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Southwestern Electric Power Company, Inc, Dallas, TX
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UAA Prepared by
FTN Associates, Ltd., Little Rock, Arkansas

These comments are being provided to the Arkansas Department of Environmental Quality
(ADEQ) for the document titled Use Attainability Analysis for Dissolved Minerals in Little and
Red Rivers, Hempstead and Little River Counties, Arkansas. This use attainability analysis
(UAA) is intended support the modification of Arkansas water quality standards (designated uses
and water quality criteria), to remove the domestic water supply use in the Red River and
establishment of site-specific criteria for total dissolved solids (TDS) in both the Red and Little
Rivers, within the Gulf Coastal ecoregion.

Technical Comments

Executive Summary
ES.7 Proposed TDS Criteria Little River

Page xi:

The proposed TDS criterion for the Little River below Millwood Lake is based on a weight-of-
evidence approach utilizing a mass balance model. The document states that a mass balance was
prepared that would reflect naturally occurring elevated TDS concentrations in the Little River.
The document refers to TDS data collected upstream of SWEPCO by FTN and SWEPCO during
October 2010 through October 2013 that showed that the current site-specific TDS criterion 100
mg/L criterion was exceeded approximately 10% of the time. The authors conclude that a TDS
criterion of 136.1 mg/L would be necessary in the Little River to reflect the naturally occurring
mineral regime and to allow SWEPCO to operate efficiently.

It’s unclear what the basis for presuming that only naturally occurring sources of TDS result in
the 10% exceedance rate. Later, the document refers to input from the Little River itself above
Millwood Lake and from Mine Creek, noting that inputs from the latter are significantly higher
per volume than other tributaries to Millwood Lake. The name Mine Creek alone suggests that
this creek is a likely source of anthropogenic. Given the mass balance budget described in Table
J.1 describes the background in the Little River as 98 mg/L and the SWEPCO discharge as
contributing 1620 mg/L, it is unclear how a presumption that the inputs to the Little River are
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This section also discusses assessment procedures used by states that share jurisdiction over
portions of the Red River. Referring to Table 2.6, which compares criteria for minerals and
impairments identified on state 303(d) lists, which shows that the Red River is not considered to
be impaired upstream in Oklahoma and Texas or downstream in Louisiana. The authors state that
this is partly due to different assessment procedures that are used in other states, suggesting that
these states use less protective exceedance rates. As an example, the authors note that Louisiana
does not consider a stream to be impaired for dissolved minerals unless 30% of the observed data
exceed the water quality standard compared to Arkansas’ 10% exceedance rate. The authors also
state that Oklahoma and Texas also use less-stringent assessment procedures for dissolved
minerals than Arkansas, and also state that the criteria in their water quality standards are less
stringent than the criteria in Arkansas's standards. However, the authors have not explained how
these approaches are any less protective than those used by Arkansas.

It is important to understand that simply comparison of exceedance percentages used in assessing
use attainment does not tell the entire story. Assessing attainment includes defining the water
quality indicators it measures and the procedures for analyzing and interpreting data in order to
decide whether standards are met or water quality is impaired. This should include collection and
analysis of multiple types of data providing information relevant to assessing attainment with
approved WQS. As a result, a comparison of Louisiana’s current use of a 30% exceedance rate to
Arkansas 10% is not necessarily appropriate, although it should be noted that Region 6 is
working with Louisiana to revise its approach. Oklahoma compares the mean of all values to a
yearly mean standard, then looks for greater than 10% exceedances against a sample standard. In
Texas, minerals criteria represent annual averages of all values that were collected and compared
to the criterion for each parameter. Use attainment is based on the average concentration that
applies to the entire length or area of the segment. For TDS, a value is calculated by multiplying
specific conductance measured at the surface by a factor of 0.65. The chloride, sulfate, and TDS
criteria are not supported if the average value exceeds the criteria.

The authors also state that Oklahoma and Texas water quality standards as less stringent than the
criteria in Arkansas. Given the natural saline seeps and historical oil extraction activity along the
Red River that this document discussed previously, higher criteria would be expected upstream
in Texas and Oklahoma. The burden for SWEPCO is to show that predominately natural sources
upstream in Oklahoma and Texas upstream as distant as Lake Texoma and/or that natural
sources in Arkansas itself alter concentrations in the lower segment of the Red River to support
the proposed criteria modifications.

Page 2-10:

In a discussion of Table 2 describing applicable criteria and 303(d) listings, the authors refer to
ADEQ’s practice in recent years of making specific permitting decisions and calculations based
on the state’s most recent 303(d) list that has been approved by EPA. This approach means that
ADEQ is applying the 500 mg/L TDS criterion that applies to the Red River below its
confluence with the Little River as an end-of-pipe limit rather than the 100 mg/L criterion that
applies to the Little River which is the receiving water for the Turk/SWEPCO discharge.
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Based on the NPDES permit fact sheet, applying the 100 mg/L TDS criterion that applies to the
Little River, when dilution and mixing is considered, a limit of up to 3800 mg/l would be
possible and still meet the in-stream criterion of 100 mg/L which would protect beneficial uses in
the Little River and downstream. However, applying the 500 mg/L TDS criterion as an end-of-
pipe limit results in a more restrictive permit limit. Without any information to the contrary, the
effect of ADEQ’s approach does not appears to have a significant environmental benefit for
either the Little River or Red River, but appears to have the opposite effect. While applying 500
mg/L TDS criterion as an end-of-pipe limit may result in a small reduction in overall loads, the
more restrictive limit reportedly requires the facility to operate at less than optimum efficiency.
Thus ADEQ’s approach appears to be the primary driver for Turk/SWEPCO to seek revised
criteria for the Red River, which may be a less desirable environmental outcome.

2.4 Threatened and Endangered Species
2.4.1 Threatened and Endangered Aquatic Species

Page 2-12:

This section of the document discusses several endangered species listed by the US Fish and
Wildlife Service (USFWS) including the Ouachita rock pocketbook (Arkansia wheeleri), which
is federally listed throughout its range in Arkansas and Oklahoma. The document reports that
there have been no live 4. wheeleri collected from just above or below the Turk/SWEPCO
discharge. Their absence indicates that the Turk/SWEPCO discharge is having an effect on water
quality and the presence of 4. wheeleri. Although the physical characteristics and inputs to
Millwood Lake may affect the ability of the Little River to support A. wheeleri, an important
aspect of a UAA is to not only to identify current conditions. The document does not provide any
discussion of whether minerals/TDS or other stressors may be affecting or limiting the presence
of A. wheeleri in this portion of the Little River.

The authors also note that the USFWS recently listed the rabbitsfoot mussel (Quadrula
cylindrica cylindrica) as threatened (Federal Register 2013). That species is known from some
streams in southwest Arkansas, including the Little River upstream of Millwood Lake. This
species not been documented in the Little River downstream of Millwood Lake or the Red River.
The rabbitsfoot is likely limited by the physical characteristics Millwood Lake and its effect on
the Little River, as well as the Turk/SWEPCO discharge.

3.0 FIELD SURVEY
3.1 Overview

Page 3-1:

Rather than relying on biological evaluations in a upstream versus downstream comparison from
a point source discharge and a comparison of communities in reference and receiving streams,
the approach for field surveys is attempting to show that characteristics in Millwood Lake and at

the Denison dam dominate the mineral regime in the Little and Red Rivers rather than the
Turk/SWEPCO discharge.
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There are sources of minerals above Millwood dam, primarily the Little River and Mine Creek
upstream of Millwood Lake and there are certainly significant natural and anthropogenic sources
of mineral in the upper reaches of the Red River in Texas and Oklahoma. The burden for
Arkansas is to clearly show that the sources above Millwood dam are at least predominantly
anthropogenic. Similarly, Arkansas must be able to make a reasonable showing that the
predominately natural and some anthropogenic sources some 200 miles upstream have a
significant effect on water quality in the Red River as far downstream as its confluence of the
Little River and show that there are no natural or anthropogenic sources from the TX-AR line to
the confluence.

If the Turk/SWEPCO discharge is not contributing to the potential exceedances in the Little
River or potentially impacting the Red River, the important question as to whether the facility is
seeking to revise the criteria in the Little River and the Red River because the criteria are
inappropriate or because of ADEQ’s policy decision to applying a criterion as an end-of-pipe
limit rather than basing it on applicable criteria considering dilution and mixing in the receiving
water.

3.4.1.2 Macroinvertebrate Data Analysis

Page 3-10:

In discussions of field observations the authors indicated an attempt was made to assess the
susceptibility of the existing benthic macro invertebrate community to a slight increase in TDS.
Tolerance indicator values (TIVs) for specific conductance for various invertebrate taxa provided
in Carlisle et al. 2007 were reviewed. However, the authors note that too few of the taxa listed in
Carlisle et al. 2007 were present in the data set for this study to allow for a meaningful
evaluation of ion tolerance. Accordingly, the benthic data presented herein provide a description
of the presently attained fisheries use and a baseline for future studies.

It should be noted that small increases in TDS alone may have minimal effect on the existing
benthic community however, TDS is rarely seen independent of other stressors. In a quick
search, a number of sources were identified that discuss the effect TDS has on Appalachian
streams. For example, Timpano et al. (2010), in discussing the effects of TDS in coalfield
streams. As a way of isolating the effects, Timpano et al. used headwater streams to represent a
gradient where confounding factors could be minimized. This and other similar papers done in
Appalachian could have been used to inform this aspect of the analysis. One of the problems
with the approach take here is a lack of reference stream comparisons.

3.4.2.2 Fish Data Analysis

Page 3-11:

Fish data were first assessed to determine if there were impacts due to the Turk/SWEPCO
discharge “under current conditions™ by evaluating differences in total species richness, relative
abundance, diversity, and similarity measures between upstream and downstream reaches.

Although unclear, it appears that “under current conditions” likely means under limits specified
in the current NPDES, which as noted earlier, are based on a monthly average of 500 mg/l TDS
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applying Red River Criteria end-of-pipe. This end of pipe value equates to an instream waste
concentration of 43 mg/L. As noted earlier, if ADEQ were to base the Turk/SWEPCO permit on
the Little River instream standard of 100 mg/L, once dilution and mixing is allowed, this would
result in an allowable end-of-pipe discharge of up to 3800 mg/l to still meet the instream waste
concentration of 100 mg/L. These conditions should be modeled and presented as a comparison
rather than solely those based on ADEQ’s current approach of basing permits on past 303(d)
listings. Without this, there is some question to the validity to the findings here and in other
aspects of this proposal.

3.4.4 Discussion and Conclusions

Page 3-22:

The authors note that the evaluation of the fish community demonstrated similar fish
communities upstream and downstream of the Turk/SWEPCO discharge in the Little River. The
combined collections from their study and USGS sampling during 2009 and 2013 provide
evidence that the designated fisheries use in the Little River is currently attained under the
existing mineral conditions.

Further, the document reports that an evaluation of the mineral tolerances of the existing fish
community indicate a fish community that can be expected to be relatively insensitive to
moderate changes in TDS (as indicated by specific conductance). The UAA notes that fish
species that were classified as intolerant to TDS or for which data in Meador and Carlisle (2007)
were lacking can be shown to be present in the Red River, which has substantially higher TDS
than will be experienced in the Little River due to the operation of the Turk/SWEPCO plant. The
conclusion drawn is that the anticipated increase in TDS due to the operation of the
Turk/SWEPCO plant will support the designated fisheries use in the Little River downstream of
the Millwood Lake dam.

The question these conclusion raise is even if the designated fisheries use in the Little River
would potentially be maintained with the proposed increase in TDS criterion to 138 mg/L, why is
it necessary if that use is being attained at the current 100 mg/L criterion? The answer seems to
go back to Turk/SWEPCO’s desire to operate at maximum efficiency. Under current conditions,
the facilities efficiency appears to only be affected by ADEQ’s approach in using limits based on
the 500 mg/L criterion for the Red River as an end-of-pipe value. As noted previously, given that
the Turk/SWEPCO discharge appears to have a negligible effect on the Red River, if ADEQ
were to use existing criteria and allow for mixing and dilution in the Little River, there would be
no need for this proposal.

3.5 Fisheries Evaluation in the Red River

Page 3-24:

The objective of this evaluation was to determine whether the existing mineral regime supports
the designated fisheries use as indicated by fish populations. The approach relied on the
historical record of mineral concentrations in the Red River from ADEQ monitoring stations
RED0025, RED0046, and RED0045 and the use of a sampling survey and historical data review
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of fish populations in the Arkansas portion of the Red River conducted by Buchanan et al.
(2003). The intent was to characterize the existing fish communities and evaluate whether those
existing communities are supported by the existing mineral regime, thus indicating attainment of
the fisheries designated use.

Although the Buchanan et al. (2003) data suggest that mineral conditions during 1995 and 2001
supported a high fisheries use attainment, it is somewhat problematic to rely on data that
represents a single snapshot in time from 14 years ago. The authors draw the conclusion that
since the Red River was meeting designated uses during the Buchanan et al. study and that
because TDS data from the post-study period (2002 through 2013) indicate that mineral
concentrations where generally higher during the time frame of the Buchanan et al. study, that
fisheries beneficial uses are likely currently being attained. While the post-study period (2002
through 2013) TDS data gives an indication that uses are currently being attained, it does not
provide the same level of confidence as current field data would. Showing that broadly written
designated aquatic life uses can be supported under the existing mineral regime isn't necessarily
a high bar given how broadly beneficial use definitions tend to be written. Determining
attainment tends to depend on the individual state's assessment methodologies rather than the use
definition.

3.6 Biological Evaluation: Summary and Conclusions
3.6.1 Little River
3.6.2 Red River

Page 3-25:

The evaluation of the biological data demonstrated similar fish and communities upstream and
downstream of the Turk/SWEPCO facility. The authors conclude that these finding reported
suggest that the designated fisheries use is being attained that that the projected mineral
concentration - presumably the proposed 138 mg/L TDS criterion will not be adversely affect
attainment of the fisheries use.

Although the data indicate that the designated fisheries use is currently being attained, the
document does not provide compelling information to support the contention that the proposed
138 mg/L. TDS criterion will not adversely affect attainment. Further, concerns with impacts to
benthic macroinvertebrate communities downstream of the discharge at the current criterion have
been identified in previous comments.

4.0 TOXICITY ANALYSIS
4.1 Evaluation of Routine WET Testing

Page 4-1:
The recurring concern here is that the conditions simulated for toxicity analysis are reflective of

current permit conditions, not what would likely be the conditions if the Red River was not
listed.
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2014 indicate that TDS concentrations of 780 mg/L are just above the 90th percentile. The 780
mg/L value is likely to go down.

It would be advisable to consider what potential effect lower criteria in the Red River at the
AR/LA state line may have on the predicted TDS criterion of 661 mg/L if LA revises its criteria
down.

6.0 DESIGNATED USES
6.2 Red River
6.2.2 Domestic Water Supply

Page 6-4:

The domestic water supply use for the reach of the Red River between the OK-AR state line and
the Little River confluence has previously been removed. The authors provide data that indicate
that the reach of the Red River from the Little River confluence to the AR-LA state line can also
be expected to exceed secondary drinking water standards due to the same factors. Figure 6.1
shows that the Red River TDS concentrations at Fulton (downstream of the mouth of the Little
River) frequently exceeded the secondary drinking water standard of 500 mg/LL during the period
of record. The authors also noted that both the Arkansas Department of Health and the Arkansas
Natural Resource Commission to confirm that the stream is not used as an existing domestic
water supply. Their conclusion is that the domestic water supply use is neither an existing nor
attainable use in the Red River downstream of the mouth of the Little River.

Although it is within Arkansas' authority to remove the domestic water supply use for the
segment of the Red River below the confluence with the Little River to the LA state line, AR
must consider the downstream state standards and ensure that its action would not affect
domestic water supply/drinking water uses in Louisiana. See 40 CFR 131.10(b).

7.0 ALTERNATIVES EVALUATION

Page 7-1:

Arkansas’ UAA guidance and CPP require that a petition to increase dissolved minerals
concentrations above existing conditions must include an evaluation of alternatives to the direct
discharge of the water. Four alternatives that have been reviewed including:

1. Distillation treatment,

2. Treatment using a constructed wetland,

3. Pumping the wastewater to a larger stream that holds the potential for dilution of the minerals,
and

4, Reverse osmosis (RO) treatment of the wastewater.

From the outset, the use of constructed wetlands was dismissed as an option for this facility. The

authors based this exclusion on the argument that constructed wetlands can only be used to
reduce sulfate, which results in the production of bicarbonate in place of sulfate (Hedin et al.
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7.1.2.2 Option 2: RO Treatment/Discharge to Little River at Future Effluent Limits

Page 7-9:

The authors anticipate that the TDS criterion in the Little River, and thus the effluent limitations
in future NPDES permits for the SWEPCO plant, could be lowered to 100 mg/L. The conclusion
drawn is that this would require that all of the effluent be treated through an RO system if it
continues to be discharged to the Little River, in order to achieve an effluent limit of 100 mg/L
For TDS.

However, as noted previously, the 100 mg/L criterion that applies to the Little River is not the
same as a derived NPDES permit limit. The permit limit that would be derived from the 100
mg/L TDS criterion once dilution and mixing is allowed, would likely be an allowable end-of-
pipe discharge of up to 3800 mg/L. Given that this concentration would allow the facility to meet
the 100 mg/L. TDS criterion in the Little River, there would be no need to consider RO.

7.3 Summary of Costs

Page 7-10:

The authors summarize the estimated costs of various treatment scenarios compared to the cost of direct
discharge based on the proposed site-specific criteria in Table 7.1. The cost described here appear to be
the potential cost associated with RO treatment of the entire volume of the Turk/SWEPCO discharge. It is
unclear what volume of the discharge would need to be treated.

Technical Comments on:

EXHIBIT G
TECHNICAL JUSTIFICATION FOR A SITE-SPECIFIC TEMPERATURE

I CRITERION IN THE LITTLE RIVER, HEMPSTEAD & LITTLE RIVER COUNTIES,
ARKANSAS
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Page 1-4:

The authors indicate that adjusting the temperature criterion for the Little River downstream of
Millwood Lake is necessary to reflect current ambient conditions during the critical summer
conditions and would result in NPDES temperature limitations that are appropriate and
protective of the designated uses of the Little River. An important question is if current ambient
conditions reflect the highest attainable condition given the requirements outlined in 40 CFR
131.10?

2.0 BACKGROUND
2.1 NPDES Permit

Page 2-1:

The document again refers to the Turk/SWEPCO discharge to the Little River under NPDES
Permit No. AR0051136 and the effluent limitation for temperature of 35°C (95°F). As noted
previously, it's unclear how this facility can have an NPDES permit that allows a 35°C (95°F)
when the applicable temperature for streams is The 32°C (89.6°F). Is there a specific
implementation procedure or mixing zone allowance?

2.2 Applicable Water Quality Standards

Page 2-2:

The authors suggest that the temperature regime of the Little River downstream of Millwood
Lake has been altered as a result of physical hydrologic alteration of the system caused by the
construction of Millwood Lake. The authors contend that Millwood Lake and its confluence with
the Little River has a typical width between 200 and 400 feet with only a small portion of the
channel being shaded by trees along the banks.

Based on images of the USACE dam, the Little River may be "200-400' wide" immediately
below the dam as stated here, but appears to constrict below River Run Park and appears to be
generally consistent with the average stream of reference streams in the Gulf Coastal Plain
ecoregion. Without supporting information for multiple downstream locations on the Little River
below the Millwood, this claim does not appear to be supported. Photographs, specifically aerial
photos should be included in this proposal to support this claim.

2.3 Water Temperature Monitoring

Page 2-4:

Tables 2.4 and 2.5 presents summary statistics for water temperature data collected by SWEPCO
from April to October 2012. These tables indicate that the Turk/SWEPCO discharge increases
instream temperatures. With the exception of a higher maximum temperature reading upstream
of SWEPCO, which may be a single event, the 95th percentile, percent daily max > 30°C and

percent daily max > 32°C indicate that the facility adversely impacts temperature in the Little
River.

Page 2-8:
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The authors note that temperatures in the Little River during 2013 (Figures 2.3 and 2.4) appear
very similar to those measured in Millwood Lake near the dam (Figure 2.5). They note that
exceedances of the Little River temperature criterion occur at all of the Little River sampling
locations, both upstream and downstream of the SWEPCO outfall, during 2012 and 2013
(Figures 2.2 through 2.4).

These figures generally show that there is an increase in temperature associated with the time of
the year sampled. There is a clear correlation with ambient air temperature and water
temperature, which among other factors can have a significant influence instream temperatures.
This correlation is not considered here. The comparison to temperatures in Millwood Lake near
the dam are of limited value since this lake is relatively shallow and retention times tend to be
fairly high in most lakes.

In addition, the data reported in Fig. 2.8 which show a decrease in temperature from LRO to
LROO does not appear to be consistent with the summary statistics presented for the same site in
Table 2.4, which reports an increase of all and daily maximum data > 30°C.

Page 2-10:

Warming in a large shallow impoundment like Millwood is expected as it is in the immediate tail
water area. However, it's unclear if this narrative is suggesting that temperatures in the Little
River are the result of the Turk/SWEPCO discharge or continuing the claim that the river
remains wide and unshaded further downstream. As noted earlier, a simple internet search
produced maps and photographs that suggest that this is not the case downstream.

2.4 Evaluation of Little River Water Temperatures Upstream of SWEPCO Outfall 001

Page 2-10:

The discussion indicates that Table 2.5 provides an inventory of water temperature data collected in the
Little River downstream of Millwood Lake and upstream of SWEPCO Outfall 001 that were used to
evaluate the temperature criterion for the Little River. However, Table 2.5 also includes data from
LROO0, which is reported as | mile below SWEPCO Outfall 001.

Page 2-15:

A comparison of temperature statistics between the two FTN monitoring locations near the dam
below Millwood Lake and the two locations farther downstream (near SWEPCO) indicate that
that locations farther downstream have slightly higher temperatures during July through August
and more exceedances of the 30 °C (86 °F) criterion (Tables 2.3 and 2.4 ).

This paragraph touches on the potential source affecting ambient temperatures in Millwood Lake
and the Little River, but provide no details. The summary data, statistics and statements
presented here do not appear to have considered that air temperature is highly correlated with the
significant positive heat flux components including solar radiation and with stream water
temperature. The correlation is supported by the USGS' Stream Segment Temperature Model
(SSTEMP), which asserts that air temperature will usually be the single most important factor in
determining mean daily water temperature.
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Page 3-22:

The authors observed that the strongly similar fish and benthic communities upstream and
downstream of the discharge. The suggestion is that this finding indicates that the current
operation of the discharge has negligible effect on the existing biological communities. Although
relative abundance upstream/downstream showed reasonably good comparison at around 71%,
the Meador and Carlisle (2007) data only showed 61% of the expected species are present and
only 25% of the expected species for the Little River present in the pooled sample. It is unclear if
this is the result of a degraded system or that the discharge has more than a negligible effect.

Page 3-23:

The discussion notes that ecoregion key and indicator species are generally not expected to be
present in the reach of the Little River due to the habitat preferences of those species and that the
low numbers of key and indicator species present in the pooled list (two species) is a reflection
of this expectation. This statement appears to contradict Table 3.7, comparing expected
key/indicator species in the Little River to what was present in the pooled list (25%).

19






Mr. William K. Honker, Division Director
January 15,2016
Page 2

A map of the area involved is attached as Exhibit 1. A schematic map depicting the
existing water quality criteria and the proposed changes is attached as Exhibit 2. A graphic
depiction of the proposed changes to the Red River TDS and sulfate criteria is attached as
Exhibit 3.

A substantial portion of EPA’s comments regarding SWEPCO’s petition involved
questions about ADEQ’s calculation of permit limits for SWEPCO. 1t is our understanding that
ADEQ has separately addressed those concerns with EPA. SWEPCO’s responses to the
remainder of EPA’s comments on the SWEPCO petition are attached as Exhibits 4 and 5.

The letter commenting on Domtar’s petition briefly reviewed the principal information
supporting the petition and concluded with a recommendation that a new bioassessment be
undertaken to determine if the proposed criteria changes will be protective of aquatic life. We
are concerned about this recommendation because it appears inconsistent with earlier discussions
between EPA, ADEQ), and representatives of Domtar.

You will recall that on October 21, 2014, ADEQ Acting Director Ryan Benefield, Water
Division Chief Ellen Carpenter, and representatives of Domtar met with you and members of
your staff to discuss how much additional information, beyond that developed for the SWEPCO
petition, would be needed to support the closely related criteria changes proposed by Domtar. 1
attended that meeting. It is my recollection the discussion ended with general agreement that
only limited additional information, as proposed by ADEQ and Domtar, would be needed so
long as the SWEPCO petition was adequately supported.

The week following the October 21st meeting Ryan Benefield sent you a summary
rationale for the Domtar change that was consistent with the apparent agreement reached on
October 21st. As 1 recall, in response to ADEQ’s summary rationale some members of your
staff initially seemed to reverse field regarding the extent of additional information that would be
needed. It is my understanding you discussed this matter further with Ryan Benefield, and by an
e-mail dated November 6, 2014 you confirmed to Ryan that if the SWEPCO criteria changes in
the Red River were approvable and the Domtar segment of the Red River was similar to the
SWEPCO one, EPA did not think additional study, beyond that contemplated by ADEQ’s
summary rationale would be required. Based on those assurances, Domtar finalized and filed its
petition and proceeded through the rulemaking process.

Domtar is concemned that the comment letter EPA submitted the day before the
Commission’s final vote once again appears to reverse field. The main point of the letter,
namely that a ncw bioassessment should be undertaken, scems directly contrary to the consensus
that appeared to be reached in the October 21* meeting and confirmed in your subsequent
discussions with Ryan Benefield.

It is our hope that your review of SWEPCO’s response to EPA’s comments on the
SWEPCO petition will address Agency questions adequately to allow approval of the changes

involved in that petition. It is also our hope that if that is the case, you will also be persuaded

4376593.2
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EXHIBIT 6



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION 6
1445 ROSS AVENUE, SUITE 1200
DALLAS TX 75202-2733

October 20, 2015

Sarah Clem

ADEQ Branch Manager

Arkansas Department of Environmental Quality
5301 Northshore Drive

Little Rock, AR 72118-5317

Re: Environmental Protection Agency comments on the Proposed 3% party rule by the
Southwestern Electric Power Company John W. Turk, Jr. Power Plant (SWEPCO facility)

Dear Ms. Clem:

The Arkansas Pollution Control and Ecology Commission (APC&EC) held a public hearing on
November 17, 2014, to receive comments on a third-party proposal by the Southwestern Electric
Power Company John W. Turk, Jr. Power Plant (Turk/SWEPCO) regarding water quality standards
changes to APC&EC Regulation 2. The proposed amendments to Regulation 2 include a
modification of the Total Dissolved Solids (TDS) water quality criterion and temperature criterion
for the Little River from Millwood Lake to the mouth of the Little River, and modification of the
TDS water quality criterion and removal of the designated, but not existing, domestic water supply
use for the Red River from the mouth of the Little River to the Arkansas/Louisiana state line. The
Environmental Protection Agency Region 6 (EPA) would like to offer the following general and
enclosed more detailed comments for the Arkansas Department of Environmental Quality’s
(ADEQ) consideration.

We are concerned that the supporting use attainability analysis (UAA) did not provide a clear basis
to support the contention that only naturally occurring sources of TDS are causing the
impairment in the Little River. We acknowledge that there are predominately natural and
anthropogenic sources of minerals/TDS introduced into the Red River through Texas and Oklahoma
as described in the supporting UAA. These sources are some 200 miles upstream of confluence of the
Little River. Further, the UAA did not provide information on additional sources of minerals or
sources of dilution in Arkansas that may influence conditions in the Red River, Although there may
be some basis to support a revised TDS criterion below the confluence with the Little River to some
point downstream, given that the designated fishery use is being attained in the Red River, a revised
criterion from the confluence of the Little River to the Arkansas/Louisiana line does not appear to be
clearly supported.

HeoyiledRacyatable 8 700 Ha o0 T LRI



EPA appreciates the opportunity to comment on the proposed 3™ party proposal. [f you have any
questions, please contact me at (214) 665-6646,

Russell Nelson
Regional Standards Coordinator
Watershed Management Section
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Technical Comments on:

Exhibit F

Use Attainability Analysis

For Dissolved Minerals in Little and Red Rivers

Hempstead and Little River Counties, Arkansas (September 5, 2014)

Southwestern Electric Power Company, Ine, Dallas, TX
NPDES No. AR0051136

UAA Prepared by
FTN Associates, Ltd., Little Rock, Arkansas

These comments are being provided to the Arkansas Department of Environmental Quality
(ADEQ) for the document titled Use Attainability Analysis for Dissolved Minerals in Little and
Red Rivers, Hempstead and Little River Counties, Arkansas. 'This use attainability analysis
(UAA) is intended support the moditication of Arkansas water quality standards (designated uses
and water quality criteria), to remove the domestic water supply use in the Red River and
establishment of site-specific criteria for total dissolved solids (TDS) in both the Red and Little
Rivers, within the Gulf Coastal ecoregion.

Technical Comments

Executive Summary
ES.7 Proposed TDS Criteria Little River

Page xi:

The proposed TDS criterion for the Little River below Millwood Lake is based on a weight-of-
evidence approach utilizing a mass balance model. The document states that a mass balance was
prepared that would reflect naturally occurring elevated TDS concentrations in the Little River.
The document refers to TDS data collected upstream of SWEPCO by FTN and SWEPCQ during
October 2010 through October 2013 that showed that the current site-specific TDS criterion 100
mg/L. criterion was exceeded approximately 10% of the time. The authors conclude that a TDS
criterion of 136.1 mg/l. would be necessary in the Little River to reflect the naturally occurring
mineral regime and to allow SWEPCO to operate efficiently,

It's unclear what the basis for presuming that only naturally occurring sources of TDS result in
the 10% exceedance rate. Later, the document refers to input from the Little River itself above
Millwood Lake and from Mine Creek, noting that inputs from the latter are significantly higher
per volume than other tributaries to Millwood Lake. The name Mine Creek alone suggests that
this creek is a likely source of anthropogenic. Given the mass balance budget described in Table
J.1 describes the background in the Little River as 98 mg/L and the SWEPCO discharge as
contributing 1620 mg/L, it is unclear how a presumption that the inputs to the Little River are
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The authors indicate that ADEQ does not considers the Little River downstream of Millwood
[.ake to be impaired and have not included it on any 303(d) list. Further, the document notes that
this stream is classified by ADEQ as "unassessed" due to a lack of data for water quality
(including minerals). It is important to note that "unassessed" simply means that there is no data
and does not necessarily mean that the Little River is either impaired or unimpaired. That lack of
data may be why neither ADEQ nor EPA have included the Little River on the state's 303(d) list.

2.3.2 Red River
2.3.2.1 TDS Sources to the Red River in Arkansas
2.3.2.2 TDS Sources to the Upper Red River (Oklahoma, Texas)

Pages 2-5 to 2-8:

Much of the literature cited in the Executive Summary and in these sections is dated, relying on
several sources from a time period when oil production was high with minimal environmental
regulation. Despite those issues, it is reasonable to say that there are significant natural as well as
anthropogenic sources of minerals in the Red River and its tributaries.

While the more current information tends to show that the predominant mineral sources to the
Red River are likely natural, despite remediation efforts by the US Army Corps of Engineers
(USACE), it is likely that brine disposal and intrusions from oil production into the Little
Wichita and other sites are sources that affect the Red River in Texas. Oklahoma and contribute
to the loading to a lesser extent in Arkansas. Sources of information for oil and gas production
and remediation should be available from the Texas Railroad Commission and the Oklahoma
Corporation Commission.

Not having, or possibly not being able to provide any information to support historical oil
extraction impacts and their contribution to minerals/TDS concentrations significantly weakens
the claim that the "overwhelming portion” historical of the TDS inputs to the system are from
natural sources.

2.3.2.3 Water Quality Impairments for Minerals in the Red River

Page 2-9:

The authors note that upstream criteria for the Red River in Texas and Oklahoma reflect the
elevated ambient mineral concentrations that are due to inputs from salt springs and seeps from
the arid and semi-arid headwater regions. This is generally true, given salt springs are found as
far west as the High Plains and Tableland Level IT ecoregions. Although less predominate, there
also anthropogenic and natural inputs [rom the Central Plains, Crosstimbers, Blackland Prairie
and Fast and South Central Plains ecoregions.

It is important for Arkansas to recognize that an upstream state can establish uses and criteria in
their waters as appropriate. 40 CIFR 131.10(b) requires that those states take the downstream
state's standards. Recent court decisions have affirmed EPA's ability to look at downstream
walers to ensure protection.
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of fish populations in the Arkansas portion of the Red River conducted by Buchanan et al.
(2003). The intent was to characterize the existing fish communities and evaluate whether those
existing communities are supported by the existing mineral regime, thus indicating attainment of
the fisheries designated use.

Although the Buchanan et al. (2003) data suggest that mineral conditions during 1995 and 2001
supported a high fisheries use attainment, it is somewhat problematic to rely on data that
represents a single snapshot in time from 14 years ago. The authors draw the conclusion that
since the Red River was meeting designated uses during the Buchanan et al. study and that
because TDS data from the post-study period (2002 through 2013) indicate that mineral
concentrations where generally higher during the time frame of the Buchanan et al. study. that
fisheries beneficial uses are likely currently being attained. While the post-study period (2002
through 2013) TDS data gives an indication that uses are currently being attained. it does not
provide the same level of confidence as current field data would. Showing that broadly written
designated aquatic life uses can be supported under the existing mineral regime isn't necessarily
a high bar given how broadly beneficial use definitions tend to be written. Determining
attainment tends to depend on the individual state's assessment methodologies rather than the use
definition.

