
ST A TE OF NEW MEXICO 
WATER QUALITY CONTROL COMMISSION 

IN THE MATTER OF THE TRIENNIAL REVIEW 
OFSTANDARDSFORINTERSTATEAND 
INTRASTATE SURFACE WATERS, 20.6.4 NMAC WQCC No. 14-0S(R) 

CHEVRON MINING INC.'S 
NOTICE OF INTENT TO PRESENT TECHNICAL TESTIMONY 

Chevron Mining Inc. ("CMI"), pursuant to the Procedural Order issued July I 0, 2014, 

submits this Notice of Intent to Present Technical Testimony. 

1. Identify the person for whom the witness( es) will testify 

Chevron Mining Inc. 

2. Identify each technical witness the person intends to present and state the 
qualifications of that witness including a description of their educational and work 
background 

CMI expects to offer the following technical witness at the hearing: 

Robert W. Gensemer, Ph.D. 
Vice President and Senior Ecotoxicologist 
GEi Consultants, Inc 

Dr. Gensemer's qualifications and background are described in detail in Exhibit I to his 

direct testimony. 

3. Attach the full direct testimony of each technical witness 

A copy of Dr. Gensemer's direct testimony is attached to this notice. 

4. State the anticipated duration of the direct testimony of each technical witness 

CMI anticipates that the duration of Dr. Gensemer's direct testimony will be 

approximately 30 minutes. 
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5. Include the text of any recommended modification to the proposed regulatory 
change 

CMI does not propose any modification to the proposed changes to the Standards for 

Interstate and Intrastate Surface Waters (20.6.4 NMAC) for the 2013 Triennial Review. 

6. Identify and attach all exhibits to be offered by the person at the hearing 

Exhibits to be offered by Robert W. Gensemer, Ph.D. 

Exhibit 1 - Curriculum Vitae 

Exhibit 2 - Exhibit 2of2009 Pre-filed Direct Testimony of Robert W. Gensemer, 

Ph.D. 

Exhibit 3 - 2009 Pre-filed Rebuttal Testimony of Robert W. Gensemer, Ph.D. 

Exhibit 4- Exhibit A of2009 Pre-filed Direct Testimony of Steven P. Canton 

Exhibit 5 - 2009 Pre-filed Rebuttal Testimony of Steven P. Canton 

Exhibit 6 - 1985 USEPA Guidelines for Deriving Numerical National Water 

Quality Criteria for Protection of Aquatic Organisms and Their Uses 

Exhibit 7 - 2011 Letter to Pamela Homer, NMED: GEi Responses to EPA Region 

6 Record of Decision on New Mexico's Triennial Review Water Quality Standards Amendments 

7. Position on other proposed changes to the standards 

CMI takes the following positions on changes to the standards proposed by other parties: 

A. Peabody Energy 

Peabody Energy has proposed (1) a change to the numeric criteria for Selenium in 

20.6.4.900.J NMAC for the wildlife habitat use; and (2) changes to 20.6.4.900.D and 

20.6.4.900.E NMAC, criteria for primary contact, to clarify that man-made ponds and/or man-

made wetlands that are used or intended to be used for livestock watering or wildlife habitat 

purposes are not subject to primary or secondary human contact standards. 
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CMI supports the proposed changes. 

(1) Changes to 20.6.4.900.J NMAC. The current selenium water quality 

standard for the protection of wildlife habitat is 5.0 µg/L (total recoverable), which is identical to 

and duplicative of the chronic aquatic life water quality standard. The 5.0 µg/L concentration is 

based on the current national recommended EPA ambient water quality criteria for selenium 

based on the protection of fish, which were determined to be more sensitive than other aquatic 

life species (e.g. macroinvertebrates). While aquatic life such as fish and macroinvertebrates 

spend their entire lives or sensitive life stages in the water, as stated in the NMAC definition, 

wildlife use water only for drinking or through incidental consumption during feeding. Thus, 

different standards are appropriate for terrestrial wildlife than for aquatic life. CMI agrees with 

Peabody's proposal to revise the current selenium water quality standard for protection of 

wildlife habitat of 5 µg/L to 50 µg/L, which is equivalent to the current selenium water quality 

standard for protection of livestock. 

(2) Changes to 20.6.4.900.D and 20.6.4.900.E NMAC. Application of the 

primary or secondary human contact standards, which are more stringent than the livestock or 

wildlife standards otherwise applicable to these water bodies, is inconsistent with the purpose of 

these man-made water bodies and creates a disincentive to creating these structures. CMI 

believes that the creation of these structures is beneficial and consistent with good public policy 

in the arid Southwest. The current standards, without the clarification, could be an impediment 

to creating and maintaining these structures after operation ceases. 
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B. Amigos Bravos 

Aquatic Life Criteria for Aluminum. For the reasons outlined in Dr. Gensemer's 

testimony, CMI opposes the proposed change, which would return the Aluminum criteria to pre-

2009 Triennial Review levels. 

Respectfully submitted, 

MONTGOMERY & ANDREWS, P.A. 

By: ~A 
LZtliS:Ole 
/L~;aKatz 

P.O. Box 2307 
Santa Fe, NM 87504-2307 
(505) 982-3873 
lrose@montand.com 
lkatz@montand.com 

Attorneys for Chevron Mining Inc. 

4 



CERTIFICATE OF SERVICE 

I hereby certify that a copy of the foregoing Chevron Mining Inc. 's Notice of Intent to 
Present Technical Testimony was sent via U.S. mail, and/or hand-delivered on December 12, 
2014, to the following: 

*Kevin J. Powers 
Assistant General Counsel 
Office of General Counsel 
New Mexico Environment Department 
1190 St. Francis Drive, N-4050 
Santa Fe, New Mexico 87505 

Counsel for New Mexico Environment 
Department 

Erik Schlenker-Goodrich 
Kyle Tisdel 
W estem Environmental Law Center 
208 Paseo del Pueblo Sur, #602 
Taos, NM 87571 

Counsel for Amigos Bravos 

* via hand delivery 

Stuart R. Butzier, Esq. 
Modrall, Sperling, Roehl, Harris & Sisk, P.A. 
Post Office Box 9318 
Santa Fe, NM 87504-9318 

Counsel for Peabody Energy 

Dalva L. Moellenberg 
Germaine R. Chappelle 
Gallagher & Kennedy, P.A. 
1233 Paseo de Peralta 
Santa Fe, NM 87501 

Counsel for Freeport McMoRan Chino Mines 
Company 

dJ__ 
/ouis W. Rose 
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1 I. INTRODUCTION 

2 I have prepared the following direct testimony in opposition to Amigos Bravos' Proposal 

3 Regarding Criteria Applicable to Existing, Designated or Attainable Uses Unless Otherwise 

4 Specified in 206.4.97 through 20.6.4.899 NMAC. See Amigos Bravos Proposed Changes and 

5 Statement of Basis ("Amigos Bravos Proposal"), 8-9 (filed Sept. 30, 2014). Amigos Bravos 

6 proposes to withdraw the current hardness-based criteria for aluminum (Al) that were adopted by 

7 the New Mexico Water Quality Control Commission ("WQCC") in the 2009 Triennial Review 

8 of Surface Water Quality Standards ("2009 Triennial Review"), and subsequently approved by 

9 the U.S. Environmental Protection Agency ("USEPA"), and revert back to the aquatic life 

IO criteria that were in place prior to the 2009 Triennial Review. 

11 The former criteria for Al, which had not been updated for over 20 years prior to the 2009 

12 Triennial Review, were not adjusted for water hardness, and consisted of a Criterion Continuous 

13 Concentration ("chronic criterion") of 87 µg Al/L, and a Criterion Maximum Concentration of 

14 750 µg Al/L ("acute criterion"), both measured on the basis of dissolved Al concentrations. The 

15 current, updated criteria recognize that the toxicity of Al to aquatic life is hardness-dependent -

16 i.e., Al toxicity is greater in softer waters and decreases as water hardness increases - and were 

17 derived on the basis of USEP A guidance (USEP A 1985). As discussed in this testimony, I have 

18 reviewed the scientific literature, the 2009 Triennial Review and the USEP A review of the 

19 revised criteria and have concluded that the current criteria are supported and appropriate, and 

20 that it would be inappropriate to reinstate the former criteria. 

21 II. QUALIFICATIONS 

22 I am a Vice President and Senior Ecotoxicologist at GEI Consultants, Inc. with 30 years 

23 of experience as an aquatic ecologist and ecotoxicologist in both the academic and consulting 

24 sectors. My project experience includes the conduct and oversight of ecological risk assessments 

25 for both aquatic and terrestrial habitats, general aquatic plant toxicology, and the development 



and modification of ambient water quality criteria for protection of aquatic life. My technical 

2 approach focuses on providing high quality, unbiased scientific support based on a thorough 

3 understanding of appropriate regulatory guidance and the current scientific literature. 

4 My primary areas of scientific expertise include the toxicology of metals to aquatic 

5 organisms, and the development and modification of ambient water quality criteria (A WQC) for 

6 protection of aquatic life and their uses. With respect to metals toxicology, I have extensive 

7 experience conducting and/or reviewing primary laboratory research that evaluates the influence 

8 of water quality characteristics (e.g., hardness, alkalinity, and dissolved organic carbon) on the 

9 bioavailability and toxicity of metals and inorganics, primarily for aluminum (Gensemer 1989, 

10 1990, 199la, 1991b, Gensemer et al. 1994, Gensemer and Playle 1999, Gensemer et al. 1999), 

11 copper (Playle et al. 1992, Gensemer et al. 2002, Paquin et al. 2002, Naddy et al. 2003, Van 

12 Genderen et al. 2007, Gensemer 2008), and cyanide (Clark et al. 2006, Gensemer et al. 2006, 

13 Gensemer et al. 2007). Much of this research has been in support of the development and 

14 modification of the Biotic Ligand Model, which is increasingly forming the technical basis of 

15 many regulatory metals standards worldwide, including copper for freshwaters in the U.S. 

16 (USEP A 2007). 

17 I also have over 15 years of experience applying my knowledge of aquatic toxicology to 

18 the development and modification of A WQC for aquatic life according to USEP A guidance 

19 (US EPA 1984, 1985, 1994, 2001 ). Key examples of past A WQC-related projects include 

20 preparation of draft A WQC for methyl tertiary-butyl ether (MTBE), proposed updates to the 

21 AWQC for cyanide (Gensemer et al. 2007), and several projects conducted under the Arid West 

22 Water Quality Research Project (AWWQRP; funded in part by USEPA Region 9, and 

23 administered by Pima County, AZ). These A WWQRP projects focused on the evaluation and 

24 modification of ambient water quality criteria in effluent-dependent and ephemeral water courses 
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1 in the arid western U.S., including Colorado, New Mexico, Arizona, Nevada, and California. 

2 Most recently, I have been leading several projects related to implementation ofUSEPA's Biotic 

3 Ligand Model-based A WQC for copper, and the oversight of new toxicity testing to support the 

4 registration and classification of Al under Europe's Registration, Evaluation, Authorisation, and 

5 Restriction of Chemicals program (REACH). 

6 For additional detail, my full curriculum vitae is attached as Exhibit 1 to this Direct 

7 Testimony. 

8 III. BACKGROUND 

9 The current hardness-based Al criteria are based on changes proposed by Chevron 

10 Mining Inc. (CMI) and Los Alamos National Security ("LANS") during the 2009 Triennial 

11 Review. I testified in support of changes to the heavy metals standard, including Al, on behalf of 

12 LANS in that proceeding. Additional expert testimony in support of the new Al criteria was 

13 provided by Steve Canton on behalf ofCMI. My and Mr. Canton's pre-filed testimony from the 

14 2009 Triennial Review are attached hereto as Exhibit 2 (Gensemer 2009 Direct Testimony); 

15 Exhibit 3 (Gensemer 2009 Rebuttal Testimony); Exhibit 4 (Canton 2009 Direct Testimony); and 

16 Exhibit 5 (Canton 2009 Rebuttal Testimony). 

17 As we explained in our testimonies at the 2009 Triennial Review, between the time when 

18 USEPA released the existing nationally-recommended ambient water quality criteria ("1988 

19 A WQC") for Al in 1988 and the 2009 Triennial Review, several acute and chronic Al toxicity 

20 studies were published in the scientific literature that suggested the national criteria needed to be 

21 updated (Exhibits 2 and 4). Many of these toxicity studies met USEPA guidelines for A WQC 

22 development, and resulted in additional data for deriving an acute-to-chronic ratio ("ACR") for 

23 Al. These studies also demonstrated that the toxicity of Al to aquatic life is hardness-dependent -

24 i.e., Al toxicity is greater in softer waters and decreases as water hardness increases. 
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1 While Al toxicity was known to be dependent on water pH at the time of the 2009 

2 Triennial Review, studies available at that time did not support mathematical adjustment of Al 

3 criteria on the basis of pH over the range used in the 1988 A WQC and as initially proposed by 

4 both CMI and LANS (i.e., pH 6.5 - 9.0). Therefore, CMI and LANS modified their proposals to 

5 include the following hardness-based aquatic life criteria for Al derived according to USEP A 

6 guidance, which were adopted by the WQCC as part of 20.6.4.900 NMAC, and which were 

7 ultimately approved by USEPA for waters with a pH between 6.5 - 9.0: 

8 
9 

10 
11 

Acute Criterion e( l .3695[ln(hardness)]+ 1.8308) 

Chronic Criterion e(l.3695[ln(hardness)]+0.9161) 

12 Amigos Bravos now claims that these criteria should not have been adopted for two 

13 primary reasons: (1) because USEPA has not updated their nationally-recommended criteria 

14 (USEP A 1988); and (2) because adequate studies were not available to update these criteria on 

15 the basis of hardness. Amigos Bravos has also raised concerns regarding the effects of pH on Al 

16 toxicity when pH values exceed 7.5. 

