i n g , S u r v e y i n g a n d C o n s u l t i n g S e r v i c e s 



Mr. McCauley:, EFT 
PADEP-Metidvflle 
March S, 261) 
Page 2 of 2'.. 

Should you have any questions or concerns, please do not hesitate to contact me. 

Sincerely, 

Robert S. Decker, PE 
President 

rdecker@nittanyengineenhg:com 

cc: BASA 
NEARIe#011-m 



0^ck^O^ Zf 

Brockway Area Sewage Authority 
70 Industrial Park Drive 
Brockway, PA 15824 

June 9, 2010 . 

Mr. Stephen McCauiey, EIT 
Pennsylvania Department of Envnonmentalj 
230 Chestnut Street 
Meadville, PA 16335-3481 

RE: NPDES PA 0028428 
. APS ID No, 494075 

Brockway Borough, Jefferson County 

Dear Mr. McCauiey, 

P 814-265-0830 
F 814-265-0830 

E basa@brockwaytv.com 

JUN 1 3 ^ 

We have carefully reviewed the third draft ofthe renewal NPDES permit, and supporting 
Mormation, provided under yoxir coyer letter of March 17,2011. We would like you to 
consider the following comments concerning various provisions and conditions on the 
draift as follows. Please also be informedthat we reserve the right to appeal any provision 
or condition on the issued permit to the Environmental Hearing Board for adjudication. 

1.. Brockway Area Sewerage Authority (BASA) objects to the inclusion of effluent 
monitoring and limits for the parameter of "osmotic pressure". H i s objection is based on 
the fact that osmotic pressure is not a generally recognized effluent momtoring parameter, 

^ i thsi tan^ 
136. In addition, the PADEP Document'391-2000-008 provided with your cover letter 
.specifically notes thai it is.an "Interim Method", "not an adjudication::or regulation", and 
its appUcation is at "administrativediscretion". 

The wastewater pollutant to be monitored and controlled by-osmotic pressure is already 
monitored', with effluent limits established, by the inclusion of monitoring and effluent 
limits for total dissolved solids. We. cannot economically justify monitoring and 
regulaticm of one pollutant using two different pi^ameters, one of wM^ 
pressure, is going to increase our monitoring eoste. I would also point out that total 
dissolved solids is a widely usedmonitoring parameter and that most laboratories are 
bothequipped and experiencedinrunning&etestfe 
$15; 00. In contrast, many laboratories are not equipped with the specialized test unit 
required to run osmotic pressure. These single parameter units typically cost $7,000 to 
$ 10,000 and can only be used for this specific test, in contrast to the total dissolved solids 
equipment which is general use^^laboMojy^uipment. 

The use of "osmotic pressure" as ah effluent limitation is not acceptable due to the fact 
that tMs parameter is not defi^ 
tnethod. Regardless ofthe water quality criteria: given- in Chapter 93j calculation of a 

i ; 



permit efflueMliMtation based on a water quality criteria, which has no sciehtifically 
valid; zMbgmMd standard analytical method, is not acceptable fo BASA. We would also 
point otft&af lotaljiissolved sohds, which is in the draft permit as an effluent standard on 
a mass basis, regulates the exact same environmental affect, using a generally recognized 
standaird analytical method, and is as protective ofthe environment as the osmotic 
pressure water quality criteria. So, the Department is requested to use its "administrative 
discretion" a^#i iove osrnotie pressure from tihe draft permit. 

2. BASA object̂  to the inclusion of any monitoring for gross a l p ^ 
and uranium. This xMjBcMmM lased on the fact that no si|ifflcaht: toount of Miafion 
has been reported in|as weU production, wastewaters in Pennsylvania Our source ofthis 
h^rmationji^ 
l^isbuzg, ^A^ltthe f ^ e S^ 
College in Williamsport- PA, Januaiy 29;f 010. 