3.6 Biological Evaluation: Summary and Conclusions
3.6.1 Little River
3.6.2 Red River

Page 3-25:

The evaluation of the-biological data demonstrated similar fish and communities upstream and
downstream of the Turk/SWEPCO facility. The authors conclude that these finding reported
suggest that the designated fisheries use is being attained that that the projected mineral
concentration - presumably the proposed 138 mg/l. TDS criterion will not be adversely affect
attainment of the fisheries use.

Although the data indicate that the designated fisheries use is currently being attained, the
document does not provide compelling information to support the contention that the proposed
138 mg/L TDS criterion will not adversely affect attainment, Further, concerns with impacts to
benthic macroinvertebrate communities downstream of the discharge at the current criterion have
been identified in previous comments,

4.0 TOXICITY ANALYSIS
4.1 Evaluation of Routine WET Testing

Page 4-1:

The recurring concern here is that the conditions simulated for toxicity analysis are reflective of
current permit conditions, not what would likely be the conditions if the Red River was not
listed.
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It is important to note that 40 CFR 131.10(b) requires states to consider the water quality
standards of downstream states when revising their criteria.

5.5 Model Results for 7Q10 Conditions

Page 5-7:

Neither the RED0046 data nor the RED0009 data were considered to be a good representation of
well-mixed concentrations in the Red River by the authors. Both the RED0046 station and the
REDQO09 station are located where the Red River does not appear to be laterally well-mixed
because of significant tributary inflows a short distance upstream of cach station.

The discussion explains that because of the location of the sampling sites for both RED0046 and
REDOQ009, the data are likely measuring a disproportionate percentage of tributary water that has
not mixed completely with the entire flow of the Red River. The authors contend that both
tributaries (especially the Little River) contribute water that typically has TDS concentrations
much lower than concentrations in the Red River. Because these two stations appear to be
underestimating the TDS concentrations in the Red River and should not be used for comparison
with predicted TDS values from the mass balance modeling, presumably because their inclusion
could result in an underestimation the TDS concentrations in the Red River as compared to
predicted TDS values from the mass balance modeling.

While it is possible that the inflow from the Little River at (REDD0046) and the Sulphur River at
(REDO0009) may not be well-mixed, the problem with leaving them out is that it will likely mean
an underestimation of TDS concentrations to the Red River, particularly in the lower reach near
the LA state line.

[t is unclear how the segment reaches in l'able 5.4 compare spatially 1o the long-term sampling
sites.

5.6 Model Results for Harmonic Mean Conditions

Page 9:

The authors explain that the reason for simulating harmonic mean conditions was to confirm that
proposed TDS criteria for the Red River in Arkansas would allow the Louisiana criterion for
TDS in the Red River to be maintained under critical conditions. The harmonic mean simulation
presented predicts that the TDS concentration at the AR-LA state line will be 661 mg/L, which is
well below the Louisiana criterion for TDS in the Red River (780 mg/L). The conclusion is that
the proposed criteria based on the mass balance modeling will be protective of the Louisiana
criterion for TDS.

However, the harmonic mean simulation used the same input TDS concentrations as the 7Q10
simulation. As noted in the previous section, the exclusion of inflow from the Little River at
(RED0046) and the Sulphur River at (RED0O009) my mean an underestimation of TDS
concentrations in the Red River, resulting in potential impairment of the current 780 mg/L. TDS
criterion that applies at the LA state line. As noted in comments on section 5.5, it is EPA's
understanding that water quality data taken in the Red River near Shreveport, between 1991 and
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2014 indicate that TDS concentrations of 780 mg/l. are just above the 90th percentile. The 780
mg/L value is likely to go down.

[t would be advisable to consider what potential effect lower criteria in the Red River at the
AR/LA state linc may have on the predicted TDS criterion of 661 mg/L if LA revises its criteria
down.

6.0 DESIGNATED USES
6.2 Red River
6.2.2 Domestic Water Supply

Page 6-4:

The domestic water supply use for the reach of the Red River between the OK-AR state line and
the Little River confluence has previously been removed. The authors provide data that indicate
that the reach of the Red River from the Little River confluence to the AR-LA state line can also
be expected to exceed secondary drinking water standards due to the same factors. Figure 6.1
shows that the Red River TDS concentrations at Fulton (downstream of the mouth of the Little
River) frequently exceeded the secondary drinking water standard of 500 mg/L during the period
of record. The authors also noted that both the Arkansas Department of Health and the Arkansas
Natural Resource Commission to confirm that the stream is not used as an existing domestic
water supply. Their conclusion is that the domestic water supply use is neither an existing nor
attainable use in the Red River downstream of the mouth of the Little River.

Although it is within Arkansas' authority to remove the domestic water supply use for the
segment of the Red River below the confluence with the Little River to the LA state line, AR
must consider the downstream state standards and ensure that its action would not affect
domestic water supply/drinking water uses in Louisiana. Sec 40 CFR 131.10(b).

7.0 ALTERNATIVES EVALUATION

Page 7-1:

Arkansas’ UAA guidance and CPP require that a petition to increase dissolved minerals
concentrations above existing conditions must include an evaluation of alternatives to the direct
discharge of the water. Four alternatives that have been reviewed including:

1. Distillation treatment,

2. Treatment using a constructed wetland,

3. Pumping the wastewater to a larger stream that holds the potential for dilution of the minerals,
and

4. Reverse osmosis (RO) treatment of the wastewater.

From the outset, the usc of constructed wetlands was dismissed as an option for this facility. The

authors based this exclusion on the argument that constructed wetlands can only be used to
reduce sulfate, which results in the production of bicarbonate in place of sulfate (Hedin et al.

12
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7.1.2.2 Option 2: RO Treatment/Discharge to Little River at Future Effluent Limits

Page 7-9:

The authors anticipate that the TDS criterion in the Little River, and thus the effluent limitations
in future NPDES permits for the SWEPCO plant, could be lowered to 100 mg/L. The conclusion
drawn is that this would require that all of the effluent be treated through an RO system if it
continues to be discharged to the Little River, in order to achieve an effluent limit of 100 mg/L
For TDS.

However, as noted previously, the 100 mg/L criterion that applies to the Little River is not the
same as a derived NPDES permit limit. The permit limit that would be derived from the 100
mg/L TDS criterion once dilution and mixing is allowed, would likely be an allowable end-of-
pipe discharge of up to 3800 mg/L.. Given that this concentration would allow the facility to meet
the 100 mg/L. TDS criterion in the Little River, there would be no need to consider RO.

7.3 Summary of Costs

Page 7-10:

The authors summarize the estimated costs of various treatment scenarios compared to the cost of direct
discharge based on the proposcd site-specific criteria in Table 7.1. The cost described here appear to be
the potential cost associated with RO treatment of the entire volume of the Turk/SWEPCO discharge. It is
unclear what volume of the discharge would need to be treated.

Technical Comments on:

EXHIBIT G
TECHNICAL JUSTIFICATION FOR A SITE-SPECIFIC TEMPERATURE

| CRITERION IN THE LITTLE RIVER, HEMPSTEAD & LITTLE RIVER COUNTIES,
ARKANSAS
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Technical Comments

1.0 INTRODUCTION
1.1 Background & Overview

Page 1-1:

This document states that the Turk/SWEPCO facility's National Pollutant Discharge Elimination
System (NPDES) permit (No. AR0O051136) includes a daily maximum temperature permit limit
of 35 °C (95 °F). Given that Arkansas Reg. 2 specifies and the authors acknowledge that the
applicable temperature limits for streams is 30°C (86°F). the basis for the maximum temperature
limit of 35°C (95°F) in SWEPCO's current permit is unclear.

The document also notes that the Little River downstream of Millwood Lake has a lower
temperature criterion than Millwood Lake and the Red River immediately downstream of the
Little River. Both Millwood Lake and the Red River in Arkansas have a temperature criterion of
32 °C (89.6 °F) (APCEC 2011). Figure 1.2 is presented to illustrate the spatial inconsistency of
the temperature criteria.

The document notes that Millwood [.ake has a temperature criterion of 32°C (89.6°F), the Little
River, downstream of Millwood Lake has a 30°C (86°F), and the Red River immediately
downstream of the Little River has a temperature criterion of 32°C (89.6°F) (APCEC 2011) to
illustrate the spatial inconsistency of the temperature criteria downstream of Millwood Lake.
Spatial inconsistency has no bearing on toxic or conventional criteria that are protective of
aquatic life uses (ALU) and is not a basis for altering applicable criteria. It is not unusual for
temperatures in a reservoir to be higher than upstream and typically downstream lotic waters
given the retention time and particularly the shallow depth of Millwood Lake.

Although we acknowledge that it may be difficult to manage the flow through a lake as shallow
as Millwood given its design, relatively high retention time and higher tailwater race
temperatures, but it's unclear how that would affect the entire length of the Little River or why
the riparian cover downstream along the Little River could not be enhanced or restored.

Page 1-3:

The authors note that if the temperature criterion is not changed and the impairment status
continues, the facility’s NPDES permit limit for temperature at Outfall 001 would be reduced to
the Little River instream criterion of 30°C (86°F) without the usual allowance for a mixing zone
(i.e., using typical end-of-pipe calculations to develop permit limits for a thermal discharge). As
such, the authors note that facility's operation would be adversely impacted by a temperature
impairment designation in the Little River that may limit or prevent discharges during warm
weather and reduce the efficiency of the facility's operation during other times of the year,

Does this mean that the decision was keeping the existing criteria in place versus operating
efficiency (i.c., cost)? If so, the basis for the proposed amendment 40 CFR 131.10(g)(6), which
requires an economic analysis to determine if SWEPCO can support upgrades to its
process/facilities w/out substantial and widespread impacts.

15
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Page 1-4:

The authors indicate that adjusting the temperature criterion for the Little River downstream of
Millwood Lake is necessary to reflect current ambient conditions during the critical summer
conditions and would result in NPDES temperature limitations that are appropriate and
protective of the designated uses of the Little River. An important question is if current ambient
conditions reflect the highest attainable condition given the requirements outlined in 40 CFR
131.107

2.0 BACKGROUND
2.1 NPDES Permit

Page 2-1:

‘The document again refers to the Turk/SWEPCO discharge to the Little River under NPDES
Permit No. AR0051136 and the effluent limitation for temperature of 35°C (95°F). As noted
previously, it's unclear how this facility can have an NPDES permit that allows a 35°C (95°F)
when the applicable temperature for streams is The 32°C (89.6°F). Is there a specific
implementation procedure or mixing zone allowance?

2.2 Applicable Water Quality Standards

Page 2-2:

The authors suggest that the temperature regime of the Little River downstream of Millwood
[Lake has been altered as a result of physical hydrologic alteration of the system caused by the
construction of Millwood Lake. The authors contend that Millwood Lake and its confluence with
the Little River has a typical width between 200 and 400 feet with only a small portion of the
channel being shaded by trees along the banks.

Based on images of the USACE dam, the Little River may be "200-400" wide" immediately
below the dam as stated here, but appears to constrict below River Run Park and appears to be
generally consistent with the average stream of reference streams in the Gulf Coastal Plain
ecoregion. Without supporting information for multiple downstream locations on the Little River
below the Millwood, this claim does not appear to be supported. Photographs, specifically aerial
photos should be included in this proposal to support this claim.

2.3 Water Temperature Monitoring

Page 2-4:

Tables 2.4 and 2.5 presents summary statistics for water temperature data collected by SWEPCO
from April to October 2012. These tables indicate that the Turk/SWEPCO discharge increases
instream temperatures. With the exception of a higher maximum temperature reading upstrecam
of SWEPCO, which may be a single event, the 95th percentile, percent daily max > 30°C and
percent daily max > 32°C indicate that the facility adversely impacts temperature in the Little
River.

Page 2-8:
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The authors note that temperatures in the Little River during 2013 (Figures 2.3 and 2.4) appear
very similar to those measured in Millwood Lake near the dam (Figure 2.5). They note that
exceedances of the Little River temperature criterion occur at all of the Little River sampling
locations, both upstream and downstream of the SWEPCO outfall. during 2012 and 2013
(Figures 2.2 through 2.4).

These figures generally show that there is an increase in temperature associated with the time of
the year sampled. There is a clear correlation with ambient air temperature and water
temperature, which among other factors can have a significant influence instream temperatures.
This correlation is not considered here. The comparison to temperatures in Millwood Lake near
the dam are of limited value since this lake is relatively shallow and retention times tend to be
fairly high in most lakes.

In addition, the data reported in Fig. 2.8 which show a decrease in temperature from LRO to
[.LR00 does not appear to be consistent with the summary statistics presented for the same site in
Table 2.4, which reports an increase of all and daily maximum data > 30°C.

Page 2-10:

Warming in a large shallow impoundment like Millwood is expected as it is in the immediate tail
water area. However, it's unclear if this narrative is suggesting that temperatures in the Little
River are the result of the Turk/SWEPCO discharge or continuing the claim that the river
remains wide and unshaded further downstream. As noted earlier, a simple internet search
produced maps and photographs that suggest that this is not the case downstream.

2.4 Evaluation of Little River Water Temperatures Upstream of SWEPCO Outfall 001

Page 2-10:

The discussion indicates that Table 2.5 provides an inventory of water temperature data collected in the
Little River downstream of Millwood Lake and upstream of SWEPCO Outfall 001 that were used to
evaluate the temperature criterion for the Little River. However, Table 2.5 also includes data from
[LROO, which is reported as 1 mile below SWEPCO Outfall 001.

Page 2-15:

A comparison of temperature statistics between the two FTN monitoring locations near the dam
below Millwood Lake and the two locations farther downstream (near SWEPCO) indicate that
that locations farther downstream have slightly higher temperatures during July through August
and more exceedances of the 30 °C (86 °F) criterion (Tables 2.3 and 2.4 ).

This paragraph touches on the potential source affecting ambient temperatures in Millwood Lake
and the Little River, but provide no details. The summary data, statistics and statements
presented here do not appear to have considered that air temperature is highly correlated with the
significant positive heat flux components including solar radiation and with stream water
temperature, The correlation is supported by the USGS' Stream Segment Temperature Model
(SSTEMP), which asserts that air temperature will usually be the single most important factor in
determining mean daily water temperature.
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The authors also note that ADEQ's (303(d)) assessment for 2014 was conducted using the
SWEPCO 2012 and 2013 data and FTN 2013 data trom this stream reach and that ADEQ's draft
2014 303(d) list includes a temperature impairment for the Little River downstream of Millwood
Lake. Did SWEPCO and FTN use ADEQ monitoring stations to collect these data? s there
information to support the reported listing? While the assessment methodology used to determine
impairment appears to be consistent with ADEQ methodologys, it is unclear if 3rd party
(SWEPCO and FTN) data be was used by ADEQ to support a 303(d) listing?

In instances where the temperature exceeds the criteria, it would likely result in a reduction in
overall species richness and/or abundance because of excessive heat. Discussions of the
macroinvertebrate and fish communities do not appear to show such etfects.

2.5 Threatened and Endangered Species
2.5.1 Threatened and Endangered Aquatic Species

Page 2-18:

The document reports that there have been no live 4. wheeleri collected from just above or
below the Turk/SWEPCO discharge. Their absence indicates that the Turk/SWEPCO discharge
is having an effect on water quality and the presence of A. wheeleri. Although the physical
characteristics and inputs to Millwood Lake may affect the ability of the Little River to support
A. wheeleri, an important aspect of a UAA is to not only to identify current conditions. The
document does not provide any discussion of whether temperature or other stressors may be
affecting or limiting the presence of 4. wheeleri in this portion of the Little River.

Although the rabbitsfoot mussel (Quadrula cylindrica cylindrica) is known to occur in some
streams in southwest Arkansas, including the Little River upstream of Millwood Lake, it has not
been documented in the Little River downstream of the Lake to the Red River. The rabbitsfoot is
likely limited by the physical characteristics Millwood Lake and its effect on the Little River, as
well as the Turk/SWEPCO discharge.

3.0 BIOLOGICAL EVALUATION
3.1 Overview
3.4.3.2 Fish
Ecoregion Key and Indicator Species

The authors describe presence and absence of ecoregion key and indicator species per APCEC (20 11)
which is summarized in Table 3.7. Of three key and indicator species expected to be present based on
habitat preferences, one species was present in the pooled list. One species not expected to be present
(redfin shiner) was present in the pooled list. The reported data is not specific as to site - is this a
comparison of upstream/downstream of the SWEPCO discharge? The location of this sampling
would be useful, as it would give some indication of whether the presence ot only 25% of key
and indicator species is the result of a generally degraded/impacted system, resulting from
hydromodification and high ambient air temperatures driving water temperature, or exacerbated
by temperature inputs from the SWEPCO facility.

3.4.4 Discussion and Conclusions
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Page 3-22:

The authors observed that the strongly similar fish and benthic communities upstream and
downstream of the discharge. The suggestion is that this finding indicates that the current
operation of the discharge has negligible effect on the existing biological communities. Although
relative abundance upstream/downstream showed reasonably good comparison at around 71%,
the Meador and Carlisle (2007) data only showed 61% of the expected species are present and
only 25% of the expected species for the Little River present in the pooled sample. It is unclear if
this is the result of a degraded system or that the discharge has more than a negligible effect.

Page 3-23:

The discussion notes that ecoregion key and indicator species are generally not expected to be
present in the reach of the Little River due to the habitat preferences of those species and that the
low numbers of key and indicator species present in the pooled list (two species) is a reflection
of this expectation. This statement appears to contradict Table 3.7, comparing expected
key/indicator species in the Little River to what was present in the pooled list (25%).
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Heather Ferguson

From: Kesler, Karen [Kesler.Karen@epa.gov]

Sent: Friday, February 26, 2016 2:16 PM

To: jim (jtm@ftn-ASSOC.COM)

Cc: clem@adeq.state.ar.us; Crocker, Philip; Nelson, Russell, Watson, Jane
Subject: Request for additional information concerning the SWEPCO rulemaking

Dear Mr. Malcom,

During our discussion last week with ADEQ I expressed some concerns about the mass balance model from the
SWEPCO UAA that was utilized to estimate whether the new site specific TDS criteria on the Red River from
the confluence of the Little River to the Arkansas-Louisiana was protective of Louisiana’s downstream criteria.
As [ have continued to think about the appropriateness of this mass balance this week, 1 believe I have come
across another issue with the way it was executed. In the UAA for the SWEPCO rulemaking, the mass balance
section states that:

Instream TDS concentrations in the Red River were modeled for two critical flow conditions: 7Q10 and
harmonic mean flow. Regulation 2.106 of the Arkansas water quality standards (APCEC 2011; the latest
version that is currently approved by EPA) specifies 7Q10 (referred to as "Q7 -10" in the standards) as
the critical flow for meeting dissolved mineral criteria in streams such as the Little River and Red River
that have site-specific criteria that are listed in Regulation No. 2.511 without an asterisk. Harmonic
mean flow is the critical flow for meeting chloride, sulfate, and TDS criteria in Louisiana according to
Section I115.C.8 of the Louisiana water quality standards (LDEQ 2012).

However, when I went back and reviewed Regulation 2 the definition for critical flows was that listed below:

Critical flows: The flow volume used as background dilution flows in calculating concentrations of
pollutants from permitted discharges. These flows may be adjusted for mixing zones. The following
critical flows are applicable:

For a seasonal fishery - 1 cfs minus the design flow of any point source discharge (may
not be less than zero).

For human health criteria - harmonic mean flow or long term average flow.

For minerals criteria - harmonic mean flow or 4 cfs, except in those waters listed in Reg. 2.511. Those
waters in Reg. 2.511 which are noted with an asterisk will have a critical flow of 4 cfs. (Also see
minerals implementation procedure in CPP)

For all others - the critical flow will be Q7-10.

This indicates that a harmonic mean is more appropriate for the mass balance than the 7Q-10 is, which was used
to set the value for the site specific criteria. The demonstration of downstream protection is contingent upon
this difference in flow utilized to assess the levels of minerals in the Red River. The 860 mg/L value that was
determined through the 7Q-10 model would be protective of Louisiana when it was assessed with a harmonic
mean flow. However, minerals criteria in Arkansas are actually permitted using the harmonic mean flow, not
the 7Q-10, meaning that the 860 mg/L criteria would actually violate Louisiana’s criteria of 780 mg/L since
they are both using the same flow regime. Based on this information, it does not seem that the 860 mg/L
criteria is protective of Louisiana’s 780 mg/L criteria. In addition, after reviewing the reference to Louisiana’s

standards, the reference to harmonic mean flow seems to apply to mixing zones:
1



C. Mixing, Mixing Zone, and Flow Application

8. For chloride, sulfate, and total dissolved solids, criteria are to be met below the point of discharge
after complete mixing. Because criteria are developed over a long-term period, harmonic mean flow will
be applied for mixing.

When speaking to EPA staff in Assessments for Louisiana and speaking to LDEQ is appears the Louisiana
criteria for minerals are determined by taking the arithmetic mean plus three standard deviations and that they
do not consider flow. Based on this information, additional material would need to be provided to demonstrate
downstream protection of Louisiana’s criteria. [ appreciate your help in providing all the necessary
information to assess the appropriateness of the site specific criteria proposed by the SWEPCO rulemaking.

Sincerely,
Karen Kesler

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185
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Land use data for the Millwood Lake watershed were downloaded from the USGS
National Land Cover Database (NLCD). Based on 2011 data, the Millwood Lake watershed
consists of approximately 61.6% forest/shrub, 25.9% pasture/hay/grass, 7.0% wetlands and
water, 5.3% developed land, and 0.2% of other land (cultivated cropland and barren land).
NLCD data from 2001 showed similar percentages: 67.8% forest/shrub, 19.9%
pasture/hay/grass, 7.1% wetlands and water, 5.1% developed land, and 0.1% of other land. This
shows that about 6% of the watershed changed from forest/shrub to pasture/hay/grass between
2001 and 2011. However, no information was found to estimate nonpoint source TDS loadings
for different land uses. Therefore, it was not possible to evaluate what effect (if any) this land use
change would have on the nonpoint source TDS load at Millwood Lake dam.

The TDS loads entering Millwood Lake were also analyzed temporally. Monthly TDS
loads for the largest inflow to Millwood Lake (the Little River) were estimated for January 1991
through December 2015. These loads were estimated using USGS daily flow data and ADEQ
routine samples (approximately monthly intervals) for the Little River at State Highway 41 near
Horatio (USGS gage 07340000 and ADEQ station RED0002). These loads are shown on
Figure 1 with a linear trend line that shows a decreasing trend over time.

Daily flow data were not available to calculate monthly TDS loads for other tributaries to
Millwood Lake. However, TDS concentrations for other tributaries do not show significantly
increasing trends over time (see Figures 2.2 through 2.4 in the UAA report). Therefore, it is

expected that the TDS loads for those tributaries would not show increasing trends over time.






ATTACHMENT 2

Water Quality Data Collected by SWEPCO and FTN in Little River









ATTACHMENT 3

Discussion of TDS and Temperature Tolerance Ranges for
Indigenous Aquatic Species in the Little River



Attachment 3: Tolerance Ranges of Aquatic Species
SWEPCO Proposed Third-Party Rulemaking March 7, 2016

1.0 ION TOLERANCE

1.1 lon Tolerance in Fish

The use attainability analysis (UAA) report documented the presence of 40 species of
fish collected by FTN in August 2013 and by the US Geological Survey (USGS) in June 2009
and August 2015 (referred to as the “pooled” list in the UAA report) in the Little River
downstream of the Millwood Lake dam. The report concluded that the species makeup of these
collections closely resembled expectations based on zoogeography (i.e., fish species known to be
present in the Gulf Coastal Plain ecoregion), habitat preferences, and gear selectivity. EPA did
not dispute this conclusion or ask for further documentation of this conclusion in any of its
comments.

A comparison of the species present in the pooled list with the list of species present in
the Red River (based on Buchanan et al. 2003) reveals that 37 of the 40 species from the pooled
list (92%)" were present in the Red River based on the Buchanan et al. (2003) survey. As shown
in Tables 1 and 2, the 10™ percentile TDS values from the Garland and Index monitoring stations
on the Red River during the Buchanan et al. study period are well above the proposed Little
River TDS criterion of 138 mg/L. This information documents that virtually all of the fish
species found in the Little River are also found in the Red River where TDS concentrations are
substantially higher than the proposed TDS criterion. This finding proves that the proposed TDS
criterion of 138 mg/L for the Little River is well within the TDS tolerance range of the fish
present in the Little River. Therefore the proposed TDS criterion for the Little River will support

the fisheries designated use based on the existing fish communities.

" The fish species present in the Little River but not present in the Red River were bowfin (4mia calva), redfin
shiner (Lythrurus umbratilus) and logperch (Percina caprodes).

1
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Table 1. Summary of TDS concentrations in the Red River at Index (USGS 07337000)
during and after the Buchanan et al. (2003) study.

TDS at Index (USGS 07337000) (mg/L)
Summary Statistic Study Period Post-Study Period

10 427 246.0

25 632 428.3
Percentile 20 720 284.5

75 912 792.0

90 1,128 903.4

95 1,198 932.9
Number of Values 37 72
Period of Record 4/2/1996 — 12/11/2001 1/2/2002 — 10/22/2013
Table 2. Summary of TDS concentrations in the Red River at Garland (RED0045) during

and after the Buchanan et al. (2003) study.

TDS at Garland (RED004S) (mg/L)
Summary Statistic Study Period Post-Study Period

10 157.2 156.0

25 216.0 247.5
Percentile 50 464.0 438.5

75 660.5 624.0

90 801.8 750.6

95 886.2 819.3
Number of Values 63 138
Period of Record 4/2/1996 — 12/11/2001 1/2/2002 — 10/22/2013

1.2 lon Tolerance in Benthic Macroinvertebrates

1.2.1 Comparison with Field-Based Aquatic Life Benchmark for
Conductivity

EPA (2011) used conductivity as a surrogate measure of TDS to develop a benchmark
value of 300 uS to protect aquatic life. The analysis is most applicable to high-gradient streams
in the Appalachian Region (or comparable ecoregions) that are dominated by salts of Ca™, Mg,
S04* and HCOj5". Although the aforementioned salts dominate the Little River ionic matrix, the
Little River is not located within a comparable ecoregion. The benthic macroinvertebrate

communities that typify the high-gradient streams that were the focus of the EPA 2011 study
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exhibit large numbers of sensitive EPT taxa. The protective benchmark conductivity value of
300 uS is areflection of the presence of those sensitive taxa. These sensitive taxa are not part of
the existing benthic macroinvertebrate community of the Little River, which was shown in the
UAA report to be dominated by Chironomidae and a single genus of Trichoptera. Therefore
evaluating the Little River benthic community using the benchmark developed in EPA 2011
represents a conservative approach, because the benchmark is based on much more sensitive taxa
than are found in the Little River.

Water quality data collected from the Little River during 2011 through 2013 indicated a
poor correlation (R* = 0.20) between TDS and conductivity in the Little River (Figure 1).
However, a conservative estimate of the level of TDS that would correspond to 300 uS was
obtained by computing the upper 95" confidence interval of the ratio of conductivity to TDS and
multiplying this factor by 138 mg/L. The data and statistics used for this computation are
provided in Tables 3 and 4. Based on this computation, a conservative (i.e., high) estimate of the
conductivity that would be associated with the proposed TDS criterion of 138 mg/L is 218 uS,
which is below the benchmark value of 300 uS.
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Figure 1. Scatter plot of relationship between TDS and conductivity measured in

samples collected from the Little River downstream of Millwood Lake dam.
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Table 3. Paired conductivity and TDS measurements from various sampling locations in
the Little River downstream of the Millwood Lake dam.

Conductivity TDS
Sampling Date (nS) (mg/L) Conductivity/TDS
08/3/2011 87 84 1.036
08/26/2011 93 68 1.368
09/23/2011 105 92 1.141
10/11/2011 106 74 1.432
11/03/2011 114 68 1.676
11/30/2011 71 96 0.740
12/09/2011 338 62 Outlier; deleted from analysis
12/21/2011 49 24 2.042
01/03/2012 60 48 1.250
01/18/2012 57 28 2.036
02/03/2012 62 38 1.632
04/30/2012 71 40 1.775
05/07/2012 78 53 1.472
03/20/2013 59 99 0.596
05/02/2013 49 77 0.630
05/03/2013 63 64 0.984
05/06/2013 74 60 1.233
05/08/2013 52 45 1.156
05/13/2013 62 28 2.214

Table 4. Summary statistics from conductivity and TDS data provided in Table 3.

Summary Statistic Value
Conversion factor (average conductivity/TDS) 1.3562
Standard deviation 0.4778
Number of values 18
Alpha 0.05
95% confidence interval (CI) +0.2207
Upper CI of conversion factor 1.5769

conversion factor

Estimated conductivity of 138 mg/L based on upper CI of

138 x 1.5769 = 217.6188




Attachment 3: Tolerance Ranges of Aquatic Species
SWEPCO Proposed Third-Party Rulemaking March 7, 2016

1.2.2 Evaluation of the Tolerance of Indigenous Benthic
Macroinvertebrates to Dissolved lons

1.2.2.1 Non-Chironomid Taxa

The UAA study included sampling of benthic macroinvertebrates from woody debris,
which is a dominant substrate type in the Little River below Millwood Lake dam. Communities
were similar upstream versus downstream of the SWEPCO discharge point so that all samples
were combined. Table 5 summarizes XC95 values (“95% Extirpation Concentration”) for the

taxa present in the Little River samples based on Appendices D and H of EPA 2011.

Table S. Summary of relative abundance and XC95 values (from EPA 2011) for benthic
macroinvertebrate taxa collected from woody debris substrates in the Little River.
Relative XC95 (uS)

Order Family Genus Abundance Kentucky1 West Virginia2
Coleoptera Elmidae Stenelmis <0.01 > 1,520 >9,790
Diptera Ceratopogonidae | Bezzia 0.03 ND 380
Diptera Chironomidae 0.77 see Table 8
Ephemeroptera |Caenidae Caenis 0.02 >1,410 >3.923
Ephemeroptera | Heptageniidae Stenacron 0.01 > 862 782
Megaloptera Corydalidae Nigronia <0.01 >1,197 >9,790
Odonata Coenagrionidae Argia 0.01 >1,410 ND
Odonata Gomphidae Erpetogomphus <0.01 ND ND
Trichoptera Polycentropodidae | Polycentropodidae <0.01 >570 >4.713
Trichoptera Polycentropodidae | Cyrnellus 0.14 ND ND

Notes:
1. Based on Appendix H of EPA 2011.
2. Based on Appendix D of EPA 2011.

XC95 values are statistically derived conductivity values associated with a 95% or
greater probability that a particular genus will be absent at a site. Therefore an XC95 value near
218 uS for a particular taxon would indicate that a TDS value of 138 mg/L could potentially
limit the abundance of that taxon. XC95 values indicate a conductivity level associated with
absence of a taxon. Therefore, for the purposes of this evaluation, any taxon with an XC95 value
less than 900 pS (three times EPA’s field-based conductivity benchmark of 300 pS) was

considered to be potentially susceptible to adverse effects (i.e., decreased abundance) due to a

TDS level corresponding to 281 puS.










Attachment 3: Tolerance Ranges of Aquatic Species
SWEPCO Proposed Third-Party Rulemaking March 7, 2016

genera having (or potentially having) XC95 value less than 900 puS are not likely to be found on
woody debris habitat in the Little River.

Table 7. Summary of “greater than” XC95 values for chironomid general from EPA 2011.

Summary Statistic XC95 Value (nS)
50 1,004
25" 1,616
Percentile 501 2,074
75" 4,971
95t 11,646
Minimum 686
Mean 4,349
Maximum 34,898
Number of values 55
Table 8. Chironomid genera having definitive XC95 values or XC95 values potentially

less than 1,000 pS from EPA 2011.

Occurrence on
XC95 Value Habitat/Distribution Notes Woody Debris
Genus (nS) from Hudson et al. 1990 in Little River?
More common in mountains than coastal
plains; most often found in flowing water;

Conchapelopia 546 some species are very tolerant of chemical and Possible
organic pollution.

Demicryptochironomus 399 Larvae charac?terlst_lc of clean sandy areas of Not likely
streams and rivers in the southeast.

Micropsectra 162 Most abundant and diverse in cool mountain Not likely

streams, rarely in coastal plains.
Widespread especially M. caducus and
Microtendipes > 681 M. pedellus in clean streams. M. pedellus Possible
abundant in nutrient-enriched streams.

Found in small, fast-flowing stream in NC and

Rheopelopia 1,457 large rivers in GA. Possible

Stempellina 644 Most species are widespread. Yes

Stenochironomus > 824 Lotic and lentic habitats. Yes

Zavrelia 413 Restrlc'ted to cool streams of mountains and Not likely
sand hills.
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XC95 values for chironomid genera documented in EPA 2011 were all greater than
218 uS and were overwhelmingly greater than 900 uS (three times the 300-uS benchmark
developed in EPA 2011). This analysis shows that chironomid genera, which comprised 77% of
the individuals found on woody debris substrates, are in general tolerant of elevated conductivity
levels. Only a small proportion of genera are likely to be sensitive to conductivity levels at or
near 218 uS (i.e., TDS concentrations at or near 138 mg/L). Therefore, TDS levels at or near the
proposed TDS criterion of 138 mg/L should have negligible impacts on the existing chironomid

population.