17 While CMI recognizes that USEP A has not yet updated their nationally-recommended 

18 A WQC for Al, adequate and acceptable studies did exist to update the Al criteria at the time of 

19 the 2009 Triennial. The proposals filed by CMI and LANS during the 2009 Triennial Review 

20 upon which the current criteria are based provided a thorough and rigorous analysis of 

21 appropriate hardness-based criteria derived on the basis of USEP A guidance; and, indeed, those 

22 criteria ultimately secured USEP A's approval. 

23 This direct testimony presents CMI's support for the existing hardness-based Al criteria 

24 and its opposition to Amigos Bravos's proposed return to the pre-2009 criteria. In my testimony, 

25 I summarize 1) the process that CMI and LANS followed in preparation of their 2009 criteria 

26 update proposals, and 2) the review and approval of these proposals by NMED and USEP A, and 
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1 3) address Amigos Bravos's concerns with application of these criteria as a function of pH. I 

2 conclude that returning to the 1988 A WQC Al as the basis of New Mexico's water quality 

3 standards for Al would represent a retreat to an outdated scientific approach that does not address 

4 the important influence of hardness on Al toxicity in freshwater. Therefore, I recommend that 

5 the WQCC reject Amigos Bravos's proposal to repeal the hardness-based Al criteria and return 

6 to the outdated pre-2009 criteria. 

7 IV. THE HARDNESS-BASED Al CRITERIA WERE APPROPRIATELY DERIVED 
USING USEPA GUIDANCE 8 

9 
10 The expert testimony submitted by CMI and LANS in the 2009 Triennial Review 

11 provided a full review of the scientific literature available at that time, and used USEPA (1985) 

12 guidelines to derive the new hardness-based Al criteria. These guidelines were summarized in 

13 Exhibit 2 to my 2009 Direct Testimony, and are appended as Exhibit 6 to this direct testimony: 

14 To understand how A WQC are developed, it is useful to review the guidelines 
15 and terminology provided in USEP A (1985), but the general approach is briefly 
16 summarized below. The first step is to compile acute and chronic toxicity data 
17 that meet the USEP A (1985) guidelines for the relevance and reliability of each 
18 study. A minimum database of acceptable studies representing at least 8 specific 
19 taxonomic families of aquatic organisms is also required. For each species with 
20 acceptable acute toxicity data, the species mean acute value (SMA V) is calculated 
21 as the geometric mean of available 48 to 96-hr median lethal concentrations 
22 (LC50s) or median effect concentrations (EC50s) for each species. The genus 
23 mean acute value (GMAV) is then calculated as the geometric mean of available 
24 SMA Vs for each genus. The lowest 5th percentile of the distribution of available 
25 GMAVs is identified as the final acute value (FAY), which is divided by two to 
26 determine the criterion maximum concentration (CMC) which is more commonly 
27 termed the "acute criterion." The FA V is divided by two because USEPA 
28 determined setting the CMC equal to the FA V (i.e., without dividing by two) was 
29 not sufficiently protective since it could induce up to 50% mortality to sensitive 
30 species. It is important to note that the 5th percentile is calculated based solely on 
31 the four most sensitive GMA Vs and the total number of GMA Vs (USEP A 1985). 
32 
33 See Exhibit 2, at Exhibit 2, p. 2. 
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1 Prior to deriving the new Al criteria, the available toxicity literature was extensively 

2 reviewed to ensure adherence to USEPA (1985; See Exhibit 6) study quality and minimum 

3 database requirements, again as summarized in Exhibit 2 to my 2009 Direct Testimony: 

4 The USEPA (1985) guidelines for AWQC development specify minimum study 
5 requirements for consideration in the development of acute and chronic criteria 
6 for protection of aquatic life. For example, acute toxicity studies must have an 
7 exposure duration of 96 hours (although 48 hours is acceptable for more short-
8 lived species, such as cladocerans and midges), organisms must not be fed during 
9 the study, and the endpoint must be mortality, immobilization or a combination of 

10 the two. Chronic toxicity studies must be conducted using exposure durations that 
11 encompass the full life cycle or, for fish, early life stage and partial life cycle 
12 studies are acceptable. In addition, toxicant concentrations in the exposure 
13 solutions must be analytically verified in chronic studies. Finally, under the 
14 USEP A ( 1985) guidelines, toxicity studies that do not meet the specific study 
15 requirements may still be retained as "other data" if the study was otherwise 
16 scientifically valid. Such "other data" are not used in the calculation of the CMC 
17 and FCV, but may be used to justify lowering the acute or chronic criteria for a 
18 toxicant if the species and endpoint tested are considered to be "biologically or 
19 recreationally important," and if the CMC or FCV were determined to be 
20 inadequately protective of these species or endpoints. 
21 
22 Id.at Exhibit 2, p. 3-4. 

23 USEPA (1985; See Exhibit 6) also provides methods to derive A WQC on the basis of 

24 water quality parameters that can be scientifically shown to vary in a consistent manner with 

25 toxicity. The direct testimony at the 2009 Triennial focused in particular on relationships 

26 between Al toxicity and water quality parameters such as hardness and pH. While statistically 

27 valid relationships could be derived for hardness, this could not be accomplished for pH using 

28 the acceptable1 data available at the time. As summarized in Exhibit A to Mr. Canton's 2009 

29 Direct Testimony: 

30 Attempts to develop such an equation were hindered by limited studies conducted 
31 for any species at an acceptable range of pH values (6.5-9.0). In fact, the greatest 
32 pH value in the database is 8.29, at which no increased toxicity was apparent. 
33 Available data points at lower pH values approximately 6.5 for some taxa indicate 

1 The word "acceptable" in this sense refers to studies that meet minimum data quality requirements for A WQC 
derivation according to USEPA (1985; See Exhibit 6). 
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1 that increased toxicity occurs at the lower end of the USEPA recommended range. 
2 This trend provided qualitative evidence of a water quality toxicity relationship in 
3 some organisms. However, this relationship is not significant within, or 
4 consistent between, an acceptable sample of organisms in the updated database. 
5 
6 See. Exhibit 4, at Exhibit A, p. 14-15. 

7 In the Record of Decision Addendum that accompanied USEPA's approval of the 

8 hardness-based criteria, USEP A acknowledged that " ... GEI generally followed methods outlined 

9 in EPA' s criteria derivation and recalculation procedures ... ", and further that "EPA has 

10 determined that the hardness-based equations would be protective for waters within the pH range 

11 of 6.5 to 9 .0 ... " (USEP A 2012). Therefore, even though the 2009 criteria proposals by CMI and 

12 LANS were not intended to represent updates to the USEP A nationally-recommended A WQC, 

13 they were derived using methods and data requirements as close as possible to USEPA guidance 

14 for doing so. Thus, these hardness-based criteria are fully protective of aquatic life in New 

15 Mexico (within the intended pH range of 6.5 - 9.0) at the same levels of protection set forth 

16 under the Clean Water Act (USEPA 1985; See Exhibit 6). 

17 v. 
18 
19 

THE HARDNESS-BASED AI CRITERIA WERE REVIEWED AND APPROVED 
BYUSEPA 

20 The administrative record from the 2009 Triennial Review indicates that the hardness-

21 based Al criteria proposed by CMI and LANS underwent significant technical review prior to 

22 USEPA's approval in their Record of Decision (ROD) Addendum (USEPA 2012). Key steps in 

23 the technical review and approval process were as follows: 

24 1. Pre-filed direct testimony submitted by CMI's and LANS' experts was subject to 

25 thorough technical review by both the New Mexico Environment Department ("NMED") and 

26 USEP A, prompting a series of technical questions for which responses were prepared in the form 

27 of pre-filed rebuttal testimony by both proponents. See Exhibits 3 and 5. 
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1 2. Both Mr. Canton and I presented oral testimony during the Triennial Review 

2 hearing December 8-11, 2009. This testimony, and related cross-examination by NMED, 

3 addressed many of the same technical comments raised and discussed in pre-filed rebuttal 

4 testimony (See Hearing Officer's Report; WQCC 2010a). 

5 3. The WQCC issued its Order and Statement of Reasons for Amendment of 

6 Standards, concluding that: "The Commission adopts the proposal by Chevron Mining and Los 

7 Alamos National Laboratory/Department of Energy (CMI and LANS/DOE) to replace the 

8 current acute and chronic aquatic life criteria for aluminum in section 900.J with hardness-based 

9 criteria and to show total aluminum in this subsection to reflect findings of new toxicological 

10 studies." (See Order and Statement of Reasons; WQCC 2010b; paragraph 511) 

11 4. In its initial ROD for the 2009 Triennial Review, USEPA did not act on the 

12 hardness-based aluminum criteria, primarily due to concerns pertaining to application of these 

13 criteria outside the pH range of 6.5 - 9.0, suggesting that "additional review of the GEi 

14 document is warranted" (USEP A 2011, pages 117-118). Responses addressing USEP A's 

15 concerns as expressed in the initial ROD were provided jointly by both myself and Mr. Canton 

16 and submitted to NMED in 2011 (See Exhibit 7). 

17 5. USEP A issued its ROD Addendum approvmg the hardness-based aluminum 

18 criteria for waters of pH between 6.5 - 9.0, but disapproving these criteria for waters below 6.5, 

19 stating in the transmittal letter: 

20 Based on an extensive review of the supporting documentation, we are approving 
21 the application of the hardness-dependent equation for aluminum to those waters 
22 of the State at a pH of 6.5 to 9 .0 because it will yield criteria that are protective of 
23 applicable uses in waters within that pH range. 
24 
25 See USEPA (2012) 

26 
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2 
3 

VI. APPROPRIATENESS OF Al CRITERIA AS A FUNCTION OF pH 

As mentioned above, many of the technical concerns raised in particular by USEP A 

4 during review of the hardness-based Al criteria related to application of these criteria outside the 

5 pH range of 6.5 - 9.0, and not within this pH range. It is important to note that the hardness-

6 based Al criteria, as proposed by CMI and LANS, and as adopted by the WQCC, were never 

7 intended to apply to waters outside this pH range, nor was any scientific information presented or 

8 available at the time for doing so. While these concerns led to USEPA's disapproval of the 

9 hardness-based Al criteria below pH 6.5, the hardness-based Al criteria within this range 

10 ultimately were approved, and are protective of aquatic life and their uses in New Mexico. 

11 In its Proposal, Amigos Bravos claims that "New Mexico's hardness-based standard fails 

12 to address important pH effects where the pH is >7.5, a condition prevalent in many New 

13 Mexico streams." See Amigos Bravos Proposal at page 9. To support this assertion, Amigos 

14 Bravos cites a single study that exposed rainbow trout (Oncorhynchus mykiss) to Al under 

15 circumneutral and weakly alkaline conditions for 96 hours (acute) and 16 days (subchronic) 

16 (Gundersen et al. 1994). From this study, Amigos Bravos extrapolates what mortality rates 

17 "would be" when projected out to 3 months (109 days). However, since the study was only 

18 conducted for 16 days, there is no technical basis for making this extrapolation. Moreover, 16 

19 days is far too short of an exposure period for rainbow trout to be considered acceptable for use 

20 in deriving chronic water quality criteria according to USEP A guidance (USEP A 1985), and 

21 thus, these data should not be considered for purposes of updating or otherwise evaluating the 

22 validity of aquatic life criteria. 

23 Some of the acute LC50 values presented by Gundersen et al. ( 1994) conducted at pH 

24 8.25 - 8.29 were considered acceptable for use in criteria derivation according to USEPA 

25 guidelines (USEP A 1985), and in fact were used for derivation of hardness-normalized species 
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1 mean acute values for rainbow trout in both my and Mr. Canton's 2009 direct testimony (See 

2 Exhibit 2 at pages 4 and 15, and Exhibit 4 at page 9). However, there was little indication that Al 

3 was significantly more toxic than when fish were exposed to pH of 7.6 in these same studies 

4 (Gundersen et al. 1994). 

5 VII. CONCLUSION 

6 In my opinion, there is no technical basis to support Amigos Bravos' contention that the 

7 hardness-based criteria adopted by the WQCC in the 2009 Triennial Review would not be 

8 protective at pH greater than 7.5, particularly under chronic exposure conditions. The USEPA-

9 approved hardness-based Al criteria for waters of pH between 6.5 - 9.0 were derived according 

10 to USEP A guidance (USEP A 1985), and so the levels of aquatic life protection afforded by these 

11 criteria are consistent with the goals of the Clean Water Act. More importantly, returning to the 

12 1988 A WQC Al as the basis of New Mexico's water quality standards for Al would represent a 

13 retreat to an outdated scientific approach that does not address the important influence of 

14 hardness on Al toxicity in freshwater. Therefore, I recommend that the WQCC reject Amigos 

15 Bravos's proposal to repeal the hardness-based Al criteria and return to the outdated pre-2009 

16 criteria. 