Monitoring for unregulated parameters, which have been shown b^^niijpiterit ' 
researchers to not present a^0ij^ is a waste of scarce BASA economic resources.; We 

ttrepre^ . 
<>n fciasidi^^ mi thtis 

v? conc|ud[es fteM^®^^ 
. thre^ coimtfy are ceilifi^lor 
ra^ochemical analysis and one we contacted indicated a cost of about $200+per sample 

iif^ffiefc samples per month, ft^ totals $4,800 
y\ jt^?®>fltfe M ânlihinĝ  sampling and shaping c o ^ ' 
n typM |esidptial sew#&h^ 
t^wer^^ :-—~k^ — 

3. v BA1A obje^ 'Radiation Pretention Actiori Plan55 bfe 
prepared. As pointed out in our objectionWm^m^^ the only 
stody published on this subject determined that radioactives are not. a concern for gas 

A$0^ ??k-ky-; ., •• •' •" . 

;J^view >of ̂  Action Plan, 7 ' 
^A^enip©^ 
imders^da^f feD is required diie to the 
Mgh cohoMipio^ 
related ^ a s t e f M ^ f t W 

which produced two sohd waste s l i i ^ ". 
representing â^ 
:Wastewat£r^^ 



Barium sludge: Uranium: 30.8 pCi/g 
Radium 226/228: 557.1 pCi/g 

Calcium sludge: Uranium: 0.142 pCi/g 
Radium 226/228: below detection limit 

These amounts of concentrated radioactives are insignificant and indicate noneed for a 
Radiation Protection Action Plan for the.BASA facility. In addition, the permit strictly 
limits the maximum amount of gas production wastewater which can be processed, which 
limits the potential for radioactives in the plant effluent. 

A preliminary evaluation ofthe Appendix D requirements shows that the cost to BASA 
for such an inappropriate plan would be in excess of•$ 150,000. Simply put, BASA does . 
not have the economic resources to expend on such an unnecessary plan. 

In additipn, please note that a guidance document is not law or regulation, the exact 
wording concerning inclusion of a 'Radiation Protection ActionPlan" is "should", not 
"shall", it is optional. 

4. Please-pro vide the calculations used to determine the mass limits for total 
. dissolved sohds on the draft permit. BASA is concerned that we are NOT getting the 
mass loading for the permitted 14,000 gpd, but instead are being permitted at the loadings 
from the average and maximum brine flows of average 8,782 and 11,520 gpd as provided 
to the PADEP in our letter of November 19,2010. If the permitted 14,000 gpd is us6d our 
mass'loadings would calculate as 17,585 lb/day daily average and 29,161 lb/day .daily . 
maximum. 

^Plea^notelf i^ 
wastewater, not hydrofrac flowback, and is accepted.fiom just a single firm, Dannie 
Energy, under contract. 

5. We note the addition of total alkalinity and sulfate to the required monitoring and 
reportingrportio~n of the permit. These are not typical monitoring requirements for a 
POTW and we are requesting that the Department justify theirinclusion in the permit. 

Please note that gas well production water does, not contain any substantial amount of 
sulfate, generally less than 50 mg/l, while the receiving stream, Little Toby Creek, has a 
substantial sulfate loading due to abandoned coal mine acid discharges. 

Again, since the Department requires that all analytical work be performed by costly 
PADEP certified laboratories, BASA objects to any .additional monitoring requirements 
that have no technical justification on the basis of excess cost. 



6. As barium, strontium, bromide, and chloride are kndwh constituents of gas well 
production wastewaters, we have no objection to mdusion of these parameters on the 
pennit. 

The data used to determine the values reported to the PADEP in our letter dated 
Nov#ib^ 

I trust ̂  ana aireply provided p ^ 
of a fiuaal permit. Please contact tt^ 

Sinc^elfo -f -̂ v •'•-.A^---' k - ~.k . . .p r ^- ; -

• r 
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NITTANY ENGINEERING & ASSOCIATES, LLC 

Suite 1 Tel: (814) 364-2262 
2836 Eariystowri Road Fax: J81 4) 364-2266 
Cen t re Hal l , Pennsylvania 16828 nea@ni t tanyeng ineer ing .com 

January 27,2012 
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r PIT ""'^-/ Mr. Stephen McCau l^ , EIT 
Pennsylvania Department of Environmental Protection 
230 Chestnut Street . 