2.0 TEMPERATURE TOLERANCE

21 Temperature Tolerance in Fish

As discussed in Section 1.1, the UAA report documented the presence of 40 species of
fish collected by FTN in August 2013 and by USGS in June 2009 and August 2015 (referred to
as the “pooled” list in the UAA report) in the Little River downstream of Millwood Lake dam.
The report concluded that the species makeup of these collections closely resembled expectations
based on zoogeography (i.e., fish species known to be present in the Gulf Coastal Plain
ecoregion), habitat preferences, and gear selectivity. Therefore, the reach of the Little River
below Millwood Lake dam currently attains its designated aquatic life (fishery) use based on the
fish community. EPA did not dispute this conclusion or ask for further documentation of this
conclusion in any of its comments.

A comparison of the species present in the pooled list (based on recent sampling) with the
list of species present in the Red River (based on Buchanan et al. 2003) reveals that 37 of the
40 species from the pooled list (92%) were present in the Red River based on the Buchanan et
al. (2003) survey. Available temperature data obtained from the USGS monitoring station on the
Red River at Index, AR (USGS 07337000) (Table 9) indicate that temperatures exceeding 32°C
are a common feature of the Red River. Table 9 shows that maximum mean temperatures exceed
32°C 11% of the time during the period of record. Since this summary refers to daily mean

temperatures, maximum temperatures in excess of 32°C can be expected to occur even more
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frequently. This characteristic of the Red River temperature regime is reflected in the
temperature criterion of 32°C for the Red River (APCEC 2014). Therefore, since the large
majority of the fish from the pooled list have also been documented in the Red River,
temperatures in excess of 32°C will support the fisheries use in the Little River based on fish

populations.

Table 9. Summary of maximum mean daily temperatures on each calendar day at Index, AR.

Summary Statistic Value (°C)
5 12.3
25" 17.6
Percentile 50" 23.3
75" 29.9
95t 32.8
Percentile Rank of 32°C 89.3
Minimum 7.5
Mean 23.2
Maximum 33.5
Period of record October 1, 2003, to June 6, 2011

2.2 Benthic Macroinvertebrates

The proposed temperature criterion for the Little River below the Millwood Lake dam of
32°C is based on monitoring data collected during the UAA study and represents the conditions
under which sampling of the indigenous macroinvertebrate community was performed.
Therefore, it has already been shown that the indigenous macroinvertebrate community can
tolerate a temperature regime that supports a 32°C criterion because the community was actually
sampled under that regime. EPA’s request to demonstrate that the indigenous biota can tolerate
the conditions under which they were found represents circular logic.

No independent studies could be located that demonstrate that the indigenous
macroinvertebrate taxa can tolerate the temperatures as high or higher than the indigenous taxa
currently experience. Available field studies that addressed thermal tolerance occurred in
northern locations and focused on cold-water species. The seasonal window for most field
protocols for benthic macroinvertebrate sampling is generally early to mid-spring when

maximum temperatures do not occur. Therefore benthic macroinvertebrate data sets with

11
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accompanying temperature data typically do not address the warm temperatures shown during

the late summer in the Little River.

2.3 Summary and Conclusions

Available temperature data obtained from the USGS monitoring station on the Red River
at Index, AR (USGS 07337000) (Table 9) indicate that temperatures exceeding 32°C are a
common feature of the Red River. Since the large majority of the fish collect from the Little
River have also been documented in the Red River, temperatures in excess of 32°C will support
the fisheries use in the Little River based in fish populations.

No applicable laboratory data or field data from other locations could be located showing
that the indigenous invertebrate species present in the Little River can tolerate temperatures
approaching or exceeding 32°C. However, the simultaneous occurrence of the indigenous biota
and temperatures approaching and exceeding 32°C proves that a temperature criterion of 32°C

will support indigenous biota.
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1.0 DISCUSSION OF BEST FIT REGRESSION MODEL FOR
TEMPERATURE CRITERION

The proposed criterion was developed using a weight-of-evidence approach with multiple

sets of data and information, including the following:

. Observed water temperatures approximately 1 mile upstream of SWEPCO’s
outfall,

. Two regression models that predict daily maximum water temperatures, and

. Existing criteria for upstream and downstream waterbodies (Millwood Lake and
the Red River).

The regression model with the higher coefficient of determination (R*) was not the sole
basis for the proposed criterion, because the high R? value was not indicative of the regression
model’s accuracy for predicting high water temperatures, which is important for developing a
proposed temperature criterion.

The second regression model presented in the report (described on pages 4-3 and 4-4 of
the report) had a higher R* value than the first regression model (described on pages 4-1
and 4-2), but the higher R? does not necessarily mean that it is the best regression for developing
a proposed criterion. The R* value represents the percentage of the observed data variation that is
explained by the model. Comparisons of R* values for different regression models must consider
differences in the data upon which each regression is based.

The first regression model was developed using only data for July and August, while the
second regression model was developed using data for February through September (a longer
period of observed data was needed to develop sine curves to represent normal temperatures).
For the first regression model, the observed water temperatures during July and August exhibit a
relatively small range of variation (27.6°C to 34.7°C). For the second regression model, though,
the observed water temperatures for February through September exhibit a larger range of
variation (8.6°C to 34.7°C). Therefore, a certain error in the predicted temperatures (say, 1.0°C
for example) represents a much larger percentage of the observed data variation for the first

regression model than for the second regression model. In other words, if both regression models
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have the same error in predicted temperatures, the first regression model will inherently have a
lower R? value than the second regression model.

A better metric for evaluating the accuracy of each regression model is the standard error
of estimate, which was slightly lower for the first regression model (1.0°C) than for the second
regression model (1.17°C). This shows that both regression models have similar accuracy over
the range of observed temperatures used to develop each regression.

For development of temperature criteria, the accuracy of model predictions is important
for days with high observed water temperatures. Unfortunately, both of these regression models
tended to under-predict water temperatures on days with high observed water temperatures. The
two regression models under-predicted water temperatures by an average of 1.4°C and 1.8°C,
respectively, on days during 2013 when the observed maximum water temperature was 32°C or
greater. Therefore, the 95™ percentiles of daily temperatures predicted by these regression
models are probably biased low.

The observed water temperature data only cover a 2-year period, but they provide
valuable measurements that show numerous temperatures exceeding both the existing criterion
(30°C) and the proposed criterion (32°C). Because these data are actual measurements (as
opposed to model predictions), they must be given strong consideration in a weight-of-evidence

evaluation.
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Table A-4: Active NPDES permits for Planning Segment 1B

Permit - L USGS Map

Number Facility Name Receiving Waters Reach H.U.C. County No.

AR0002968 DOMTAR AW. LLC PIPING & OPEN CANAL,RED 001 11140106  Little River 1

R

AR0021326  TYSON FOODS, INC. - HOPE UNNAMED TRIB,CANEY 909 11140201 Hempstead 2
PROCESSING PLANT CR,BOIS D'ARC CR,RED R

AR0038466 HOPE, CITY OF-BOIS DARDC  BLACK BR,BOIS D'ARC 009 11140201 Hempstead 3
WWTP CRREDR

AR0038822 COOPER TIRE & RUBBER TRIB,NIX CR,DAYS 003 11140302 Miller 4
COMPANY CR,SULPHUR R,RED R

AR0042846 ASH GROVE CEMENT FRENCH CR,WALNUT 004 11140106  Little River 5
COMPANY BU,REDR

AR0042951  ASHDOWN WW TREATMENT  DOMTAR CANAL,RED R 001 11140106  Little River 6
PLANT

AR0048356 TYSON FOODS, INC.-RIVER REDR 011 11140201 Miller 7
VALLEY ANIMAL FOODS

AR0048691 TEXARKANA, CITY OF- MCKINNEY BU,RED R 014 11140302 Miller 8
NORTHWWTP

ARO0048810 FULTON, CITY OF-WWTP RED R 011 11140201 Hempstead 9

AR0050857  GARLAND, CITY OF RED R 007 11140201 Miller 10

AR0051942  CHIEFTAIN SAND AND RED R 007 11140201 Miller 11
PROPPANT, LLC

AR0052035 WOQOTEN SAND AND MCKINNEY BU,RED R 012 11140201 Miller 12

GRAVEL, INC.

A-14
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ATTACHMENT 6

Discussion of Aquatic Life Use Protection in the Red River
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species found in the downstream reach. These results demonstrate that both the upstream and
downstream reaches of the Red River show “high fish species richness.”

The Red River monitoring station at Index, AR (USGS 07337000) provides a long-term
record of TDS concentrations representative of the upstream reach of the Red River. Table 1
summarizes TDS concentrations present during the Buchanan et al. study and demonstrates that
the 95th percentile TDS concentration during the study was 1,198 mg/L at the Index location.
This result clearly demonstrates that TDS conditions that result in a 95" percentile concentration
that exceeds the proposed criterion by almost 40% (1,198 mg/L versus 860 mg/L) will support

high fish species richness and a high level of fisheries use support.

Table 1. Summary of TDS concentrations in the Red River at Index (USGS 07337000)
during and after the Buchanan et al (2003) study.

TDS at Index (USGS 07337000)
(mg/L)
Summary Statistic Study Period Post-Study Period

10 427 246.0

25 632 428.3
Percentile 2 720 284.5

75 912 792.0

90 1,128 903.4

95 1,198 932.9
Number of Values 37 72
Period of Record 4/2/1996 — 12/11/2001 1/2/2002 — 10/22/2013

Table 3.9 of the report suggested that TDS concentrations in the Red River downstream
of its confluence with the Little River were lower than the proposed criterion for that reach
during the Buchanan et al. study. However, Table 3.9, as presented, provided misleading results.
The table was intended to show that TDS concentrations during the Buchanan et al. study were
higher than the post-study period. However, it did not include the 95" percentile values from the
monitoring stations, which formed part of the basis for the proposed 860 mg/L TDS criterion in
the Red River downstream of the mouth of the Little River. The table also included data from the

monitoring station at Fulton (RED0046), which was not used for the development of the criterion
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because it is not representative of TDS conditions in the Red River at that location. This was

explained in Section 5.5 of the report, which notes the following:

Neither the RED0046 data nor the RED0009 data were considered to be a good
representation of well-mixed concentrations in the Red River. Both the
REDO0046 station and the RED0009 station are located in places where the Red
River does not appear to be laterally well-mixed due to significant tributary
inflows a short distance upstream of each station. Lateral gradients at these
monitoring stations are likely created by inflows from the Little River
(RED0046) and the Sulphur River (RED0009). In some instances, these lateral
gradients can be observed from aerial photographs. According to a station
description report from EPA’s Legacy STORET web site, the RED0046 station
is sampled at a railroad bridge pier on the east side of the river (i.e., the left
bank), which is the same side of the river that the Little River enters. The
REDO0009 station is sampled at a boat ramp on the west side of the river, which
is the same side of the river that the Sulphur River enters. Therefore, both the
RED0046 data and the RED000Y data are likely measuring a disproportionate
percentage of tributary water that has not mixed completely with the entire flow
of the Red River. Both tributaries (especially the Little River) contribute water
that typically has TDS concentrations much lower than concentrations in the
Red River. Therefore, the data at these two stations appear to be
underestimating the TDS concentrations in the Red River and should not be used
for comparison with predicted TDS values from the mass balance modeling.

The monitoring station at Garland (RED0045) is not similarly affected and provides the
most representative data set for assessing TDS concentrations in the reach of the Red River
downstream of the mouth of the Little River. Accordingly, Table 3.9 should not have included
data from the monitoring station at Fulton (RED0046) and should have included the
95" percentile values for the Garland station. Also, monitoring data from Index is not relevant
for the purposes of assessing the reach of the Red River downstream of the Little River and
should not have been included. The following Table 2 provides the percentile TDS values for the
Garland station during and after the Buchanan et al. study and shows that the 95" percentile for

TDS at Garland was 886 mg/L during the Buchanan et al. study period (from 1995 to 2001).
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Table 2. Summary of TDS concentrations in the Red River at Garland (RED0045) during
and after the Buchanan et al. (2003) study.
TDS at Garland (RED0045)
(mg/L)
Summary Statistic Study Period Post-Study Period
10 157.2 156.0
25 216.0 247.5
Percentile 50 464.0 438.5
75 660.5 624.0
90 801.8 750.6
95 886.2 819.3
Number of Values 63 138
Period of Record 4/2/1996 — 12/11/2001 1/2/2002 — 10/22/2013

If a TDS regime characterized by a 95" percentile value of 886 mg/L supports a high
level of fisheries use attainment (“high fish species richness” as characterized by Buchanan et al.
2003), then a TDS regime characterized by a 95" percentile value of 860 mg/L should support a
similar level of use attainment. Therefore, the proposed site-specific criterion of 860 mg/L in the
Red River downstream of the mouth of the Little River can be expected to support the attainable

fisheries designated use (based on fish populations) in the Red River.












Heather Ferguson

From: Kesler, Karen [Kesler.Karen@epa.gov]

Sent: Thursday, April 28, 2016 8:29 AM

To: Jim Malcolm

Cc: Crocker, Philip

Subject: quick questions on the SWEPCO temperature regressions
HilJim,

I am currently reviewing the additional material on the SWEPCO/Domtar submissions and | had a few quick follow up
questions. | was wondering if you could send me the p values and the results of the normality tests on the residuals for
the regressions that were used for determining the temperature criteria. Also, were any data transformations
performed?

Thanks,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185
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Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185



























I am currently reviewing the additional material on the SWEPCO/Domtar submissions and | had a few quick follow up
questions. | was wondering if you could send me the p values and the results of the normality tests on the residuals for
the regressions that were used for determining the temperature criteria. Also, were any data transformations
performed?

Thanks,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185






system without copying it, and notify the sender by reply e-mail or by calling (501) 688-8800 Little Rock, AR (479) 464-5650 Rogers, AR (512) 480-5100 Austin, TX
(267) 757-8780 Newtown, PA or (870) 336-9292 Jonesboro, AR so that our address record can be corrected.




NI4MLS

(€D S1y
M s
.

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 6
1445 ROSS AVENUE, SUITE 1200
DALLAS, TEXAS 75202 - 2733

NOHIAN
W agenct

<
)2 N
"4 ppote

May 16, 2016

Mr. Caleb Osborne

Associate Director — Water Division

Arkansas Department of Environmental Quality
5301 Northshore Drive

Little Rock, AR 72118-5317

Re: Final submittal of Regulation No. 2, as amended, Regulation Establishing Water Quality
Standards for Surface Waters of the State of Arkansas

Dear Mr. Osborne:

The Environmental Protection Agency (EPA) has completed its review of the amendments to
Regulation No. 2: Regulation Establishing Water Quality Standards for Surface Waters of the State of
Arkansas that were made in relation to the Third Party Rulemaking process initiated by Southwestern
Electric Power Company (SWEPCO). The amended Regulation No. 2 was adopted by the Arkansas
Pollution Control and Ecology Commission (APC&EC) on October 23, 2015 and became effective on
November 5, 2015. It was submitted to the EPA for approval on December 21, 2015 by the Arkansas
Department of Environmental Quality (ADEQ).

At this timne EPA is approving the majority of the new and revised provisions to Regulation 2.511 and
Appendix A of Regulation No. 2, including the site specific criteria changes for temperature and TDS
in the Little River and the removal of the domestic water supply use in the Red River. These revisions
are approved pursuant to the Clean Water Act (CWA) § 303(c) and its implementing regulations at 40
CFR Part 131. However, EPA is taking no action on the TDS criterion revision in the Red River.
EPA has continuing concerns about appropriate demonstration of aquatic life use protection and
protection of downstream uses in Louisiana. Consideration of these issues require further review by
EPA management at this time. Once these issues have been sufficiently reviewed, EPA will issue an
action on this portion of the SWEPCO submission. Please note that under 40 CFR § 313.21(c), new
and revised standards do not go into effect for CWA purposes until approved by EPA. Therefore,
previously approved language associated with the TDS criteria in the January 24, 2008 version of the
Arkansas water quality standards (WQS) remains in effect for CWA purposes.

The approval of the new and revised water quality standards are subject to the results of consultation
under section 7(a)(2) of the Endangered Species Act (ESA). Section 7(a)(2) requires that federal
agencies consult with the U.S. Fish and Wildlife Service, as appropriate, to ensure that actions they
take, fund, or authorize are not likely to jeopardize the continued existence of listed species or result in
the adverse modification or destruction of habitat. As of today, this consultation has not been
completed. By approving the WQS revisions “subject to the results of consultation under section
7(a)(2) of the Endangered Species Act,” EPA retains the full range of options under CWA § 303(c) for
ensuring that WQS are environmentally protective. EPA retains the discretion to revise its approval
decision of these new and revised WQS if the consultation identifies deficiencies in the WQS that
require remedial action.



| appreciate the APC&EC’s and the ADEQ’s effort in the review of these revised provisions of the
State’s standards and also appreciate ADEQ’s assistance with coordinating meetings and
correspondence with the third party. If you have any questions or concerns, please contact me at
214-665-3187, or contact Karen Kesler at 214-665-3185.

Sincerely,

/William K. Honké? P.E
Director

Water Division
Enclosure

cc: Sarah Clem, Branch Manager
Water Division ADEQ



TECHNICAL SUPPORT DOCUMENT:

EPA REVIEW OF SITE-SPECIFIC CRITERIA AND USE REVISIONS TO
REGULATION 2: REGULATION ESTABLISHING WATER QUALITY STANDARDS FOR
SURFACE WATERS OF THE STATE OF ARKANSAS FOR THE LITTLE RIVER AND
RED RIVER, ARKANSAS

Revisions Adopted by the Arkansas Pollution Control and Ecology Commission via Minute
Order No. 15-21 for Southwestern Electric Power Company

U.S. EPA REGION 6
WATER DIVISION
May 2016




Table of Contents

L. Introduction

............................................................................................................................... 1
BACKGround ... e !
CHFONOLOZY OF EVERES ..o oo I
Summary Of ReViSed PrOVISIONS .............c...coooe oo oo 2

I1. Revised Provisions EPA iS APProving c.....omeiiiiiinnieiiiniiienneciicnitssnssscnsssnssseereonas 2
Site-specific Water Qualiry Criterion for TDS in the Little River ..., 2

Criterion DETIVALION . c..oiiiieiiiiest et eitee et ete et ete et eetat e e ebae et aesbeanss s e e essreerseeersaeeeaans 23
Use SUPPOrt JUSTHTCATION . ....uvoeriiieiei ettt e ettt ereeae e 3
ALCHION Lt ettt ettt eh e e et e et n e e 4
Site-specific Water Quality Criterion for Temperature in the Little River............................. 4
Criterion DIETIVALION . ....ocuiieiii ittt ettt e s e ee et e e et aeeree e st e et ener e et e et e e e 4
Use Support JUuSTFICAtION. .....coiiiiiiii e 5
Action ........ Z O PO OO OO SO OO RSO U TP O PR U OO U PSP RPOPO 6
Removal of Domestic Water Supply Use in the Red River....................c.c.ocoiiiiiii )
Use Removal JUSHTICATION ....ooviiiiiiiiiiieiciec e e e 6
ALCEION 1.ttt ettt e e ettt e e st e e ety e b e et e et ea st e st e bt e et e na e e e ataee e e s 7

I11. Revised Provision upon which EPA is Taking No Action ........ceiiivienicninsenscneeiienns 7

Site-specific Water Quality Criterion for TDS in the Red River ..., 7
NO Action Rationale ... 7



1. Introduction

Background

As described in §303(c) of the Clean Water Act (CWA) and in the standards regulation
within the Code of Federal Regulations (CFR) at 40 CFR §131.20, states and authorized tribes
have primary responsibility to develop and adopt water quality standards to protect their waters.
State and tribal water quality standards consist of three primary components: beneficial uses,
criteria to support those uses, and an antidegradation policy. In addition, CWA §303(c)(1) and
40 CFR §131.20 require states to hold public hearings at least once every three years to review
and, as appropriate, modify and adopt standards.

Under 40 CFR §131.21, EPA reviews new and revised surface water quality standards
that have been adopted by states and authorized tribes. Authority to approve or disapprove new
and/or revised standards submitted to EPA for review has been delegated to the Water Division
Director in Region 6. Tribal or state water quality standards are not considered effective under
the CWA until approved by EPA.

The purpose of this Technical Support Document (TSD) is to provide the basis for the
Environmental Protection Agency’s (EPA) actions on water quality standards revisions to
Regulation No. 2: Regulation Establishing Water Quality Standards for Surface Waters of the
State of Arkansas adopted by the Arkansas Pollution Control and Ecology Commission
(APC&EC) in Minute Order 15-21 and further described in the subsection below titled
“Summary of Revised Provisions.”

Chronology of Events

September 11, 2014 A third party, Southwestern Electric Power Company
(SWEPCO), filed a petition with the APC&EC to amend
Regulation No. 2

September 26, 2014 The APC&EC initiated the rulemaking proceedings via a
Minute Order No. 14-33

October 1, 2014 Public notice of the proposed rule-making was published

November 17, 2014 Public hearing on the proposed rule-making was held in
Hope, Arkansas

December 3, 2014 Public comment period ended on the proposed changes to
Regulation No. 2

October 23, 2015 Becky Keogh, Director, Arkansas Department of

Environmental Quality (ADEQ), signed Minute Order No.
15-21 adopting changes to Regulation No. 2



December 21, 2015 William K. Honker, Director, Water Division, EPA
Region 6, received letter from, Ellen Carpenter Water
Division Chief, ADEQ requesting EPA approval of the
adopted revisions and transmitting the water quality
standards submission package

February 9, 2016 EPA Region 6 issues a letter to ADEQ stating that no
action would be taken on the submission package to allow
the third party time to respond to EPA’s comments

March 30, 2016 ADEQ submits additional information prepared by the
third party to EPA

Summary of Revised Provisions

By letter dated December 21, 2015, ADEQ submitted several water quality standards
revisions adopted by the APC&EC via Minute Order No. 15-21 to EPA for review and approval.
These revisions are located in Regulation 2.511 and Appendix A of Regulation No. 2. They
include revisions of temperature (30°C to 32°C) and total dissolved solids (TDS) (100 mg/L to
138 mg/L.) criteria for the Little River from Millwood Lake to its confluence with the Red River.
They also include the removal of the domestic water supply use and the increase of the TDS

criterion from 500 mg/L. to 860 mg/L for the Red River from the mouth of the Little River to the
Arkansas (AR)/Louisiana (LA) state line.

I1. Revised Provisions EPA is Approving

[n accordance with the requirements found in Regulation No. 2.306 of the Arkansas
Water Quality Standards, SWEPCO contracted with FTN Associates, Ltd., to complete a use
attainability analysis (UAA) of the receiving waterbodies and a technical justification for the site
specific criteria. The purpose of the UAA and technical justification were to provide scientific
justification to support revised site-specific water quality criteria for temperature and TDS, as
well as a domestic water supply use removal, for these waterbodies.

Site-specific Water Quality Criterion for TDS in the Littie River

Table 1. Site-specific water quality criterion revision for TDS in the Little River submitted by
ADEQ to EPA for review and approval.

Reach Description ‘Current Criterion | Proposed Criterion
_Little River from Millwood Lake to the Red River 100mg/L | 138 mg/L

Criterion Derivation

The TDS criterion for the Little River was developed by determining a value that would
not be considered a “significant modification” from the ecoregion (ER) value by ADEQ, as
defined in Regulation No.2. This value was the sum of 1/3 ER chloride criterion, 1/3 ER sulfate
criterion, and the ER TDS criterion which totaled 138 mg/L. In addition, a mass balance model



was developed that both incorporated the ambient TDS concentrations in the Little River as well
as the effluent TDS concentration from the SWEPCO plant. With these two input factors, the
mass balance determined a site-specific criterion of 136.1 mg/L would be necessary for the plant
to operate without causing impairments. Given that the mass balance value and the calculated
value were very similar, the value of 138 mg/L was selected as the criterion that was proposed in
this third party rulemaking.

Use Support Justification

The following designated uses apply for the Little River from Millwood Lake to its
confluence with the Red River: primary contact recreation, secondary contact recreation,
domestic water supply, industrial water supply, agricultural water supply, and aquatic life. Of
these uses, the Gulf Coastal Plain ecoregion aquatic life use is the most sensitive, and as such
will be the focus of the following discussion of use support. According to the Arkansas
Regulation No. 2, the aquatic life use “provides for the protection and propagation of fish,
shellfish and other forms of aquatic biota.”

A weight-of-evidence approach was taken to provide the justification for the support of
the aquatic life use in the Little River, including field studies, a toxicity study, and a literature
review of mineral impacts on aquatic life. Two groups of organisms, fish and benthic
macroinvertebrates, were considered for the evaluation of protection of aquatic life use.

The benthic macroinvertebrate population of the Little River appeared to already be an
impacted community. This impact is likely due to the presence of the dam that created Millwood
Lake, upstream of this section of the Little River. When organisms were classified down to
genus, only 11 unique taxa were found, with the predominant proportion consisting of
Chironomidae (83%). Only 11.5 % of the community was made up of Ephemeroptera,
Plecoptera, and Trichoptera (EPT) taxa. As most of this community is dominated by
Chironomidae, a family that is generally pollution tolerant, it is not anticipated that these
organisms will be very sensitive to changes in TDS concentration. Along with the assessment of
the community in the field, a toxicity study was also completed with Ceriodaphnia dubia. These
results found a no effect concentration of 1,260 for TDS (hardness in the range of 150-215 mg/L,
chloride 171 mg/L, sulfate 432 mg/L) and an IC25 of 1,744 mg/L (hardness ~150-215 mg/L,
chloride 232 mg/L, sulfate 600mg/L). While this indicates that a TDS of 138 mg/L will be
supportive of the use, toxicity results need to be viewed only as a piece of the rationale, rather
than the entire story. Toxicity studies are limited by their assessment of only one species and by
the fact that they can’t match the exact cbnditions of the field. C. dubia, while the typical
species used for toxicity tests, is one of the less sensitive species when it comes to minerals
toxicity. In addition, minerals toxicity is affected by a number of variables including the ionic
ratio and the hardness of the water, making the determination of the toxicity of minerals
challenging.

Given these limitations of laboratory studies, the protectiveness of a TDS of 138 mg/L
for benthic macroinvertebrates for the Little River was also evaluated by utilizing the results
from a field based study conducted by the EPA (2011). This study used conductivity as a
measure to assess minerals and determined a benchmark conductivity value where 95 % of the
genera in the community would be protected from extermination. This study was conducted in



high gradient streams in the Appalachian Region that were dominated by Ca?*, Mg?*, SO4%,
HCOs salts. These salts also dominate the Little River, but the Little River is located in a non-
comparable ecoregion. The streams in the 2011 EPA study also had a greater number of EPT
taxa than the Little River. Even though these streams varied geographically from each other, the
results from the 2011 EPA study can still be used as a point of reference on toxicity. The 2011
EPA study found a benchmark value of 300 uS. When 138 mg/L TDS was converted to a
conductivity value for the Little River, it was estimated to be 218 uS. This value falls below the
300 puS benchmark found in the 2011 EPA study, adding support to the protectiveness of this
criteria.

The fish community in the Little River was also considered when determining if the
revised TDS criterion supported the aquatic life use. Field studies conducted in 2013 collected a
total of 40 fish species in the Little River. Twenty-seven of those fish species could be assigned
a tolerance classification according to Meador and Carlisle 2007 and 23 were classified as
“tolerant” or “moderately tolerant.” These classifications indicate that they are less likely to be
sensitive to changes in TDS. Also, of the 40 fish species that were collected in the Little River,
37 of them were also found in the Red River in a study by Buchanan et al. 2003, which surveyed
the fish population in the Arkansas portion of the Red River from 1996 to 2001. The 50™
percentile of monitoring data collected at Garland, AR, was 464 mg/L during this study period,
demonstrating that most of these fish species were living in a habitat with a much higher TDS
than the criterion proposed for the Little River. This supports the rationale that the TDS criterion
of 138 mg/L is protective of the aquatic life use.

Action

Based upon the information provided above that demonstrate that the TDS criterion
revision will have minimal impact on aquatic life, EPA approves the revision of the TDS

criterion from 100 mg/L to 138 mg/L for the reach of the Little River from Millwood Lake to the
confluence with the Red River.

Site-specific Water Quality Criterion for Temperature in the Little River

Table 2. Site-specific water quality criterion revision for temperature in the Little River
submitted by ADEQ to EPA for review and approval.

Reach Description Current Criterion | Proposed Criterion
Little River from Millwood Lake to the Red River 30°C 32°C

i

Criterion Derivation

The Little River below Millwood Lake experiences temperatures near or higher than
32°C during summer months predominantly due to the geomorphic qualities of the lake and the
river. Millwood Lake is a relatively shallow reservoir with an average depth of 1.5 m which
leads to the entire water column of this lake increasing in temperature relatively quickly in
summer months. The maximum depth measured near the old thalweg was 7 m. Therefore the



water that is released from this lake, even if it is from lower depths, is warm in summer months
and can increase the temperature downstream in the Little River. In addition, the Little River is a
wide river, with little overhead tree cover for the central section of the river. Its typical width is
between 61 m and 122 m, resulting in minimal overhead cover for the center of the river. This
exposure to direct sunlight leads to greater temperatures in the river. The ecoregion temperature
value that is currently assigned to the river was based on background values of least disturbed
streams in the ecoregion that had an average width of 7 m and average canopy cover of 84%.
Given the difference in the geomorphology of the Little River from these reference streams and
the impacts from the dam’s presence, a higher temperature criterion value appears to be
appropriate for this river. This is evidenced by daily maximum temperatures measured in the
river from April to October 2012. The 95" percentile of temperature values upstream and
downstream of SWEPCO were 32.11°C (89.8°F) and 32.5°C (90.5°F), respectively. In 2013
(Feb to Oct) the 95" percentile of the data ranged from 30.1°C (86.2°F) to 31°C (87.8°F)
upstream of the SWEPCO effluent discharge. Both of these measurement periods demonstrate
exceedances of the current criterion of 30°C. Twenty-six percent of both the data upstream and
downstream of SWEPCO were found to exceed the current 30°C criteria from April to October
2012 and February to October 2013. A multiple linear regression was developed by FTN that
used daily stream flow rates and daily average air temperatures in order to predict daily
maximum water temperatures. Several variations of the parameters were tested to determine the
best regression model and the model that had the lowest standard error of the estimate was
selected. The regression was utilized to create a 5 year data set (April 2008 to March 2013) of
daily maximum water temperatures. The 95™ percentile of this data set was then determined to
be 32.0°C and is the criteria value that is being proposed.

Use Support Justification

Primary contact recreation, secondary contact recreation, domestic water supply,
industrial water supply, agricultural water supply, and aquatic life uses apply to the Little River
from Millwood Lake to its confluence with the Red River. The Gulf Coastal Plain ecoregion
aquatic life use is the most sensitive, and as such will be the focus of the following discussion of
use support. According to the Arkansas Regulation No. 2, the aquatic life use “provides for the
protection and propagation of fish, shellfish and other forms of aquatic biota.”

Assessment of benthic macroinvertebrates in the Little River showed a community that
was likely already impacted by habitat factors. This river is wide with little overhead cover,
where the predominant habitat for macroinvertebrates is woody debris. The river substrate is
predominantly sand, with very few patches of gravel or cobble. In addition, the dam at the head
of this reach of the Little River is also likely impacting flow and habitat qualities of this river
which will in turn impact the benthic macroinvertebrates. The macroinvertebrate population
appeared to already be an impacted community as when organisms were classified down to
genus, only 11 unique taxa were found, with the predominant proportion consisting of
Chironomidae (83%). Only 11.5 % of the community was made up of EPT taxa. As this
community is dominated by Chironomidae, it is not anticipated that these organisms will be very
sensitive to 2°C temperature change.






The letters from the Arkansas Natural Resources Commission and the Arkansas
Department of Health affirm that the domestic water supply designated use is not an existing use
on this reach of the Red River and the reach is not currently being considered for a domestic
water supply source. In addition, the high mineral content of this water body, partially due to
natural salt seeps upstream, further justifies that the domestic water supply use is an unattainable
use. The minerals criteria for water bodies with a domestic water supply use in Arkansas is 500
mg/L TDS, 250 mg/L sulfate, and 250 mg/L chloride. Water quality monitoring data from the
Red River at Fulton, just downstream of the Little River, show frequent exceedances of the 500
mg/L TDS criterion starting from the time that monitoring began in 1997. In addition the 75%"
percentiles of ADEQ monitoring data at Garland (about the midpoint of this reach) were 660.5
mg/L from April 1996 to December 2001 and 624.0 mg/L from January 2002 to October 2013.
Monitoring data from the ADEQ monitoring site at Doddridge also showed that the 90™ and 95
percentiles for TDS at this location were 657 mg/L and 770 mg/L, respectively, for a period of
record of September 1990 to October 2013. These data demonstrate that the minerals levels in
this reach of the Red River are often above 500 mg/L.