17 
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GEi PROJECT EXPERIENCE 

New Mexico Water Quality Standards Triennial Review, Montgomery & Andrews, Los Alamos, NM. 
Expert Testimony and Technical Reviewer. Dr. Gensemer provided technical support in the development of 
specific proposals to amend and update New Mexico's water quality standards during their current Triennial 
Review. These proposals included updates to numeric aquatic life criteria for aluminum, cadmium, and zinc, 
acceptance of the Biotic Ligand Model for copper, and the incorporation of EPA methods for site-specific 
modification of water quality standards. The outcome of this Triennial Review was notable in that the proposed 
updates for aluminum included the first hardness-based criteria for Al to be proposed and accepted by the 
U.S. EPA for any state. Support also included the presentation of technical exhibits and direct testimony during 
the state Triennial Review hearings, and preparation of technical responses to comments received from other 
stakeholders during throughout the Triennial Review process. 

Aluminum Toxicity Testing and Database Development, European Chemicals Registration, European 
Aluminium Association, Brussels, Belgium. Project Manager. Dr. Gensemer is the project manager for GEI's 
participation in a multi-national collaborative effort to conduct new aquatic toxicity tests for aluminum in support 
of European chemicals registration requirements under the REACH program. Laboratory studies focused on tests 
to elucidate mechanisms of aluminum toxicity under circumneutral or basic pH conditions, and to support 
development of a Biotic Ligand Model for derivation of regulatory aquatic life criteria. Database development 
services included conducting a literature search, study review for scientific relevance and reliability, and generation 
of the toxicity database using IUCLIDS. GEi also participated in preparation of the final Chemical Safety Report 
required under REACH, and is now in the process of completing preparation of manuscripts for submittal to 
peer-reviewed scientific journals. 

Expert Testimony for Colorado Basic Standards Hearing, Colorado Mining Association, Denver, CO. 
Lead Scientist and Expert Witness. Dr. Gensemer provided expert testimony regarding updates to the aquatic life 
criteria for aluminum and iron in the 2010 Basic Standards Hearing for the State of Colorado. Led preparation of 
expert reports, presented expert testimony and rebuttal testimony, leading to successful adoption of new aquatic 
life criteria for aluminum derived on the basis of water hardness. 

Expert Testimony for Arkansas Basin Water Quality Standards Hearing, TriLakes Water and Sanitation 
District, Monument, Colorado. Lead Scientist and Project Manager. Dr. Gensemer led an investigation and 
development of expert testimony supporting updates to the aquatic life criteria for copper in portions of 
Monument Creek, Colorado. The key elements of our expert testimony related to use of the Biotic Ligand Model 
in combination with a Fixed Monitoring Benchmark approach for development of copper criteria. This led to the 
first ever regulatory adoption in the United States of an aquatic life criterion using the Fixed Monitoring 
Benchmark method. 

Expert Testimony for Study to Support Site-specific Iron Standards, Peabody Energy, and TriState 
Generation and Transmission, Denver, CO. Expert Witness. Dr. Gensemer presented expert testimony before 
the Colorado Water Quality Control Commission to propose extension of the Temporary Modifications of water 
quality standards at a coal mine in Colorado to allow for completion of a scientific study of ecological 
communities in streams with elevated iron concentrations owing to natural conditions of elevated suspended 
solids. This testimony also included development of a study plan to conduct field investigations to support 
ultimate development of a site-specific standard for iron at the site. 

Expert Testimony for Proposed Site-specific Copper Standards using the Biotic Ligand Model, Upper 
Thompson Sanitation District, Denver, CO. E>..'Pert Witness. Dr. Gensemer assisted with the presentation of 
expert testimony before the Colorado \\later Quality Control Commission to propose site-specific copper 
standards for the Upper Thompson River using the Biotic Ligand Model. GEI's proposal was the culmination of 
extensive analysis of water chemistry data throughout the Upper Thompson watershed, and also included 
development of a decisional framework for regulatory implementation of copper standards using the Bio tic 
Ligand Model. 
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Technical Support for Development of Saltwater Aquatic Life Criteria for Copper, Copper Development 
Association, Denver, CO. Senior Project Scientist. Dr. Gensemer is the lead scientist and project manager for a 
scientific review of the effects of copper on the olfactory or behavioral effects of copper on marine fish. This 
work is being conducted in support of new aquatic life criteria for saltwater organisms being developed using the 
Biotic Ligand Model as its computational basis. The primary goal of this review is to evaluate the level of aquatic 
life protection afforded by these proposed criteria to these potentially important sublethal effects. 

Regulatory Support for Implementation of Aquatic Life Criteria for Copper Using the Biotic Ligand 
Model, International Copper Association, New York, NY. Project Manager. Dr. Gensemer is the project 
manager and technical lead for a multi-year effort to support the implementation of EPA's latest aquatic life 
criteria for copper that use the Biotic Ligand Model (BLM) as the computational basis of these criteria. The BLM 
represents a significant scientific advancement as a method for the development of aquatic life criteria for metals, 
yet have not been implemented by most States and Tribes. The project includes the development of technical 
support testimony, communications, and educational activities in support of each state's triennial review process. 

Scientific Review of Olfactory and Behavioral Effects of Copper on Saltwater Fish, International Copper 
Association, New York, NY. Senior Project Scientist. Dr. Gensemer is the lead scientist and project manager 
for a scientific review of the effects of copper on the olfactory or behavioral effects of copper on marine fish. 
This work is being conducted in support of new aquatic life criteria for saltwater organisms being developed using 
the Biotic Ligand Model as its computational basis. The primary goal of this review is to evaluate the level of 
aquatic life protection afforded by these proposed criteria to these potentially important sublethal effects. 

Iron Pre-Filtration Study, Colorado Mining Association, Denver, CO. Expert Testimony and Technical 
Reviewer. Dr. Gensemer provided technical support in preparation of recommended updates to statewide metal 
criteria for the Colorado Water Quality Control Commission and the 2010 Basic Standards Hearing. He also 
presented expert testimony with respect to updates to aquatic life criteria for aluminum. 

Review of Watershed Science Supporting Concepts of Ecological Connectivity, Hunton & Williams 
LLP, Washington, DC. Lead Project Scientist. Dr. Gensemer helped lead a review of scientific studies 
supporting the concept of whether headwaters and adjacent wetlands were hydrologically, biologically, or 
chemically connected to perennial waters that are the traditional focus of Clean Water Act regulation. GEI 
reviewed the available science, prepared a summary report of our findings, and supported the Waters Advocacy 
Coalition in preparing for future EPA rulemakings related to possible changes to which waterways or landscape 
features are considered jurisdictional under the Clean Water Act. 

Comments on Science Advisory Board Review of Connectivity Report, Hunton & Williams, LLP, 
Washington, DC. Project Manager. As part of EPA 's proposed rulemaking to redefine "waters of the United 
States", EPA developed a scientific report that evaluated the physical, chemical, and biological connectivity 
between waters currently considered jurisdictional under the Clean Water Act, and adjacent waters not currently 
considered jurisdictional. Dr. Gensemer reviewed EPA Science Advisory Board's peer evaluation of this 
connectivity report on behalf of the Waters Advocacy Coalition, and provided technical comments on their behalf 
during public comment periods. 

Review of Proposed Rulemaking to Redefine Waters of the United States under the Clean Water Act. 
Hunton & Williams, LLP, Washington, DC. Lead Project Scientist. GEI prepared technical comments on 
behalf of the \Vaters Advocacy Coalition during the public comment period on proposed rulemaking to redefine 
"waters of the United States" under the Clean \Vater Act. Dr. Gensemer helped prepare the overall technical 
response strategy, reviewed draft deliverables, and worked with our clients in finalizing comments challenging the 
technical basis for asserting federal jurisdiction over waters not currently regulated under the Clean Water Act. 

Technical Support for NPDES Permit Renewal, Confidential Coal Mining Client, St. Clairsville, OH. 
Senior Technical Expert. In response to concerns over total dissolved solids discharges from an active coal mine, 
GEI has been collaborating on studies to better evaluate the ecological effects of total dissolved solids to better 
evaluate tl1e need for NPDES effluent limitations. Dr. Gensemer is a senior technical advisor to the GEI 

• G E I Con\ultants 



Robert W. Gensemer, Ph.D. Page 4 

technical team, and participates in client planning meetings and will ultimately se1ve as an expert technical witness 
representing GEi's work. 

Development of a Site-Specific Osmotic Pressure Criterion for Discharge from a Former Coal Mine Site 
in Pennsylvania, Dinsmore & Shohl LLP, CO. Senior Technical Advisor. Provided overall technical and 
strategic advice to the GEi project team tasked with developing a site-specific osmotic pressure standard to 
support NPDES permit renewal at an inactive coal mining site. Dr. Gensemer reviewed draft deliverables, and 
participated with the rest of the GEi team in client meetings to develop the technical strategy and direction for 
proposed snidies needed to develop the site-specific standard. 

General Outreach Related to Development of Aquatic Life Benchmark for Conductivity, National 
Mining Association, Washington, DC. Senior Ecocoxicologist. Dr. Gensemer was one of the lead project 
scientists for a scientific review of a proposed aquatic life benchmark from the U.S. Environmental Protection 
Agency which was related to the effects of mountaintop mining and valley fill coal mining techniques on benthic 
macroinvertebrate populations and headwaters communities in southern West Virginia. He led preparation of a 
technical review report submitted during public review of the draft conductivity benchmark, and assisted in 
communicating the results of GEI's review to EPA's Scientific Advisory Board. Dr. Gensemer also assisted in the 
design and interpretation of independent field studies to analyze the potential for conductivity to accurately 
predict aquatic life impairment in this region. 

Headwaters and Longitudinal Studies, National Mining Association (NMA), Washington, DC. Senior 
Ecotoxicologist Dr. Gensemer was one of the lead project scientists for a series of field snidies evaluating the 
effects of mountaintop mining and valley fill coal mining techniques on benthic macroinvertebrate populations 
and headwaters communities in southern West Virginia. These projects were conducted to help identify potential 
issues associated with the derivation of a proposed water quality benchmark for conductivity in Central 
Appalachian streams. Dr. Gensemer's specific role included assistance with field study design, oversight of data 
analysis and report preparation, review of final deliverables, and project management. 

Nutrient Standards Support, Colorado Wastewater Utility Council, Colorado Wastewater Utility Council, 
Denver, CO. Project Manager. Dr. Gensemer provided technical support on the development of the Colorado 
Nutrient Criteria and changes to Aquatic Life Biocriteria. This included participation in the Water Q uality Forum 
Work Groups, providing general feedback and technical support on nutrients, and review of documents provided 
by Water Q uality Control Division (\X!QCD) and other parties. 

Remedial Investigation/Feasibility Study, Confidential Client, Greater New York Area, NY. Project 
Manager and Technical Lead. Dr. Gensemer is the GEI Project Manager in support of a Superfund remedial 
investigation, and provides oversight of joint consultant activities, as well as EPA contractors, for evaluation of 
ecological and human health risk in an urban waterway subject to multiple inputs of contaminants, including 
combined sewer overflow (CSO) discharges. Dr. Gensemer also coordinates the review and comment on general 
remedial investigation reports and data deliverables, and assists the client's technical and legal teams to develop 
and support overall project strategy. 

Expert Litigation Support for Site Contamination by Perfluorooctanoic Acid (PFOA), Confidential 
Client, Confidential Location, U.S. Project Manager and Technical Expert. Dr. Gensemer prepared an expert 
technical report that reviewed and commented upon reports prepared by the Plaintiffs technical experts in a case 
alleging ecological risks to a water supply wellfield from exposure to Perfluorooctanoic Acid (PFOA). Based upon 
review of the Plaintiff reports and other scientific literature, this expert report refuted RCRA claims of imminent 
and substantial endangerment to the environment from PFOA. Dr. Gensemer also provided expert technical 
witness support to assist the client with refuting the Plaintiffs claims. 

Expert Litigation Support for Review of Coal Mine Discharge Permit, Confidential Client, Charleston, 
WV. Project Manager, Lead Scientist, and Expert Witness. Provided technical support and expert testimony in 
front of the West Virginia Environmental Quality Board in a third-party action challenging the NPDES discharge 
permit for a surface coal mine in West Virginia. Technical issues primarily related to effects of total dissolved 
solids on benthic macroinvertebrate communities, and the application of draft USEPA benchmarks . 
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Sediment Site Remedial Investigation/Feasibility Study, Confidential Client, Greater New York area. 
Risk Assessment Lead. Dr. Gensemer is the risk assessment lead for a Superfund remedial investigation regarding 
the po tential role of legacy Manufactured Gas Plan (MGP) activities within the context of other potential 
stressors in an urban estuary. For this project, he provided oversight of the development of a comprehensive 
database of chemical stressors, physical stressors, and habitat stressors, provided support for an assessment of the 
health of the benthic community using available data from population sampling of the benthic invertebrates, and 
developed ecological and human health risk assessment workplans for use in the remedial investigation, and 
specific workplans for surface sedimen t sampling and toxicity tests. 