: MeadviOe, PA 16335*3481 

• REFERENCE: NPDES PA 0028428; RENEWAL FOURTH DRAFT 
APS'ID NO. 494075 
BROCKWAY BOROUGH, JEFFERSON COUNTY 

Dear Mr. McCauiey: 

On Behalf of the Brockway Area Sewage Authority Board, I wanted to'thank you for your 
and the Department of Environmental Protection (Department) input arid consideration 
for all of our comments on the pending NPDES renewal. I am addressing the fourth draft 
of the NPDES Permit for your final consideration. 

Our comments are as follows: 

1. The new proposed limits for TDS have both a mass loading limit and a 
concentration limit. Our overall concern on having both limits is that one could be 
within the limit while the other could be exceeded, pending flow conditions. We 
are not sure how this can be effectively regulated going forward.. Please consider 
our request to eliminate the mass Omit of TDS and only have the concentration 
limits of 4,274 mg/l Average Monthly and 7,?60 mg/l W 

2. For the implementation of the Radiation. Protection Action Plan> we. request the 
Department provide us. with a. reasonable-implemfhtations to get in 
place within the permit, (i.e. permittee shall;implement the Raciiatipn Protection 
Action Plan within twelve (12) months from the issuance.date of this permit)^ 

3. We would like to have the option bf reducing^ some: of the monitoring 
requirements of some constituents that have been added to the permit due to 
acceptance of gas wastewater and/or the frequency of those parameters if it is 
determined over the course of the first year that nothing of environmental 
significance has been identified as a concern as a special condition to the 
permit. We would only petition for this if if can be determined mutually with the 
Department that the constituent being monitored is at a level that will not be a 
concern moving forward. 

•N f t tany Engiheering & A s s o c i a t e s , LLC 
E n g i n e e r i n g / S u r v e y i n g a n d C o n s u l t i n g S e r v i c e s 



Mr. McCauiey,E(T 
PAMp-M^vim' 
jdhmfwrwiT^ 
Page 2 of 2 

Thanks again for your consideration of our comments. Should you have any questions or 
concerns, please do not hesitate to contact me. 

Sincerely, 

Robert S. Decker, PE 
President 

rdecter@nittanyengJneering>G®mr 

cc: BASA 
NEA File #12-011 



University of Pittsburgh 

School of Law 
Environmental Law Clinic 

February 6,2012 

Department of Environmental Protection, Meadville Office 
Office of Water Quality 
230 Chestnut Street 
Meadyille,.Pennsylvania 16335-3481 
Attn: John Holdeii 

(Use this address for U.S. Mai!) 
P.O. Box 7226 
Pittsburgh, PA 15213-0221 

Sennott Square, Room 5207 
210 South Bouquet Street 
Pittsburgh, PA 15260 
412-648-1300 
Fax:412-648-1992 

*•*••>—... 

In^Ayy 
micAf 

FEB08 1012 

" - • — - , f 

Re: Ridgway Borough STP (PA0023213), Brockway Area WWTP (PA0028428) 

Sear Mr,TK 

I am writing on behalf my client, Clean Water Action, to request a 15-day extension 
under 25 Pa. Code section 92a.82(d) for the public comment period for two facilities: (1) 
Ridgway Borough S^^ 
permits were both noticed in the January' 14,2012,edition of thePennsylvania Bulletin. 