Action

Based upon the current and historic data presented in the UAA for the TDS in this reach
of the Red River, along with the letters from the Arkansas Natural Resources Commission and
the Arkansas Department of Health, EPA determines that the domestic water supply use is
neither an existing, nor an attainable use in the Red River from its confluence with the Little
River down to the Arkansas-Louisiana state line. Therefore, EPA approves the removal of the
domestic water supply use from the reach of the Red River from its confluence with the Little
River down to the Arkansas- Louisiana state line.

II1. Revised Provision upon which EPA is Taking No Action

Site-specific Water Quality Criterion for TDS in the Red River

Table 3. Site-specific water quality criterion revision for TDS in the Red River submitted by
ADEQ to EPA for review and approval.

Reach Description Current Criterion | Proposed Criterion
Red River from the confluence with the Little River
to the AR-LA state line 500 mg/L 860 mg/L.

No Action Rationale

EPA is currently taking no action on the site-specific TDS criteria change for the Red River from
its confluence with the Little River down to the Arkansas-Louisiana state line. EPA has
continuing concerns about demonstration of appropriate aquatic life use protection and
protection of downstream uses in Louisiana. Consideration of these issues require further review

by EPA at this time. Once these issues have been sufficiently reviewed, EPA will issue an action
on this revised provision.



As specified in 40 CFR § 131.21(c), these revised standards do not go into effect for CWA
purposes until approved by EPA. Therefore, the previously approved criteria of 500 mg/L
remains in effect for CWA purposes.

IV. References
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Heather Ferguson

From: Kesler, Karen [Kesler.Karen@epa.gov]
Sent: Wednesday, June 22, 2016 3:05 PM

To: Jim Malcolm

Cc: Crocker, Philip

Subject: SWEPCO TDS supplemental information
Hi Jim,

| wanted to touch base and see when we should be expecting the additional information for the SWEPCO rulemaking in
light of our meeting on June 10™.  As this rulemaking has already been largely extended beyond the normal time frame,
we would like to move forward with the final piece of rulemaking as soon as possible. Phil is pushing to get this action
completed quickly, so we would prefer to receive the additional information by next Friday, July 1%

Please let us know when you expect to send it along to ADEQ. | will be out of the office until June 30", so please cc Phil
with your response so he knows where things stand.

Thanks,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185





















Preliminary Development of Tolerance Values for Freshwater Species

Preliminary tolerance values (TVs) for chloride and sulfate were developed from aquatic toxicity test data
available through EPA's ECOTOX database. Test metrics (LCx, ECx, NOEC, LOEC and MATC) for
Chloride and sulfate must be used as surrogates for TDS TVs because toxicity test results are seldom
reported as TDS. The ECOTOX data base provides laboratory test results from a wide range of test
conditions. Results of this compilation are provided in the "Fish summary", "Insects etc", and
"Crustaceans" tabs in the attached accompanying spreadsheet. The tables for each species and chemical
provide average, minimum and maximum values of all metrics at all test durations. Visual examination
of these results indicated that maximum and minimum metric values are generally large in magnitude
(almost all value well in excess of 1000mg/L) and vary with a factor of 2 or 3. Therefore average values
for all test metrics (i.e. LCx, ECx, NOEC, LOEC and MATC) as mg/L chloride or sulfate for lethalityints
were averaged across all test durations to provide a first approximation of TVs. These TVs are provided,
as available from ECOTOX (Period of record 1954 through 2016), in Tables 1, and 3.

Table 1. Tolerance values for fish

Tolerance Value (mg/L)
Scientific name Common name Chloride Sulfate
Pimephales promelas Fathead minnow 4990 3461
Lepomis macrochirus Bluegill sunfish 10378
Gambusia affinis Eastern mosquito fish 13400
Anguilla rostrata American eel 19665
Cyprinella leedsi Bannerfin shiner 6120
Gambusia holbrooki Western Mosquito fish 5820
Carassius auratus Goldfish 2734
Morone saxatilis Stripped Bass 3604




Table 2. Tolerance values for insects and other invertebrates.

Tolerance Value (mg/L)

Scientific name Common name Chloride Sulfate
Culiseta incidens Mosquito 7850

Elliptio complanata Eastern Elliptio 2450

Epioblasma torulosa Northern Riffleshell 244

Erpobdella punctata Red Leech 8125

Gyraulus circumstriatus FW mollusc 6020

Gyraulus parvus FW mussel 3043

Hydroptila angusta Caddisfly 6621

Isonychia bicolor Mayfly 2861

Lampsilis cardium Plain Pocketbook mussel 817

Lampsilis fasciola Wavy-Rayed Lampmussel 1133

Lampsilis siliquoidea Lamp-Mussel 1806 2882
Ligumia recta Black Sandshell mussel 3130

Limnodrilus hoffmeisteri Oligochaete 6381

Lumbriculus variegatus Oligochaete, Worm 4626
Maccaffertium sp. Mayfly 380

Musculium transversum Long Fingernail Clam 1655

Nais variabilis Oligochaete 2569

Nephelopsis obscura Leech 4284

Physa heterostropha Pond Snail, 5067

Planorbella campanulata Snail, Bellmouth Rams-Horn 7190

Pycnopsyche guttifera Caddisfly 3526
Pycnopsyche lepida Northern Caddisfly 3526

Sphaerium simile Grooved Fingernail Clam 920 2290
Sphaerium sp. Orb Cockle, Fingernail Clam 1612

Stenonema modestum Mayfly 4.7

Tipula abdominalis Crane Fly 1000

Tubifex tubifex Tubificid Worm 5311

Villosa constricta Notched Rainbow 3504

Chironomus tentans Midge 12908
Tricorythus sp. Mayfly 660




Table 3. Tolerance values for insects and other invertebrates.

Tolerance Value (mg/L)

Scientific name Common name Chloride Sulfate

Daphnia ambigua Water flea 1097
Daphnia hyalina Water flea 3000
Daphnia magna Water flea 3813

Daphnia pulex Water flea 2573

Gammarus pseudolimnaeus Aquatic Sowbug 10320

Hyalella azteca 1740
Lirceus fontinalis Aquatic Sowbug 2970
Pacifastacus leniusculus Signal Crayfish 1000




Fish Summary

Chemical Species

Cacl |Pimepha|es promelas |Average
Minimum
Maximum
N

Na2504 [Pimephales promelas |Average
Minimum
Maximum
N

CacCl Lepomis macrochirus |Average
Minimum
Maximum
N

Cacl [Pimephales promelas |Average
Minimum
Maximum
N

Cacl |Gambusia affinis Average
Minimum

Maximum
N
NaCl |Anguilla rostrata Average
American eel Minimum
Maximum
N
NaCl |Cyprine|la leedsi |Average
bannerfin shiner Minimum
Maximum
N
|Lepomis macrochirus IAverage
bluegill sunfish Minimum
Maximum
N
[Gambusia holbrooki |Average
Mosquito fish Minimum

Maximum
N
ICarassius auratusjAverage
Goldfish Minimum
Maximum
N
]Morone saxatilis Average
Striped bass Minimum

Maximum
N
|Gambusia affinis |Average
Mosquito fish Minimum
Maximum
N
Lepomis macrochirus |Average
Bluegill sunfish Minimum
Maximum
N
Na2504 |Pimephales promﬁlAverage
Fathead minnow Minimum
Maximum
N

Growth
Endpoint Value Test duration
1410000 7
1410000
1410000
1
1245972 11.2
101370 7
3650000 21
10
Survival

Endpoint Value Test duration
10375000 4.166666667

9500000 4
11300000 5
11300000

4990000 2.75

4630000 1

6560000 4
13400000
13400000 2.3
13400000 1
13400000

3
19665000 4
17880000 4
21450000 4
2

6120115 4

6069550 4

6069550 4

4

8256650 4

1294600 4
12946000 4

4
5820000 4.5
100000 4
11540000 5
2
2734309.63 2.527272727
4324000 1
11050000 10
165
3604166.667 2.5
1000000 1
7000000 4
24

17916666.67 2.333333333
17916666.67 2.333333333
17916666.67 2.333333333

1
10381428.57 4
3040000 4
13500000 4

7
3461232.759 6.896551724
101370 1
15200000 21

29

TV summary from AQUIRE



Insect, etc. Summary

Chemical
NaCl

Species
Brachionus calyciflorus
Rotifer

Chironomus dilutus

Lumbriculus variegatus

Polycelis felina
Tubellaria

Stenonema modestum

Tubifex tubifex
Tubificid Worm

Amerianna cumingi
snail

Corbicula manilensis

Average
Minimum
Maximum
N

Average
Minimum
Maximum
N
Average
Minimum
Maximum
N

Average
Minimum
Maximum
N

Average
Minimum
Maximum
N

Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N

Sublethal (Growth Reprod

endpoint Value

1608200
1120000
2230000
5
2809200
2133000
3960000
5
730750
366000
1366000
4
108000
108000
108000
1

5650
2700
7000

8
660600
462000
964000
5
338000
338000
338000
1
1500000
1500000
1500000
4

Duration

TV Summary from AQUIRE

20
20
20

28
28
28

14
14
14

28
28
28

N

28
28
28



Insect, etc. Summary TV Summary from AQUIRE

Lethal
Species endpoint Value Duration
NaCl Acroneuria abnormis Average 10000000 4
Stonefly Minimum 10000000 4
Maximum 10000000 4
N 1
Agnetina capitata Average 10000000 4
Stonefly Minimum 10000000 4
Maximum 10000000 4
N 1
Argia sp. Average 27375000 2.375
Damdel fly Minimum 23000000 1
Maximum 32000000 4
N 8
Brachionus calyciflorus Average 1645000 1
Rotifer Minimum 1645000 1
Maximum 1645000 1
N 1
Caenorhabditis elegans Average 18126250 2.5
Nematode Minimum 15460000 1
Maximum 21000000
N 8
Chironomus dilutus Average 6234856.667 2.111111111
midge Minimum 4162650 2
Maximum 8740140 4
N 6234856.667 2.111111111
Culiseta incidens Average 7850000 11
Mosquito Minimum 4700000 11
Maximum 11000000 11
N 2
Elliptio complanata Average 2450000 1.5
Minimum 2230000 1
Maximum 2670000 2
N 2
Northern Riffleshell Average 244000
Minimum 244000 1
Maximum 244000 1
N 1
Erpobdella punctata Average 8125000 2.75
Red Leech Minimum 7500000 1
Maximum 10000000 5
N 4
Gyraulus circumstriatus Average 6020000 3
FW mollusc Minimum 3200000 1
Maximum 10000000

N 5



Insect, etc. Summary

Species
Gyraulus parvus
FW mussel

Hydroptila angusta
Caddisfly

Isonychia bicolor
Mayfly

Lampsilis cardium
Plain Pocketbook

Lampsilis fasciola
Wavy-Rayed Lampmussel!

Lampsilis siliquoidea
Lamp-Mussel

Ligumia recta
Black Sandshell

Limnodrilus hoffmeisteri

Tubificid Worm, Oligochaete

Lumbriculus variegatus
Oligochaete, Worm

Maccaffertium sp.
Mayfly

Musculium transversum
Long Fingernail Clam

Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N

Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N

Lethal

endpoint Value

3043500
3009000
3078000
2
6621000
6621000
6621000
1
2861111.111
500000
8000000
18
817000
817000
817000

1
1133461.538
113000
3980000
13
1806300
168000
4560000
10
3130000
2510000
3750000
2
6381250
5800000
7500000
8
4626592.5
3100000
5588680
8
3809953.478
2700
14134000
92
1655000
1655000
1655000
1

TV Summary from AQUIRE

Duration

D

14
14
14

1.307692308
1
4

1.8
1

N

4.859375
1
10.875

jSN

5.239130435
1
14

D



Insect, etc. Summary TV Summary from AQUIRE

Lethal

Species endpoint Value Duration

Nais variabilis Average 2569000 2

Oligochaete Minimum 2569000 2
Maximum 2569000 2
N 1

Nephelopsis obscura Average 4284417.143 4

Leech Minimum 3320000 4
Maximum 5340000 4
N 7

Physa gyrina Average 2540000 4

Pouch Snail Minimum 2540000 4
Maximum 2540000 4
N 1

Physa heterostropha Average 5067647.059 2.647058824

Pond Snail, Pneumonate Snail Minimum 3500000 1
Maximum 7500000 5
N 17

Planorbella campanulata Average 7150000 3

Snail, Bellmouth Rams-Horn ~ Minimum 6150000 1
Maximum 10000000 5
N 5

Pycnopsyche guttifera Average 3526000 4

Caddisfly Minimum 3526000 4
Maximum 3526000 4
N 1

Pycnopsyche lepida Average 3526000 4

Northern Caddisfly Minimum 3526000 4
Maximum 3526000 4
N 1

Sphaerium simile Average 920000 4

Grooved Fingernail Clam Minimum 740000 4
Maximum 1100000 4
N 2

Sphaerium sp. Average 1612500 2.5

Orb Cockle, Fingernail Clam Minimum 1100000 1
Maximum 2400000
N 8

Stenonema modestum Average 4700 14

Mayfly Minimum 2700 14
Maximum 7000 14
N 4

Tipula abdominalis Average 1000000 4

Crane Fly Minimum 1000000 4
Maximum 1000000 4

N 1



Insect, etc. Summary

Na2S04

Species
Tubifex tubifex
Tubificid Worm

Villosa constricta
Notched Rainbow

Chironomus tentans
Midge

Lampsilis siliquoidea
Lamp-Mussel

Sulfuric acid sodium salt (1:2)
Grooved Fingernail Clam

Tricorythus sp.
Mayfly

Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N
Average
Minimum
Maximum
N

Lethal

endpoint Value
5311333.333
4278000
6008000
3
3504000
2590000
5230000
5
12908000
11682000
14134000
2
2882300
1702000
3729000
10
2290250
1502000
2926000
8
660000
660000
660000
1

Duration

TV Summary from AQUIRE

N

N

10

I



Crustaceans Summary TV Summary from AQUIRE
Sublethal (Growth Reprod

Species endpoint Value Duration
NacCl Daphnia ambigua Average 646666.6667 10
Minimum 440000 10
Maximum 850000 10
N 3
Daphnia magna Average 1041130.435 10.73913043
Minimum 220000 2
Maximum 2160000 21
N 23
Na2S04 Daphnia pulex Average 465083.3333 21
Minimum 314000 21
Maximum 1200000 21
N 12
Eulimnogammarus toletanus Average 108000 7
Sand Shrimp Minimum 108000
Maximum 108000
N 1
Hyalella azteca Average 1876800 21
Minimum 380000 14
Maximum 4237000 28
N 10
Lethal (survival)
Species endpoint Value Duration
CaCl2 Hyalella azteca Average 2207555.556 3.925925926
Minimum 512000 2
Maximum 4345000 4
N 27
Lirceus fontinalis Average 2970000 4
Aquatic Sowbug Minimum 2970000 4
Maximum 2970000 4
N 1
Pacifastacus leniusculus Average 1000000 71
Signal Crayfish Minimum 1000000 71
Maximum 1000000 71
N 1
NaCl Asellus communis Average 7095454.545 3.454545455
Aquatic Sowbug Minimum 5100000 1
Maximum 10000000 7
N 11
Daphnia ambigua Average 1096666.667 7.333333333
Minimum 440000 2
Maximum 2000000 10
N 3
Daphnia hyalina Average 3000000 2
Minimum 3000000 2
Maximum 3000000 2

N 1



Crustaceans Summary

Species
Daphnia magna

Na2504

Daphnia pulex

Gammarus pseudolimnaeus

Hyalella azteca

Average
Minimum
Maximum
N
Average
Minimum
Maximum
N

Average
Minimum
Maximum
N

Average
Minimum
Maximum
N

Lethal (survival)
endpoint Value

3813532

467000

8600000

40

2573043.478

400000

5090000

23

10320000

7700000

12600000

7

1740373.942

2185

5259000

52

TV Summary from AQUIRE

Duration
2.725
1
21

6.043478261
1
21

3.142857143
3
4



Heather Ferguson

From: Kesler, Karen [Kesler.Karen@epa.gov]

Sent: Wednesday, June 29, 2016 3:41 PM

To: Jim Malcolm

Subject: Automatic reply: SWEPCO TDS supplemental information

I will be out of the office between June 23rd and June 29th. T will respond to your email as quickly as possible when 1
return to the office on June 30th.

Thanks,
Karen






Please let us know when you expect to send it along to ADEQ. | will be out of the office until June 30", so please cc Phil
with your response so he knows where things stand.

Thanks,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185









Water Division
EPA Region 6
(214)665-3185






























Thanks,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185





















[ appreciate the APC&EC’s and the ADEQ’s effort in the review of these revised provisions of
the State’s standards and also appreciate ADEQ’s assistance with coordinating meetings and
correspondence with the third party. If you have any questions or concerns, please contact me at
214-665-7101, or contact Karen Kesler at 214-665-3185.

Sincerely,

L Hye o

William K. Honker, P.E.
Director
Water Division

Enclosure

ce: Sarah Clem, Branch Manager
Water Division ADEQ















Please let me know if you have any questions,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185






[ appreciate the APC&EC’s and the ADEQ’s effort in the review of these revised provisions of
the State’s standards and also appreciate ADEQ’s assistance with coordinating meetings and
correspondence with the third party. If you have any questions or concerns, please contact me at
214-665-7101, or contact Karen Kesler at 214-665-3185.

Sincerely,

L Frde

William K. Honker, P.E.
Director
Water Division

Enclosure

cc:  Sarah Clem, Branch Manager
Water Division ADEQ
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Heather Firguson

From: Kesler, Karen [Kesler.Karen@epa.gov]
Sent: Tuesday, July 26, 2016 10:46 AM

To: Jim Malcolm

Cc: Clem, Sarah; Crocker, Philip

Subject: Additional SWEPCO information

Hi Jim,

Thank you for the additional information that you have sent over about the SWEPCO rulemaking. EPA
understands from your previous email that SWEPCO is willing to move forward with a 780 mg/L criteria for the lower
Red River. The EPA believes this number will address issues of downstream protection. Unfortunately, since the
previous 860 mg/L was adopted into Regulation No.2, a new rulemaking is going to have to occur for the 780 mg/L value
to be considered. In order to allow this to happen, EPA is disapproving the previous 860 mg/L and the issues that we
discussed during the previous conference call with downstream protection and protection of aquatic life use will be
referenced in that technical support document. However with this email we wanted to recognize that we appreciate the
additional information that you have put together for us and wanted to provide some feedback for the next rulemaking
action.

After looking through the preliminary information that you have gathered and the follow up email indicating that
SWEPCO would be willing to move forward with a TDS criteria of 780 mg/L, | believe this information resolves the
downstream protection concern and sufficiently adds to your weight-of-evidence demonstrating aquatic life protection.
While this is only a preliminary assessment, I believe this information helps address our two concerns with the
rulemaking. We appreciate you putting together the additional information on the benthic species and the tolerance
values. The tolerance values are along the lines of evidence that we were hoping for, but | wanted to offer some
suggestions that might make the information more useful for our evaluation. I would recommend not averaging all the
test metrics together, as they measure different outcomes for the organisms, some lethal and some sublethal. As each of
the metrics measures slightly different outcomes, I would recommend only averaging alike metrics together. You could
possibly add on an additional assessment that is an average of all the lethal and then all the sublethal metrics if you would
like. The other piece of information that I think would be useful for the assessment of tolerance values would be the
hardness values of the experiments, if they are available. Also, if there are hardness values of the Red River with which to
compare this to that would also be useful information as the hardness can impact the toxicity of the minerals. Also, I
recognize that the information sent over was preliminary, but if a final excel file with tolerance values is included in the
new submission, please include units for each of the columns.

Please let me know if you have any questions.

Thank you,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185
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hardness values of the experiments, if they are available. Also, if there are hardness values of the Red River with which to
compare this to that would also be useful information as the hardness can impact the toxicity of the minerals. Also, I
recognize that the information sent over was preliminary, but if a final excel file with tolerance values is included in the
new submission, please include units for each of the columns.

Please let me know if you have any questions.

Thank you,
Karen

Karen Kesler, Ph. D.

Water Quality Standards Coordinator
Water Division

EPA Region 6

(214)665-3185






























425 W. Capitol Ave. | Ste. 1800 | Little Rock, AR 72201
Mitchell, Williams, Selig, Gates & Woodyard, P.L.L.C.

Confidentiality Notice: This electronic mail transmission and any attachment may constitute an attorney-client communication that is privileged at law. It is not
intended for transmission to, or receipt by, any unauthorized persons. If you have received this electronic mail transmission in error, please delete it from your
system without copying it, and notify the sender by reply e-mail or by calling (501) 688-8800 Little Rock, AR (479) 464-5650 Rogers, AR (512) 480-5100 Austin, TX
(267) 757-8780 Newtown, PA or (870) 336-9292 Jonesboro, AR so that our address record can be corrected.

















































Summary of sublethal endpoints

Supplemental Information in Support of a Use Attainability Analysis for Dissolved Minerals in the Red River in Arkansas
Prepared by FTN Associates, Ltd. for Southwestern Electric Power Company, September 27, 2016

Sublethal endpoints for calcium-, magnesium-, and sodium-based salts of chloride and sulfate.

Effect ENDPOINT (mg/L)
Chemical Species Measurement | Statistic EC50 1C50 LOEL/LOEC | NOEL/NOEC
Minimum 1,366 366 < 366
Lumbriculus variegatus Reproduction _<_mm.= 1,366 366 = 366
Maximum 1,366 366 < 366
N 1 1 1
Sodium Minimum 958 1,000 210
. . Mean 958 3,041 1,673
oﬁ”_nn”-”_ﬁﬁ.&vm Pimephales promelas Growth Moo 958 10,000 5,000
N 1 28 47
Minimum 752 964 462
. i ) Mean 752 964 462
Tubifex tubifex Reproduction Maximum 752 962 152
N 1 1 1
Minimum 360
Calcium Daphnia magna Reproduction _<_mm.: 980
sulfate Maximum 1,600
N 4
Minimum 360
Magnesium Daphnia magna Reproduction _<_mm.: 360
sulfate Maximum 360
N 2
Minimum 465 715 150 < 150
Ceriodaphnia dubia Reproduction Z_mw.: 1,050 1,199 1,150 710
Maximum 1,458 2,061 3,650 1,301
N 6 4 14 10
Minimum 2,220 < 2,220
. . . Mean 2,220 < 2,220
Ceriodaphnia sp. Reproduction Maxirorn 2,220 < 2220
N 1 1
Minimum 1,500 1,500
Sodium sulfate|Corbicula manilensis Growth _<_mw.: 1,500 1,500
Maximum 1,500 1,500
N 2 2
Minimum > 2,412 2,412 1,637
Hyalella azteca Reproduction _<_mm.: > 2412 2,412 1,637
Maximum > 2,412 2,412 1,637
N 1 1 1
Minimum 220 < 220
Pimephales promelas Growth Z_mmd 220 760
Maximum 220 1,301
N 1 2

Page 2 of 2

EC50/1C50: the concentration at which a 50% inhibition or reduction of the associated effect measurement (e.g., growth,
reproduction) is observed (compared to the control group)

LOEL/LOEC: the lowest-observed-effect level/concentration; the lowest concentration at which a statistically significant
effect was observed (compared to the control group)

NOEL/NOEC: the no-observed-effect level/concentration; the highest concentration at which no statistically significant
effect was observed (compared to the control group)




























































































































































Hardness Values Associated with Lethal Toxicity Endpoints Page 52 of 52

Reference Information

Result [Reference Publication]

Number | Number Author Title Source Year
767484 14761|(Mount,D.R., and D.D. Gu|Development of a Salinity/Toxicity Relationship to PjFinal Rep.GRI-92/0301, ENSR Contract Ng 1992
759462 107318|Leblanc,G.A., and D.C. SYThe Influence of Mineral Salts on Fecundity of the WHydrobiologia108:25-31 1984
759465 107318|Leblanc,G.A., and D.C. SYThe Influence of Mineral Salts on Fecundity of the WHydrobiologia108:25-31 1984
196198 5683|Academy of Natural SciejThe Sensitivity of Aquatic Life to Certain Chemicals JFinal Rep.No.RG-3965(C2R1), U.S.Public H 1960
160503 18272(Mount,D.R., D.D. Gulley, |Statistical Models to Predict the Toxicity of Major loffEnviron. Toxicol. Chem.16(10): 2009-201 1997
160502 18272|Mount,D.R., D.D. Gulley,|Statistical Models to Predict the Toxicity of Major lofEnviron. Toxicol. Chem.16(10): 2009-201 1997
160501 18272|Mount,D.R., D.D. Gulley, |Statistical Models to Predict the Toxicity of Major lofEnviron. Toxicol. Chem.16(10): 2009-201 1997
767512 14761{Mount,D.R., and D.D. Gu|Development of a Salinity/Toxicity Relationship to PqFinal Rep.GRI-92/0301, ENSR Contract Nd 1992
767515 14761|Mount,D.R., and D.D. Gu|Development of a Salinity/Toxicity Relationship to Pq{Final Rep.GRI-92/0301, ENSR Contract N( 1992




























Hardness Values Associated with Sublethal Toxicity Endpoints

Page 9 of 18
Supplemental Information in Support of a Use Attainability Analysis for Dissolved Minerals in the Red River in Arkansas
Prepared by FTN Associates, Ltd. for Southwestern Electric Power Company, September 27, 2016
Hardness values associated with sublethal toxicity endpoints.
Hardness
Concentration

Result Number Chemical Name Species Scientific Name| Endpoint Effect Measurement {mg/L) Minimum | Mean | Maximum Units

759463|Sulfuric acid, Calcium salt (1}Daphnia magna NOEC Progeny counts/numbers 360 170 mg/L CaCO3

759484|Sulfuric acid, Calcium salt (1{Daphnia magna NOEC Progeny counts/numbers 1,600 256 1,468 mg/L CaCO3




