CERCLA PRP Group Technical Subcommittee Chair, Confidential Client, Greater New York Area, NY. 
Subcommittee Chair. Dr. Gensemer chaired the technical subcommittee of a five-party group undertaking a 
Superfund remedial investigation and feasibility study (RI/ FS) of contaminated sediments in an urban waterway. 
In this role, Dr. Gensemer was responsible for setting meeting agendas, coordination of technical document 
reviews, and served as liaison with the legal subcommittee and executive committee of the five-party group . 

Baseline Ecological Risk Assessment for the Portland Harbor Remedial Investigation, GSI Water 
Solutions, Inc., Portland, OR. Project Manager and Lead Scientist. Dr. Gensemer currently supports the City of 
Portland, via subcontract to GSI Water Solutions, to provide technical support related to completion of tl1e 
baseline ecological risk assessment for tl1e Portland Harbor remedial investigation under Superfund. He provides 
technical review of draft risk assessment deliverables, along with strategic advice concerning risk assessment 
revisions to address comments from EPA and their government partners. 

Former Canton Airport - Ecological Risk Assessment, Department of Conservation & Recreation, 
Canton, MA. Risk Assessment Lead. Dr. Gensemer provided technical oversight of assessments designed to 
determine the likelihood for continuing ecological risks following a proposed remediation at the former Canton 
Airport site. Preliminary remediation goals were developed and a residual ecological risk assessment was 
conducted to address potential risks to both aquatic and terrestrial receptors following site remediation. 

Amesbury Former MGP - Phase II & III Remedial Investigation, National Grid, Amesbury, MA. 
Senior Project Scientist. Dr. Gensemer helped evaluate screening-level ecological risk assessment for a terrestrial 
and wetland site with legacy MGP-related contamination, and provided strategic advice regarding potential 
development of ecologically-based remedial action goals. 

PREVIOUS EXPERIENCE 

Baseline Ecological Risk Assessment for the Portland Harbor Remedial Investigation, Environmental 
Protection Agency, Region 10, Portland, OR. Lead Project Scientist. While working for a previous firm, 
Dr. Gensemer was the lead project scientist providing technical support to EPA for the baseline ecological risk 
assessment being conducted for the Portland Harbor Remedial Investigation being conducted under the auspices 
of CERCLA (or "Superfund"). His primary roles included attendance at technical advisory group meetings, 
review of technical documents, assistance with preparation of comments, and providing general scientific support 
to EPA and their partners. Detailed technical work included review of site data, preparation of the problem 
formulation for the baseline ecological risk assessment, review and development of toxicity reference values for 
protection of aquatic organisms and aquatic-dependent wildlife, and development of a weight of evidence-based 
risk evaluation framework. 

Preparation of Comments on Draft Industrial Stormwater General Permit, Copper Development 
Association, Lacey, WA. Lead Project Scientist. Dr. Gensemer provided expert technical support services to 
assist the client in development of comments on \Xlashington Department of Ecology's latest draft Industrial 
Stormwater General Permit. Comments focused on the scientific relevance of the proposed numeric copper 
benchmarks which were substantially lower than previous benchmarks, and used a fundamen tally different 
technical approach for their derivation. 
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Scientific Peer Review for Development of a Priority Persistent Pollutant List in Oregon, Portland, OR. 
Lead Project Scientist. Dr. Gensemer participated in two science peer review panels for the Oregon D epartment 
of Environmental Quality to support development o f a list of priority persistent pollutants as dictated by Oregon 
Senate Bill 737. The first peer review panel helped compile scientific screening methods for development of the 
priority-persistent pollutant list (P3L) based on the physical and chemical properties of potentially toxic organic 
and inorganic chemicals. The final P3L o f 118 chemicals includes current use pesticides, personal care products, 
pharmaceuticals, and legacy contaminants. The second peer review panel helped develop risk-based screening 
thresholds of P3L chemicals to help identify which chemicals were of the highest priority for development of 
toxics reduction plans for wastewater treatment plants throughout the state. 

Screening-level and Baseline Ecological Risk Assessments for Mining Pit Lakes, Round Mountain Gold 
Corporation, Round Mountain, NV. Scientific Peer Review. Dr. Gensemer provided general technical peer 
review and assisted in project planning for an ecological risk assessment to determine risks to avian wildlife, 
terres trial wildlife, and human health receptors for the future pit lake in the current permitted Round Mountain 
pit, and proposed e>..1Jansion future pit lakes at Round Mountain and G old Hill. Both screening-level and baseline 
ecological risk assessments were conducted according to EPA and Nevada guidance. Assessments were 
conducted at three specific time periods: 2 years post closure, 25 years post closure, and near lake level 
eguilibrium (200 years post closure). 

Updated Scientific Review of the Use and Application ofBiomarkers for Polycyclic Aromatic 
Hydrocarbons in Aquatic Ecosystems, American Petroleum Institute, Washington, D .C. Lead Project 
Scientist. Dr. Gensemer was the pro ject manager and senior scientist to conduct an updated technical overview of 
the state-of-the-science regarding biomarkers o f polycyclic aromatic hydrocarbon (P AH) exposure and effects in 
aguatic ecosystem s. The primary focus o f the review was to present a technical understanding o f, and suggested 
applications for, the most important and widely-used PAH biomarkers, and to evaluate whether or not 
biomarkers can be used reliably as indicators of ecological effects. The document provides scientists and risk 
managers with accessible information regarding the selection and proper interpretation o f PAH biomarkers, and 
to understand bo th the technical benefits and limitations to their use in N RDA, ecological risk assessments, and 
other environmental applications. 

Background Information Summary for Development of Listing Processes for Persistent, 
Bioaccumulative, and Toxic Chemicals, Oregon Association of Clean Water Agencies, and League of 
Oregon Cities, Portland, OR. Lead Project Scien tist. Dr. Gensemer was the project manager and chief scientist 
tasked with development of a report to summarize background information regarding the regulatory and scientific 
approaches used by other governments (state, federal, and international) to identify and rank persistent, 
bioaccumulative, and toxic (PBT) chemicals. The primary goal o f this report was to compile and summarize PBT 
ranking schemes used by various government and international organizations, and to prepare an analysis that 
compared and contrasted the various PBT chemical listing processes to provide a basis for proposing a list of 
chemicals that meet the definition of "persistent pollutant" under Oregon Senate Bill 737. 

Evaluating Ozone as a Treatment for Removal ofNonindigenous Species in Marine Vessel Ballast 
Water, BP, U.S. Fish and Wildlife Service and NOAA, and Nutech 03, Inc., Seattle, WA. Lead Project 
Scientist. Dr. Gensemer served as project manager as part o f a large multi-investigator study to evaluate the 
efficacy and environmental safety of ozone gas as a biocide for removal of nonindigenous marine organisms to 
prevent their introduction to remote coastal habitats from marine shipping ballast water. His project 
responsibilities included review and preparation of manuscripts and technical support, laboratory study design, 
and conduct o f laboratory toxicity tests to guantify the efficacy and safety of ozonated seawater to surrogate 
laboratory species, and preparation of technical reports and peer-reviewed scientific publications. 

Ambient Water Quality Criteria for Cyanide, Water Environment Research Foundation, Alexandria, VA. 
Principal Investigator. Dr. Gensemer was the project manager and principal investigator for a scientific 
reassessment of the EPA's Ambient Water Quality Criteria for cyanide. This project entailed a thorough review of 
the recent scientific literature, conducting of new aguatic toxicity tests for marine organisms, and application of 
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new methods for analytical chemistry of free cyanides. All work was conducted to derive recommended ambient 
water quality criteria for protection of aquatic life in strict accordance with EPA guidance. The project's ultimate 
goal is to develop updated, integrated criteria that are protective, not only of aciuatic life, but also of benthic 
organisms, threatened and endangered species, and aquatic-dependent wildlife. 

AWWQRP Special Studies Project, Arid West Water Quality Research Project, Pima County Wastewater 
Management, Tucson, AZ. Principal Investigator. Dr. Gensemer was the principal investigator for two studies 
that were conducted to fill critical data gaps identified in earlier studies conducted under the auspices of the Arid 
West Water Quality Research Project. This project consisted of 1) conducting additional ammonia toxicity tests 
concurrently with GEi to confirm the relative roles of sodium vs. hardness in controlling ammonia toxicity, and 
2) evaluating how EPA's Recalculation Procedure might apply to the newest version of the National A WQC for 
copper which is based on the Biotic Ligand Model. 

Scientific Review of Proposed Water Quality Standards for the Herbicide, Acetochlor, Monsanto 
Corporation, St. Louis, MO. Lead Project Scientist. Dr. Gensemer conducted a scientific review of the methods 
and approaches used by Monsanto in recommending alternative water quality standards for acetochlor from those 
proposed by the Minnesota Pollution Control Agency (MPCA). Specifically, this review focused on where 
Monsanto's proposed methods and approaches differed from those used by MPCA, and evaluated whether these 
differences were supportable given the available plant toxicology data for acetochlor, and whether they were 
consistent with U.S. Environmental Protection Agency guidance for derivation of ambient water quality criteria 
for protection of aquatic life as well as MPCA's application of this guidance to derive their water quality standards 
for acetochlor. 

Ammonia Toxicity in Very Hard Waters and Potential Use of the Water Effect Ratio, Arid West Water 
Quality Research Project, Pima County Wastewater Management, Tucson, AZ. Principal Investigator. 
Dr. Gensemer was principal investigator in a collaborative study to evaluate the toxicity of ammonia to freshwater 
organisms in very hard waters, and to use this information to determine whether the water-effect ratio might be a 
valid means o f deriving site-specific water quality criteria for ammonia in very hard effluent-dependent waters in 
the arid southwestern U.S. 

Relevance of the EPA Recalculation Procedure and Development of a User's Guide for Development of 
Site-specific Water Quality Criteria in Effluent-dependent Waters, URS, under the Arid West Water 
Quality Research Project, Pima County Wastewater Management, Tucson, AZ. Principal Investigator. 
Dr. Gensemer prepared a "user's guide" for use of EP A's Recalculation Procedure to modify national ambient 
water quality criteria on a site-specific basis. This user's guide was prepared in concert with a larger collaborative 
study to evaluate the scientific reliability of the Recalculation Procedure in effluent-dependent waters of the arid 
western U.S., and to recommend changes to make the process more scientifically robust in these uniciue 
environments. 

Reliability of the Biotic Ligand Model for Copper in Very Hard Waters, Arid West Water Quality 
Research Project, Pima County Wastewater Management, Tucson, AZ. Principal Investigator. 
Dr. Gensemer served as project manager for a study to test the scientific reliability of the Biotic Ligand Model for 
copper in waters characteristic of effluent-dependent waters in the arid western U.S. The study primarily consisted 
of copper toxicity tests in effluent-dependent waters, coupled with a scientific comparison of empirical results to 
model predictio ns to evaluate their accuracy. His primary roles included project management, client s tewardship, 
and presentation of project results. 

Colorado Statewide Selenium Database, Colorado Wastewater Utility Council, Pueblo, CO. Project 
Manager. Dr. Gensemer was tl1e project manager for development of a statewide selenium database to help 
support regulatory updates to water quality criteria for protection of aquatic life and wildlife in Colorado waters. 
Project tasks included compiling data, creating the database, and providing technical assistance with regards to 
options for site-specific modification of selenium standards. Dr. Gensemer's primary roles included project 
management, client stewardship, and giving project presentations. 
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Development of Cyanide Site-Specific Objectives, HydroQual, Inc., Los Angeles, CA. Lead Project 
Scientist. Dr. Gensemer served as project manager for a study to evaluate options for development of site-specific 
water quality objectives for the Sanitation Districts of Los Angeles County. His contributions included literature 
reviews, general scientific support, and conduct of preliminary laboratory toxicity studies to evaluate the potential 
use of water- effect ratios. 

Preparation of Scientific Comments on Draft Selenium A WQC, American Petroleum Institute, and 
Colorado Wastewater Utility Council, Pueblo, CO. Project Manager. Dr. Gensemer participated in 
preparation of scientific comments to EPA .in response to their public call for comments following release of the 
latest draft A WQC in 2004. Our comments focused on technical issues regarding studies used .in derivation of the 
draft A \X!QC, as well as comments on major implementation issues and concerns with using a fish-tissue based 
chronic criterion concentration, rather than the aqueous concentrations typically used for A WQC. 

Evaluation of Water Quality Criteria for Arid West Watercourses, Arid West Water Quality Research 
Project, Pima County Wastewater Management, Tucson, AZ. Principal Investigator. Dr. Gensemer was the 
project manager for evaluation of water quality criteria for arid west watercourses. This pro ject evaluated several 
EPA A WQC documents (selenium, copper, ammonia, and diaz.inon) for their relevance to the unique 
hydrological, geochemical, and biological conditions of ephemeral and effluent-dominated watercourses in the 
arid West. Criteria evaluation also .included general aspects of national criteria development and implementation 
methods. 

Herbicide Ecological Risk Assessments in Support of a Programmatic Environmental Impact Survey, 
Bureau of Land Management, Western U.S. Risk Assessment Team Leader. Dr. Gensemer was the team 
leader for Herbicide Ecological Risk Assessments in Support of Programmatic EIS for the western U.S. 
Ecological risk assessments were conducted in support of a programmatic EIS for the Bureau of Land 
Management as part of their weed management programs. EPA risk assessment guidance was used as the basis of 
screening human health and ecological risks of up to five herbicides: diquat, fluoridone, imazapic, sulfometuron 
methyl, and diflufenzopyr. Herbicide risk evaluatio ns were then used to support the biological assessments of 
several o ther weed management techniques. Dr. Gensemer's primary duties included helping develop the 
conceptual project approach and provided peer review for major work products. 