____ Pl^se-respon^o-te^ddress-or^-maitfeelewt- :—— — - — — — 

Emily A. Collins, Esq.., eac50@pitt.edu 
Rayza Santiago, rrs3 8@pitt.edu 
Neil Bakshi, neb28@pitt.edu 
University of Pittsburgh" 
School of Law — Environmental Law Clinic 
P.O. Box 7226 
Pittsburgh, PA 15213-0221 

Sincerely, 

L; Collins 
S^ervising Attorney 

$mjS^ /^£l 
Rayza Santiago 
Certified Legal Intern 

NeilBakshi. 
Certified: Legal Intern 

EAC 



McCauiey, Stephen, 

From: 
Sent: 
To: 
Cc: 
Subject: 

Balog, David 
Monday, February 13, 2012 1:14 PM 
eac50@pitt.edu; rrs38@pitt.edu; neb28@pitt.edu 
Hutchinson, Robert; McCauiey, Stephen; Holden, John 
response to your letter of February 6, 2012 

Attn: Emily A Collins* Rayza Santiago, Neil Bakshi . 

This email-responds to your Fibrfary 6, 2012 letter, written on behalf of your client Clean Water Action, to John Holden, 
P.E., Clean Water Progi^mJ^anager, of our office. Yp^r letter requests we extend the publie comment period for an 
additional 15 daysi, for bb t i l fe RidgWay Borough ST £ N P D ^ r e n e w ^ 
NPDES renevrar(^ to 25 Pa Code §92a.82(d), Noti(&0b<M 0itiit r l f t f ^ l s was 
published in the /%; i ta fe fe yyk^n:*mj^k. 

We are granting your request^ 
our consideration. Please GGnfect 

David G. Balog, P.E*] Environmental Engineering Manager 
PA Department of Environmental Profe^ ' 
Northwest RegionafQ^ 
230 Chestnut St iBetMadvi! i | l% \63$S k 
Phone:&14-332^328jite 
www.depweb.state.paitis ,̂ ) 



St*ckh<jud $ 

University of Pittsburgh 
P5 

School of Law 
Environmental Law Clinic 

February 29, 2012 

Mr. John Holden^ 
Director, Clean Water Program 
Pennsylvania Department of Environmental Protection 
Northwest Regional Office. 
230 Chestnut Street 
Meadville, Pennsylvania 16335 

(Use this address for U.S. Mail) 
P.O. Box 7226 
Pittsburgh, PA 15213-0221 

Sennott Square, Room 5207 
210 South Bouquet Street 
Pittsburgh, PA 15260 
412-648-1300 

P1B92 

MAR 0 2 2012 

Environmental Protec t ion 
Northwest Regional Office 

Re: Commentson NPDESPermit RenewalJbr'Brockway Area WWTP(PA0028428) 

Dear Mr. Holden, 

On. behalf of our client, Clean Water Action, thank you for allowing us to comment on 
the recent National Pollutant Discharge Elimination System ("NPDES") permit' renewal 
application for Brockway Area Sewer Authority("Brocfovay") noticed on January 14, 2012. 
Many existing facilities in Pennsylvania are now accepting wastewaters associated shale gas 
drilling operations. The Pennsylvania Department of Environmental Protection ("PADEP")" has 
begun to see permit renewal applications for these existing facilities, an^ the PADEP to 
consider these permits carefully to ensure that proper effluent limits are imposed 

Our client believes that the current pejpiit does nM impose adeq liniits on pollutants 
cofflmonly found in shale gas extraction wastewater. Specifically, the proposed National 
Pollutant Discharge Elimination, System ('"Ni^El^^ peitnit;fbr firocjkway does not impose limits 
for chloride, barium or bromide, andallows fortilie discharge of very high concentrations of 
ToMI Dissolved Solids ("TDS"). We urge the PADE^ to review the renewal permit application 
for the Brockway facility to ensure that the most stringent of the three available effluent 
limitations - technology-based, water quality-based, or Pennsylvania's Chapter 95 standards -
are imposed.. - • " '. 

Iw Factual Background 

The drastic increase in the extraction of natural gas> e^eeially shale gas, has prompted 
Numerous facilities in areasof Pennsylvania^; Ohioy and West.¥kginia to begpi accepting natural 
.gas-related wastewaters. Many of these faciiitfes, however, are not equipped with the technology 
required to adequately treat shale gas wastewater*. As a result, many of the pollutants found in 
this:natur^ . 