Hardness Values Associated with Sublethal Toxicity Endpoints

Page 18 of 18

Reference Information

Reference Publication

Result Number] Number Author Title Source Year
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764330 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
764326 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. 5ci.16:37-48 1961
764329 116751]Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
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2152847 158449|Elphick,).R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
741752 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
764481 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
187905 19999|Cressman III,C.P., and P.L. Wi Reference Toxicants for Toxicity Testing UsifASTM Spec. Tech. Publ.6:518-532 1997
187903 19999|Cressman III,C.P., and P.L. Wi Reference Toxicants for Toxicity Testing UsifASTM Spec. Tech. Publ.6:518-532 1997
187902 19999|Cressman III,C.P., and P.L. W Reference Toxicants for Toxicity Testing Usi|ASTM Spec. Tech. Publ.6:518-532 1997
187901 19999|Cressman 1II,C.P., and P.L. Wi Reference Toxicants for Toxicity Testing Usi{ASTM Spec. Tech. Publ.6:518-532 1997
187906 19999|Cressman [11,C.P., and P.L. Wi Reference Toxicants for Toxicity Testing Usi|ASTM Spec. Tech. Publ.6:518-532 1997
187904 19999|Cressman IIl,C.P., and P.L. W Reference Toxicants for Toxicity Testing Usi|ASTM Spec. Tech. Publ.6:518-532 1997
742006 106214|Khanna,N., C.P. Cressman I, C.P. TatalTolerance of the Nematode Caenorhabditisf{Arch. Environ. Contam. Toxicol.32(1): 110-1] 1997
742038 106214 |Khanna,N., C.P. Cressman llI, C.P. Tata|Tolerance of the Nematode Caenorhabditis{Arch. Environ. Contam. Toxicol.32(1): 110-1| 1997
742918 106214|Khanna,N., C.P. Cressman llI, C.P. Tata|Tolerance of the Nematode Caenorhab Arch. Environ. Contam. Toxicol.32(1): 110-1] 1997
742919 106214 (Khanna,N., C.P. Cressman lil, C.P. Tata|Tolerance of the Nematode Caenorhabditis|Arch. Environ. Contam. Toxicol.32(1): 110-1] 1997
196818 2145|Adelman,i.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196799 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196831 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196814 2145[Adelman,|.R., and L.L.Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196791 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196776 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196783 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196795 2145{Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196828 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. FatfEPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196816 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat{ EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
167864 5230|Adelman,I.R., L.L.,Jr. Smith, and G.D. S|Acute Toxicity of Sodium Chloride, Pentachl|J. Fish. Res. Board Can.33(2): 203-208 1976
75451 10487|Threader,R.W., and A.H. Houston Use of NaCl as a Reference Toxicant for Gol{Can. J. Fish. Aquat. Sci.40(1): 89-92 1983
196826 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196803 2145|Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. FatlEPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196788 2145|Adelman,|.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196784 2145|Adelman,i.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196775 2145]Adelman,L.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196834 2145|Adelman,I.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. FatfEPA-600/3-76-061A, U.S.EPA, Duluth, MN:7] 1976
196808 2145|Adelman,L.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196827 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196836 2145]|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |, Fat{ EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196823 2145|Adelman,i.R., and L.L.,Jr. Smith Standard Test Fish Development. Part 1. Fat|EPA-600/3-76-061A, U.S.EPA, Duiuth, MN:7| 1976
196780 2145]Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196790 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196804 2145|Adelman,L.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196811 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196824 2145]|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat] EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196830 2145|Adelman,I.R., and L.L. Jr. Smith Standard Test Fish Development. Part 1. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196778 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part [. FatlEPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196807 2145|Adelman,|.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat| EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196802 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196810 2145)Adelman,Ii.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196822 2145]Adelman,L.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7] 1976
196794 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. FatlEPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196798 2145|Adelman,|.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196786 2145)Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196782 2145|Adeiman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196796 2145{Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7} 1976
196800 2145]Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
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196812 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196779 2145|Adelman,l.R., and L.L.Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196792 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196815 2145|Adelman,L.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196835 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196820 2145(Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196774 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196806 2145|Adelman,li.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196832 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196840 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196819 2145(Adelman,|.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196787 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196801 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196817 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196837 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
167863 5230|Adelman,l.R., L.L.,Jr. Smith, and G.D. S|Acute Toxicity of Sodium Chloride, Pentachl|J). Fish. Res. Board Can.33(2): 203-208 1976
196793 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196805 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196777 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196785 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196797 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196825 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196813 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196789 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196821 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196833 2145]Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196829 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196781 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196809 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
26112 915(Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Arj{). Water Pollut. Control Fed.37(9): 1308-131 1965
741686 71674|Harmon,S.M., W.L. Specht, and G.T. C§A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
2152825 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2075467 158924{Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2153271 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153268 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai{Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2075442 158924 (Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075434 158924 (Soucek,D.J., T.K. Linton, C.D. Tarr, A. D{influence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075468 158924(Soucek,D.J., T.K. Linton, C.D. Tarr, A. DInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075410 158924 Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075471 158924 |Soucek,D.J., T.K. Linton, C.D. Tarr, A. DInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2153274 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai{Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152724 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HarqArch. Hydrobiol.122(1): 33-56 1991
2152723 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HarqArch. Hydrobiol.122(1): 33-56 1991
2152874 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153277 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153280 158449(Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2075466 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. DlInfluence of Water Hardness and Sulfate on{Environ. Toxicol. Chem.30(4): 930-938 2011
2075469 158924 |Soucek,D.J., T.K. Linton, C.D. Tarr, A. DInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075470 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2074934 158924 |Soucek,D.J., T.K. Linton, C.D. Tarr, A. OjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075402 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. OJInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075426 158924 [Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
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2075418 158924 (Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
120843 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120826 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce{Environ. Toxicol. Chem.11(6): 851-866 1992
120844 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120840 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120842 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|{Environ. Toxicol. Chem.11(6): 851-866 1992
741547 106169{Cowgill,U.M., and D.P. Milazzo The Sensitivity of Two Cladocerans to Wate|Arch. Environ. Contam. Toxicol.21(2): 218-2| 1991
120829 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120845 11152|DeGraeve,G.M., J.D. Cooney, B.H. MarjVariability in the Performance of the 7-D Ce|{Environ. Toxicol. Chem.11(6): 851-866 1992
120837 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar] y in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120827 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120841 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mai| ity in the Performance of the 7-D CelEnviron. Toxicol. Chem.11(6): 851-866 1992
120824 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120839 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar] ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120828 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| y in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120825 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ty in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120838 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ty in the Performance of the 7-D Ce{Environ. Toxicol. Chem.11(6): 851-866 1992
160319 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, al Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
160320 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
741288 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
207716 45168|Cowgill,U.M., and D.P. Milazzo The Response of the Three Brood CeriodapljArch. Environ. Contam. Toxicol.21(1): 35-40) 1991
207717 45168|Cowgill,U.M., and D.P. Milazzo The Response of the Three Brood Ceriodapl{Arch. Environ. Contam. Toxicol.21(1): 35-40 1991
742567 71674|Harmon,S.M., W.L. Specht, and G.T. C§A Comparison of the Daphnids CeriodaphnijArch. Environ. Contam. Toxicol.45(1): 79-85| 2003
767903 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
766864 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
767897 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767961 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767879 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767895 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq|IPS Environmental and Analytical Services, A 1993
767872 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767959 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767870 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767967 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
766872 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
766866 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767889 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inc|IPS Environmental and Analytical Services, A 1993
767856 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767969 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncdIPS Environmental and Analytical Services, 4 1993
767846 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
767953 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767887 116830]Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767881 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767975 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767864 116830]Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767862 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767848 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767854 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
251007 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251003 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251001 11152[DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce{Environ. Toxicol. Chem.11(6): 851-866 1992
250999 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251009 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
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250998 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251005 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
741687 71674[Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
767855 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767904 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
766865 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767898 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767962 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|{IPS Environmental and Analytical Services, A 1993
767880 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767896 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767873 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, 1993
767960 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767871 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, A 1993
767968 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
766873 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
766867 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767890 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767857 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767970 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767847 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncolIPS Environmental and Analytical Services, A 1993
767954 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
767888 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767882 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767976 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767865 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767863 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767849 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
250997 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251000 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120855 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251004 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|{Environ. Toxicol. Chem.11(6): 851-866 1992
251002 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ty in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251008 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251006 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
741695 71674|Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids CeriodaphnijArch. Environ. Contam. Toxicol.45(1): 79-85 2003
741699 71674|Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
741671 103812|Sarma,S.S.S., S. Nandini, J. Morales-VeEffects of NaCl Salinity on the Population DyAquat. Ecol.40:349-360 2006
768272 14761|{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768340 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768268 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768173 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
207718 45168|Cowgill,U.M., and D.P. Milazzo The Response of the Three Brood Ceriodapl{Arch. Environ. Contam. Toxicol.21(1): 35-40 1991
207719 45168|Cowgill,U.M., and D.P. Milazzo The Response of the Three Brood Ceriodapl{Arch. Environ. Contam. Toxicol.21(1): 35-40 1991
741660 71674|Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids CeriodaphnijArch. Environ. Contam. Toxicol.45(1): 79-85| 2003
207721 45168|Cowgill,U.M., and D.P. Milazzo The Response of the Three Brood Ceriodapl{Arch. Environ. Contam. Toxicol.21(1): 35-40 1991
2152722 119414|Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
742530 106169|Cowgill,U.M., and D.P. Milazzo The Sensitivity of Two Cladocerans to Wate|Arch. Environ. Contam. Toxicol.21(2): 218-2| 1991
768266 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768264 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
768175 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
741435 101084 |Epsey,Huston & Associates Inc. The Effects of the Total Hardness on Potass{EPA/OTS Doc.#40-84421610:2 p. 1989
741635 12133|Dheer,).M.S., T.R. Dheer, and C.L. MaHHaematological and Haematopoietic Respoy). Fish Biol.28(1): 119-128 1986
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741678 12133|Dheer,).M.S., T.R. Dheer, and C.L. MaHHaematological and Haematopoietic RespolJ. Fish Biol.28(1): 119-128 1986
2060209 112901 |ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060210 112901]ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060211 112901]ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for| 2009
2060212 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060213 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060214 112901 |ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060216 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project No0.20-22235A, Report Prepared for 2009
2060217 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060218 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060220 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060221 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060222 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060223 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060225 112901[ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2152838 158449|Elphick,).R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2060201 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060236 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060237 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060228 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060247 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060275 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060254 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060259 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060270 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2211037 80777|Dean,K.E., R.M. Palachek, J.M. Noel, R|Development of Freshwater Water-Quality {Environ. Toxicol. Chem.23(6): 1441-1451 2004
741489 19119|Komarudin,O., M. Shariff, and F. ShahqToxicity of Sodium Chloride to Clarias batradin: M.Shariff, R.P.Subasinghe, and J.R.Arthu 1992
2162289 163945|Magondu,E.W., J. Rasowo, E. Oyoo-OlEvaluation of Sodium Chloride (NaCl) for Po|Aquaculture319(1/2): 307-310 2011
2162290 163945|Magondu,E.W., J. Rasowo, E. Oyoo-OKEvaluation of Sodium Chioride (NaCl) for Po Aquaculture319(1/2): 307-310 2011
2211025 80777|Dean,K.E., R.M. Palachek, J.M. Noel, R|Development of Freshwater Water-Quality {Environ. Toxicol. Chem.23(6): 1441-1451 2004
2211024 80777|Dean,K.E., R.M. Palachek, J.M. Noel, R|Development of Freshwater Water-Quality {Environ. Toxicol. Chem.23(6): 1441-1451 2004
16495 6244[Hamilton,R.W., J.K. Buttner, and R.G. {Lethal Levels of Sodium Chloride and PotasqEnviron. Entomol.4(6): 1003-1006 1975
26114 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Ar{J). Water Pollut. Control Fed.37(9): 1308-131 1965
26113 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
2152587 111908|Lee,F.C. Effect of Various Sodium Chloride Concentr{Mosq. News33(1): 78-83 1973
2152588 111908}Lee,F.C. Effect of Various Sodium Chioride Concentr{Mosq. News33(1}): 78-83 1973
2152592 111908{Lee,F.C. Effect of Various Sodium Chloride Concentr{Mosq. News33(1): 78-83 1973
2060148 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060157 112901}ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060168 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060161 112901|/ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060198 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060191 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060190 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060189 112901[ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
742566 71674|Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids CeriodaphnijArch. Environ. Contam. Toxicol.45(1): 79-85 2003
741697 71674|Harmon,S.M., W.L. Specht, and G.T. C§A Comparison of the Daphnids CeriodaphnifArch. Environ. Contam. Toxicol.45(1): 79-85 2003
741698 71674|Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
2164727 163942 |Kotkmeier,M.A., and B.W. Brooks Sublethal Silver and NaCi Toxicity in Daphni{Ecotoxicology22(4): 693-706 2013
18462 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18463 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Ar{J. Water Pollut. Control Fed.37(9): 1308-131 1965
18461 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
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18464 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-131 1965
2152826 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
759179 116913|Meyer,J.S., D.A. Sanchez, J.A. BrookmgChemistry and Aquatic Toxicity of Raw Oil S{Environ. Toxicol. Chem.4:559-572 1985
2152709 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
2152708 119414|Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
144221 14713|Harris,G. The Comparative Toxicity of Crude and Refi{Rep. Ser. No. EE-152, Environment Canada, 1994
144220 14713 (Harris,G. The Comparative Toxicity of Crude and Refi{Rep. Ser. No. EE-152, Environment Canada, 1994
144218 14713|Harris,G. The Comparative Toxicity of Crude and RefijRep. Ser. No. EE-152, Environment Canada, 1994
144219 14713|Harris,G. The Comparative Toxicity of Crude and RefijRep. Ser. No. EE-152, Environment Canada, 1994
144222 14713(Harris,G. The Comparative Toxicity of Crude and Refi{Rep. Ser. No. EE-152, Environment Canada, 1994
160322 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of {Environ. Toxicol. Chem.16(10): 2009-2019 1997
742529 106169|Cowgill,U.M., and D.P. Milazzo The Sensitivity of Two Cladocerans to Wate|Arch. Environ. Contam. Toxicol.21(2): 218-2| 1991
160321 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
767302 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
772103 97393|Davies, T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767308 97393|Davies, T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
742019 106213|Martinez-Jeronimo,F., and L. MartineZ Chronic Effect of NaCl Salinity on a Freshwa|Ecotoxicol. Environ. Saf.67(3): 411-416 2007
18460 915(|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
119469 2465|Dowden,B.F. Cumulative Toxicities of Some Inorganic Sal{Proc. La. Acad. Sci.23:77-85 1961
31699 2465|Dowden,B.F. Cumulative Toxicities of Some Inorganic Sal{Proc. La. Acad. Sci.23:77-85 1961
2164731 163942{Kolkmeier,M.A., and B.W. Brooks Sublethal Silver and NaCl Toxicity in Daphni{Ecotoxicology22(4): 693-706 2013
768426 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
768527 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
768489 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationyFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
768475 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768531 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768496 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
768445 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
768499 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
768467 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768521 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768486 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
2164732 163942 |Kolkmeier,M.A., and B.W. Brooks Sublethal Silver and NaCl Toxicity in Daphni{Ecotoxicology22(4): 693-706 2013
2152707 119414 (Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
768428 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
768533 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768500 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768431 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
768498 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
741531 106169 |Cowgill,U.M., and D.P. Milazzo The Sensitivity of Two Cladocerans to Wate|Arch. Environ. Contam. Toxicol.21(2): 218-2, 1991
768450 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768523 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768530 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
2210504 165478|EA Engineering Science and TechnologResults of Acute and Chronic Toxicity Testin|[Report 2900, EA Engineering, Science, and 7] 1998
768520 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768488 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
768526 14761|{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
2210505 165478|EA Engineering Science and TechnologResults of Acute and Chronic Toxicity Testin|Report 2900, EA Engineering, Science, and T 1998
742069 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742931 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742926 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742068 19549|Price, E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989

Page 105 of 128



ered Data from ECOTOX

Reference
Result Number Number Author Title Source Publication Year
742927 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
741434 101084 |Epsey,Huston & Associates Inc. The Effects of the Total Hardness on Potass{EPA/OTS Doc.#40-84421610:2 p. 1989
2055812 157749{Robison,A.L. Influence of Predation-Based Chemical Cue{M.S Thesis, Oklahoma State University, OK: 2011
201545 45826|Birge,W.J., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
201566 45826|Birge,W.J., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
201558 45826|Birge,W.J., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
740690 76054|Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
740662 76054{Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
741563 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.§Acute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
803856 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.jAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
2052775 157679]Gillis,P.L. Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
231524 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231523 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231527 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebralProc. Pa. Acad. Sci.35:51-56 1961
231525 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231526 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
2062417 118575|DiMaggio,M.A., C.L. Ohs, and B.D. Pet{ ity Tolerance of the Seminole Ki Aquaculture293(1/2): 74-80 2009
2062416 118575|DiMaggio,M.A., C.L. Ohs, and B.D. Pet{Salinity Tolerance of the Seminole Killifish, fAquaculture293(1/2): 74-80 2009
2064155 508|Wallen,I.E., W.C. Greer, and R. Lasater|Toxicity to Gambusia affinis of Certain Pure {Sewage Ind. Wastes29(6): 695-711 1957
2064156 508(Wallen,l.E., W.C. Greer, and R. Lasater|{Toxicity to Gambusia affinis of Certain Pure|Sewage Ind. Wastes29(6): 695-711 1957
2064154 508|Wallen,l.E., W.C. Greer, and R. LasaterjToxicity to Gambusia affinis of Certain Pure |Sewage Ind. Wastes29(6): 695-711 1957
118481 6176|Newman,M.C., and M.S. Aplin Enhancing Toxicity Data Interpretation and [Aquat. Toxicol.23(2): 85-96 1992
741789 68238|Blasius,B.J., and R.W. Merritt ield and Laboratory Investigations on the §Environ. Pollut.120(2): 219-231 2002
742663 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the §Environ. Pollut.120(2): 219-231 2002
2053816 157748|Sornom,P., V. Felten, V. Medoc, S. SrofEffect of Gender on Physiological and BehayEnviron. Pollut.158:1288-1295 2010
2053813 157748[Sornom,P., V. Felten, V. Medoc, S. Sro{Effect of Gender on Physiological and BehaJEnviron. Pollut.158:1288-1295 2010
2053818 157748|Sornom,P., V. Felten, V. Medoc, S. Sro{Effect of Gender on Physiological and BehayEnviron. Pollut.158:1288-1295 2010
2053814 157748{Sornom,P., V. Felten, V. Medoc, S. Sro{Effect of Gender on Physiological and BehaJEnviron. Pollut.158:1288-1295 2010
2053819 157748(Sornom,P., V. Felten, V. Medocg, S. Sro{Effect of Gender on Physiological and BehayEnviron. Pollut.158:1288-1295 2010
2053817 157748|Sornom,P., V. Felten, V. Medog, S. Sro{Effect of Gender on Physiological and BehayEnviron. Pollut.158:1288-1295 2010
231537 2050|Wurtz,C.B., and C.H. Bridges ary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231535 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebralProc. Pa. Acad. Sci.35:51-56 1961
231533 2050{Wurtz,C.B., and C.H. Bridges inary Results From Macro-invertebralProc. Pa. Acad. 5¢i.35:51-56 1961
231536 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231534 2050|Wurtz,C.B., and C.H. Bridges inary Results From Macro-InvertebraProc. Pa. Acad. Sci.35:51-56 1961
2075474 158924{Soucek,D.)., T.K. Linton, C.D. Tarr, A. OjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075475 158924 (Soucek,D.J., T.K. Linton, C.D. Tarr, A. QjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2164548 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StdSci. Total Environ.414:238-247 2012
2164547 163937|Bartlett,A.)., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
2164549 163937|Bartlett,A.)., Q. Rochfort, L.R. Brown, {Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
2164550 163937|Bartlett,A.)., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StdSci. Total Environ.414:238-247 2012
2164551 163937|Bartlett,A.J)., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
2164553 163937(Bartlett,A.)., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StdSci. Total Environ.414:238-247 2012
2164552 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
2164554 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
2152842 158449|Elphick,).R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2164556 163937|Bartlett,A.)., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StdSci. Total Environ.414:238-247 2012
2164558 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StdSci. Total Environ.414:238-247 2012
2164555 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StdSci. Total Environ.414:238-247 2012
2164557 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
16496 6244|Hamilton,R.W., J.K. Buttner, and R.G. fLethal Levels of Sodium Chloride and PotasqEnviron. Entomol.4(6): 1003-1006 1975
740725 76054|Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and [Prog. Fish-Cult.58(2): 77-84 1996

Page 106 of 128



Filtered Data from ECOTOX

Reference
Result Number Number Author Title Source Publication Year
741710 76054 {Waller,D.L., S.W. Fisher, and H. DabrofPrevention of Zebra Mussel Infestation and[Prog. Fish-Cult.58(2): 77-84 1996
740689 76054 |Waller,D.L., S.W. Fisher, and H. DabroJPrevention of Zebra Mussel Infestation and[Prog. Fish-Cult.58(2): 77-84 1996
2164711 163450(Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164646 163450{Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164696 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availa Environ. Monit. Assess.185(2): 1341-1353 2013
2164693 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164628 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availa Environ. Monit. Assess.185(2): 1341-1353 2013
2164700 163450{Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164641 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164625 163450]Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164613 163450{Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164645 163450(Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164618 163450{Echols,B.S., R.). Currie, D.S. Cherry, an{Seasonal Availa Environ. Monit. Assess.185(2): 1341-1353 2013
2164695 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164692 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availa Environ. Monit. Assess.185(2): 1341-1353 2013
2164699 163450(Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164640 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availa Environ. Monit. Assess.185(2): 1341-1353 2013
2164627 163450{Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164710 163450(|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availa Environ. Monit. Assess.185(2): 1341-1353 2013
2164623 163450(Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2052772 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052780 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052782 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052786 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052784 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052781 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052783 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
741564 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.§Acute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
2052773 157679 s,P.L. Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052774 157679 s,P.L. Assessing the Toxicity of Sodium Chioride tdEnviron. Pollut.159(6): 1702-1708 2011
2052785 157679 s,P.L. Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
741584 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.JAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
803857 100597/ Bringolf,R.B., W.G. Cope, C.B. Eads, P.JAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
2052779 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2224815 160209|Hazelton,P.D., W.G. Cope, T.J. Pandolf|Partial Life-Cycle and Acute Toxicity of PerfliEnviron. Toxicol. Chem.31(7): 1611-1620 2012
2052777 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052778 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052770 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052776 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
2052771 157679 Assessing the Toxicity of Sodium Chloride tdEnviron. Pollut.159(6): 1702-1708 2011
741568 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.{Acute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
803860 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.{Acute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26{10): 2086-2093 2007
741594 100597(Bringolf,R.B., W.G. Cope, C.B. Eads, P.JAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
2224806 160209|Hazelton,P.D., W.G. Cope, T.J. Pandolf{Partial Life-Cycle and Acute Toxicity of Perfl|Environ. Toxicol. Chem.31(7): 1611-1620 2012
18184 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-131 1965
196203 5683Academy of Natural Sciences The Sensitivity of Aquatic Life to Certain ChqFinal Rep.No.RG-3965(C2R1), U.S.Public He. 1960
201540 45826|Birge,W.)., ].A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
40512 8037|Trama,F.B. The Acute Toxicity of Some Common Salts dProc. Acad. Nat. Sci. Philadelphial06:185-2 1954
13417 949|Patrick,R., J.,Jr. Cairns, and A. Scheier |[The Relative Sensitivity of Diatoms, Snails, &Prog. Fish-Cult.30(3): 137-140 1968
220765 60643|Reed,P., and R. Evans Acute Toxicity of Chlorides, Sulfates and TofContract Report 283, State Water Survey Di 1981
2210845 80777|Dean,K.E., R.M. Palachek, J.M. Noel, R|[Development of Freshwater Water-Quality {Environ. Toxicol. Chem.23(6): 1441-1451 2004
740684 76054{Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
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740724 76054|Waller,D.L., S.W. Fisher, and H. DabroyjPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
2224820 160209 (Hazelton,P.D., W.G. Cope, T.J. Pandolf|Partial Life-Cycle and Acute Toxicity of Perfl{Environ. Toxicol. Chem.31(7): 1611-1620 2012
2224821 160209|Hazelton,P.D., W.G. Cope, T.J. Pandolf|Partial Life-Cycle and Acute Toxicity of Perfl|Environ. Toxicol. Chem.31(7): 1611-1620 2012
231519 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231583 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebratProc. Pa. Acad. Sci.35:51-56 1961
231522 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231584 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231582 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231521 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231518 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231520 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
203677 45826(Birge,W.J., 1.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
203678 45826|Birge,W.J., J.A. Black, A.G. Westerman{Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
2152829 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2060288 112901 |ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060289 112501|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for| 2009
2060290 112901(ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060276 112901[ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060292 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060293 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060291 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060317 112901 |ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060318 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060307 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060306 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060315 112901[ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060319 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060302 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060309 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
18185 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Ar{J. Water Pollut. Control Fed.37(9): 1308-131 1965
18186 915iDowden,B.F., and H.J. Bennett To! y of Selected Chemicals to Certain Anj). Water Pollut. Control Fed.37(9): 1308-131 1965
764505 116751|Gohar,H.AF., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
741739 68238|Blasius,B.])., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
2164606 163450]Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164588 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164592 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164600 163450{Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164609 163450{Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164603 163450(|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availab Environ. Monit. Assess.185(2): 1341-1353 2013
2164595 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164605 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164587 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164591 163450(Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two [Environ. Monit. Assess.185(2): 1341-1353 2013
2164599 163450(Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164608 163450]Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164602 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
2164594 163450|Echols,B.S., R.J. Currie, D.S. Cherry, an{Seasonal Availability and Sensitivity of Two |Environ. Monit. Assess.185(2): 1341-1353 2013
802493 2012[Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802503 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
802492 2012{Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802504 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802490 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gany 1973
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802505 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
802506 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Ganl 1973
802491 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan 1973
802494 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802495 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan 1973
802499 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gany 1973
802500 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802501 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802497 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf, Western Assoc. State Ga 1973
802496 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan 1973
802502 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
6172 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6170 2012{Hughes,].S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6174 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6169 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6173 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6167 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
6171 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
6168 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gany 1973
2075478 158924 (|Soucek,D.J., T.K. Linton, C.D. Tarr, A. D/Influence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
16494 6244|Hamilton,R.W., J.K. Buttner, and R.G. {Lethal Levels of Sodium Chloride and PotasgEnviron. Entomol.4(6): 1003-1006 1975
2060327 112901JENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060325 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060326 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060329 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060335 112901|ENVIRON international Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060336 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060333 112901 |ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060352 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060350 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060361 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060360 112901[ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060342 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
2060354 112901 |ENVIRON International Corp. Chloride Toxicity Test Results Project N0.20-22235A, Report Prepared for 2009
740693 76054 {Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
741709 76054 [Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
201542 45826|Birge,W.J., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
201543 45826|Birge,W.J., J.A. Black, A.G. Westerman{Recommendations on Numerical Values for{University of Kentucky, Lexington, KY:73 p. 1985
231546 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-invertebrajProc. Pa. Acad. 5¢i.35:51-56 1961
231545 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-invertebrajProc. Pa. Acad. Sci.35:51-56 1961
231550 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231549 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231554 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231544 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-invertebrajProc. Pa. Acad. 5ci.35:51-56 1961
231553 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231547 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231542 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231551 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231548 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebraiProc. Pa. Acad. Sci.35:51-56 1961
231540 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-invertebrajProc. Pa. Acad. Sci.35:51-56 1961
231543 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebralProc. Pa. Acad. S¢i.35:51-56 1961
231539 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
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231538 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231552 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231541 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrafProc. Pa. Acad. Sci.35:51-56 1961
196750 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196772 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196755 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196735 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196768 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part | Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196767 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196736 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196713 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196744 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196724 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196763 2145|Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
759180 116913|Meyer,).S., D.A. Sanchez, J.A. BrookmdChemistry and Aquatic Toxicity of Raw Oil S|Environ. Toxicol. Chem.4:559-572 1985
196745 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196714 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196748 2145]Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196728 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196741 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7] 1976
196756 2145|Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part . Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7, 1976
196729 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196760 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196759 2145(Adelman,L.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196731 2145|Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196839 2145|Adelman,|.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196770 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196720 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196766 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196723 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196732 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196740 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
2152828 158449]Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
196716 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196751 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196711 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7] 1976
196737 2145{Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196712 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196764 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7] 1976
196733 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7] 1976
196758 2145|Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part . Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196725 2145[Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196752 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196715 2145|Adelman,I.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196727 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196771 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196721 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196739 2145|Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. FatlEPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196754 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196717 2145|Adelman,I.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196747 2145[Adelman,|.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196743 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
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196762 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat| EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196719 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
2055542 157749|Robison,A.L. Influence of Predation-Based Chemical CueyM.S Thesis, Oklahoma State University, OK: 2011
160325 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of {Environ. Toxicol. Chem.16(10): 2009-2019 1997
160324 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
167861 5230|Adelman,l.R., L.L.,Jr. Smith, and G.D. S[Acute Toxicity of Sodium Chloride, PentachlfJ. Fish. Res. Board Can.33(2): 203-208 1976
160323 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
201537 45826|Birge,W.J., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
196726 2145|Adelman,l.R., and L.L. Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196769 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196765 2145|Adelman,I.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196734 2145|Adelman,I.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196761 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196738 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196718 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196753 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196757 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196749 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196722 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196742 2145|Adelman,I.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196746 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part |. Fat|EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7| 1976
196773 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
196730 2145|Adelman,l.R., and L.L.,Jr. Smith Standard Test Fish Development. Part I. Fat{EPA-600/3-76-061A, U.S.EPA, Duluth, MN:7 1976
167862 5230|Adelman,l.R., L.L.,Jr. Smith, and G.D. S|Acute Toxicity of Sodium Chloride, Pentachl|J. Fish. Res. Board Can.33(2): 203-208 1976
42866 16510|Pickering,Q.H., .M. Lazorchak, and K.l Subchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
96881 16510|Pickering,Q.H., J.M. Lazorchak, and K.l|Subchronic Sensitivity of One-, Four-, and SqEnviron. Toxicol. Chem.15(3): 353-359 1996
42423 16510(Pickering,Q.H., J.M. Lazorchak, and K.Subchronic Sensitivity of One-, Four-, and S{Environ. Toxicol. Chem.15(3): 353-359 1996
96906 16510|Pickering,Q.H., J.M. Lazorchak, and K.l Subchronic Sensitivity of One-, Four-, and S{Environ. Toxicol. Chem.15(3): 353-359 1996
14389 16510|Pickering,Q.H., J.M. Lazorchak, and K.l Subchronic Sensitivity of One-, Four-, and S{Environ. Toxicol. Chem.15(3): 353-359 1996
68598 16510|Pickering,Q.H., J.M. Lazorchak, and K.l|Subchronic Sensitivity of One-, Four-, and S{Environ. Toxicol. Chem.15(3): 353-359 1996
768104 116830]|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768072 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768157 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768066 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768058 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
768096 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768127 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq|IPS Environmental and Analytical Services, A 1993
768143 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, A 1993
768090 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 1993
768088 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 1993
768123 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768163 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco[IPS Environmental and Analytical Services, A 1993
768153 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
768098 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768074 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768080 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncIPS Environmental and Analytical Services, 4 1993
768113 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768107 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
768082 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768137 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
768147 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
768064 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
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768133 116830(Sanders,D.F. e Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768117 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncdIPS Environmental and Analytical Services, 4 1993
201561 45826{Birge,W.J., J.A. Black, A.G. Westerman[Recommendations on Numerical Values for[University of Kentucky, Lexington, KY:73 p. 1985
2210509 165478|EA Engineering Science and TechnologResults of Acute and Chronic Toxicity Testin|Report 2900, EA Engineering, Science, and 1 1998
741744 102785{Diamond,]., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures or|Arch. Environ. Contam. Toxicol.49(4): 511-5 2005
742691 102785{Diamond,]., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures or|Arch. Environ. Contam. Toxicol.49{4): 511-5 2005
741410 102785|Diamond,J., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures or]Arch. Environ. Contam. Toxicol.49(4): 511-5 2005
201562 45826|Birge,W.J., J.A. Black, A.G. Westerman[Recommendations on Numerical Values for[University of Kentucky, Lexington, KY:73 p. 1985
68599 16510(Pickering,Q.H., .M. Lazorchak, and K.JSubchronic Sensitivity of One-, Four-, and S4Environ. Toxicol. Chem.15(3): 353-359 1996
42865 16510]|Pickering,Q.H., .M. Lazorchak, and K.l|Subchronic Sensitivity of One-, Four-, and S{Environ. Toxicol. Chem.15(3): 353-359 1996
14383 16510|Pickering,Q.H., .M. Lazorchak, and K.||Subchronic Sen ity of One-, Four-, and SqEnviron. Toxicol. Chem.15(3): 353-359 1996
96885 16510]|Pickering,Q.H., .M. Lazorchak, and K.lSubchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
69057 16510|Pickering,Q.H., J.M. Lazorchak, and K.l|Subchronic Sensitivity of One-, Four-, and S{Environ. Toxicol. Chem.15(3): 353-359 1996
96907 16510|Pickering,Q.H., J.M. Lazorchak, and K. Subchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
768105 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncIPS Environmental and Analytical Services, A 1993
201560 45826|Birge,W.J., J.A. Black, A.G. Westerman[Recommendations on Numerical Values for[University of Kentucky, Lexington, KY:73 p. 1985
768073 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
768158 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768067 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
768059 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, 4 1993
768097 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, inco|IPS Environmental and Analytical Services, 1993
768128 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq|IPS Environmental and Analytical Services, A 1993
768144 116830jSanders,D.F. Site Water Bioassays for Huff and Huff, Incq!PS Environmental and Analytical Services, A 1993
768091 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768089 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inc{IPS Environmental and Analytical Services, A 1993
768124 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|{IPS Environmental and Analytical Services, 4 1993
768164 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncofIPS Environmental and Analytical Services, 4 1993
768154 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768099 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768075 116830jSanders,D.F. Site Water Bioassays for Huff and Huff, IncdIPS Environmental and Analytical Services, 4 1993
768081 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768114 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inc{IPS Environmental and Analytical Services, 4 1993
768108 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Incg|IPS Environmental and Analytical Services, 4 1993
768083 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, 4 1993
768138 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq{IPS Environmental and Analytical Services, A 1993
768148 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, 4 1993
768065 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncdIPS Environmental and Analytical Services, 4 1993
768134 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncollPS Environmental and Analytical Services, 4 1993
768118 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncIPS Environmental and Analytical Services, 1993
741400 102785{Diamond,)., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures or]Arch. Environ. Contam. Toxicol.49(4): 511-5 2005
742666 102785|Diamond,J., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures or]Arch. Environ. Contam. Toxicol.49(4): 511-5 2005
740697 76054|Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
201538 45826|Birge,W.J., J.A. Black, A.G. Westerman{Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
768558 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5! 1992
740694 76054 |Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
740696 76054|Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
742059 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742029 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742057 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742070 19549|Price,E.E. Response of Freshwater and Saltwater Toxi¢Ph.D.Thesis, University of North Texas, Den 1989
742077 19549|Price,E.E. Response of Freshwater and Saftwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742932 19549(Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
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742058 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
768559 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
742027 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742030 19549|Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
742026 19549(Price,E.E. Response of Freshwater and Saltwater Toxi{Ph.D.Thesis, University of North Texas, Den 1989
231532 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231528 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. 5ci.35:51-56 1961
231531 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. 5ci.35:51-56 1961
231530 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. 5ci.35:51-56 1961
231529 2050{wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
26115 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
26116 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Anj). Water Pollut. Control Fed.37(9): 1308-131 1965
2060321 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060324 112901{ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
2060323 112901|ENVIRON International Corp. Chloride Toxicity Test Results Project No.20-22235A, Report Prepared for 2009
741795 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
742665 68238|Blasius,B.)., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
742664 68238(Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the §Environ. Pollut.120(2): 219-231 2002
741756 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the fEnviron. Pollut.120(2): 219-231 2002
741783 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the §Environ. Pollut.120(2): 219-231 2002
741751 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the §Environ. Pollut.120(2): 219-231 2002
2170552 164438(McDermott,A.)., and B.D. Petty Use of lodized Versus Non-lodized Sodium (J. Appl. Aquacult.23(4): 351-357 2011
740686 76054 |Waller,D.L., S.W. Fisher, and H. DabroyPrevention of Zebra Mussel Infestation and|Prog. Fish-Cult.58(2): 77-84 1996
740685 76054|Waller,D.L., S.W. Fisher, and H. Dabro{Prevention of Zebra Mussel Infestation and |Prog. Fish-Cult.58(2): 77-84 1996
2075473 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075472 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. Djinfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
231556 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231560 2050|Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231561 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231559 2050|{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231557 2050({Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-InvertebrajProc. Pa. Acad. Sci.35:51-56 1961
231558 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231562 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
231555 2050{Wurtz,C.B., and C.H. Bridges Preliminary Results From Macro-Invertebra{Proc. Pa. Acad. Sci.35:51-56 1961
741781 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
741788 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the §Environ. Pollut.120(2): 219-231 2002
741743 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
741742 68238|Blasius,B.J., and R.W. Merritt Field and Laboratory Investigations on the HEnviron. Pollut.120(2): 219-231 2002
2075476 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. DJInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2075477 158924|Soucek,D.J., T.K. Linton, C.D. Tarr, A. DjInfluence of Water Hardness and Sulfate on|Environ. Toxicol. Chem.30(4): 930-938 2011
2152833 158449|Elphick,).R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
803853 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.fAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
741562 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.§Acute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
741561 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.JAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
741583 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.fAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
803850 100597|Bringolf,R.B., W.G. Cope, C.B. Eads, P.JAcute and Chronic Toxicity of Technical-Gra|Environ. Toxicol. Chem.26(10): 2086-2093 2007
759169 116922|Mostafa,B.B. Effect of Certain Salts on Biomphalaria alexdEgypt. J. Bilharz.19:75-88 1997
764615 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
160288 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, [Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
160287 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
767346 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationyFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767362 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationyFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
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767348 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767402 14761(Mount,D.R., and D.D. Guiley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767365 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767407 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767364 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767366 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767410 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767347 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767405 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767461 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-32/0301, ENSR Contract No.5 1992
767465 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
759182 116913|Meyer,J.S., D.A. Sanchez, J.A. BrookmgChemistry and Aquatic Toxicity of Raw Oil S|Environ. Toxicol. Chem.4:559-572 1985
160289 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, [Statistical Models to Predict the Toxicity of {Environ. Toxicol. Chem.16(10): 2009-2019 1997
160290 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, [Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
24910 915{Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
24907 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Anj). Water Poliut. Control Fed.37(9): 1308-131 1965
24908 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-131 1965
24306 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Aj). Water Pollut. Control Fed.37(9): 1308-131 1965
24909 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Arj). Water Pollut. Control Fed.37(9): 1308-131 1965
767488 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767485 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
767471 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
767487 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767490 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
759473 107318|Leblanc,G.A., and D.C. Surprenant The Influence of Mineral Salts on Fecundity |Hydrobiologial08:25-31 1984
759470 107318|Leblanc,G.A., and D.C. Surprenant The Influence of Mineral Salts on Fecundity|Hydrobiologial08:25-31 1984
2064012 508{Wallen,LE., W.C. Greer, and R. Lasater|Toxicity to Gambusia affinis of Certain Pure|Sewage Ind. Wastes29(6): 695-711 1957
2064016 508|Wallen,I.E., W.C. Greer, and R. Lasater{Toxicity to Gambusia affinis of Certain Pure {Sewage Ind. Wastes29(6): 695-711 1957
2064015 508|Wallen,I.E., W.C. Greer, and R. Lasater{Toxicity to Gambusia affinis of Certain Pure |Sewage Ind. Wastes29(6): 695-711 1957
220044 40155|Jaworska,M., A. Gorczyca, J. Sepiol, an/Effect of Metal lons on the Entomopathoge|Water Air Soil Pollut.93:157-166 1997
24911 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
24914 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
24912 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Anj). Water Pollut. Control Fed.37(9): 1308-131 1965
24913 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
24915 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Ang). Water Pollut. Control Fed.37(9): 1308-131 1965
89658 12497|Tsuji,S., Y. Tonogai, V. Ito, and S. Kanol|The Influence of Rearing Temperatures on tjJpn. J. Toxicol. Environ. Heaith32(1): 46-53 1986
61287 12497(Tsuji,S., Y. Tonogai, Y. Ito, and S. Kanol The Influence of Rearing Temperatures on t{Jpn. J. Toxicol. Environ. Health32(1): 46-53 1986
61288 12497|Tsuji,S., Y. Tonogali, Y. lto, and S. Kano|The Influence of Rearing Temperatures on t|Jpn. J. Toxicol. Environ. Health32(1): 46-53 1986
61289 12497|Tsuji,S., Y. Tonogai, Y. Ito, and S. KanolThe Influence of Rearing Temperatures on t|Jpn. J. Toxicol. Environ. Health32(1): 46-53 1986
89662 12497|Tsuji,S., Y. Tonogai, Y. Ito, and S. Kanol The Influence of Rearing Temperatures on t|Jpn. J. Toxicol. Environ. Health32(1): 46-53 1986
89660 12497|Tsuji,S., Y. Tonogai, Y. Ito, and S. Kanol The Influence of Rearing Temperatures on t|Jpn. J. Toxicol. Environ. Health32(1): 46-53 1986
160291 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
759181 116913{Meyer,).S., D.A. Sanchez, J.A. BrookmdChemistry and Aquatic Toxicity of Raw Oil S|Environ. Toxicol. Chem.4:559-572 1985
160292 18272{Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
160293 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of [Environ. Toxicol. Chem.16(10): 2009-2019 1997
767519 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
18178 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18176 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnfJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18177 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
18179 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain Ar{J. Water Pollut. Control Fed.37(9): 1308-131 1965
764340 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
764585 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
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2017048 153684]Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
2017057 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of Sulfa|Environ. Toxicol. Chem.30(1): 247-253 2011
2017040 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfalEnviron. Toxicol. Chem.30(1): 247-253 2011
2017029 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
766435 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766427 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766433 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766419 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766431 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766429 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766216 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766604 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766426 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766228 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on tHEcotoxicology16(3): 317-325 2007
766227 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on thEcotoxicology16(3): 317-325 2007
766221 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on thEcotoxicology16(3): 317-325 2007
766226 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on tHEcotoxicology16(3): 317-325 2007
759078 116829 Pickard,J., P. McKee, and J. Stroiazzo |Site Specific Multi-Species Toxicity Testing dIn: W.A.Price, B.Hurt and C.Howell (Eds.), P1 1999
766432 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
160330 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of [Environ. Toxicol. Chem.16(10): 2009-2019 1997
766430 116417{Soucek,D.)., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766418 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766428 116417{Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chioride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766215 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
160331 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, [Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
766434 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766576 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766609 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766554 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766567 96313|Soucek,D.J. Comparison of Hardness- and Chloride-RegyEnviron. Toxicol. Chem.26(4): 773-779 2007
766580 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766565 96313|Soucek,D.J. Comparison of Hardness- and Chloride-RegyEnviron. Toxicol. Chem.26(4): 773-779 2007
766607 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766556 96313|Soucek,D.J. Comparison of Hardness- and Chloride-RegyEnviron. Toxicol. Chem.26(4): 773-779 2007
766720 116831|lllinois National History Survey Effects of Water Quality on Acute and Chrog Third Quarterly Report, Submitted to U.S.ER 2005
766574 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766717 116831(lllinois National History Survey Effects of Water Quality on Acute and Chroj Third Quarterly Report, Submitted to U.S.EH 2005
766577 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766560 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766603 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766575 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766581 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766722 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrojThird Quarterly Report, Submitted to U.S.ER 2005
766573 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766578 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766595 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766586 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766610 96313|Soucek,D.J. Comparison of Hardness- and Chloride-RegJEnviron. Toxicol. Chem.26(4): 773-779 2007
766555 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766566 96313|Soucek,D.J. Comparison of Hardness- and Chloride-RegyEnviron. Toxicol. Chem.26(4): 773-779 2007
766718 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrofThird Quarterly Report, Submitted to U.S.EH 2005
766570 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
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766723 116831/lllinois National History Survey Effects of Water Quality on Acute and ChrojThird Quarterly Report, Submitted to U.S.Ef 2005
766605 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg]Environ. Toxicol. Chem.26(4): 773-779 2007
766591 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766724 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrofThird Quarterly Report, Submitted to U.S.ER 2005
766572 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766548 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766606 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg|Environ. Toxicol. Chem.26(4): 773-779 2007
766585 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766588 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766608 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg]Environ. Toxicol. Chem.26(4): 773-779 2007
766551 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766563 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766592 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766726 116831|lllinois National History Survey Effects of Water Quality on Acute and Chrof|Third Quarterly Report, Submitted to U.S.EH 2005
766587 96313{Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766612 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766561 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766590 96313{Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766593 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766594 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg]Environ. Toxicol. Chem.26(4): 773-779 2007
766571 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766584 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766745 116831|lllinois National Effects of Water Quality on Acute and ChroThird Quarterly Report, Submitted to U.S.EH 2005
766748 116831|!llinois National Effects of Water Quality on Acute and ChrojThird Quarterly Report, Submitted to U.S.EH 2005
766224 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on thEcotoxicology16(3): 317-325 2007
766222 114662{Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on tHEcotoxicology16(3): 317-325 2007
759072 116829|Pickard,J., P. McKee, and J. Stroiazzo |Site Specific Multi-Species Toxicity Testing dIn: W.A.Price, B.Hurt and C.Howell (Eds.), P! 1999
2017050 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfalEnviron. Toxicol. Chem.30(1): 247-253 2011
2017059 153684|Elphick,).R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
2017042 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
2017031 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
766739 116831/[lllinois National History Survey Effects of Water Quality on Acute and Chrof Third Quarterly Report, Submitted to U.S.EH 2005
766730 116831/|lllinois National History Survey Effects of Water Quality on Acute and ChroqThird Quarterly Report, Submitted to U.S.EH 2005
766225 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on tHEcotoxicology16(3): 317-325 2007
766223 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on tHEcotoxicology16(3): 317-325 2007
759073 116829(Pickard,J., P. McKee, and J. Stroiazzo |Site Specific Multi-Species Toxicity Testing dIn: W.A.Price, B.Hurt and C.Howell (Eds.), P1| 1999
2017049 153684|Elphick,).R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
2017058 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
2017041 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfalEnviron. Toxicol. Chem.30(1): 247-253 2011
2017030 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
761596 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
766740 116831(lllinois National History Survey Effects of Water Quality on Acute and ChrofThird Quarterly Report, Submitted to U.S.EH 2005
766731 116831|lllinois National History Survey Effects of Water Quality on Acute and ChroThird Quarterly Report, Submitted to U.S.EH 2005
766854 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767457 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
767375 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767380 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767350 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767411 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767454 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI1-92/0301, ENSR Contract No.5| 1992
767351 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767459 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
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767456 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767412 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
767353 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767376 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI1-92/0301, ENSR Contract No.5| 1992
766218 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766217 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
18144 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
18145 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-131 1965
759175 116913|Meyer,).S., D.A. Sanchez, J.A. BrookmgChemistry and Aquatic Toxicity of Raw Oil S{Environ. Toxicol. Chem.4:559-572 1985
767294 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767307 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767306 97393|Davies, T.D., and K.J. Hall Importance of Calcium in Modifying the AcJEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767296 97393 |Davies, T.D., and K.J. Hall Importance of Calcium in Modifying the AcJEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767303 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767295 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767298 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
18452 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18147 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
18453 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18454 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain ArjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18451 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18450 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18146 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-13] 1965
759092 116829|Pickard,J., P. McKee, and J. Stroiazzo |Site Specific Multi-Species Toxicity Testing dIn: W.A.Price, B.Hurt and C.Howell (Eds.), P! 1999
767297 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767305 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcyEnviron. Toxicol. Chem.26(6): 1243-1247 2007
767299 97393|Davies,T.D., and K.J. Hall Importance of Calcium in Modifying the AcJEnviron. Toxicol. Chem.26(6): 1243-1247 2007
160332 18272{Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
160333 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
119467 2465|Dowden,B.F. Cumulative Toxicities of Some Inorganic Sal{Proc. La. Acad. Sci.23:77-85 1961
31684 2465[{Dowden,B.F. Cumulative Toxicities of Some Inorganic Sal{Proc. La. Acad. Sci.23:77-85 1961
759090 116829|Pickard,J., P. McKee, and J. Stroiazzo |Site Specific Multi-Species Toxicity Testing qIn: W.A.Price, B.Hurt and C.Howell (Eds.), Py 1999
759091 116829|Pickard,J., P. McKee, and J. Stroiazzo |Site Specific Multi-Species Toxicity Testing dIn: W.A.Price, B.Hurt and C.Howell (Eds.), P1 1999
767473 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
767496 14761|Mount,D.R., and D.D. Gulley Development of a Sal Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767475 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationyFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767491 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767505 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationFinal Rep.GRI-92/0301, ENSR Contract No.5| 1992
767494 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5| 1992
767507 14761{Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
2064207 508|Wallen,l.E., W.C. Greer, and R. Lasater|{Toxicity to Gambusia affinis of Certain Pure |Sewage Ind. Wastes29(6): 695-711 1957
2064204 508|Wallen,I.E., W.C. Greer, and R. Lasater|Toxicity to Gambusia affinis of Certain Pure |Sewage Ind. Wastes29(6): 695-711 1957
2064206 508|Wallen,|.E., W.C. Greer, and R. Lasater|Toxicity to Gambusia affinis of Certain Pure [Sewage Ind. Wastes29(6): 695-711 1957
2064205 508|Wallen,l.E., W.C. Greer, and R. Lasater|Toxicity to Gambusia affinis of Certain Pure |Sewage Ind. Wastes29(6): 695-711 1957
2017113 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of Sulfa]Environ. Toxicol. Chem.30(1): 247-253 2011
2017143 153684 /|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of Sulfa]Environ. Toxicol. Chem.30(1): 247-253 2011
2017144 153684|Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of Sulfa]Environ. Toxicol. Chem.30(1): 247-253 2011
766367 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766638 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766642 96313|Soucek,D.J. Comparison of Hardness- and Chloride-Reg{Environ. Toxicol. Chem.26(4): 773-779 2007
766639 96313|Soucek,D.J. Comparison of Hardness- and Chloride-RegyEnviron. Toxicol. Chem.26(4): 773-779 2007
766712 116831[lllinois National History Survey Effects of Water Quality on Acute and ChroThird Quarterly Report, Submitted to U.S.EH 2005