Toxicity of Cadmium and Silver in Las Vegas Wash, City of Las Vegas, Douglas County, and City of 
Henderson, Las Vegas, NV. Project Manager. Dr. Gensemer was the project manager of a study to evaluate the 
toxicity of cadmium and silver in the very hard waters of the Las Vegas \Xlash. Studies included laboratory tests in 
reconstituted waters that mimic the ionic composition of the Las Vegas Wash in an attempt to better understand 
factors that control toxicity in an unusual ionic matrix. Studies were designed to support NPDES permit 
negotiations and potential development of site-specific water quality standards. 

Database for the Toxicity of Lead to Aquatic Organisms, lnt'l Lead Zinc Research Organization, 
Research Triangle, Chapel Hill, NC. Project Manager. Dr. Gensemer served as project manager for the 
compilation o f a Pb toxicity database. He compiled a list of aquatic toxicity literature for lead, which were then 
ranked for relevancy and reliability criteria, and compiled into a database for use by the lead industry .in preparing 
ecological risk assessments. 

Molybdenum Ambient Water Quality Criteria Database, Cyprus Climax Metals Company, Henderson, CO. 
Lead Project Scientist. Dr. Gensemer was the lead project scientist for an evaluation of the existing aquatic toxicity 
data for molybdenum to determine the reliability of the data and to identify additional studies required for A WQC for 
protection of aquatic life. These studies were reviewed for scientific reliability and relevance for derivation of A WQC 
according to EPA guidance. 

• G E I Con; ull•nll 



Robert W. Gensemer, Ph.D. Page 9 

PUBLICATIONS 

DeForest, D.K., Meyer, J S., Gensemer, R.W., Gorsuch,].\V, and Adams, W.J. 2014. Protectiveness of copper 
aquatic life criteria/ guidelines against olfactory impairment in fish: An international Comparison. Annual Meeting of 
the Society of Mining, Metallurgy, and Exploration, Preprint 14-062. 

Roark, S. A., C. F. Wolf, G.D. De Jong, R. W. Gensemer, and S. P. Canton. 2013. Influences of subsampling and 
modeling assumptions on the U.S. Environmental Protection Agency field-based benchmark for 
conductivity. Integrated Environmental Assessment and Moniton'ng 9: 533-534. 

G ensemer, R.W., Baker, S.D., and Canton, S.P. 2011. Challenges for Implementation of Copper Aquatic Life 
Criteria Using the Biotic Ligand Model: \Vhat are We Waiting For? Proceedings of the Impaired Waters 
Symposium 2011, Water Environment Foundation, pp. 542-553. 

Gensemer, R.W., Canton, S.P., Dej ong, G., Wolf, C., and Claytor, C. 2011. Should There be an Aquatic Life 
Aquatic Water Quality Criterion for Conductivity? Proceedings of the 2011 Annual Meeting of the Society of 
Mining, Metallurgy, and Exploration, Preprint 11-063. 

DeForest, D.K., R.\'<1. Gensemer, E.J. Van Genderen, and J.W. Gorsuch. 2011. Protectiveness of Water Quality 
Criteria for Copper in Western United States Waters Relative to Predicted Olfactory Responses in Juvenile Pacific 
Salmon. Integrated Environmenta/Assessmmt and Management 7(3):336 - 347. 

DeForest, D.K.,J.S. Meyer, R.W. Gensemer, B.K. Shepard, W.J. Adams, R.W. Dwyer,J.W. Gorsuch, and E.J. 
Van Genderen. 2010. Are ambient water quali ty criteria for copper protective of olfactory impairment? Integrated 
Environmental Assessment and Management 7 (1):5-6. 

Hope, B.K., D . Stone, T. Fuji, R.W. Gensemer, and J. Jenkins. 2010. Meeting the Challenge of Identifying 
Persistent Pollutants at the State Level. Integrated Environmental Assessment and Management 6: 735-748. 

Wright, D . A., R. W. Gensemer, C. L. Mitchelmore, W.A. Stubblefield, E. van Genderen, R. Dawson, C.E. 
Orano-Dawson, J.S. Bearr, R.A. Mueller, and W.J. Cooper. 2010. Shipboard trials of an ozone-based ballast water 
treatment sys tem. Man·ne Pollution B111/etin 60:1571-1583. 

Dethloff, G. M., H. Tillquist, and R. W. Gensemer. 2008. Recovery of arid west stream assemblages from 
disturbance and its relevance to frequency o f allowed ambient water quality criteria excursions. Pp. 33-56 in 
Gensemer, R. W., R. D . Meyerhoff, K. J. Ramage, and E. F. Curley (eds). Relevance of Ambient WaterQttality Criteria 
jo1· Ephemeral and Elf711ent-depmde11t Watercourses of the Arid IPestem United States. SET AC Press, Pensacola, FL. 

Gensemer, R. W., and C. Smith. 2008. SB 7 37 Background Infom1ation Summary of Listing Processes.for Persistent, 
Bioaccumulalive, and Toxic Chemicals-. Final report prepared for the Oregon Association of Clean Water Agencies, 
and League of Oregon Cities, Portland, OR. 

Gensemer, R. W., and G. M. Dethloff. 2008. Ammonia. Pp. 201-227 in Gensemer, R.W., R. D. Meyerhoff, K. J. 
Ramage, and E. F. Curley (eds.). Relevance of Ambient IPatcr Quali!J Critena for Ephemeral and Elfluent-dependent 
Watercourses of the Arid Western United States. SET AC Press, Pensacola, FL. 

Gensemer, R. W., R. D . Meyerhoff, K. Ramage, and E. Curley (eds). 2008. Relevance of Ambient W'ater Quali!J 
Cn'teria for Ephemeral and Elf711ent-Dependent Waters of the Arid Western U.S. SET AC Press, Pensacola, FL. 

Gensemer, R. W., D . K. DeForest, R. D . Cardwell, D . Dzombak, and R. Santore. 2007. Scientific Review of yanide 
Ecotoxicology and E va!ttation of Ambient llf'ater Quali!J Cn'teria. WERF Final Report, 01 EC0-1. Report prepared for 
the Water E nvironment Research Foundation, Alexandria, VA. 

Van Genderen, E., R. W. Gensemer, C. Smith, R. Santore, and A. Ryan. 2007. Evaluation of the biotic ligand 
model relative to o ther site-specific criteria derivation methods for copper in surface waters with elevated 
hardness. Aquatic Toxicology 84:279-291. 
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Clark, J. M., R. D. Cardwell, and R. W. Gensemer. 2006. Toxicity of cyanide to aquatic-dependent wildlife. 
Pp. 285-308 in Dzombak, D. A., R. W. Ghosh, and G . M. Wong-Chong (eds.). <;yanide in Water and Soil.· Chemistry, 
Risk and Management. Taylor and Francis, Boca Raton, FL. 

Gensemer, R. W., R. D. Cardwell, D. K.. DeForest, A. Stenhouse, and C. Higgins. 2006. Aquatic toxicity of 
cyanide. Pp. 251-284 in Dzombak, D. A., R. W. Ghosh, and G . M. Wong-Chong (eds.). <;yanide in Water and Soil: 
Chemistry, Risk and Management. Taylor and Francis, Boca Raton, FL. 

Gensemer, R. W., C. Smith, S. Canton, and L. Wall. 2006. Hardness-Dependent Ammonia Toxiti!J' and the Potential Use 
ef the Water Effect Ratio. Final report prepared for the Arid West Water Quality Research Project, Pima County 
Wastewater Management, Tucson, AZ. 

Gensemer, R. W., E. Van Genderen, C. Smith, R. Santore, and A. Ryan. 2006. Evaluation ef the Reliability ef the Biotic 
Ligand Model Predictions far Copper Toxicity in Waters Characteristic ef the Arid West. Final report prepared for the Arid 
\Vest \Vater Quality Research Project, Pima County Wastewater Management, Tucson, AZ. 

Herwig, R. P., J. R. Cordell, J. C. Perrins, P. A. Dinnel, R. W. Gensemer, W. A. Stubblefield, G. M. Ruiz., 
J. A. Kopp, M. A. House, and \'(/. J. Cooper. 2006. Ozone treatment of ballast water on the oil tanker S. T. Tonsina: 
chemistry, biology, and toxicity. Marine Ecology Progress Series 324:37-55. 

Jones, A. C., R. W. Gensemer, W. A. Stubblefield, E. Van Genderen, G . M. Dethloff, and W. J. Cooper. 2006. 
Toxicity of ozonated seawater to marine organisms. Environmental Toxicology and Chemistry 25:2683-2691. 

Murphy, M., S. Canton, L. Wall, and R. W. Gensemer. 2006. Evaluation ef the USEPA Recalculation Procedure in the 
Arid West. Final report prepared for the Arid West Water Quality Research Project, Pima County Wastewater 
Management, Tucson, AZ. 

Marwood, C. A., K. T. J. Bestari, R. W. Gensemer, K. R. Solomon, and B. M. Greenberg. 2003. Creosote toxicity 
to photosynthesis and plant growth in aquatic mesocosms. Environmental Toxicology and Chemistry 22:1075-1085. 

Naddy, R. B., Stern, G., and R. \Y.!. Gensemer. 2003. E ffect of culture water hardness on the sensitivity of 
Cenodaphnia dubia to copper toxicity. Environmental Toxicology and Chemistry 22: 1269-1271. 

Gensemer, R. W., R. B. Naddy, W. A. Stubblefield, J. R. Hockett, R. Santore, and P. Paquin. 2002. Evaluating the 
role of ion composition on the toxicity of copper to Ce1iodaphnia dubia in very hard waters. Comparative Biochemistry 
and Pf?ysiology C 133:87-97. 

Paquin, P., J. W. Gorsuch, S. Apte, G . E. Batley, K.. C. Bowles, P. G. C. Campbell, C. Delos, D . M. DiToro, 
R. Dwyer, F. Galvez, R. W. Gensemer, G. G. Goss, C. Hogstrand, C. R. Janssen, J. C. McGeer, R. B. Naddy, 
R. C. Playle, R. C. Santore, U. Schneider, W. A. Stubblefield, C. M. Wood, and K. B. Wu. 2002. The biotic ligand 
model: A historical overview. Comparative Biochemistry and Pf?ysiology C 133:3-35. 

Gensemer, R. W. 2001. The Use and Interpretation ef PAH Biomarkers in Aquatic E co[ystems. Report #1420-121-210, 
Chevron Research and Technology Company, Richmond, CA. 

Gensemer, R. W., W. A. Stubblefield, and J. R. Hockett. 2001. Ambient Water Quality Criteria far Metf?yl Tertiary-Bu!JI 
Ether. Draft criteria document prepared for the U.S. Environmental Protection Agency. 

Greenberg, B. M, R. N. Hull, M. H. Roberts, and R. W. Gensemer (eds.). 2001. Environmental Toxicology and Risk 
assessment: Stience, Poliry, and Standardization-Implications far Environmental Decisions. STP 1403, American Society for 
Testing and Materials, West Conshohocken, PA. 

Sibley, P. K., M. L. Harris, K. T. Bestari, T. A. Steele, R. D. Robinson, R. W. Gensemer, K. E. Day, and 
K. R. Solomon. 2001. Response of Zooplankton Communities to Liquid Creosote in Freshwater Microcosms. 
Environmental Toxicology and Chemistry 20:394-405. 

Sibley, P. K., M. L. Harris, K . T. Bestari, T. A. Steele, R. D. Robinson, R. W. Gensemer, K. E. Day, and 
K. R. Solomon. 2001. Response of phytoplankton communities to liquid creosote in freshwater microcosms. 
Environmental Toxicology and Chemistry 20:2785-2793 . 

• G E I Con>ul••nl! 



Robert W. Gensemer, Ph.D. Page 11 

Gensemer, R. W., D. G. Dixon, and B. M. Greenberg. 1999. Using chlorophyll fluorescence induction to detect 
the onset of anthracene photoinduced toxicity in Lemnagibba, and the mitigating effects of humic acid. Llmnology 
and Oceanograp01 44:878-888. 

Gensemer, R. W., and R. C. Playle. 1999. Aluminum Toxicity, Speciation, and Bioavailability in Aquatic 
Environments. CRC Critical Revie1vs in Environmental Stience and Technology 29:315-450. 

Gensemer, R. W., T. Cambareri, and B. Howes. 1998. Review of MMR Report: Draft Ecological Studies 199 7 Annual 
Report far FS-12, SD-5, and CS-10 Ground1vater Plumes. Report prepared for Association for Preservation of Cape Cod. 

Gensemer, R. W., D. G. Dixon, and B. M. Greenberg. 1998. Amelioration of the photo-induced toxicity of 
polycyclic aromatic hydrocarbons by humic acid. Ecotoxicology and Environmental Safety 39:57-64. 

Gensemer, R. W., and R. C. Playle. 1998. Llteratttre Review and Ana!Jsis of the Chronic and Acute Toxitiry of Al11minum in 
Aquatic Environments. Final report prepared for St. Johns River Water Management District, FL. 