. The EPA and PADEP. have both realized this problem; and have taken initial steps: to 
remedy | | ^ | i t ^ o n . Jto;j^dr2pi;li;"ibe.PAI>EP asked local dSliiig operators 
their dnlKi^.^tewater to POTWs. and CWTs that did not have the technology .capable, of 
effectively treating this wastewater.before discharging.1 Among the facilities listed in the letter 
^ Driller:operators were: 

: asl^d: :l^^^iflMl, deliveries' of wastewater #om natuM these facilities 
. . . because '^^'^^gj[\^^^,is handle wastewaters effectively.. The next step, as outlined in 

."',. . that S l p l ^ ^ permit renewal request from t h e , ^ ^ 
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any hazardous or non-hazardous industrial wastes, hazardous, or non-hazardotis.industrial 
wastewater,: and/or used material received from off-site" are considered "Centralized Waste 
Treatment" ("CWT") facilities.5 . ; 

The EPA announced in late 2011 that they plan to develop an Effluent Limitation 
Guideline (ELG), which is used by. states to impose.technologyrbased. effluent limitations on 
dischargers, for both eoalbed methane development, wastewater, and shale gas. development 
wastewater. EPA took public comment on the proposed .schedule forfinalizing: those ELGs 
(eoalbed methane ELG in 2013; shale gaŝ .E^ 
the use of the Centralized Wastewater Treatment ELG for treatment facihtiesiaccepting Shale.gas 
wastewater.8 The Part 437 ELGs are separated into four categories: A (Metals.Treatment and.. 
Recovery), B (Qik Treatment and Recovery), C (Organics .'Treatihent;and RecoVery),- and V; 
(MiAiiplc Brockway facility aims not .bnly to treat waste-
sewage-but also wastewater from natural ga^^related drilling operations, Because the facility 
is planning on receiving: multiple types of w a s ^ only for the 
treatment of sewage and not for the treatment of n^^ believe that, 
the Brockway fac$ty should;be subject to the provisions of Part 437. 

: . The: PADEP should utilize the. Part 437:' ELG as :.a* basis for the development .of 
. technology-based, effluent limitation proposeid . 
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pretreated indirect discharges. To require the Brockway faciUtĵ —who has madeit clear that, they 

: . intendto accept Wastewaters ffom; multiple to limit the: 
: : .discharge of barium:and other pollutants associated 

'~~~ry:;: ^teniativel^ if the PADEP does: not consider the Brbekway facility to. meet the 
applicabiUtyreqt^em^ 437 as.a CWT^facility, then ^e'Bepartment shoiildpioyide a 
clear basis for cpncluding tha vail avoid &etiireat 

. of interference, or. pass-through at a POTW.11 For instan6e^"the high salt .concentrations are: 
detrimental :to . ±y [PpTW]: digesters-^m.m : ^ ^ pertain coh^^ 
.dissolved metals; as well as pH,. can increase the risk pf treatment process.inMfeition,.113 and 
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consequent^, -lucres I^hej^pre, during the; 

pro<^^ f^ity>DEP st^themsi^s-e^essed concern 
over the fact.that chlorides can interfere with sewage treatment at cdMn con^eifrations.15 An 
internal DEP. e-mail states that, at 4,000 mg/L, chlorides will.start to interfere with the biological-
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at alL Since they are a major, part bf discharges from natural gasr-relating operations, and since 
they .are/already affecting Potable; Water Supply, uses of several- Western. Pennsylvania 
waterways,20 the PADEP should analyze the potential impacts of bromide concentrations present 
in Brockway's proposed effluent As described in detail below, even When water,quality criteria 
do not. exist for specific pollutants, the PADEP is. obligated to protect existing uses of 
Waterways.21 

ii. Chloride; toxics at toxic, levels. 