Page 117 of 128






Filtered Data from ECOTOX

Reference
Result Number Number Author Title Source Publication Year
2017145 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfajEnviron. Toxicol. Chem.30(1): 247-253 2011
766444 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766445 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766440 116417|Soucek,D.J., and A.J. Kennedy Effects of Hardness, Chloride, and Acclimati|Environ. Toxicol. Chem.24(5): 1204-1210 2005
766659 116831/[lllinois National History Survey Effects of Water Quality on Acute and Chroj Third Quarterly Report, Submitted to U.S.ER 2005
766663 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrojThird Quarterly Report, Submitted to U.S.EH 2005
766664 116831|lllinois National History Survey Effects of Water Quality on Acute and ChroqThird Quarterly Report, Submitted to U.S.EH 2005
766658 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrofThird Quarterly Report, Submitted to U.S.EH 2005
766666 116831|lllinois National History Survey Effects of Water Quality on Acute and ChroThird Quarterly Report, Submitted to U.S.EH 2005
766662 116831|lllinois National History Survey Effects of Water Quality on Acute and ChroThird Quarterly Report, Submitted to U.S.EH 2005
766657 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrofThird Quarterly Report, Submitted to U.S.EH 2005
766656 116831|lllinois National History Survey Effects of Water Quality on Acute and ChrofqThird Quarterly Report, Submitted to U.S.ER 2005
766665 116831|lllinois National History Survey Effects of Water Quality on Acute and Chroj Third Quarterly Report, Submitted to U.S.EH 2005
766661 116831|lllinois National History Survey Effects of Water Quality on Acute and ChroThird Quarterly Report, Submitted to U.S.EH 2005
18180 915{Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-131 1965
126071 930|Cairns,J.,Jr., and A. Scheier The Relationship of Bluegill Sunfish Body Si7In: Proc.13th Ind.Waste Conf.,Series N0.95, 1959
126072 930(Cairns,J.,Jr., and A. Scheier The Relationship of Bluegill Sunfish Body SizIn: Proc.13th Ind.Waste Conf.,Series N0.95, 1959
126070 930|Cairns,J.,Jr., and A. Scheier The Relationship of Bluegill Sunfish Body SizIn: Proc.13th Ind.Waste Conf.,Series No.95, 1959
200196 5683|Academy of Natural Sciences The Sensitivity of Aquatic Life to Certain ChqFinal Rep.No.RG-3965(C2R1), U.S.Public He 1960
40509 8037|Trama,F.B. The Acute Toxicity of Some Common Salts dProc. Acad. Nat. Sci. Philadelphial06:185-2 1954
40508 8037|Trama,F.B. The Acute Toxicity of Some Common Salts dProc. Acad. Nat. Sci. Philadelphial06:185-2 1954
13415 949|Patrick,R., J.,Jr. Cairns, and A. Scheier |The Relative Sensitivity of Diatoms, Snails, gProg. Fish-Cult.30(3): 137-140 1968
18150 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-131 1965
18151 915[Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18152 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain ArjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
18149 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
764588 116751|Gohar,H.A.F., and H. EI-Gindy Tolerance of Vector Snails of Bilharziasis an{Proc. Egypt. Acad. Sci.16:37-48 1961
802675 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gany 1973
802677 2012[Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802664 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802665 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
802678 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802663 2012[Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gany 1973
802676 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802666 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan| 1973
802668 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gany 1973
802670 2012{Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802671 2012{Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802667 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802669 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gany 1973
802672 2012{Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
802674 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Gan 1973
802673 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6211 2012(Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
41636 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
41641 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripeqProc. Annu. Conf. Western Assoc. State Ganl 1973
6217 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gary 1973
41642 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gany 1973
41640 2012[Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan 1973
6214 2012|Hughes,J.S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Ganl 1973
6216 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
6215 2012|Hughes,).S. Acute Toxicity of Thirty Chemicals to StripedProc. Annu. Conf. Western Assoc. State Gan| 1973
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160499 18272]Mount,D.R., D.D. Gulley, J.R. Hockett, [Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
759021 115903|E.G. and G. Bionomics The Chronic Toxicity of Sulfate to the Water|Res.Rep.No.BN-79-10-546, Submitted to Sn 1979
767483 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767467 14761|Mount,D.R., and D.D. Guiley Development of a Salinity/Toxicity RelationjFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
767469 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767484 14761(Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
759462 107318|Leblanc,G.A., and D.C. Surprenant The Influence of Mineral Salts on Fecundity{Hydrobiologial08:25-31 1984
759465 107318(Leblanc,G.A., and D.C. Surprenant The Influence of Mineral Salts on Fecundity|Hydrobiologial08:25-31 1984
2063748 508|wallen,I.E., W.C. Greer, and R. Lasater| Toxicity to Gambusia affinis of Certain Pure{Sewage Ind. Wastes29(6): 695-711 1957
2063749 508[wallen,I.E., W.C. Greer, and R. Lasater| Toxicity to Gambusia affinis of Certain Pure|Sewage Ind. Wastes29(6): 695-711 1957
2063750 508|Wallen,.E., W.C. Greer, and R. Lasater| Toxicity to Gambusia affinis of Certain Pure|Sewage Ind. Wastes29(6): 635-711 1957
156198 5683|Academy of Natural Sciences The Sensitivity of Aquatic Life to Certain ChqFinal Rep.No.RG-3965(C2R1), U.S.Public He 1960
26240 949|Patrick,R., J.,Jr. Cairns, and A. Scheier {The Relative Sensitivity of Diatoms, Snails, g Prog. Fish-Cult.30(3): 137-140 1968
160503 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |Environ. Toxicol. Chem.16(10): 2009-2019 1997
160502 18272{Mount,D.R., D.D. Gulley, J.R. Hockett, [Stat al Models to Predict the Toxicity of |[Environ. Toxicol. Chem.16(10): 2009-2019 1997
160501 18272|Mount,D.R., D.D. Gulley, J.R. Hockett, |Statistical Models to Predict the Toxicity of |[Environ. Toxicol. Chem.16(10): 2009-2019 1997
767512 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity Relation{Final Rep.GRI-92/0301, ENSR Contract No.5 1992
767515 14761|Mount,D.R., and D.D. Gulley Development of a Salinity/Toxicity RelationgFinal Rep.GRI-92/0301, ENSR Contract No.5 1992
67863 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain An{J. Water Pollut. Control Fed.37(9): 1308-13] 1965
67862 915|Dowden,B.F., and H.J. Bennett Toxicity of Selected Chemicals to Certain AnjJ. Water Pollut. Control Fed.37(9): 1308-131 1965
761768 116816 Taylor,P.A., A.). Stewart, and L. Holt |Toxicity of Common Salts to Three Biotoxici{Prepared for Presentation at American Insti 1988
761769 116816|Taylor,P.A., A.J. Stewart, and L. Holt {Toxicity of Common Salts to Three Biotoxici|Prepared for Presentation at American Insti 1988
2152811 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152812 158449 Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater Environ. Toxicol. Chem.30(1): 239-246 2011
2152813 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152815 158449|Elphick,).R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater Environ. Toxicol. Chem.30(1): 239-246 2011
2152814 158449/ Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
201556 45826|Birge,W.J., ].A. Black, A.G. Westerman|[Recommendations on Numerical Values for[University of Kentucky, Lexington, KY:73 p. 1985
201557 45826(Birge,W.J., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for[University of Kentucky, Lexington, KY:73 p. 1985
201555 45826|Birge,W.)., J.A. Black, A.G. Westerman|Recommendations on Numerical Values for|University of Kentucky, Lexington, KY:73 p. 1985
2164559 163937|Bartlett,A.J., Q. Rochfort, L.R. Brown, §Causes of Toxicity to Hyalella azteca in a StqSci. Total Environ.414:238-247 2012
2152816 158449|Elphick,).R.F., K.D. Bergh, and H.C. BaifChronic Toxicity of Chioride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152817 158449 |Elphick,J.R.F., K.D. Bergh, and H.C. Bail Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152819 158449|Elphick,).R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152818 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
761548 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761558 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761565 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761553 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761566 116754 |Stark,). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761569 116754{Stark,). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761561 116754 (Stark,). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories inc., Milwaukee, 1999
761557 116754(Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761551 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761562 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761554 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761570 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
2152752 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152753 158449|Elphick,).R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
768151 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, 4 1993
768129 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|{IPS Environmental and Analytical Services, A 1993
768092 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq{IPS Environmental and Analytical Services, A 1993
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768111 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
768141 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768161 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768086 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768094 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768149 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768078 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
768159 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768084 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, A 1993
768076 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
768139 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
2152755 158449(Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
768070 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768068 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768119 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768109 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768102 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, 4 1993
768131 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, A 1993
768121 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768100 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, A 1993
768060 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768062 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
761764 116816|Taylor,P.A., AJ. Stewart, and L. Holt |Toxicity of Common Salts to Three Biotoxici{Prepared for Presentation at American Insti 1988
741831 102785|Diamond,J., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures or]Arch. Environ. Contam. Toxicol.49(4): 511-5| 2005
741780 102785|Diamond,J., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures orArch. Environ. Contam. Toxicol.49(4): 511-5| 2005
761549 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761567 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761560 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761555 116754 |Stark, . Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761550 116754 Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761564 116754 Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761552 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761568 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761556 116754 (Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761563 116754 (Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761571 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
768152 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768130 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768093 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768112 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768142 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
768162 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768087 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768095 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
768150 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768079 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768160 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768085 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|{IPS Environmental and Analytical Services, A 1993
768077 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
768140 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, A 1993
2152754 158449|ElIphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
768071 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
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768069 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
768120 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncdIPS Environmental and Analytical Services, 4 1993
768110 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
761559 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
768103 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, 4 1993
768132 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768122 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, A 1993
768101 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
768061 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
768063 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
14424 16510]Pickering,Q.H., J.M. Lazorchak, and K.l Subchronic Sensitivity of One-, Four-, and SqEnviron. Toxicol. Chem.15(3): 353-359 1996
42862 16510|Pickering,Q.H., .M. Lazorchak, and K.{Subchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
14380 16510|Pickering,Q.H., J.M. Lazorchak, and K./ Subchronic Sensitivity of One-, Four-, and SqEnviron. Toxicol. Chem.15(3): 353-359 1996
42867 16510(Pickering,Q.H., .M. Lazorchak, and K.{Subchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
96882 16510(Pickering,Q.H., .M. Lazorchak, and K.{Subchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
108590 16510|Pickering,Q.H., J.M. Lazorchak, and K.Subchronic Sensitivity of One-, Four-, and S¢Environ. Toxicol. Chem.15(3): 353-359 1996
761765 116816(Taylor,P.A., A.J. Stewart, and L. Holt |Toxicity of Common Salts to Three Biotoxici|Prepared for Presentation at American Insti 1988
741815 102785|Diamond,J., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures orJArch. Environ. Contam. Toxicol.49(4): 511-5 2005
742694 102785|Diamond,J., M. Bowersox, H. Latimer, [Effects of Pulsed Contaminant Exposures or]Arch. Environ. Contam. Toxicol.49(4): 511-5| 2005
741814 102785|Diamond,J., M. Bowersox, H. Latimer, |Effects of Pulsed Contaminant Exposures orjArch. Environ. Contam. Toxicol.49(4): 511-5| 2005
765903 110510(Soucek,D.J. Sodium Sulfate Impacts Feeding, Specific DyAquat. Toxicol.83(4): 315-322 2007
765902 110510(Soucek,D.J. Sodium Sulfate Impacts Feeding, Specific DyAquat. Toxicol.83(4): 315-322 2007
765901 110510(|Soucek,D.J. Sodium Sulfate Impacts Feeding, Specific DyAquat. Toxicol.83(4): 315-322 2007
765900 110510(Soucek,D.J. Sodium Sulfate Impacts Feeding, Specific DyAquat. Toxicol.83(4): 315-322 2007
761599 116754 (Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761762 116816|Taylor,P.A., A.J. Stewart, and L. Holt |Toxicity of Common Salts to Three Biotoxici|Prepared for Presentation at American Insti 1988
766857 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, 4 1993
761763 116816 Taylor,P.A., A.J. Stewart, and L. Holt |Toxicity of Common Salts to Three Biotoxici|Prepared for Presentation at American Insti 1988
2152766 119414|Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
2152768 119414|Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HargArch. Hydrobiol.122(1): 33-56 1991
2152767 119414|Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HarqArch. Hydrobiol.122(1): 33-56 1991
761756 116816|Taylor,P.A., A.J. Stewart, and L. Holt |Toxicity of Common Salts to Three Biotoxici]Prepared for Presentation at American Insti 1988
761757 116816(Taylor,P.A., A.J. Stewart, and L. Holt [Toxicity of Common Salts to Three Biotoxici|Prepared for Presentation at American Insti 1988
2152739 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
2152741 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HarqArch. Hydrobiol.122(1): 33-56 1991
2152740 119414|Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
2152820 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152821 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bail Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152822 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152824 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152823 158449|Elphick,).R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152725 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
741661 71674|Harmon,S.M., W.L. Specht, and G.T. C{A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
207720 45168|Cowgill,U.M., and D.P. Milazzo The Response of the Three Brood Ceriodapl{Arch. Environ. Contam. Toxicol.21(1): 35-40 1991
741538 106169|Cowgill,U.M., and D.P. Milazzo The Sensitivity of Two Cladocerans to Wate[Arch. Environ. Contam. Toxicol.21(2): 218-2 1991
761580 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761575 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761587 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761576 116754 (Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
2148464 158925|Lasier,P.)., and I.R. Hardin Observed and Predicted Reproduction of CdEnviron. Toxicol. Chem.29(2): 347-358 2010
2148480 158925(Lasier,P.J., and I.R. Hardin Observed and Predicted Reproduction of CdEnviron. Toxicol. Chem.29(2): 347-358 2010
2148474 158925|Lasier,P.J., and I.R. Hardin Observed and Predicted Reproduction of CdEnviron. Toxicol. Chem.29(2): 347-358 2010
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761579 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761588 116754 (Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761572 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761584 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761591 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761583 116754 Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761592 116754 Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
2153272 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152721 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152855 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153275 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153278 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153269 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152881 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2148463 158925(Lasier,P.J., and |.R. Hardin Observed and Predicted Reproduction of CdEnviron. Toxicol. Chem.29(2): 347-358 2010
2148479 158925|Lasier,P.J., and I.R. Hardin Observed and Predicted Reproduction of CqEnviron. Toxicol. Chem.29(2): 347-358 2010
2148473 158925]Lasier,P.J., and I.R. Hardin Observed and Predicted Reproduction of C4Environ. Toxicol. Chem.29(2): 347-358 2010
120834 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ility in the Performance of the 7-D CelEnviron. Toxicol. Chem.11(6): 851-866 1992
120851 11152|DeGraeve,G.M., J.D. Cooney, B.H. Ma ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120833 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce{Environ. Toxicol. Chem.11(6): 851-866 1992
120830 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| y in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120832 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120852 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120853 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mai| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120850 11152 |DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120836 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| ity in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120849 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar| y in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120846 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mai| ty in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120835 11152|DeGraeve,G.M., J.D. Cooney, B.H. MarjVariability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120848 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar{Variability in the Performance of the 7-D CelEnviron. Toxicol. Chem.11(6): 851-866 1992
120847 11152|DeGraeve,G.M., J.D. Cooney, B.H. MarfVariability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120854 11152 |DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120831 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
761595 116754 Stark,). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
741679 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741936 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-] 2003
741950 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer|Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742564 71919(Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741951 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererjBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741929 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742894 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer|Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742895 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-| 2003
741958 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741948 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247- 2003
741943 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffereqBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742899 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
2153273 158449(Elphick,J.R.F., K.D. Bergh, and H.C. Bai{Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2152731 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BaijChronic Toxicity of Chloride to Freshwater Environ. Toxicol. Chem.30(1): 239-246 2011
2152873 158449|Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153276 158449]Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153279 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai{Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
2153270 158449|Elphick,J.R.F., K.D. Bergh, and H.C. Bai|Chronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
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2153267 158449]Elphick,J.R.F., K.D. Bergh, and H.C. BailChronic Toxicity of Chloride to Freshwater §Environ. Toxicol. Chem.30(1): 239-246 2011
767971 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncgIPS Environmental and Analytical Services, 4 1993
767883 116830]|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767957 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
766860 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767901 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767860 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq|IPS Environmental and Analytical Services, 4 1993
767868 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, 4 1993
766868 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, IncqIPS Environmental and Analytical Services, 4 1993
767874 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inc|IPS Environmental and Analytical Services, 4 1993
767893 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767876 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inc|IPS Environmental and Analytical Services, 4 1993
767858 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
742568 71674|Harmon,S.M., W.L. Specht, and G.T. C§A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
767852 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767955 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767850 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
766862 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767866 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
766870 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767891 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncIPS Environmental and Analytical Services, 4 1993
767885 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767963 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Incq|IPS Environmental and Analytical Services, 4 1993
767899 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767965 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, 4 1993
767973 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
251022 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce]Environ. Toxicol. Chem.11(6): 851-866 1992
251024 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251014 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|{Environ. Toxicol. Chem.11(6): 851-866 1992
251020 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D CelEnviron. Toxicol. Chem.11(6): 851-866 1992
251016 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251010 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D CelEnviron. Toxicol. Chem.11(6): 851-866 1992
251018 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251012 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
741947 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741938 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DifferefBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741952 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DifferefBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742900 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DifferefBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741944 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differef|Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742892 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741957 71919|Aragao,M.A., and E.V. Pereira ity of Ceriodaphnia dubia of Differer|Bull. Environ. Contam. Toxicol.70(6): 1247-] 2003
741949 71919}Aragao,M.A., and E.V. Pereira ivity of Ceriodaphnia dubia of Differer|Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742563 71919|Aragao,M.A,, and E.V. Pereira ity of Ceriodaphnia dubia of DiffererqBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742565 71919|Aragao,M.A., and E.V. Pereira ivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741945 71919|Aragao,M.A., and E.V. Pereira ivity of Ceriodaphnia dubia of DifferefBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741959 71919|Aragao,M.A., and E.V. Pereira ity of Ceriodaphnia dubia of Differer|Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
2152727 119414 |Cowgill,U.M., and D.P. Milazzo Demographic Effects of Salinity, Water HardArch. Hydrobiol.122(1): 33-56 1991
767972 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
767884 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767958 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 4 1993
766861 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767902 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, 1993
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761582 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
767861 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767869 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inc{IPS Environmental and Analytical Services, A 1993
766869 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767875 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767894 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767877 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
767859 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
741688 71674|Harmon,S.M., W.L. Specht, and G.T. C§A Comparison of the Daphnids Ceriodaphni{Arch. Environ. Contam. Toxicol.45(1): 79-85 2003
761594 116754|Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761578 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761586 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761574 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761590 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
767853 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco/IPS Environmental and Analytical Services, A 1993
767956 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767851 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
766863 116830{Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767867 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
766871 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767892 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
767886 116830(|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco{IPS Environmental and Analytical Services, A 1993
767964 116830(Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767900 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, Inco|IPS Environmental and Analytical Services, A 1993
767966 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, 4 1993
767974 116830|Sanders,D.F. Site Water Bioassays for Huff and Huff, IncoIPS Environmental and Analytical Services, A 1993
251019 11152|DeGraeve,G.M., J.D. Cooney, B.H. MarjVariability in the Performance of the 7-D Ce|{Environ. Toxicol. Chem.11(6): 851-866 1992
251023 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251017 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
120856 11152|{DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251013 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar}Variability in the Performance of the 7-D CelEnviron. Toxicol. Chem.11(6): 851-866 1992
251015 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251011 11152|DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
251021 11152{DeGraeve,G.M., J.D. Cooney, B.H. Mar|Variability in the Performance of the 7-D Ce|Environ. Toxicol. Chem.11(6): 851-866 1992
761585 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761577 116754 Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761589 116754 |Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761573 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761593 116754 |Stark, ). Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
761581 116754 (Stark,J. Bioassay Report Chronic Toxicity Tests. Con{SF Analytical Laboratories Inc., Milwaukee, 1999
742896 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741953 71919(Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742898 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-] 2003
741937 71919]|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DifferefBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742891 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742893 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742901 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DifferefBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741648 71919(Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererfBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741649 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffererBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741946 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
741942 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of DiffereBull. Environ. Contam. Toxicol.70(6): 1247-1 2003
742897 71919|Aragao,M.A., and E.V. Pereira Sensitivity of Ceriodaphnia dubia of Differer{Bull. Environ. Contam. Toxicol.70(6): 1247-1 2003
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2017063 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of Sulfa|Environ. Toxicol. Chem.30(1): 247-253 2011
2017034 153684 |Elphick,J.R., M. Davies, G. Gilron, E.C. {An Aquatic Toxicological Evaluation of SulfalEnviron. Toxicol. Chem.30(1): 247-253 2011
766229 114662 |Soucek,D.J. Bioenergetic Effects of Sodium Sulfate on thEcotoxicology16(3): 317-325 2007
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Use of reconstituted waters to evaluate effects of TDS

ionic composition; therefore, TDS or conductivity measure-
ments alone may not provide a basis to estimate reliably the
toxicity of samples with differing ionic balances [9]. Moreover,
ionic strength and ionic imbalance can both contribute to the
toxicity of water to freshwater organisms [14,15].

The toxicity of major ions has been evaluated in 24-h to
96-h exposures with 3 commonly tested freshwater species
(the cladocerans Ceriodaphnia dubia and Daphnia magna and
fathead minnow Pimephales promelas) [7]. The relative ion
toxicity was K>HCO3;x~Mg>Cl>S0,, with C. dubia
tending to be more sensitive compared with D. magna or
P. promelas [7]. However, laboratory toxicity tests with
reconstituted waters have not been conducted with test
organisms more representative of taxa inhabiting freshwater
Appalachian streams impacted by mountaintop removal and
valley fill, including mayflies and mussels [13].

The objective of the present study was to evaluate the effects
of elevated major ions in chronic laboratory tests with 4 aquatic
invertebrates exposed to dilutions of 3 reconstituted waters
designed to be representative of 3 Appalachian sites impacted by
coal mining in southwestern West Virginia with high TDS
downstream of valley fill: Winding Shoals Branch, Boardtree
Branch, and Upper Dempsey Branch [13]. These 3 test sites were
chosen from among multiple field-collected site waters
previously demonstrated to be toxic to C. dubia in chronic 7-
d laboratory exposures and exhibit impaired populations of
benthic invertebrates [13]. Two of these waters (Winding Shoals
and Boardtree) had ionic signatures representative of alkaline
mine drainage associated with streams affected by mountaintop
removal and valley fill with elevated Mg, Ca, K, HCO3, and
SO,4), whereas Upper Dempsey had a somewhat different ionic
composition, representing neutralized mine drainage or mine
drainage that has experienced some cation exchange (elevated
Na, K, SO,, and HCOj; Table 1 and Supplemental Data,
Table S1 [13]).