Gensemer, R. W., D. White, and B. Howes. 1998. Ana!Jsis of Phase II Comprehensive Site Assessment, lf/rymouth Neck 
Lanr!fill Site, Wrymouth, MA, DEP site #3-1361, Volume I. 

Greenberg, B. M., M. I. Wilson, X. D. Huang, C. L. Duxbury, K. A. Gerhardt, and R. W. Gensemer. 1997. 
The effects of ultraviolet-B radiation on higher plants. Pp. 10-44 in Wang, W., W. Lower, and J. Gorsuch (eds.) . 
Plants far Environmental Studies. Lewis Publishers, Chelsea, MI. 

Huang, X.-D., T. S. Babu, C. A. Marwood, R. W. Gensemer, K. R. Solomon, and B. M. Greenberg. 1997. 
Inhibition of photosynthesis as an endpoint for the photoinduced toxicity of intact and photomodified PAHs. 
Pp. 443-455 in Dwyer, F. J., T. R. Doane, and M. L. Hinman (eds.) . Environmental Toxicology and Risk A ssessment: 
Modeling and Risk Assessment, 6ch volume. ASTM STP 1317. American Society for Testing and Materials, 
Philadelphia, PA. 

Gensemer, R. \V., L. Ren, K. E. Day, K. R. Solomon, and B. M. Greenberg. 1996. Fluorescence induction as a 
biomarker of creosote photo toxicity to the aquatic macrophyte Lemna gibba. Pp. 163-176 in Bengtson, D ., and 
D. S. Henschel (eds.). Environmental Toxicology and Risk Assessment: Biomarkers and Rirk Assessment, Sch volume. 
ASTM STP 1306, American Society for Testing and Materials, Philadelphia, PA. 

Greenberg, B. M., D. G. Dixon, M. I. Wilson, X.-D . Huang, B. J. McConkey, C. L. Duxbury, K. Gerhardt, and 
R. W. Gensemer. 1996. Use of artificial lighting in environmental assessment studies. Pp. 55-70 in LaPoint, T.W., 
F. T. Price, and E. E . Little (eds.). Environmental Toxicology and Risk Assessment. 4th volume. ASTM STP 1262, 
American Society for Testing and Materials, Philadelphia, PA. 

Gensemer, R. W., R. E. H. Smith, and H. C. Duthie. 1995. Interactions of pH and aluminum on cell length 
reduction in Asterionel!a ra!fsii var. americana Korn. Proceedings of the 13th International Diatom Symposium: 39-46. 

Gensemer, R. W. 1994. Book review: Environmental Toxicology: Approaches and Definitions. Conservation Biology 
8:1171-1172. 

Gensemer, R. W., R. E. H. Smith, and H. C. Duthie. 1994. Interactions of pH and aluminum on cell length and 
colony structure in a freshwater diatom common to Kejimkujik waters. Pp. 147-153 in Staicer, C. A., 
M. J. Duggan, and J. J. Kerekes (eds.) Proceedings qf the Workshop on the Ko/imkt(jik IVatershed Stu dies, Kejimkujik 
National Park, Nova Scotia, Canada. 

Robinson, R. D., and R. W. Gensemer (eds.). 1994. CNTC Validated Bioindicators Prq/ect Mesocosm Stu4J: Standardized 
Procedttres Manual. Centre for Toxicology, University of Guelph, Ontario, Canada. 

Genserner, R. W., R. E. H. Smitl1, and H . C. Duthie. 1993. Comparative effects of pH and aluminum on silica­
limited growth and nutrient uptake in Asterionella ra!fsii var. americana (Bacillariophyceae). Journal of P01cology 
29:36-44. 
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Gensemer, R. W., R. E. H. Smith, H. C. Duthie, and S. L. Schiff. 1993. pH tolerance and metal toxicity in 
populations of the planktonic diatom Asterionella: Influences of synthetic and natural dissolved organic carbon. 
Canadian Journal qf Fisheries and Aquatic 5 ciences 50: 121-132. 

Smith, R. E .H., H. C. Duthie, R. W. G ensemer, and S. H. Mcintyre. 1993. The Role of Nutrient-Metal Interactions in 
the Response of Diatom A(gae to Altered pH and Humic Matter Concentrations. Final Report prepared for the Wildlife 
Toxicology Fund. 

Gensemer, R. W., R. E. H. Smith, H. C. Duthie, and S. L. Schiff. 1992. The Role of Humic Matter in Mediating the 
Effect qf Metal and pH Changes on Pf?ytoplankton Growth. Final report prepared for the National Sciences and 
Engineering Research Council of Canada. 

Playle, R. C., R. W. Gensemer, and D. G. Dixon. 1992. Copper deposition on gills of fathead minnows: influence 
of water hardness, complexation, and pH of the gill micro-environment. Environmental To>..icology and Chemistry 
11:381-391. 

Gensemer, R. W. 1991. The effects of pH and aluminum on the growth of the acidophilic diatom Asterionella ra!fsii 
var. americana. Limnology and Oceanograpf?y 36:123-131. 

Gensemer, R. W. 1991 . The effects of aluminum on phosphorus and silica-limited growth in Asterionella ra!fszi var. 
americana. Verhandlung Internationale far Vereiningen Limnologie 24:2635-2639. 

Riseng, C. M., R. W. Gensemer, and S. S. Kilham. 1991. The effect o f pH, aluminum and chelator manipulations 
on the growth of acidic and circumneutral species of Asterionella. IJY'ater Air and Soil Pollution 60:249-261. 

Smith, R. E. H., H. C. Duthie and R. W. Gensemer. 1991. The Role of Nutrient-Metal Interactions in the Response of 
Diatom A(gae to Altered pH and Humic Matter Concentrations. Annual Progress Report prepared for the Wildlife 
Toxicology Fund. 

Gensemer, R. W. 1990. Role of aluminum and growth rate on changes in cell size and silica content of 
silica-limited populations of Asterionella ra!fi'ii var. americana (Bacillariophyceae). Journal qf P~ycology 26:250-258. 

Lehman, J. T., J. Bowers, R. W. Gensemer, G. Warren, and D. K. Branst.rator. 1990. Mysis relida in Lake Michigan: 
abundances and relationships with their potential prey, Daphnia. Canadian Journal of Fishe1ies and Aquatic Sciences 
47:977-983. 

Gensemer, R. W. 1989. Influence of aluminum and pH on the pf?ysiological ecology and cellular morphology ef the acidophilic 
diatom Asterionella ralfsii var. americana. Ph.D. Thesis, University of Michigan, Ann Arbor, MN. 

Gensemer, R. W., and S. S. Kilham. 1984. Growth rates of five freshwater algae in well-buffered acidic media. 
Canadian Journal of Fisheries and Aquatic Stiences 41: 1240-1243. 

PRESENTATIONS 

Claytor, C.A., Roark, S.A, Gensemer, R.W., Hermanson, B., Bradley, K.B., and Murray, D.A. 2014. Keeping our 
eyes on the prize: Re-thinking risk assessment for improved preliminary remediation goals. Poster presentation at the 
35th Annual Meeting of the Society of Environmental Toxicology and Chemistry- North America, Vancouver, BC. 
November 9-13. 

DeForest, D.K., Meyer,J.S., Gensemer, R.W., Gorsuch, .JW., and Adams, W.J. 2014. Protectiveness of copper 
aquatic life criteria/guidelines against olfactory impairment in fish: An international comparison. Platform 
presentation at the 2014 Annual Meeting of the Society for Mining, Metallurgy, and Exploration, Salt Lake City, UT. 
February 23-26. 

DeForest, D.K., Meyer,J.S., Gensemer, R.W., Gorsuch,J.W., and Adams, W.J. 2014. Protectiveness o f copper 
aquatic life criteria/ guidelines against olfactory impairment in fish: An international comparison. Platform 
presentation at the 35th Annual Meeting of the Society of Environmental Toxicology and Chemistry- North 
America, Vancouver, BC. November 9-13. 

• G E I Con>ullan t< 



Robert W. Gensemer, Ph.D. Page 13 

DeForest, D.K., Meyer, JS., Gensemer, R.W., Gorsuch,J.W., Shephard, B.K., Zodrow, J.M., and Adams, W.J. 2014. 
Protectiveness of aquatic life criteria for copper against olfactory and behavioral effects in freshwater and saltwater 
fish. Platform presentation at the 2014 Salish Sea Ecosystem Conference, Seattle, WA. April 30 - May 2. 

Gensemer, R.W., Claytor, C.A., Baker, S.D., DeForest, D.K., Meyer, JS., and Gorsuch,].\V. 2014. Regulatory 
implementation of tl1e copper BLM: What have we learned and how are we doing? Platform presentation at tl1e 35th 
Annual Meeting of tl1e Society of Environmental Toxicology and Chemistry - North America, Vancouver, BC. 
November 9-13. 

Gondek,]., Claytor, C.A., Canton, S.P., Gensemer, R.W., and Gorsuch,J.W. 2014. A decision framework for data 
quality and usability in implementation of ilie Biotic Ligand Model for setting site-specific copper criteria. Platform 
presentation at tl1e 35ili Annual Meeting of the Society of Environmental Toxicology and Chemistry - Norili 
America, Vancouver, BC. November 9-13. 

Kovach, A.K., Canton, S.P., Claytor, C.A., Gondek,]., Gensemer, R.W., and Gorsuch,J.W. 2014. Investigating tl1e 
Effects of Using Estimated Water Quality Parameters in Generating Copper Water Quality Criteria Using the Biotic 
Ligand Model. Platform presentation at the 35th Annual Meeting of the Society of Environmental Toxicology and 
Chemistry- Norili America, Vancouver, BC. November 9-13. 

Meyer,J.S., DeForest, D.K., Gensemer, R.W., Gorsuch,J.W., and Adams, W J. 2014. Protectiveness of copper 
aquatic life criteria/ guidelines against olfactory impairment in fish: An international comparison. Platform 
presentation at ilie 24th Annual Meeting of the Society of Environmental Toxicology and Chemistry - Europe, 
Basel, Switzerland. May 11-15. 

Murray, D.A., Gensemer, R.\'\1., and Claytor, C.A. 2014. Review of Risk Assessment Metl1ods to Evaluate Potential 
Human Healtl1 Effects From Exposure to PPCPs in tl1e Environment. Poster presentation at the 35tl1 Annual 
Meeting of the Society of Environmental Toxicology and Chemistry - North America, Vancouver, BC. 
November 9-13. 

Tobiason, S.A., Lewis, N., Gensemer, R.W., and DeForest, D.K.. 2014. Potential Water Quality Criteria for Copper 
in Oregon State Fresh Waters based on tl1e Biotic Ligand Model. Platform presentation at tl1e 35ili Annual Meeting 
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EXECUTIVE SUMMARY 
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The USEPA's current ambient water quality criteria (A WQC) for aluminum (Al) were first 
released in 1988. The acute and chronic criteria of 750 and 87 µg/L, respectively, were 
subsequently adopted as Al water quality standards for New Mexico. The applicability of the 
chronic Al criterion to a wide variety of natural waters has been questioned because, as noted 
in USEPA (2006), there is evidence that Al toxicity is greater in low hardness waters and 
field data exist that indicate there are many high quality waters in the U.S. that contain Al 
concentrations greater than 87 µg/L, when either total recoverable or dissolved Al is 
measured. Since release of the USEPA' s current criteria in 1988, several acute and chronic Al 
toxicity studies have been published in the scientific literature, many of which meet USEPA 
guidelines for A WQC development (USEPA 1985). Therefore, this report first reviews the 
basis for the existing Al criteria and then provides recommendations for updated criteria 
based on Al toxicity studies published since the late 1980s. A similar effort was conducted by 
the Arid West Water Quality Research Project (AWWQRP 2006), which resulted in 
conclusions similar to this report. 

Overall, this review identifies acute Al toxicity data for six additional freshwater species, but 
no additional chronic toxicity data. The most significant outcome of this review is the 
development of recommended acute and chronic Al criteria that are hardness-dependent. 
These recommended hardness-dependent criteria were derived using the same methods used 
by the USEPA to derive hardness-dependent criteria for a variety of other metals (e.g., 
cadmium, lead, nickel, zinc) . The resulting hardness-dependent aluminum criteria are 
recommended as follows: 

Acute Criterion 

Chronic Criterion 

= e (l .3695[ 1n(hardness)]+ 1.8309) 

e (l .3695[ ln(hardness)J+0.9 162) 

For example, at hardness levels of 50, 100, and 200 mg/L as CaC03, the chronic Al c1iteria 
are 530, 1,371, and 3,541 µg/L, respectively, and the acute Al criteria are 1,324, 3,421, and 
8,839 µg/L. The recommended hardness-dependent chronic criteria are protective of the 
brook trout and striped bass studies that were originally used to lower the existing chronic 
criterion to 87 µg/L. Acceptance of these updated hardness-dependent Al criteria will result 
in a more consistent level of aquatic life protection across a range of hardness conditions and 
decrease the likelihood that Al will be inappropriately identified as potentially detrimental to 
designated aquatic life uses within New Mexico waters. 
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1. INTRODUCTION 
The current ambient water quality criteria (A WQC) for aluminum (Al) were released in 1988 
(USEPA 1988). Background information on Al chemistry in freshwater systems can also be 
found in USEPA (1988) and in Sposito (1996). Of particular importance in deriving A WQC 
for Al is the pH of the water used in toxicity tests. Between a pH of 6.5 and 9.0, Al occurs 
largely as poorly soluble polymeric hydroxides and as complexes with humic acids, 
phosphate, sulfate, and other anions (USEPA 1988; Sposito 1996). Waters with a pH <6.5 are 
below the acceptable pH range identified by the USEPA, and such waters favor the 
dissolution of Al into more bioavailable monomeric and ionic forms. Consistent with the 
USEPA's existing criteria for Al, the updated Al criteria recommended here only consider 
toxicity studies conducted within the pH range of 6.5 to 9 .0, and thus should only apply to 
surface waters with pH levels within this range. 