. The Clean Water Act prohibits the discharge of toxics intone amounts.22 Since the 
PADEP has recognized in the past that chlorides found in discharges are considered toxic to 
aquatic life when found in h i ^ concentrations,23 the PADEP should work to limit the discharge 
of bhlprides... The Pennsylvania Clean Streaiiis: LaW also liimts the discharge of ahjf substance 
"resulting. in pollution" tp any. surface waters of the Commonwealth of Peiinsylvania.24 The 
Word "pollution''is definedin the statute and is given a very, broad meaning3.but:the main goal of 
the.provisipn.is to prphibit.the discharge of "harmful, detrimental .or injurious" substances, into •'. 
surface waters.25 Chloride in high concentrations is toxic and falls within this prohibition; : 

. A s it currently stands;,. Brockway contends that tihtey are not subject to the Chapter. .93: 

Potable Water Supply water quality standards because thedistance tetween-the .facility outfall 
and the.nearest public water supply intake is over .60 -miles dPwnstreamv Generally,/their claim is 
that there is enough area to allow for significant dilution of certaih substances ̂ ^ 
by C ^ invoke the.standards.; Cbnfraiy.to that contention,: 
though,: toxic, substances are. not .dependent on. these intake locations .-. toxic, substances are 
limited based solely on discharge amounts. As. a resiilt, chlorides should be evaluated separately 
by the PADEP to. determine, adequate^ -limits to ensure' the protection .of''indigenous aquatic 
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existing uses" of a waterway, the PADEP must take steps to ensure that:the water supply is not: 
further impacted by high concentrations of bromide. The PADEP should evaluate bromide 
concentrations in the Brockway facility's proposed discharge to. determine if effluent limits or 
permit conditions are necessary to protect the existing Uses of Little Toby Creek and downstream 
. existing uses. :/; •. ' ;

 ;;'-. :;";"". 

The PADEP did not describe why it used "maximum values dischargediyrather than 
previously authorized[TDS'loadsin determining the TDS limits based oh Chapter 95, 

In August of 2010, a new section was.added to Title 25 oftheiPehn^lyahia Code de 
with new and expanding.mass loadings of TDS!3.4 Chapter 95 of TMe 25 deals.specifically with., 
new and expanding sources of TDS and implements, strict stendiards"fer"&pse;'facilities%tM:' 
discharge high levels of TDS.;. Because tMsiS a new; Section, Some facilities have fallen thrbugh. 
the administrative, "cracks",left by the Chapter 95.'s list of exemptions, including,, allegedly,:the 
Brockway facility in Jefferson County.35 We ask. that the PADEP ...please provide us with their 
explanation as to why the Brockway is considered, exempt from .the.'efflUpnt limits .in Chapter . 
95.10 in their response to comments.: 

Chapter 95^JOspepifically targets facilities and: operators discharging high levels of TDS.: 
.* 'These standards, uMikethejtecteolP and Water-quality standards imposed at 

the federal /level, enforce "end-of-pipe". standards, for facilities, discharging wastewaters from 
natural gas drilling operations, regardless of the teclmology available, or the assimilative capacity 

; .of thereceiying Water body. Chapter 95.10 imposes these Standards for. facilities: s jpedf ie^ 
discharges of TDS, but also includes other, chemicals related to naturalgas drilling operations.36 

However, some facilities are exempt from these standards, as they were authorized to.discharge 
. j?rior to the: enactment Of the new standards;37. Hence,, drily facilities with "new and expanding". 
--m^^®^ •'•:"• '•"•""' 'r-': "•'•" -kA'vykAyy--y.ky:r--A 

On page 3. of the Fact Sheet for the BrockWay facility's draft NPDES permit, DEP states 
: that•" ;"[t]:Iao* lifistits "ibr :-TE>S Vaste.^^^ter:-qixality:-b^^ -."ÔJL"' Cĵ pteat: j ̂ 511'0.-_bas^-'oii "-ttie :.-maxiintim.-
: values, &seharged ^ However, DEP 
. . does^not state |he preyiouslydischarged TDS concentrations were "previouslyauthorised".under 