The 3 reconstituted waters were used to conduct the chronic
toxicity tests with a unionid mussel (Lampsilis siliqguoidea; 28-d
exposure), an amphipod (Hyalella azteca; 28-d exposure),
and a cladoceran (C. dubia; 7-d exposure). Subsamples of the
reconstituted waters were also provided to North Carolina State
University, Raleigh, North Carolina, USA, for conducting
exposures with a mayfly (Centroptilum triangulifer; 35-d
exposure).
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MATERIALS AND METHODS

Reconstituted test waters

The reconstituted waters were prepared at the Columbia
Environmental Research Center in Columbia, Missouri, USA,
by adding reagent-grade salts (K,;SO4, CaSO4, NaHCOs;,
MgS0O,4, NaCl, CaCl,, or Na,SO,; Supplemental Data,
Table S2) to well water or diluted well water to match the site
water chemistry as closely as possible (Supplemental Data,
Tables S1 and S3). The base water for Winding Shoals and
Boardtree reconstituted waters was 25% well water and 75%
deionized water, whereas the base water was 100% well water
for Upper Dempsey reconstituted water (Supplemental Data,
Table S2; the 100% well water was of approximately 300 mg/L
hardness as CaCO5, with a pH of approximately 8). Salt addition
recipes for the reconstituted waters were calculated to minimize
differences among individual major cations or anions (i.e.,
attempting to match each major cation or major anion within
about 20% of the site water), with no attempt to adjust alkalinity
or pH (Supplemental Data, Table S1). The initial recipes were
modified (e.g., by reducing NaHCO; and not attempting to
control alkalinity) to eliminate unwanted increases in pH and to
ensure that the salts stayed in solution for the duration of the
tests. Each salt was initially mixed individually in a 10-L jar with
8 L of the appropriate base water. The 10-L jars were placed on a
stir plate and mixed for up to 24 h (depending on the solubility of
individual salts). After the salts had been visibly dissolved, all
salt solutions for a given reconstituted water were combined in
200-L plastic containers with a circulating pump and brought to
a final volume of 130 with the appropriate base water. A similar
process was used to prepare smaller 40-L samples of each
reconstituted water for the second 2 wk of the exposures
conducted at the Columbia Environmental Research Center or
for use by North Carolina State University to conduct exposures
with C. triangulifer.

Exposures with L. siliquoidea, H. azteca, and C. dubia were
conducted in dilutions of Winding Shoals, Upper Dempsey, and
Boardtree reconstituted waters (100%, 33%, and 10%, and a
dilution water control). The C. dubia exposure with the Upper
Dempsey reconstituted water had an additional dilution of 5%
tested (in an attempt to define better the potential effects at the
lower exposure concentration). All 3 reconstituted waters
prepared at Columbia Environmental Research Center used

Table 1. Mean water quality characteristics of waters across all chronic toxicity tests in exposures conducted by the Columbia Environmental Research Center®

Dissolved Alkalinity ~ Hardness Major cations and anions (mg/L)
oxygen Conductivity (mg/L as  (mg/L as  Ammonia
Treatment (mg/L) pH (nS/cm) CaCOs3) CaCOs) (mgN/L) Ca Mg Na K Cl SO,
Winding Shoals
0% 6.9 (0.8) 83(0.2) 275 (25) 96 (9) 107 (10) 0.2 (0.2) 30 2) 10 (1) 12 (2) 2(H) 142 22 (3)
10% 7.2 (0.8) 8.2(0.5) 504 (54) 93 (8) 223 (37) 0.3 (0.1) 42 (4) 38 (6) 14 (2) 4(1) 132) 141(12)
33% 6.9 (1.1) 8.1(0.1) 947 (48) 98 (3) 472 (13) 0.2 (0.1) 65 (3) 93 (3) 18(1) 10(1) 12(1) 386(33)
100% 72(0.8) 8&1(0.1) 1906 (162) 99 (6) 1154 (58) 0.3 (0.1) 109 (19) 216 (42) 24(3) 21(5 12(2) 1023 (138)
Boardtree
0% 6.9 (0.8) 8.3(0.2) 275 (25) 96 (9) 107 (10) 0.2 (0.2) 30 (2) 10 (1) 12 (2) 2() 142 22 (3)
10% 7.0 (0.8) &1 (0.1) 565 (36) 84 (8) 262 (26) 0.3 (0.2) 55 (6) 41 (7) 13 (2) 4(1) 12() 180 @37)
33% 6.9 (1.1) 81(0.1) 1121 (127) 84 (11) 585 (42) 0.7 (0.6) 100 (4) 96 (7) 12 (2) 8(1) 12(1) 489 (33)
100% 7.0 (0.8) 8.0(0.2) 2367 (54) 72 (8) 1408 37) 0.7 (0.1) 241(4) 260 (6) 12(2) 21() 11@2) 1580(12)
Upper Dempsey
0% 6.9 (0.8) 83(0.2) 275 (25) 96 (9) 107 (10) 0.2 (0.2) 30 (2) 10 (1) 12 (2) 2() 14@ 22 (3)
10% 6.9 (0.9) 83(0.2) 448 (40) 110 (15) 122 (18) 0.3 (0.1) 33 (2) 13 (1) 52 (5) 3(H) 15(D) 78 (8)
33% 7.1(0.8) 8.4 (0.1) 789 (55) 157 (14) 144 (13) 0.3 (0.1) 38 (2) 17(1) 125 (6) 5() 213) 175(17)
100% 6.8 (1.3) 84(0.2) 1813 (157) 279 (20) 209 (36) 0.4 (0.1) 42 (9) 28 (1) 350(16) 11(1) 39(2) 640(77)

*Values are means with standard deviation in parcnthesis (n =4 to 15).
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siliquoidea and biomass of C. triangulifer decreased with
increasing percentage of Winding Shoals reconstituted water
(Figures 1 and 2). The Winding Shoals reconstituted water was

also toxic to H. azteca (LOEC of 33% Winding Shoals for

biomass; Table 2 and Figures 1 and 2). The Winding Shoals
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reconstituted water was not toxic to C. dubia (LOEC of >100%
Winding Shoals; Table 2). By comparison, the USEPA [13]
reported a 7-d EC25 for C. dubia of 32% Winding Shoals site
water. The 100% site water from Winding Shoals had a
conductivity of 2147 uS/cm [13], which is comparable to the

Winding Shoals
a b
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601 60+
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Figure 1. Mean survival of 4 freshwater invertebrates— Lampsilis siliquoidea, Centroptilum triangulifer, Ceriodaphnia dubia, and Hyalella azteca—versus
conductivity of reconstituted waters. An asterisk (*) indicates significant difference compared with control group (p < 0.05). Error bars indicate standard deviation.
The C. dubia data points do not have error bars, because survival was calculated as the percentage surviving among 10 individually exposed organisms.
The C. triangulifer data points marked with a dot represent individual replicate responses for situations in which there were <3 replicates and a standard deviation

could not be calculated.
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Figure 2. Sublethal response of 4 freshwater invertebrates— Lampsilis siliquoidea, Centroptilum triangulifer, Ceriodaphnia dubia, and Hyalella azteca—versus
conductivity of reconstituted waters. An asterisk (*) indicates significant difference compared with control group (p <0.05). Data points represent the mean of
replicates for a given treatment. Error bars indicate standard deviation. The C. triangulifer data points marked with a dot represent individual replicate responses for
situations in which there were <3 replicates and standard deviation could not be calculated.

conductivity of 1906 uS/cm in the 100% Winding Shoals
reconstituted water (Table 1). Relative to the dilution water
control, the 10% dilution of Winding Shoals reconstituted water
that was toxic to L. siliquoidea had relatively higher proportional
concentrations of Mg (3.8%), SO, (6.4%), and conductivity
(1.8 x; Supplemental Data, Table S1).

Dilutions of the Boardtree reconstituted waters were toxic to
L. siliquoidea and to C. triangulifer at the lowest concentrations

tested (LOEC of 10% Boardtree for L. siliguoidea survival and
LOEC of 50% Boardtree for C. triangulifer survival or biomass;
Table 2). Survival of L. siliquoidea and survival or biomass of
C. triangulifer decreased with increasing percentage of Board-
tree reconstituted water (Figures 1 and 2). The Boardtree
reconstituted water was also toxic to H. azteca (LOEC of 100%
Boardtree for biomass) and C. dubia (LOEC of 100% Boardtree
for reproduction; Table 2). By comparison, the USEPA [13]
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effluents with C. dubia [13]. Exposures were conducted in
30-ml plastic cups containing 15 ml of test solution, one animal,
and 0.1 ml of Pseudokirchneriella subcapitata and 0.1 ml of a
yeast, alfalfa, Tetrafin® (Tetra Werke, Melle, Germany) food
preparation [13]. Ten replicates of each treatment were ran-
domly assigned a position within holding boards and placed in
an environmental chamber that maintained temperature at 25°C
and a 16:8-h light:dark photoperiod. Neonates (<24 h old and
produced within an 8-h period) used in testing were produced in
individual cultures according to recommended procedures
using the L, M, or T water. Test animals were transferred daily
into prepared cups with reproduction and survival being
recorded. Exposures lasted for 6 or 7 d, and total reproduction
was the test endpoint with only the first three broods included.
Tests were considered acceptable if control survival was greater
than 80%; at least 60% of the control animals produced three
broods, and mean control reproduction was above 15 neonates
per adult. In all tests, the survival rate of control animals was
>00%; at least 80% of the control replicates had three
broods within the test period; and control reproduction was
always well above the minimum. Mean numbers of neonates
produced in the controls of each test were 26 (coefficient
of variation [CV]=9%, n=11), 25 (CV=11%, n=19), and
25 (CV=14%, n=19) in the T, L, and M waters, respectively.

Additions of NaCl, Na,SO,, or NaHCO; provided elevated
anion concentrations in the test solutions, which were prepared
24 hiin advance of testing and kept under gentle aeration at 25°C
until use. To determine single-anion toxicities, five concentra-
tions of each anion were used as treatment levels in addition to
the control and consisted of serial dilutions of stock solutions
prepared in L, T, or M water. Anion-mixture treatments rep-
resented a completely crossed factorial design within each
type of water. Four levels of each anion were tested
including C1°, S0,2~, and HCO;3;™ concentrations in the L,
M, or T waters as the lowest concentration of each anion with
three additional levels (IC6, IC12, IC25) determined in the
single-anion toxicity tests. Anion-mixture solutions were pre-
pared with weighed additions of the sodium salts to 2-L aliquots
of L, T, and M water. Nominal concentrations in solutions
prepared with L. water were 2, 39, 76, 147 mg/L CI~; 44, 161,
278, 430 mg/L. HCO5™; and 38, 254, 469, 625 mg/L SO,*".
Nominal concentrations in solutions prepared with M water
were 2, 303, 350, 456 mg/L CI™; 85, 139, 209, 379 mg/L
HCO;7; and 81, 754, 841, 1,060 mg/L S0,2~. Nominal con-
centrations in solutions prepared with T water were 2, 193, 243,
340 mg/L C17; 115, 271, 352, 476 mg/L. HCO;™; and 38, 308,
367, 496 mg/L. SO4*".

Nominal concentrations were used for calculations involv-
ing single-anion and anion-mixture toxicities because of the
large number of tested solutions (714). However, subsets of
samples were collected for quality assurance and analyzed by
contract laboratory using an ion chromatograph for CI1™
and SO4°~ concentrations and a carbon analyzer to determine
total and inorganic carbon (HCO37). Analytical samples were
collected from all treatments in the first set of single-anion tests
prepared in the T, L, and M waters and from one set of anion-
mixture treatments prepared in each water (n=92 for CI™
and SO,%~ and n=76 for HCO;™). Samples were collected
at test initiation along with mecasurements of basic water
chemistry. Analytical determinations for C1~ and SO,*~ varied
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above and below their nominal values, but analytical measure-
ments of HCO3™ were consistently at or below its nominal
values. The difference between measured and nominal HCO5™
concentrations tended to be greatest in the upper-concentration
treatments prepared in M water. Mean differences from nominal
concentrations were 7% (CV=27) for ClI7, 8% (CV=40)
for S04, and 6% (CV=9) for HCO;". For single-anion
and anion-mixture tests conducted in L. and M waters, con-
ductivity was measured again at the conclusion to provide an
estimate of the loss of ions due to precipitation during the testing
period. Few comparisons of initial and final conductivities
indicated a substantial loss of dissolved ions. Nine of 498
solutions had conductivities that decrecased by greater than
1.5% (3.9% maximum) during the tests. Most of these were
treatments prepared in M water that contained the upper con-
centrations of HCO5™ and SO,°~, but losses were not consistent
among repeated tests.

Effluent testing

Eleven municipal and industrial effluents with some history of
chronic toxicity attributed to TDS were sampled and assessed with
the C. dubia reproduction test to evaluate the efficacy of the anion-
toxicity models. Each effluent was represented by a grab sample
collected 48 h prior to testing. The effluent was passed through a
163-wm mesh cloth to remove large particles and refrigerated and
aerated overnight. Effluents were brought to 25°C and prepared for
testing on the following day. The toxicity and chemical constit-
uents of each effluent were initially unknown. Therefore, con-
ductivity was used to provide an estimate of an appropriate range
of dilutions [1]. If the conductivity of the raw effluent was above
2,000 microsiemens/cm (S/cm), it was diluted with M water to
produce a dilution series with conductivities of 2,000, 1,500, 1,000,
and 500 wS/cm. However, if effluent conductivity was below
2,000 pS/cm, a dilution series of 100, 50, 25, and 12.5% was
employed. Those dilution proportions were then matched with
dilutions prepared with L water. Effluent dilutions were prepared
in 2-L glass flasks, covered, and refrigerated until use. All effluent
dilutions were measured for concentrations of Cl—, SO42‘,
HCO;™, NO5~, PO, >~, Nat, K*, Ca?t, Mg?*, and total and
inorganic C and five trace metals (Cr, Cu, Ni, Pb, Zn). Samples for
analytical analyses were passed through a 0.2-pm nylon filter and
split into subsamples for anions and metals. Samples for metal
analyses were acidified with 1% nitric acid (v/v). Cation concen-
trations were measured by contract laboratory using inductively
coupled plasma mass spectroscopy. Anions were determined as
described above, and dissolved organic carbon (DOC) was calcu-
lated by subtracting inorganic carbon from total carbon. Hardness
concentrations of effluent dilutions were calculated using the
measured concentrations of Ca** and Mg2+ [18]. Mean recoveries
of ions from spiked effluents were as follows: C1~ 97% (SD =6,
n=16), S0,>~ 104% (SD=9, n=16), HCO;~ 92% (SD =7,
n=8), Na* 97% (SD=4, n=6), Ca>* 93% (SD=8, n=6),
and Mg”* 91% (SD=10, n=6).

Water chemistry

Basic water chemistries of the single-anion solutions,
anion-mixture solutions, and effluent dilutions measured in
house included conductivity, pH, dissolved oxygen, hardness
(effluents excluded), alkalinity, and total ammonia (effluents
only) and were determined at test initiation. Hardness and
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Table 1. Mean inhibition concentrations (IC with coefficient of variation) for Ceriodaphnia dubia reproduction based on three units of measurement
for CI7, SO42~, and HCO;™ in low-hardness/low-alkalinity (L, n=3), moderate-hardness/moderate-alkalinity (M, n = 3), and low-hardness/
moderate-alkalinity (T, n=2) waters®

Water Unit IC50 1C25
L (44 mg/L hardness / 45 mg/L alkalinity)
mg/L SO, HCO;™ cI- S04~ HCO;5~ cl-
766 (13) A 587 (1) B 342 (17) C 625 (14) A 430 (13) B 147 (20) C
mM/L cI- HCO5~ S0~ HCO;5~ SO4%~ cI-
9.7 A 96 A 8.0 A 70 A 6.5 A 42B
meg/L o cr- HCO5~ SO~ HCO;3™ (el
159 A 9.7 B 9.6 B 13.0 A 70 B 42 B
M (93 mg/L hardness / 66 mg/L alkalinity)
mg/L No¥a HCO;~ crr SO42~ cr- HCO;~
1252 (5) A 725 (14) B 653 (4) B 1060 (4) A 456 (18) B 379 (46) B
mM/L c1- S04~ HCO;™ (ol SO~ HCO5™~
18.4 A 13.1B 11.9B 129 A 11.0 AB 62 B
meq/L SO, cI- HCO;~ SO~ cr- HCO5~
26.1A 184 B 11.9C 220 A 129B 62C
T (44 mg/L hardness / 101 mg/L alkalinity)
mg/L SO, HCO;5~ cI- S04~ HCO;5~ cI-
715 (6) A 651 (2) AB 563 (6) B 496 (8) A 476 (9) A 340 (16) A
mM/L cI- HCO5~ SO, cI- HCO;5~ SO~
159 A 10.7 B 75C 9.6 A 7.8 AB 52 B
meg/L cI- SO, HCO;™ ¥ cr- HCO;~
159 A 149 A 10.7 B 10.5A 9.6 A 7.8 A

2IC50 and IC25 values in a row with the same letter are not significantly different (@ =0.05).

was responsible for the observed toxicity (Table 2). Their
relative toxicities varied considerably based on the predominant
anion and the type of water used to prepare the solutions. Total
dissolved solids and ionic strength were significantly less toxic
in SO, solutions than in HCO; ™ solutions and most of the C1~
solutions, and Na't was almost twice as toxic in HCO;~
solutions compared with SO,2~ solutions. Inhibition concen-
trations based on these parameters simply describe their status
at the anion-based point estimate of toxicity.

Anion-mixture toxicity

Analysis of variance conducted with each data set (L, M, or
T, n=64) consistently identified C1~, SO42", and HCO;™ and
the interaction between Cl~ and SO,>~ as highly significant
predictors (a < 0.0001) of C. dubia reproduction. Interaction
between SO,2~ and HCO;™ was significant in solutions pre-
pared in the L water, but not in M or T water, and interaction
between ClI- and HCO;~ was not significant. Regressions
incorporating the S0,>:CI™ ratio provided better fits to the
data (based on R?) than those using the CI7:S0,>" ratio or their
product, indicating that mixtures containing lower proportions
of CI~ (compared with SO4%7) were less toxic. Models gen-
erated with the combined data set (n=192) also demonstrated
that all three anions contributed significantly to the toxicity of
mixture solutions, that there was a significant interaction effect
between SO,2~ and C17, and that hardness significantly reduced
toxicity (Table 3). A five-variable model (Cl7, SO42_,
HCO;™, SO42_:C1", hardness) provided the best combination
of precision and complexity, but a model with four variables
using anion concentrations and the SO,>7:Cl™ ratio also rep-
resented the data well. Use of only individual anion concen-
trations provided an R* of 0.75 and an AIC of 128. Including
the SO,*7:Cl" ratio into this model increased the R* to 0.84 and
decreased the AIC to 47; adding the hardness concentration as
an additional variable in the model further increased the R? to
0.89 and brought the AIC to 0. Model coefficients were

calculated using units of mass (mg/L) because of its use in
reporting analytical data. However, molar or equivalent units
can be substituted by dividing the coefficients by the molecular
or equivalent weights of their anions.

Assumptions of uncorrelated and normally distributed errors
used in statistical analyses of regression data were validated
with several criteria. Highly significant F statistics for all
model components and Pearson correlation coefficients close
to 1.0 (0.94-0.97) in the L, T, M, and combined data sets
demonstrated strong relationships between independent varia-
bles and C. dubia reproduction. Model residuals were ordered
along straight lines in normal probability plots, and, with one
exception, plots of residuals versus predicted responses and
independent variables contained no patterns. Plots comparing
residuals with predicted responses in M water revealed two
distinct groups of observations that roughly corresponded to
levels of reproduction (above 60% or below 30%). This pattern
appeared to correspond to a gap among anion concentrations in
test solutions (depicted as TDS in Fig. 2) that was due to the
combinations of greater IC values established for the individual
anions in moderate-hardness water (Table 1).

Total dissolved solids is an easily used term to describe
mixture solutions including effluents. However, the correspond-
ence between TDS and toxicity in these effluents was not as
consistent as predictions of the anion-concentration models,
although it was slightly better than that between toxicity and
ionic strength or conductivity. A regression using TDS and
reproduction in the combined data set provided an R? of 0.70.
Regressions comparing ionic strength or conductivity with
reproduction resulted in R? values of 0.62 and 0.68, respec-
tively. Ceriodaphnia dubia that had been cultured and tested in
M water were more tolerant of greater TDS concentrations than
those produced and exposed to either L or T water (Fig. 2).
Inhibition concentrations (IC50) based on TDS were 1,139,
1,081, 1,569, and 1,248 mg/L for the L, T, M, and combined
data sets, respectively. With similar TDS concentrations in the
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Fig. 1. Mean reproduction of Ceriodaphnia dubia (+1 SD) in single-anion
toxicity tests of C1~, SO,%~, and HCO;~ using low-hardness/low-alkalinity
water (L; n=3), low-hardness/moderate-alkalinity water (T; n=2), and
moderate-hardness/moderate-alkalinity water (M; n=3).

Table 2. Mean inhibition concentrations (IC50 with coefficient of
variation) that reduce Ceriodaphnia dubia reproduction by 50% for total
dissolved solids (TDS; mg/L), ionic strength (IS), and Na* (mg/L) deter-
mined from assessments of C1~, SO4*~, and HCO3 ™ in low-hardness/low-
alkalinity (L, n=3), low-hardness/moderate-alkalinity (T, n=2), and

moderate-hardness/moderate-alkalinity (M, n=3) waters®
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Fig. 2. Mean reproduction of Ceriodaphnia dubia plotted against total
dissolved solids when exposed to anion-mixture solutions prepared in low-
hardness/low-alkalinity water (L), low-hardness/moderate-alkalinity water
(T), and moderate-hardness/moderate-alkalinity water (M).

Table 3. Predictive models of chronic toxicity that use concentrations of

anions (mg/L) and hardness (mg/L as CaCOs3) as independent variables to

estimate Ceriodaphnia dubia reproduction as a percentage of the control
reproduction (n=192)

IC50

Water cl- HCO;~ NeYen

L TDS 689 (12) B 901 3) B 1,206 (12) A
IS 0.012 (12) B 0.012 3) B 0.025 (13) A
Na* 244 (13) B 232 3) B 370 (13) A

T DS 1,506 (5) A 989 (4) B 1,517 (2) A
IS 0.026 (5) B 0013 @) C 0.031 (2) A
Na® 558 (6) A 256 (4) C 466 (2) B

M DS 1,318 ) B 1,034 (8) C 1,900 (4) A
IS 0.024 2) B 0.014 (8) C 0.040 (4) A
Na* 468 (2) B 252 (9) C 574 (4) A

Standard
R? Variable Coefficient error a
Model 1 0.84 Intercept 111.516 2.8458 <0.0001
S0, -0.079 0.0038 <0.0001
Cl™ —0.049 0.0088 <0.0001
HCO;~ —0.105 0.0073 <0.0001
NeXave 0.110 0.0106 <0.0001
Model 2 0.89 Intercept 92.182 3.2874 <0.0001
S04 —0.087 0.0034 <0.0001
Cl —0.091 0.0089 <0.0001
HCO5™ —0.093 0.0063 <0.0001
S0,27/C1™ 0.078 0.0097 <0.0001
Hardness 0.553 0.0639 <0.0001

#Concentrations in a row with the same letter are not significantly different

(o0 =0.05).
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Table 4. Inorganic components and total dissolved solids (TDS) of effluents used to assess anion-toxicity models

Effluent Cl (mg/L) SO4 (mg/L) HCO;3 (mg/L) Ca (mg/L) Mg (mg/L) Na (mg/L) TDS (mg/L) Cr (ng/L) Cu (pg/L) Ni (ng/L) Pb (ng/L) Zn (pg/L)

1 411 728 199 3 6
2 51 53 117 19 10
3 390 715 1,940 7 4
4 3 51 274 2 1
5 76 59 224 5 1
6 79 17 241 16 2
7 50 410 107 14 1
8 14 20 148 5 2
9 91 118 1,065 9 12
10 612 373 479 8 3
11 263 1,740 719 30 10

419 1,796 6 16 4 2 22
48 303 4 12 1 0 15
1,210 4,416 8 13 6 2 27
125 501 8 5 0 0 97
159 534 9 3 1 0 18
175 602 6 5 18 1 241
265 871 35 9 3 3 242
60 254 0 2 1 0 32
608 1,972 9 2 2 0 24
616 2,146 0 19 0 0 34
1,060 3,893 0 4 5 0 25

T and M waters used for C. dubia cultures, the difference in the
TDS IC values for these waters suggests that exposure in
moderate hardness conditions was responsible for the decreased
toxicity.

Effluent testing/model prediction

Effluents collected from various textile manufacturers and
municipal waste-treatment plants around the southeastern
United States provided realistic examples and were comprised
primarily of Na¥ and a mixture of Cl~, SO4*~, and HCO;™~
(Table 4). Calcium and Mg2+ concentrations indicated soft to
moderately hard conditions, with hardness concentrations rang-
ing from 9 to 115 mg/L. Effluent alkalinities varied from 58 to
860 mg/L, with pH values of 8.2 to 9.1; DOC concentrations
ranged from 1 to 108 mg/L; total ammonia was present in
measurable amounts only in effluent 10 (0.2 mg/L). Chronic
toxicities of seven effluents were predicted reasonably well
by both models. However, only four effluents (3, 9, 10, 11)
provided dilutions in which toxicity appeared to be caused
primarily by anion concentrations, although the potential influ-
ence of other measured or unmeasured components could not be
ruled out. Three effluents (2, 6, 8) contained relatively low
anion concentrations and exhibited no chronic toxicity as was
predicted by the models. On the other hand, four effluents (1, 4,
5, 7) also had relatively low anion concentrations but elicited
much more toxicity than predicted. These results presumably
were due to toxic levels of trace metals or other undetermined
components. Copper and Ni exceeded concentrations causing
chronic toxicity in the upper dilutions of effluent 1, and Cu and
Zn exceeded these concentrations in effluent 7 (http://epa.gov/
waterscience/criteria/nrwqc-2006.pdf), but causes for toxicities
of effluents 4 and 5 were unknown. Only test results from
effluents 3,9, 10, and 11 were considered further. In treatments
with the greatest proportion of these effluents, K* ranged from
11 to 47 mg/L and NO5~ ranged from 0 to 9 mg/L, and PO,>~
and DOC concentrations were low as well (0-2 mg/L and 1-7
mg/L, respectively). Concentrations of K* and NO;~ were
below reported levels of chronic toxicity [25,26].

Effluent toxicity differed significantly with the type of
dilution water used in two of the four effluent assessments
(Table 5, Fig. 3). Toxicity tests of effluents 9 and 10 provided
essentially the same responses regardless of the type of dilution
water used, but effluent 3 was significantly more toxic when
diluted with moderate-hardness water, whereas effluent 11 was
significantly more toxic when diluted with low-hardness
water. Both models produced fairly accurate estimates of
reproduction, which were used to approximate effluent toxicity

(Fig. 3). Predictions with model 1 were generally closer to
observed responses for effluents 3 and 10 (hardness concen-
trations < 40 mg/L), whereas predictions with model 2, which
included hardness, were more accurate for effluents 9 and 11
(hardness concentrations > 70 mg/L). However, the observed
responses might also reflect influences of other effluent com-
ponents that can often confound assessments of toxicity, such as
DOC and undetermined contaminants.

There was a significant difference in the toxicity of effluent 3
depending on the type of dilution water used, with increased
toxicity in moderately hard water. Both models adequately
predicted the toxicity of effluent 3 when it was diluted with
L water, but model 2 substantially underestimated its toxicity
when diluted with M water (Table 5, Fig. 3). Predicted point
estimates for effluent 3 were within confidence intervals of
those determined from the observed responses in low-hardness
dilutions, as was the IC50 estimate of model 1 in moderate-
hardness dilutions. Predicted reproduction was often within
1 SD of the observed responses. In dilutions prepared with
low-hardness water, predictions by both models were virtually
the same, because the hardness concentration in all four dilu-
tions was close to 40 mg/L (Table 6), which was the low
concentration used to establish model 2. The greater toxicity
in moderate-hardness dilutions was unexpected because of the
small differences in anion concentrations and suggested a
negative effect because of the acclimation of test animals to
moderate-hardness conditions followed by exposure to lower-
hardness test solutions. Chemistries of the low- and moderate-

Table 5. Observed and predicted inhibition concentrations (% effluent)
that reduce Ceriodaphnia dubia reproduction by 25% and 50% for effluents
diluted with low-hardness (L) or moderate-hardness (M) waters®

Predicted response

Observed response

(95% CI) Model 1 Model 2

Effluent Water 1C25 IC50 IC25 IC50 IC25 IC50
3 L 15 (10-18) 22 (20-25) 11 20 11 20
M 3 (2-7) 13 (9-18) 9 18 15 23
9 L 43 (36-49) 61 (55-63) 20 38 26 49
M 41 (29-53) 60 (51-65) 17 35 37 56
10 L 29 (26-31) 48 ND 30 55 22 42
M 36 (19-38) 46 (43-48) 27 51 30 48
11 L 4 (3-11) 23(16-25) 14 25 14 26
M 30 ND NT 13 24 20 33

#ND = confidence interval (CI) could not be determined; NT = reproduction
in greatest effluent concentration >50% of control reproduction.
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Fig. 4. Meanreproduction of Ceriodaphnia dubia in effluent assessments using animals cultured in low-hardness (L) or moderate-hardness (M) water and exposed

to effluent dilutions prepared with low- and moderate-hardness waters.

2.7, respectively), demonstrating that dilution quickly reduces
their toxicity [24]. These ratios were similar to those found in
surveys of effluents from chemical manufacturers and publicly
owned wastewater treatment facilities [29], supporting the
assertion that the major anions may contribute significantly
to the chronic toxicity of many effluents.

The relatively high IC values of C1~, SO,*~, and HCO;~
compared with other contaminants may indicate impairment of
the animal’s osmoregulatory functions or a disruption of its
acid-base balance. Freshwater invertebrates concentrate Cl™
against a chemical gradient by using Na*/Cl7/K*/adenosine
triphosphate transport mechanisms and excrete SO,*~ and
HCO;™ as byproducts of respiration [30,31]. Chloride is
directly related to the active uptake of Nat and elimination
of HCO;™, and all three anions contribute to the acid-base
balance [31]. The importance of the ionic charge to these
processes justified using equivalent units to compare

Table 7. Mean reproduction (with coefficient of variation, n = 10) of
Ceriodaphnia dubia from low-hardness (L) and moderate-hardness (M)
cultures when exposed to low- and moderate-hardness control
treatments during effluent assessments®

L culture M culture
Effluent L water M water L water M water
3 24.1(10.8) B 255(11.6) B 234 (12.1) B 31.1 (7.3) A
9 30.7 (6.9) A 29.7(7.8) A 244 (13.00 B 29.8 (11.8) A
10 288 (9.8) A 280 (7.1) A 25.7 (21.3) A 292 (10.4) A
11 314 (7.7) AB 30.0 (142) AB 272 (23.8) B 33.0(6.2) A

“Values in a row with the same letter are not significantly different
(o =0.05).

common ion toxicities. Based on equivalents, HCO;™ is
the most acutely toxic of the anions, followed by
Cl™ and SO42_ [4]. The same pattern was evident in
chronic exposures from the present study conducted in
moderate-hardness water (HCO5;™ >Cl™ > SO42').

Substantial differences were observed in the toxicities of C1™
and SO,*~ because of characteristics of the waters in which they
were tested. However, the toxicity of HCO5;™ remained fairly
consistent across the three types of water. Hardness reduced the
toxicities of SO42_ and ClI7, and CI™ toxicity was also reduced
in water with moderate alkalinity compared with low-alkalinity
water. However, the reduction in C1™ toxicity most likely was
due to the increase of Na™ rather than the increase of alkalinity.
Alkalinity in these solutions was provided by additions of
NaHCOs;, and after disassociation the additional HCO5;™ should
add toxicity. However, ion regulation in freshwater animals is
dependent on cellular interactions involving Na* [30,31] and
the additional Na™ in the moderate-alkalinity water might have
mitigated the impacts of the CI~™ and HCO;™. The toxicity
of Cl™ relative to SO,*~ and HCO;~ was dependent on the type
of water in which it was tested. Variability in CI™ toxicity
resulting from changes in hardness and Na% resulted in its
toxicity being similar to that of SO, and significantly less than
that of HCO;~ in water with more Nat and low hardness,
similar to HCO3 ™ and significantly greater than SO4>~ in waters
containing less Nat and low hardness, and more toxic
than SO,>~ but less toxic than HCO,;~ in water with
more Nat and moderate hardness.

The toxicities of anion mixtures generally represent
the additive effects of C1~, SO,>~, and HCO; ™, with significant
effects contributed by hardness and an interaction between Cl™
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Abstract—Toxicity of fresh waters with high total dissolved solids has been shown to be dependent on the specific ionic composition
of the water. To provide a predictive tool to assess toxicity attributable to major ions, we tested the toxicity of over 2,900 ion
solutions using the daphnids, Ceriodaphnia dubia and Daphnia magna, and fathead minnows (Pimephales promelas). Multiple
logistic regression was used to relate ion composition to survival for each of the three test species. In general, relative ion toxicity
was K* > HCO3; = Mg?* > Cl- > SO}~; Na* and Ca?* were not significant variables in the regressions, suggesting that the toxicity
of Na* and Ca?* salts was primarily attributable to the corresponding anion. For C. dubia and D. magna, toxicity of Cl-, SO3-,

and K* was reduced in solutions enriched with more than one cation. Final regression models showed a good quality of fit to the

data (R

0.767-0.861). Preliminary applications of these models to field-collected samples indicated a high degree of accuracy

for the C. dubia model, while the D. magna and fathead minnow models tended to overpredict ion toxicity.

Keywords—Ions Total dissolved solids Salinity

INTRODUCTION

Natural fresh waters contain several ionic constituents at
greater than trace levels. Indeed, ions such as Na*, Ca2*, Cl-,
and others are required at a minimum level to support aquatic
life, and these major ions are components of most formulas
for “reconstituted” water used in aquatic toxicity testing [1,2].
However, many natural and anthropogenic sources can increase
ion concentrations to levels toxic to aquatic life. Studies of
oil and gas produced waters [3-5], irrigation drain waters [6,7],
shale oil leachates [8], sediment pore waters [9,10], and in-
dustrial process waters [11,12] have shown toxicity caused by
elevated concentrations of common ions.