This report reviews the scientific literature conducted since publication of the 1988 A WQC 
for Al, and uses these data to recommend updated criteria for protection of aquatic life 
derived according to USEPA guidance (USEPA 1985). Section 2 of this report summarizes 
the basis of the existing Al criteria and then Section 3 summarizes additional Al toxicity 
studies published after release of the 1988 A WQC document. Sections 4-6 then use these data 
to recommend updates to freshwater aquatic life criteria for Al in a format that is consistent 
with USEPA guidance. 

2. AMBIENT WATER QUALITY CRITERIA DERIVATION 

2 

The national A WQC developed by USEPA for protection of aquatic life set maximum 
threshold concentrations of contaminants for both freshwater and marine environments. 
These criteria are derived from empirical toxicity data and are designed to be stringent 
enough to protect most sensitive species potentially exposed to a contaminant in any water 
body in the United States. Below these thresholds, no adverse effects on aquatic community 
function are anticipated, although if present, the most sensitive species could be impacted as 
the A WQC are designed to protect all but the most sensitive 5% of species. If data suggest 
that a commercially or recreationally important species is not protected at this level, then an 
A WQC value can be adjusted to provide sufficient protection for these species as well. 

To understand how A WQC are developed, it is useful to review the guidelines and 
terminology provided in USEPA ( 1985), but the general approach is briefly summarized 
below. The first step is to compile acute and chronic toxicity data that meet the USEPA 
(1985) guidelines for the relevance and reliability of each study. A minimum database of 
acceptable studies representing at least 8 specific taxonomic families of aquatic organisms is 
also required. For each species with acceptable acute toxicity data, the species mean acute 
value (SMA V) is calculated as the geometric mean of available 48 to 96-hr median lethal 
concentrations (LC50s) or median effect concentrations (EC50s) for each species. The genus 
mean acute value (GMAV) is then calculated as the geometric mean of available SMAVs for 
each genus. The lowest 5th percentile of the distribution of available GMA Vs is identified as 
the final acute value (FAY), which is divided by two to determine the criterion maximum 
concentration (CMC) which is more commonly termed the "acute criterion." The FAV is 
divided by two because USEPA determined setting the CMC equal to the FAV (i.e., without 
dividing by two) was not sufficiently protective since it could induce up to 50% mortality to 
sensitive species. It is important to note that the 5th percentile is calculated based solely on 
the four most sensitive GMAVs and the total number of GMAVs (USEPA 1985). 

The chronic criterion may be derived in a manner similar to the CMC, but chronic toxicity 
data are typically unavailable for a sufficient number of species. It is thus typically necessary 
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to apply an acute-chronic ratio (ACR) to the FAY to estimate the final chronic value (FCY). 
Unless other data are available to suggest the FCY is under-protective of the aquatic 
community (including aquatic plants and protection from bioaccumulative substances), the 
criterion continuous concentration (CCC), or chronic criterion, is set equal to the FCY. 

3. SUMMARY OF EXISTING CRITERIA 
The USEPA's current acute and chronic Al criteria for protection of aquatic life are 750 and 
87 µg/L, respectively. Development of these criteria followed the Guidelines for Deriving 
Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and 
Their Uses (USEPA 1985), which was briefly summarized above. Specifically, the USEPA 
identified acute LC50 values for 15 aquatic species, which resulted in the calculation of 15 
SMA Ys. These 15 SMAYs represented 14 genera, which resulted in the calculation of 14 
GMAYs. The 5th percentile of these GMAYs, or FAY, was calculated to be 1,496 µg/L. 
Division of the FAY by two resulted in an acute criterion (CMC) of 750 µg/L. Because 
limited chronic Al toxicity data were available, the FCY was calculated using an ACR. The 
USEPA identified ACRs of 0.9958, 10.64, and 51.47. Because the two highest ACRs were 
based on acutely insensitive species, these were not considered in development of the final 
ACR (FACR). However, because the remaining ACR of 0.9958 was less than 2, the USEPA 
(1985) guidelines required that the FACR be set to 2, otherwise the chronic criterion would 
be higher than the acute criterion. This results in a FCY of 750 µg/L (equivalent to the CMC). 
Finally, the USEPA (1988) considered "other data" that were considered scientifically sound, 
but were from studies that did not strictly meet the guidelines for calculation of the FCY. 
From the "other data" cited in USEPA (1988), adverse effects were reported for two 
"important" species at Al concentrations below the FCY of 750 µg/L: (1) a 24 percent 
reduction in weight of young brook trout (Salvelinusfontinalis) was observed at an Al 
concentration of 169 µg/L (Cleveland et al. Manuscript) and (2) 58 percent striped bass 
(Morone saxatilis) mortality occurred at an Al concentration of 174.4 µg/L (Buckler et al. 
Manuscript). Aluminum concentrations of 88 and 87.2 µg/L from these same two studies 
resulted in negligible toxicity. Accordingly, the USEPA set the chronic criterion (CCC) at 87 
µg/L. 

Since the release of the current AWQC for Al in 1988, several acute and chronic Al toxicity 
studies have been published in the scientific literature. Many of these toxicity studies meet 
the USEPA (1985) guidelines for AWQC development and also result in additional data for 
deriving an Al ACR. As discussed below, there is also evidence that the toxicity of AI to 
aquatic life is hardness-dependent (i.e., Al toxicity is greater in softer waters and decreases as 
water hardness increases). 

4. SUMMARY OF NEW TOXICITY STUDIES 
The USEPA (1985) guidelines for A WQC development specify minimum study requirements 
for consideration in the development of acute and chronic criteria for protection of aquatic 
life. For example, acute toxicity studies must have an exposure duration of 96 hours 
(although 48 hours is acceptable for more short-lived species, such as cladocerans and 
midges), organisms must not be fed during the study, and the endpoint must be mortality, 
immobilization or a combination of the two. Chronic toxicity studies must be conducted 
using exposure durations that encompass the full life cycle or, for fish, early life stage and 
partial life cycle studies are acceptable. In addition, toxicant concentrations in the exposure 
solutions must be analytically verified in chronic studies. Finally, under the USEPA (1985) 
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guidelines, toxicity studies that do not meet the specific study requirements may still be 
retained as "other data" if the study was otherwise scientifically valid. Such "other data" are 
not used in the calculation of the CMC and FCV, but may be used to justify lowering the 
acute or chronic criteria for a toxicant if the species and endpoint tested are considered to be 
"biologically or recreationally important," and if the CMC or FCV were determined to be 
inadequately protective of these species or endpoints. 

The following sections summarize the Al toxicity data published since 1988 that we 
considered acceptable for updating the Al criteria. Our primary source for these new data was 
a study conducted on behalf of the Arid West Water Quality Research Project (A WWQRP 
2006), in which a thorough literature review was conducted, and similar recommendations 
made for updating aquatic life criteria for Al (and other chemicals). While the studies used in 
the present report are, for the most part, the same as those used in A WWQRP (2006), we 
recommend different final criteria equations to maximize consistency with USEPA guidance 
for derivation of aquatic life criteria (USEPA 1985). 

4.1 ACUTE TOXICITY 

As summarized in Section 3, the acute Al toxicity database used to derive the current acute 
Al criterion was based on 14 GMAVs, which in turn was based on 15 SMAVs. The updated 
acute Al toxicity database includes seven additional species with tests considered to be of an 
acceptable type and duration according to USEPA (1985): 

• Asellus aquaticus, isopod (Martin and Holdich 1986) 

• Crangonyx pseudogracilis, amphipod (Martin and Holdich 1986) 

• Cyclops viridis, copepod (Storey et al. 1992) 

• Gammarus pulex, amphipod (Storey et al. 1992) 

• Tubifex tubifex, worm (Khangarot 1991) 

• Hybognathus amarus, Rio Grande silvery minnow (Buhl 2002) 

• Salmo salar, Atlantic salmon (Hamilton and Haines 1995) 

This results in acute Al toxicity data for a total of 22 species representing 19 genera. In 
addition, new acute toxicity studies were identified for several species already included in the 
1988 A WQC, including the cladoceran Ceriodaphnia dubia (ENSR 1992a; Soucek et al. 
2001), rainbow trout (Oncorhynchus mykiss) (Thomsen et al. 1988; Gundersen et al. 1994), 
and fathead minnow (Pimephales promelas) (Buhl 2002; ENSR 1992b). All acceptable acute 
LC50 and EC50 values for Al are summarized in Table 1 a. 

4.2 CHRONIC TOXICITY 

4 

The 1988 A WQC for Al included chronic toxicity data for three species: (1) the cladoceran 
C. dubia; (2) the cladoceran Daphnia magna; and (3) the fathead minnow P. promelas. As 
part of this update, a 16%-effect concentration (EC16) for reproductive effects in D. magna 
(Biesinger and Christensen 1972) was added to the chronic toxicity data set. The chronic 
toxicity value from Biesinger and Christensen (1972) was likely excluded in USEPA (1988) 
because Al test concentrations were not analytically verified. However, this study is included 
here because the chronic value is consistent with the corresponding measured value from the 
Kimball manuscript (which was an unpublished study used in the 1988 A WQC), thus 
reducing some of the uncertainty associated with the Al concentrations not being analytically 
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verified. This study also provides additional useful information for deriving an ACR, as 
discussed further below. No additional chronic toxicity studies were identified that meet the 
USEPA's guidelines (i .e., life cycle study or an early life stage or partial life cycle study for 
fish). All acceptable chronic toxicity studies are summarized in Table 2a. 

A total of four ACRs were derived: 0.9958 and 0.9236 for C. dubia, 12.19 and 51.47 for 
D. magna, and 10.64 for fathead minnows (Table 2b). It is uncertain why the D. magna 
ACR of 51.47 is considerably higher than the other ACRs, including the other D. magna 
ACR of 12.19. However, the combination of the high hardness (220 mg/L) and pH (8.30) 
would likely have mitigated the toxicity of Al compared to waters with a hardness of 
45.3 mg/L and pH of 6.5-7.5 used in tests to derive the D. magna ACR of 12.19 from 
Biesinger and Christensen (1972). Therefore, it is more appropriate to select an ACR from 
tests conducted under conditions that likely maximize Al toxicity. The D. magna acute values 
from the two studies differed by a factor of 10, but the chronic values differed by just a factor 
of two (Table 2b). Because the D. magna ACR of 51.47 is driven by an insensitive acute 
value under high hardness and high pH conditions, this value was excluded from the final 
ACR. Calculating the geometric mean of the remaining ACRs results in a final ACR of 
4.9918. 

In USEPA (1988), it was noted that a Final Plant Value, as defined in USEPA (1985), was 
not obtained because there were no plant toxicity studies conducted with an important aquatic 
plant species in which Al was measured and in which the endpoint measured was biologically 
important. No new published algal or aquatic plant studies have been obtained, so this 
conclusion has not changed for the present update. 

4.3 OTHER DATA 

In USEPA's AWQC documents, "other" data are those from studies that were not conducted 
in such a way as to be strictly "acceptable" according to USEPA (1985) guidance, but that 
may still contain data that might be useful in adjusting final criteria concentrations. Within 
the pH range 6.5 - 9 .0, only two other studies have been published after the 1988 Al A WQC 
were released, but that were not already considered Sections 4. l or 4.2: (1) a rainbow trout 
study by Thomsen et al. ( 1988) and (2) an Atlantic salmon study by Hamilton and 
Haines (1995). These are discussed below. 

Thomsen et al. (1988) exposed rainbow trout ( 0. mykiss) eggs to aqueous Al concentrations 
in water with calcium concentrations of either I or 150 mg/L and a pH level of 7. The Al 
exposure continued through 25 days post-hatch. The LC50 values (measured at day 25 post­
hatch) were 3,800 and 71 ,000 µg Al/Lin waters containing calcium concentrations of 1 and 
150 mg/L, respectively. The increased mortality observed in the low calcium treatment may 
be explained more by the low calcium treatment than by increased toxicity of Al due to 
higher bioavailability. As Thomsen et al. (1988) noted, the greatest reduction in survival was 
observed in relation to the calcium ion concentrations in the test water (survival was reduced 
by 24 percent in the low calcium water compared to the high calcium water without the 
addition of Al). Hatching time was also increased from 1.2 days in high calcium water to 
4.5 days in low calcium water. Overall, neither study meets the requirements to be included 
as an acceptable acute test because the exposure duration was too long (ranged from 
approximately 26-30 days). This study also is not an acceptable chronic test because the study 
was not sufficient long to meet the early life stage requirements for rainbow trout tests (60 
days post-hatch). Further, much of the mortality observed in the low calcium treatment 
appears to be a result of the low calcium concentration itself. 
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Hamilton and Haines ( 1995) exposed Atlantic salmon (S. salar) alevins to aqueous Al 
concentrations of 0 or 200 µg/L for 30 days. The test water pH was 6.5 and the hardness was 
6.8 mg/L, which is unusually low compared to water hardness typically encountered in either 
field or laboratory situations. This study does not meet the USEPA's (1985) specific 
requirements for a chronic study because it does not meet the definitions of an early life stage 
or partial life cycle study, but it does provide useful data that the USEPA would typically 
categorize as "other data." The mean weight of alevins exposed to 200 µg Al/L was 
significantly reduced (p<0.05) relative to the control, which resulted in a lowest observed 
effect concentration (LOEC) of <200 µg/L. 