:a perrmtthat authorized tiie "acceptance^ treatment.and: d i s c h ^ 
;.'. 9540.Ca)(l)(ii). DEP should deterrnine whether a preraous.au;&^^^ acceptance,-, 

treatment and discharge of TDS. imder. Brockway's prior NPDES permit. : Once that 
determination is made, DEP should describe; the-conc^itration (or mass loading) that was 

; previously author^ T1DS massioading 
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to-epa7r26-ll.pdf (PADEPaskipg EPA to considerpromulgation of ELGs for shale gas wastewater; PApEP. stating 
^at.&ey will look at individual̂ MPDES permit renewal applications from15 facilities accepting shale gas . . 
wa^ewater tinder the Châ  < 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION III 

1650 Arch Street 
Philadelphia, Pennsylvania 19103-2029 

MAR 1 9 2012 

Environmental Protection 
Northwest Regional Office 

Mn Kelly Burch, Director 
Northwest Regional Office 
Pennsylvania Department of Environmental Protection 
230 Chestnut Street 
Meadville, Pennsylvania716335-3481 

Re: NPDES Permit No. PA0028428 
B r o c ^ a y W W ^ 
Brockway Borough,Jefisispn County; 

Dear Mr. Burch: 

MAR 1 4 2612 

On September 21 j 2009^the U.S. Ehwp objedted to 
rthe draft National Poto 
above-referenced facility whichv/asreceivedbytheE^ on Jime 23,110^"the draft permit 
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theanmial Q ^ This assumed background 
level should be verified with in-stream sampling in prder to use in any Subsequent WQBEk 
cafettlations for Of. We note that A e d r ^ provide in-stream data on 
TDS (which could be translafei inM ah aj^roxiinate value for OP) in the Clarion River % 
Clail^urg, M since flie Little Toby Creek is AMD impaired, the levels of OP may not be 
similar. The draft pennit should be revised to specify that in-stream monitoring upstream of the 
discharge should be conducted for OP and included with the next perm application. 

Final raSLirofe > 
At the time of the June 20P9 draft perm^ Strategy 
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Afctckkod )o 

Balog, David 

From: Brian Trulear <TruIear.Brian@epamail.epa.gov> 
Sent: Thursday, April 26, 2012 9:33 AM 
To: Balog, David 
Subject: Fw: Brockway 

FYI 

— Forwarded by Brian Trulear/R3/USEPMJS on 04/26/2012 09:32 AM — 

From: John LovelLTO/USEPA/US 
To: Brian Trulear/R3rtJSEPA/US@EPA 
Date: 04/25/2012 03:32 PM 
Subject: Brockway 

I looked at the Brockway permit application and don't think we should require a pretreatment program. They are only 
authorized to accept 14,000 gpd of brine and the criteria for any discharge to be an SIU is >25,000 gpd. Since the permit 
does not authorize them to accept anything that would meet the criteria for an SIU and our regs only establish significant 
requirements for SlUs, requiring a pretreatment program would not impose a lot in the way of requirements for them to 
further regulate the discharges. In addition, the permit application shows their effluent levels of TDS to be around 300 
mg/l while the draft NPDES permit seems to establish an instantaneous maximum limit of 10,000 mg/l. The permit, 
application does list a number of industrial users, although most of them are listed as discharging only sanitary 
waste. There are 2 small users that appear to be subject to categorical standards that discharge process waste (glass 
manufacturer - 6400 gpd and inorganic chemical manufacturer - 34 gpd), but there is no indication that any of the iUs is 
causing any problems, i can add the two potential CIUs to the list of IUs for us to follow-up on. 

So the bottom line is,that I don't think that the time and resources spent approving a pretreatment program (both for them 
and for us) accomplishes anything significantly more than the NPDES permit does by itself and we don't need to require a 
pretreatment program.. 

John Lovell 
Pretreatment Coordinator 
EPA Region 3 
1650 Arch Street 
Philadelphia, PA 19103-2029 
215-814-5790 
215-814-2318 (fax-NEW) 