Typically, integrative parameters such as conductivity, total
dissolved solids (TDS), or salinity are used as a measure of
the concentrations of common ions in fresh waters. While for
a given ionic composition there is undoubtedly a correlation
between increasing conductivity or TDS and increasing tox-
icity, these parameters are not robust predictors of toxicity for
a range of water qualities. For example, Burnham and Peterka
[13] noted that fathead minnows could tolerate TDS concen-
trations up to 15,000 mg/L in Saskatchewan lakes dominated
by Na* and SOj?-, but populations did not persist above 2,000
mg/L in Na*/K*/HCOj;-dominated lakes of Nebraska. In stud-
ies of irrigation drain waters, Dickerson et al. [7] found Cer-
iodaphnia dubia 50% lethal concentration (LC50) values cor-
responding to approximate conductivities of 3,500 to 4,000
wS/cm (calculated), while Jop and Askew [11] showed major
ion toxicity to C. dubia in an industrial process water with a

* To whom correspondence may be addressed.
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conductivity of only 1,800 nS/cm (K.M. Jop, personal com-
munication). Studies by Dwyer et al. [14] demonstrated that
the toxicity of high TDS waters to Daphnia magna and striped
bass Morone saxatilis was dependent on the specific ionic
composition of those waters.

Given the substantial differences in toxicity among major
ion salts [15], these differing responses in waters with different
ionic compositions are to be expected. Still, they emphasize
the inadequacy of generic measures for assessing the potential
toxicity of major ions and the need for a broader understanding
of major ion toxicity. This paper presents research to develop
more comprehensive tools for assessing major ion toxicity.
Acute toxicity tests using three freshwater organisms were
conducted on solutions enriched with varying combinations of
major ions. Results of these tests were incorporated into mul-
tivariate logistic regression models that predict survival of the
three test species based on major ion concentrations.

MATERIALS AND METHODS
Test organisms

All organisms used in testing were obtained from in-house
cultures (ENSR, Fort Collins, CO, USA); daphnids were less
than 24 h old at test initiation, while fathead minnows were
1 to 7 d old. Ceriodaphnia dubia were cultured in either mod-
erately hard reconstituted water (MHRW) or 20% mineral wa-
ter [1] at 25°C, while D. magna were cultured in hard recon-
stituted water [1] at 20°C. Fathead minnow brood stock were
cultured at 20 to 25°C in tap water that was pretreated with
activated carbon. Eggs and larva were held in MHRW,; larva
were fed brine shrimp nauplii (Artemia sp.) twice daily until
they were used in testing.
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Table 3. Mean LC50 values for salt combinations tested with Daphnia magna and fathead minnows?

Daphnia magna

Fathead minnow

Salt

24-h 48-h 24-h 48-h 96-h
NaCl 6,380 [2] 4,770 [2] 8,280 [3] 6,510 [3] 6,390 [3]
(6,160-6,600) (3,790-5,740) (7,240-10,000) (6,090-7,070) (6,020-7,070)
Na,SO, 6,290 [4] 4,580 [4] >8,080 [3] >7,960 [3] 7,960 [3]
(5,790-7,070) (4,060-5,360) (7,070—>10,000) (6,800->10,000) (6,800-10,000)
NaHCO, 2,380 [4] 1,640 [4) 4,850 [2] 2,500 [2] <850 [3]
(1,900-2,870) (1,170-2,030) (3,540-6,160) (950-4,060) (<310-1,220)
KCl 740 [5] 660 [5] 950 [3] 910 (3] 880 [3]
(580-880) (440-880) (750-1,090) (750-1,090) (750~1,020)
K,SO, 850 [4) 720 [4] 990 [4] 860 [4] 680 [4]
(670-1,170) (580-880) (770-1,170) (580-1,170) (510-880)
KHCO, 670 [4] 650 [4] 940 [4] 820 [4] <510 [4]
(440-880) (380-820) (750-1,340) (750-880) (<310-750)
CaCl, 3,250 [4] 2,770 [4] >6,660 [3] >6,560 [3] 4,630 3]
(2,680-4,010) (2,330-3,230) (4,700->10,000) (4,390—>10,000) (3,930-5,360)
CaSo, >1,970 [3] >1,970 [3] >1,970 [2] >1,970[2] >1,970 [2]
(>1,970->1,970) (>1,970->1,970) (>1,970->1,970) (>1,970->1,970) (>1,970->1,970)
MgCl, 1,560 [4] 1,330 [4] 3,520 [3] 2,840 [3] 2,120 [3]
(1,250-1,810) (1,170-1,580) (2,520-4,490) (1,970-3,880) (1,580-2,740)
MgSO, 2,360 [4] 1,820 [4] 4,630 [3] 3,510 [3] 2,820 [3]
(2,180-2,500) (1,540-2,330) (3,180-7,070) (3,000-4,350) (2,610-3,080)
NaCl/Na,S0, 6,140 [2] 5,700 [2] >9,040 [2] >8,460 [2] 6,090 [2]
(5,360-6,930) (5,360-6,030) (8,080->10,000) (6,930~>10,000) (6,030-6,160)
NaCl/NaHCO, 4,440 [2] 2,950 [2] 4,580 [2] 3,790 [2] 2,540 [2]
(3,520-5,360) (2,830-3,080) (3,540-5,630) (2,330-5,250) (2,330-2,750)
Na,S0,/NalCO, 4,480 [2] 3,180 [2] 5,350 [2] 5,050 [2] 4,060 [2]
(4,060-4,900) (2,830-3,540) (4,660-6,030) (4,060-6,030) (3,080-5,040)
KCI/K,S0, 740 [2] 740 [2] 900 [2] 760 2] 760 [2]
(600-880) (600-880) (790-1,020) (630-880) (630-880)
KCU/KHCOS, 740 [2] 740 [2] 300 [2] 770 [2] 770 [2]
(640-830) (640-830) (770-830) (700-830) (700-830)
K,SO,/KHCO, 630 [2] 630 [2] 1,060 [2] 720 [2] 720 2]
(540-720) (540-720) (1,030-1,090) (610-830) (610-830)
CaCl,/CaSO, 3,250 [2] 2,950 [2] >5,510[1] >5,510[1] >5510[1]
(3,140-3,360) (2,760-3,150)
MgCl,/MgSO, 2,110 [2] 1,510 [2] 3,830 [2] 3,330[2] 2,800 [2]
(1,940-2,280) (1,340-1,680) (3,790-3,870) (3,300-3,370) (2,240-3,370)
NaCI/KCl 3,930 [1] 3,930 [1] 1,410 [1] 1,410 (1] 1,410 [1]
NaCl/CaCl, 5,250 [1] 5,250 [1] 8,410 1] 8,080 [1] 6,460 [1]
NaCl/MgCl, 3,820 [1] 3,070 [1] 5,250 [1] 3,520 1] 3,160 [1]
KCl/CaCl, 2,620 (1] 2,450 [1] 2,810 [1] 2,810[1] 2,810 1]
KCI/MgCl, 2,280 [1] 2,020 (1] 1,580 [1] 1,410 [1] 1,410 [1]
CaCl,/MgCl, 4,850 [1] 4,390 1] 5,630 [1] 5,250 [1] 5,250 [1]
N2,S0,/K,S0, 4,800 [1] 4,610 [1] 1,580 [1] 1,580 [1] 1,580 [1]
Na,S0,/MgSO0, 8,400 [1] 7,980 [1] 8,840 [1] 5,740 1] 4,800 [1]
K,S0,/CaS0, 1,160 [1] 1,200 [1] 1,980 [1] 1,720 [1] 1,720 [1]
K,SO,/MgSO, 2,760 [1] 2,210 (1] 1,380 [1] 1,290 [1] 1,290 [1]
CaS0,/MgS0, >6,470 [1] >6,470 [1] NT® NT NT
NaHCO,/KHCO, 1,220 (1] 1,040 (1] 1,140 [1] 820[1] 740 [1]

# Values are arithmetic means [#] (range) expressed as total ion concentrations added in mg/L. Tests with two salts involved 1:1 combinations
of stock solutions containing 10,000 mg/L, except for CaSO, (1,970 mg/L), MgCl, (5,480 mg/L), and CaCl, (7,480 mg/L).

b Not tested.

cated a lower quality of fit than was observed for the single
salt model fit to the initial, less complex data set.

There were two basic explanations for the decreased quality
of fit observed with the double salt model: (1) the larger data
set contained greater inherent variability (measurement error)
and hence it was not possible to achieve as high an R? value;
or (2) there were important toxic interactions represented in
the three ion solutions that were not represented in the solu-
tions containing only a single salt (although the regression

algorithm had not selected any interaction terms as being sig-
nificant). When the ion combinations for which the model
made poor predictions were analyzed, some patterns were ap-
parent. In particular, it appeared that the model was overpre-
dicting toxicity for solutions containing two Cl- salts.

This phenomenon is perhaps best illustrated by data col-
lected for solutions of NaCl and CacCl, tested both alone and
in combination. As explained above, the single salt model
indicated that the toxicity of Na*® and Ca?" salts could be
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Fig. 1. Average LC50 values for Ceriodaphnia dubia exposed to
single salts with and without feeding.

adequately explained on the basis of the anion concentration
alone; in other words, NaCl and CaCl, had approximately the
same toxicity when expressed on the basis of CI-. A plot of
these data (Fig. 2) supports this conclusion and also shows a
good fit of the single salt model to these data. However, when
NaCl and CaCl, were tested in combination, the resulting so-
lution was less toxic (on the basis of Cl- concentration) than
either of the solutions tested singly. The single salt model was
unable to account for this decreased toxicity and, consequently,
made poor predictions for the combined NaCl/CaCl, solutions
(Fig. 2). The same trend toward lower toxicity of Cl- in the
presence of two cations was also evident for solutions con-
taining K* or Mg?*.

The double salt model compensated for the lower toxicity
of two cation solutions but only partially. The double salt
model simply fit a shallow response curve between the single
cation and two cation data, predicting a “mean” probability
of survival somewhere between the observed single salt and
two salt survival values. While this compromise provided a
better overall fit to the data than did the single salt model, it
was clearly not a good representation of the response. Given
that the regression algorithm did not find any interaction terms
to be significant, it appeared that a new variable was required
to provide a better fit to the data.

A
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Fig. 2. The 48-h survival of Ceriodaphnia dubia exposed to solutions
enriched with NaCl, CaCl,, or a 1:1 combination of NaCl and CaCl,,
normalized to Cl- concentration. Curves represent regression model
predictions for the single salt, double salt, and double salt with
NumCat models. Values at 0% and 100% offset slightly for clarity.
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We attempted without success to derive a continuous vari-
able that would respond appropriately to the relative concen-
tration of cations in solution and thus identify the two cation
solutions as different than solutions with a single cation. After
our lack of success with continuous variables, we created a
categorical variable called NumCat. The NumCat variable was
intended to simply represent the number of major cations in
the solution. For the initial modeling trials, the NumCat vari-
able was arbitrarily defined as the number of cations in the
solution that represented at least 10% of the total molar cation
concentration and that were also present at a concentration
greater than 100 mg/L. Our expectation was that the NumCat
variable would show a significant interaction with Cl~ and any
other ion whose toxicity was influenced by the number of
cations present. The resulting model, called the “double salt
with NumCat”” model, showed a markedly improved fit (R* =
0.899); significant terms were the original five ions in the
single and double salt models, plus NumCat and the Num-
Cat X Cl, NumCat X SO,, and NumCat X K interaction terms.
The NumCat X CI term allowed the model to better represent
the toxicity of NaCl, CaCl,, and NaCl + CacCl, solutions shown
in Figure 2. NumCat also showed significant (positive) inter-
actions with SO2- and K*, suggesting that the presence of two
cations (or one additional cation in the case of K*) ameliorated
the toxicity of these ions as well.

After subsequent data collection and analysis, two addi-
tional steps were taken to optimize the NumCat variable. First,
we conducted supplemental testing of C. dubia exposed to
mixtures of three and four Cl- salts (data not shown). Modeling
of these data (NumCat = 3 or 4) yielded a substantial under-
prediction of toxicity. Direct inspection of these data confirmed
that the protective effect observed with two cations did not
seem to increase with the addition of three or four cations.
Accordingly, we chose to limit the NumCat variable to values
of 0, 1, or 2; for solutions where the >10% and >100-mg/L
criterion yielded values of 3 or 4, these values were reset to 2.

The second step involved rigorously evaluating the defi-
nition criteria for the NumCat variable. Although the NumCat
variable was clearly effective at increasing the predictive ca-
pability of the model, its original definition had been arbitrary.
To provide a stronger technical basis for defining NumCat, we
conducted a sensitivity analysis by varying the two compo-
nents of the NumCat definition, the relative molar concentra-
tion (originally >10%), and the absolute concentration (orig-
inally 100 mg/L). A complete matrix of relative concentration
(0, 5,10, 15, 20, and 25%) and absolute concentration (0, 100,
200, and 300 mg/L) was modeled using 48-h C. dubia data.
The resultant models were evaluated based on their R? values
(Fig. 3). The NumCat criteria that produced the model with
the highest R? (best fit of the model to the observed data) were
the 15% with >100 mg/L (R? = 0.8559) and the 10% with
>100-mg/L (R? = 0.8553) criteria. Given that the difference
in R? was only 0.0006 (0.06% of the variance) and that we
had already worked extensively with the 10% and >100-mg/L
criteria, we elected to continue using these criteria in finalizing
the model equations.

After completion of data collection, final regression equa-
tions were developed to predict C. dubia survival after 24 and
48 h of exposure. Through the course of these analyses, several
additional variables and data transformations were evaluated
and discarded. Aside from the feeding and reference toxicant
variables discussed previously, we evaluated the sum of all
ions, the sum of all cations, the sum of all anions, and NumAn
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Fig. 3. Effect of varying criteria for the definition of the NumCat
variable. Circled point represents the criteria selected initially and
maintained for final derivation of the regression equations.

(the anion equivalent of NumCat). First-order interactions of
these variables and ion concentrations were also evaluated.
None of these variables was selected as significant by the
regression algorithm. Models based on log-transformed ion
concentrations consistently showed lower R? values than those
based on untransformed data.

The final 24- and 48-h equations for C. dubia had K+,
HCOj3, Mg?*, Cl-, and SO?~ as significant variables (Table 4).
Additionally, NumCat and the interaction terms NumCat X Cl,
NumCat X SO,, and NumCat X K were found to be significant.
As had been the case since early in the modeling process, Na*
and Ca?* concentrations were not significant variables except
as they affected the calculation of NumCat. R? for the final
regressions were 0.861 and 0.842 for the 24-h and 48-h equa-
tions.

Model development for D. magna proceeded along the
same lines as those described for C. dubia. The initial model
developed using only single salt data fit those data very well
(R* = 0.97) but was not as good at predicting survival for
more complex ion mixtures. As was observed for C. dubiaq,
solutions with multiple cations tended to be less toxic than
comparable solutions with only one cation. As a result, when
all D. magna data were analyzed, NumCat was again selected
as a significant variable, both by itself and through its inter-
actions with Cl7, SO3~, and K* (Table 4). In fact, all significant
terms in the C. dubia double salt model with NumCat were

D.R. Mount et al.

also significant for D. magna. Quality of fit for the D. magna
models was slightly lower than for the C. dubia models, though
still quite good (0.812 and 0.799).

As for the daphnids, modeling of the fathead minnow data
indicated that toxicity was a function of K*, Mg?+, HCO3, ClI-,
and SO3~ concentrations, as neither Na* nor Ca2* were selected
as significant variables (Table 4). The primary difference in
the fathead minnow equations was that NumCat was not a
significant variable either by itself or in interaction with other
terms. R? values for the three regression equations were gen-
erally comparable to those for the other models, ranging from
0.767 to 0.832.

Because of the large number of independent variables, the
actual response surface of the regression models cannot be
easily visualized. Nonetheless, marginal plots of the regression
equations can be used to illustrate the relative sensitivity of
each species to the various ions (Fig. 4). These plots show
that C. dubia are, in general, the most sensitive of the three
species to major ion toxicity, while fathead minnows are the
least sensitive. K* was the most toxic ion to all species and
SO?%~ the least. The only inconsistency between species was
that Mg?* was more toxic than HCOj for D. magna and fathead
minnows, but the reverse was true for C. dubia.

As a means to visually evaluate the fit of the data sets to
the regression equations, each regression equation was used
to predict the ion concentrations producing 50% survival for
each of the ion combinations tested during data collection.
These values were then plotted against the average observed
LC50 values from Tables 2 and 3 (Fig. 5). These plots indicate
good overall agreement between the calculated and predicted
LC50 values for all three species. Note, however, that this
analysis is not a direct evaluation of quality of fit for the models
because it actually compares a point estimate derived from
individual logistic regression equations with the arithmetic
mean of multiple point estimates for specific ion combinations
derived by a different method (trimmed Spearman-Karber
LC50 estimation [21]); it is not a plot of raw data versus model
predictions. There are other biases in this comparison as well,
such as different weighting of observations. Nevertheless, the
concordance between the two methods does provide some as-
surance that the single multiple regression models provide a
reasonable representation of the responses to a broad range of
ion combinations.

The absence of interaction terms in the final regression
equations, aside from those involving NumCat, suggests that

Table 4. Regression coefficients for final regression equations®

Ceriodaphnia dubia

Daphnia magna

Fathead minnow

24-h 48-h 24-h 48-h 24-h 48-h 96-h
Constant 9.11 8.83 5.91 5.83 5.69 5.51 4.70
K* -0.0320 —0.0299 —0.0200 —-0.0185 —0.0108 —0.0113 —0.00987
Mg?* —0.00594 —0.00668 —0.00450 —-0.00510 —0.00225 —0.00316 —0.00327
Cl- —0.00706 —0.00813 —0.00330 —-0.00395 —0.00117 —0.00125 —0.00120
S0O3- —0.00424 —0.00439 —0.00204 —0.00255 —0.000728 —0.000750 —0.000750
HCO; —-0.00745 —0.00775 —0.00276 -0.00397 —0.00200 —0.00274 —0.00443
NumCat 0.0332 —0.446 —0.410 —0.511 NSt NS NS
NumCat*K~* 0.00888 0.00870 0.00778 0.00677 NS NS NS
NumCat*Cl~ 0.00196 0.00248 0.00110 0.00146 NS NS NS
NumCat*S03- 0.00121 0.00140 0.000998 0.00132 NS NS NS
Model R? 0.861 0.842 0.812 0.799 0.832 0.828 0.767

 Units for ion variables are mg/L.

® NS indicates that this particular variable was not significant and was excluded from the model.
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Abstract: TheionsNat, K", Ca®", Mg®", C1~,$0,%~, and HCO3 /CO4>~ (referred to in the present study as “major ions”) are present
in all freshwaters and physiologically required by aquatic organisms but can increase to harmful levels from a variety of anthropogenic
activities. It is also known that the toxicities of major ion salts can vary depending on the concentrations of other ions, and understanding
these relationships is key to establishing appropriate environmental limits. The authors present a series of experiments with Ceriodaphnia
dubia to evaluate the acute toxicity of 12 major ion salts and to determine how toxicity of these salts varies as a function of background
water chemistry. All salts except CaSO4 and CaCO; were acutely toxic below saturation, with the lowest median lethal concentrations
found for K salts. All 10 salts that showed toxicity also showed some degree of reduced toxicity as the ionic content of the background
water increased. Experiments that independently varied Ca:Mg ratio, Na:K ratio, C1:SO, ratio, and alkalinity/pH demonstrated that Ca
concentration was the primary factor influencing the toxicities of Na and Mg salts, whereas the toxicities of K salts were primarily
influenced by the concentration of Na. These experiments also indicated multiple mechanisms of toxicity and suggested important
aspects of dosimetry; the toxicities of K, Mg, and Ca salts were best related to the chemical activity of the cation, whereas the toxicities of
Na salts also reflected an influence of the anions and were well correlated with osmolarity. Understanding these relationships between
major ion toxicity and background water chemistry should aid in the development of sensible risk-assessments and regulatory standards.
Environ Toxicol Chem 2016;9999:1-19. Published 2016 Wiley Periodicals Inc. on behalf of SETAC. This article is a US government

work and, as such, is in the public domain in the United States of America.

Keywords: Aquatic toxicology Major ions

INTRODUCTION

Inorganic ions generally present at the highest concentrations
in freshwaters are Na*, K", Ca*", Mg*", ClI", SO,*", and
HCO; /CO5*" (referred to as “major ions” herein) and are used
to describe the basic chemistry of natural waters [1]. All have
physiological roles and are actively regulated by aquatic orga-
nisms [2] but can also cause toxicity when present in sufficient
excess [3]. Concentrations in natural waters are governed by a
variety of atmospheric, geochemical, and biological processes [1],
but these natural concentrations can be greatly increased by a wide
variety of anthropogenic influences, such as mineral mining, oil
and gas extraction, irrigation, road deicing, water softening, and
wastewaters from various industrial processes.

A variety of studies have shown or implicated major ions as
causes of aquatic toxicity in surface waters, with sources such as
oil and/or gas production [4,5], irrigation return flows [6,7],
mining [8,9], road salt [10], and industrial wastewater [11]. In
fact, toxicity identification studies on industrial and municipal
effluents have shown major ions to be among the more common
causes of effluent toxicity [12]. Field studies in Appalachian
streams have also found associations between changes in
macrobenthic communities and increased major ion concen-
trations from mining activities [13—-15].

This article includes online-only Supplemental Data.
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Ceriodaphnia dubia

Toxicity mechanism Dose-response modeling

Understanding the aquatic hazards posed by increased major
ion concentrations presents a number of challenges. First,
concentrations of major ions cannot be manipulated individu-
ally because charge balance demands that increased concen-
trations of any ion be offset by equal and opposite charge from
other ions, making it more difficult to infer the effects of
individual ions. Second, the relative concentrations of major
ions vary widely across watersheds and anthropogenic inputs,
and such differences are known to influence aquatic toxicity.
For example, based on total salt concentration, a 1:1 mixture (by
mass) of NaCl and CaCl, has substantially lower acute toxicity
to Ceriodaphnia dubia than either salt alone [3], indicating that
toxicity of this salt mixture is not simply additive. Third, the
toxicity of a single salt can vary based on the characteristics of
the water to which it is added, such as water hardness [16-20]
and, more specifically, Ca [21]. Although relationships between
water hardness and the toxicity of various other chemicals are
often attributed, explicitly or implicitly, to the Ca and Mg ions
that comprise most hardness, more detailed studies sometimes
show that the concentrations of other ions covarying with
hardness are playing important roles. For example, though
“hardness” was long reported to influence toxicity of metals
such as copper, later research demonstrated more detailed roles
of specific ions; this enhanced understanding was incorporated
into a more refined toxicity model, the biotic ligand model [22].

In previous work, Mount et al. [3] approached the toxicity of
major ion mixtures by developing a multivariate regression
model based on a large number of acute toxicity tests conducted
with many different combinations of major ion salts. The
resulting models predict the survival of 3 test species,
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factors, such as the longer duration in Elphick et al. [19] or a
variability associated with culturing and/or testing C. dubia in
such dilute waters. More recent communication with J. Elphick
has indicated that they have observed variability in NaCl LC50s
for C. dubia in very dilute test waters (D.R. Mount, personal
communication).

Overall, we concluded that the absence of dilution water-
specific culturing was not a substantial factor for most of our
experiments but that data for the 1/8 x MHRW waters should be
interpreted with caution. The results presented hereafter will be
only for organisms from our standard culture waters and will
consider LC50s for the most dilute test waters to be more useful
for qualitative insights into ion toxicity rather than establishing
quantitative relationships. Any quantitative uncertainties of
LC50s for such dilute waters are probably of limited practical
concern because few unimpacted surface waters will likely
experience elevations of a single salt to toxic levels while other
ions remain at such low levels.

Our culture experiments only addressed more dilute waters
than our standard culture water because discrepancies of our
results from that of Elphick et al. [19] were noted for those
waters. Although we did not evaluate effects of culturing at
higher ion concentrations, the relationship of our NaCl LC50s to
Ca concentration shows good agreement with that of Soucek
et al. [18] and Elphick et al. [19], who did culture organisms in
their different test waters. Also, Soucek and Kennedy [16]
reported only small and statistically nonsignificant differences
among Na,SO, LCS0s in MHRW for C. dubia cultured in
MHRW versus MHRW with elevated Na,SO, levels. This
suggests that acclimation to higher ion concentrations may not
be a significant factor, but more study would be needed to reach
a definitive conclusion.

Salt toxicity in MHRW versus ALSW

Figure 2 compares LC50s for 10 major ion salts tested in both
ALSW and MHRW. For NaCl, MgCl,, CaCl,, Na,SO,,
MgS0O,, and MgCO;, LC50 differences are <15% and not
statistically significant. For NaHCOs3, the LC50 is 20% lower
for MHRW and is statistically significant; however, this test
involved significant precipitation of Ca, and this precipitation
was more pronounced in the MHRW test (Table 3). Given
previous studies on the effect of hardness on salt toxic-
ity [16-21], such a Ca difference would contribute to the

D.R. Mount et al.

observed LC50 difference. The fact that MHRW provides a
higher background Na concentration and alkalinity would also
contribute to the difference in LCS0s expressed in terms of
added NaHCO;.

Only for the 3 K salts are there clear, substantial differences
between the 2 dilution waters. The LC50s are 32% to 67%
higher for MHRW than for ALSW, and these differences were
all statistically significant. Notable compositional differences
between these waters (Table 1) include 4-fold higher Na in
MHRW (because of the use of NaHCO; to add alkalinity),
3-fold higher Mg in MHRW (but similar Ca), 5-fold higher SOy,
and 3-fold lower Cl. The higher Na for MHRW is of particular
interest because Na and K are linked physiologically through the
central role of Na K adenosine triphosphatases in ion regulation
and other key cellular processes [2]. Additional information
regarding this issue is provided below (see Effects of sodium on
potassium toxicity).

Comparing the LC50s in Figure 2 across salts also supports
some inferences regarding the contributions of individual ions
to toxicity. On a total molarity basis, the Na salts are
significantly less toxic than salts of other cations with the
same anion. On a total molarity basis NaCl is also significantly
less toxic than the other Na salts. For Na,SOy, the greater
toxicity could be caused by it containing 2, instead of 1, Na
atoms, in addition to any anion effects. For NaHCOj, the greater
toxicity should be partly the result of lower Ca concentrations
(Table 3) from the CaCOj; precipitation induced by this salt.
These differences among Na salts will be further addressed
below (see Effects of calcium on the toxicities of sodium salts).

The K salts are much more toxic than the corresponding salts
with other cations, especially Na (Figure 2). The ratio of the Na
salt LC50 to the K salt LC50 ranges across the different anions
from 4.2 to 6.6 for MHRW and from 5.8 to 9.1 for ALSW, with
smaller ratios for MHRW resulting from the aforementioned
dilution water effect on K toxicity. These large ratios indicate
that K is the principal source of toxicity for these salts because
the anion concentrations at the LC50s for K salts are in all cases
a small fraction of those present at the LC50s for the Na salts.
The LCS50 on a molarity basis for K,SOy is approximately half
that of KCl, consistent with toxicity being related to the molarity
of K rather than the molarity of the salt. Factors controlling K
salt toxicity are explored further below (see Effects of sodium on
potassium toxicity).
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Figure 2. Median lethal concentrationsfor major ion salts to Ceriodaphnia dubia in moderately hard reconstituted water and amended Lake Superior water. Error
bars denote upper 95% confidence limits, and asterisks denote where confidence limits do not overlap. ALSW = amended Lake Superior water; LC50 = 48-h

median lethal concentration; MHRW = moderately hard reconstituted water.
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Supplemental Data—The Supplemental Data are available on the Wiley
Online Library at DOI: 10.1002/etc.3487.
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Abstract—The acute toxicity of sulfate to Ceriodaphnia dubia, Chironomus tentans, FHyalella azteca, and Sphaerium simile was
assessed to support potential updates of Illinois (USA) sulfate criteria for the protection of aquatic life. The mean lethal concentrations
to 50% of a sample population (LC50s), expressed as mg SO,27/L, in moderately hard reconstituted water (MHRW) were as follows:
512 mg/L for H. azteca, 2,050 mg/L for C. dubia, 2,078 mg/L for S. simile, and 14,134 mg/L for C. tentans. At constant sulfate
(~2,800 mg/L) and hardness (106 mg/L), survival of H. azteca was positively correlated with chloride concentration. Hardness
also was found to ameliorate sodium sulfate toxicity to C. dubia and H. azteca, with LC50s for C. dubia increasing from 2,050
mg SO,?7/L at hardness = 90 mg/L to 3,516 mg SO,2-/L at hardness = 484 mg/L. Using a reformulated MHRW with a similar
hardness but higher chloride concentration and different calcium to magnesium ratio than that in standard MHRW, the mean LC50
for H. azteca increased to 2,855 mg/L, and the LC50 for C. dubia increased to 2,526 mg/L. Acclimation of C. dubia to 500 and
1,000 mg SO,2~/L for several generations nominally increased mean LC50 values compared with those cultured in standard MHRW.

Keywords—Sulfate Total dissolved solids

INTRODUCTION

Aquatic ecotoxicological research has primarily focused on
the impairment of fauna by contaminants that are toxic at
minute concentrations; however, ordinarily benign major ions
(e.g., sodium, sulfate) can reach concentrations in wastewater
discharges that severely impair sensitive in-stream macroin-
vertebrates and laboratory test organisms [1-5]. Concentra-
tions of these major ions and therefore, of total dissolved solids
(TDS), which is essentially the sum of the concentrations of
all common ions (e.g., sodium, potassium, calcium, magne-
sium, chloride, sulfate, and bicarbonate) in freshwaters, can
be elevated by numerous practices, such as reverse osmosis
systems, pH modifications, and mining operations [6]; and
investigations of major-ion toxicity have involved irrigation
drainage water [1,7-9], inundation of freshwater systems by
brackish water [3,10], laboratory-formulated salt solutions
[11,12], and mining activities [4,5,13].

Coal preparation facilities wash coal to reduce sulfur emis-
sions prior to burning in coal-fired power plants and treat waste-
waters for acid-soluble metals. This practice often produces a
waste containing sulfuric acid that is usually neutralized by the
addition of sodium hydroxide or sometimes quicklime (CaO)
prior to release to a receiving system [14]. The result is an
effluent containing high concentrations of sulfate, sodium, and/
or calcium ions and therefore, TDS. Other ions potentially pres-
ent at high concentrations because of coal preparation activities
include magnesium and chlorides; therefore, the interacting ef-
fects of these various ions should be considered. Researchers
have found hardness and multiple “‘nontoxic” cations in solu-
tion to ameliorate major-ion toxicity ([8,11,15] (http://scholar.
lib.vt.edu/theses/available/etd-051499-130633/), and scveral
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studies indicate that calcium is more important than magnesium
in this regard [16-18].

There are no federal water quality criteria for the protection
of freshwater life for TDS, sulfate, or sodium [19], but several
states, including Illinois, are developing standards for sulfate
to protect aquatic life. Although major-ion (i.e., TDS) toxicity
is caused by osmoregulatory stress from the combination of
all cations and anions, chloride standards currently exist, and
Illinois plans to additionally regulate for sulfate in order to
address the major non-chloride component of TDS in these
waters. Therefore, the objectives of the current study were to
generate lethal concentrations to 50% of a sample population
(LC50s) and lethal concentrations to 10% of a sample popu-
lation (LC10s) for sulfate with selected freshwater inverte-
brates (Ceriodaphnia dubia, Chironomus tentans, Hyalella
azteca, and Sphaerium simile) in the U.S. Environmental Pro-
tection Agency (U.S. EPA)’s [20] moderately hard reconsti-
tuted water (MHRW) and to determine the effects of laboratory
water composition, water hardness, and test organism accli-
mation on the acute toxicity of sulfate. The endpoints generated
are described in terms of sulfate concentrations to address
regulatory issues; however, it is important to note that in our
exposures, sodium was the major cation, and effects observed
are probably caused by the combination of all dissolved ions.

MATERIALS AND METHODS
Toxicity of sulfate to freshwater invertebrates in MHRW

Four invertebrates were selected for initial testing. Three
of these, C. dubia, H. azteca, and C. tentans, are standard
U.S. EPA organisms used to test for either water column or
sediment toxicity [20,21]. The fourth, S. simile, is a fingernail
clam (Bivalvia, Sphaeriidac) that was easily obtained from the
ficld and represented the phylum Mollusca. Reliable toxicity
data for sodium sulfate have been generated for C. dubia [11],
so this organism was used in the present study for comparative

1204









Sulfate toxicity to freshwater invertebrates

Environ. Toxicol. Chem. 24, 2005 1207

Table 3. Influence of culture/testing water composition on toxicity of sulfate to Hyalella azteca and Ceriodaphnia dubia

Mean®* LC50° LC10¢
Species Water type (mg SO%-/L) Range (mg SO;-/L)
H. azteca MHRW¢ 512 B 431-607 262
H. azteca RMHRW:e 2,855 A 2,835-2,876 2,185
C. dubia MHRW 2,050 B 1,869-2,270 1,