4.4 UNUSED DATA 

In USEPA's A WQC documents, studies are identified that were not used or considered for 
A WQC development because the study was scientifically flawed or limited, or otherwise 
inappropriate for derivation of A WQC. For example, studies are not used if control organisms 
did not respond adequately (e.g., unacceptably high mortality) or if the test water contained 
elevated levels of other contaminants. In addition, studies are not used if the test species is 
not resident to North America. All of the unused studies published since the current Al 
criteria were derived are not summarized here, except for a brook trout (S. fontinalis) study 
that is briefly summarized below given the importance of brook trout to the derivation of the 
1988 chronic Al criterion. 

Cleveland et al. (1991) exposed brook trout to an aqueous Al concentration of 303.9 µg/L for 
56 days at a pH of 7.2 (fish were also exposed to Al at pH levels of 5.0 and 6.0, but these 
tests are not discussed here because the pH levels were <6.5). This study did not include a 
control, although only 1 percent mortality was observed following 56 days. It is unknown 
whether growth was affected, which is important since Cleveland et al. (1989) observed that 
growth is a more sensitive endpoint than survival for brook trout exposed to Al. Given the 
lack of a growth endpoint and due to the absence of a control treatment, this study was not 
sufficiently robust to identify either an acceptable chronic value for Al (for inclusion in 
Table 2) or as information to be evaluated as "other data". Therefore, it was not considered 
for use in updating Al criteria. 

5. HARDNESS-TOXICITY RELATIONSHIP 

6 

Under the USEPA (1985) guidelines for A WQC development, methods are provided for 
adjusting criteria if it can be demonstrated that toxicity varies as a function of a given water 
quality parameter. The most common example is the relationship between water hardness and 
toxicity for several divalent metals. For example, the current acute and chronic criteria for 
cadmium, lead, nickel, and zinc are all hardness-dependent (i.e., the criteria concentrations 
increase with increasing water hardness; USEPA 2006) . For Al, the existing data also suggest 
that toxicity increases with increasing water hardness, or with other water quality parameters 
that covary with hardness. Therefore, expressing updated Al criteria on the basis of a 
hardness equation-rather than as a single fixed value-is now warranted. 

The general approach for deriving hardness-dependent criteria entails use of an analysis of 
covariance to derive a log-linear slope that relates standard toxicity values (e.g., LC50s) to 
water hardness (USEPA 1985). To evaluate whether there is a significant statistical 
relationship between hardness and toxicity, there must be definitive acute values 
(i.e., undefined "less than" or "greater than" toxicity values are not used) from Al toxicity 
studies that expose organisms over a range of water hardness values such that the highest 
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hardness is at least three times higher than the lowest, and the highest hardness is also at least 
I 00 mg/L higher than the lowest. There were three species that met this minimum 
requirement: (1) C. dubia; (2) D. magna; and (3) fathead minnow. 

For C. dubia, acute LC50s were available at hardness levels of 26, 46, 50, 96, 98.5, and 
194 mg/L (as CaC03) . The LC50 at a hardness of 194 mg/L was >99,600 µg/L, which should 
not be used to derive the hardness-toxicity relationship because it is not a definitive value. 
However, if this test is not included in the hardness-toxicity evaluation, the range in hardness 
for the remaining C. dubia toxicity studies is 26 to 98.5 mg/L, which does not meet the 
requirement that the range between the lowest and highest hardness must be >I 00 mg/L. 
Nevertheless, because the C. dubia data clearly demonstrate a relationship between hardness 
and toxicity over an acceptable range of hardness values, the C. dubia data were included in 
the pooled slope, but the LC50 of >99,600 µg/L was excluded because it was not a definitive 
value. 

The slope relating aluminum toxicity to water hardness was significantly different from zero 
(p<0.05) for all three species. In addition, the slopes were similar for all three with 
overlapping 95 percent confidence intervals. Accordingly, a final pooled slope of 1.3695 was 
derived based on the data for these three species. The individual slopes for each species and 
the pooled slope for combined species, as well as the data used to derive the pooled slopes, 
are provided in Tables I b and le. The raw data used to define the relationship between 
hardness and toxicity, as well as the pooled slope, are plotted in Figure 1. 

6. REVISED ALUMINUM CRITERIA 

6.1 ACUTE CRITERION 

The pooled slope of 1.3695 was used to adjust the acute values in Table la to a hardness of 
50 mg/L, except for cases where this was not possible because water hardness was not 
reported. Species mean acute values were calculated as the geometric mean of acceptable 
hardness-adjusted acute values for each species. To delineate cases in which not all toxicity 
values were appropriate for inclusion into a particular SMAY, the bold, underlined LC50 and 
EC50 values in Table la were ultimately used to derive the SMAVs. The SMAYs, adjusted to 
a hardness of 50 mg/L, ranged from >2, 164 µg/L for the cladoceran Ceriodaphnia dubia to 
>338,321 µg/L for the midge Tanytarsus dissimilis. Genus mean acute values were calculated 
as the geometric mean of SMA Ys and ranked from high to low (Table 3). The total number 
of GMAYs was 17 and the four lowest GMA Ys were used to calculate the FAY following 
the USEPA (1985) guidelines. The FAY, at a hardness of 50 mg/L, was calculated to be 
2,648 µg/L (Table 3). The FAY was then divided by two, resulting in a CMC, or acute 
criterion, of 1,324 µg/L at a hardness of 50 mg/L. The resulting equation for deriving the 
CMC over a range of hardness levels is: 

CMC = e(l.3695[1n(hardness))+J.8309) Eq. l 

The hardness relationship was derived based on empirical data within a hardness range of 
26 to 220 mg/L, so application of this equation to hardness levels outside of this range should 
be treated with caution. 
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6.2 CHRONIC CRITERION 

Chronic Al toxicity values did not meet the minimum data requirements for calculating the 
FCV as the 5th percentile of empirically derived chronic values. Accordingly, it was 
necessary to apply an ACR to the FA V (consistent with the calculation of the FCY for Al in 
USEPA [1988]). At a hardness of 50 mg/L, division of the FAY of 2,648 µg/L 
(see Section 5.1) by the final ACR of 4.9918 (see Section 3.2) results in a FCY of 530 µg/L 
(Table 3). The resulting equation for deriving the FCV over a range of hardness levels is: 

FCY = e(l.3695[1n(hardness)J+0.9162) Eq. 2 

Similar to the acute hardness equation, because the hardness relationship was derived based 
on empirical data within a hardness range of 26 to 220 mg/L, application of this equation to 
hardness levels outside of this range should be treated with caution. 

6.3 PROTECTIVENESS OF THE CHRONIC CRITERION TO BROOK TROUT AND 
STRIPED BASS 

As discussed in Section 3, USEPA (1988) derived a FCY of 750 µg/L based on a FAY of 
1,496 µg/L and an ACR of 2 (i.e., 1,496 µg/L I 2 = 750 µg/L). However, two chronic studies 
that did not meet strict acceptability criteria (USEPA 1985) for calculation of the FCV were 
ultimately considered to be important enough to warrant lowering of the FCV to ensure 
protection of the two species tested. Based on the Cleveland et al. and Buckler et al. 
manuscripts cited in the 1988 AWQC, the USEPA lowered the chronic criterion to 87 µg/L in 
order to ensure protection of brook trout (Salvelinus fontinalis) and striped bass 
(Morone saxatilis). The following briefly summarizes these studies, and evaluates the level of 
protection that the updated criteria equations 1 and 2 would provide for these species. 

6.3.1 Brook Trout 

8 

USEPA (1988), citing an unpublished Cleveland et al. manuscript (and now published as 
Cleveland et al. 1989), reported that Al concentrations of 169 and 350 µg/L resulted in 
3 percent and 48 percent larval brook trout mortality, respectively, after a 60 day exposure, 
and Al concentrations of 88 and 169 µg/L resulted in a 4 percent and 24 percent reduction in 
weight, respectively. Following the USEPA (1985) guidelines, the chronic value from this 
study would typically be defined as the geometric mean of the no-observed effect 
concentration (NOEC) and LOEC for the most sensitive endpoint (growth), which is 88 and 
169 µg/L , respectively. The chronic value for this test would, therefore, be 122 µg/L. It 
should be noted that this test was conducted in very soft water with a hardness of 12.3 mg/L. 
Based on the hardness-toxicity slope of 1.3695, this converts to an estimated chronic value of 
833 µg/L at a hardness of 50 mg/L. Given that the FCY at a hardness of 50 mg/Lis 530 µg/L, 
this suggests that brook trout would be adequately protected by the revised criterion 1• 

In addition, the GMAV of 3,600 µg Al/L for brook trout reported in Table la is well above 
the FAY of 2,648 µg Al/L (Table 3), even though water hardness was not reported in this 
study (Decker and Menendez 1974) and so could not be included in the FAY derivation. 
Finally, an additional chronic brook trout study cited in Table 6 of the 1988 A WQC 
(Hunn et al. 1987) reports a chronic growth reduction at 283 µg Al/L, but in extremely soft 
waters (0.57 mg/L hardness). It would likely not be meaningful to apply a hardness slope to 

1 Given that the very low hardness of 12.3 mg/Lis below the range of hardness levels used to develop 
the pooled hardness slope, there is some uncertainty associated with this evaluation. 
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such a low water hardness, but given that the chronic value from Cleveland et al. (1989) 
conducted in harder water was lower than that of Hunn et al. (1987), a revised chronic 
criterion using Equation 2 would still be considered protective. Therefore, the available 
toxicity data suggest that the revised chronic criteria reported here would also be protective of 
both chronic and acute Al toxicity to brook trout, and so the calculated FCV does not need to 
be lowered to protect this species. 

6.3.2 Striped Bass 

USEPA (1988), citing the unpublished Buckler et al. manuscript (and now published as 
Buckler et al. 1987), reports that Al concentrations of 87 .2 and 174.4 µg/L, at a pH of 6.5, 
resulted in 0 percent and 58 percent mortality of 160 day-old striped bass, respectively, after a 
7 day exposure. USEPA (1988) also reported that Al concentration of 174.4 and 348.8 µg/L 
resulted in 2 percent and 100 percent mortality in 160 day-old striped bass at a pH of 7.2 
(i.e., Al was more toxic at pH 6.5 than at pH 7.2). In addition, citing the Buckler et al. 
manuscript, USEPA (1988) reported that an Al concentration of 390 µg/L resulted in 
0 percent mortality of 159 and 195 day-old striped bass at both a pH of 6.5 and 7 .2 following 
a 7 day exposure. These values were identical to those in the published version of the study 
in Buckler et al. (1987). Additional 7 day toxicity tests of younger life stages were reported 
in Buckler et al. (1987). However, control survival in these other studies was marginal: 
(1) 72-78 percent and 79 percent for 11 day old fish at a pH of 7.2 and 6.5, respectively; and 
(2) 80 percent and 48 percent for 13 day old fish at a pH of 7.2 and 6.5, respectively. 
Conversely, control mortality was 0 percent in studies with 160 day old fish at pH levels of 
6.5 and 7.2. However, if it is assumed that control mortality in the range of 20-28 percent is 
acceptable for younger life stages, a measured Al concentration of approximately 131 µg/L 
was associated with 75 percent mortality in 13 day old fish at a pH of 7.2, which was 
significantly greater (p<0.05) than in the respective control that had 20 percent mortality. In 
another study with 11 day old fish at a pH of 7.2, survival was not significantly reduced 
relative to the control up to a higher Al concentration of 179 µg/L, but was significantly 
reduced (p<0.05) at an Al concentration of 358 µg/L. At a pH of 6.5, control mortality was 
21 percent (compared to 26 percent in the pH 7.2 control), but survival in Al treatments 
:'.::22 µg/L was significantly reduced (p<0.05) compared to the pH 7.2 control (and 
presumably compared to the pH 6.5 control, but this was not reported) . 

Overall, Al toxicity to striped bass is highly variable depending on the age of the test 
organism and the pH of the water (6.5 vs. 7.2). Lowest observed effect concentrations range 
from 22 to <393 and NOECs range from 87 to >390 (in other words, the ranges of NOECs 
and LOECs from the various tests substantially overlap). Even within a similar age the 
NOECs and LOECs are highly variable, with NOECs for 159 day old fi sh being >390 µg/L 
and LOECs for 160 day old fish being 174 to 348 µg/L. Given this variability, we suggest 
that the striped bass toxicity data be excluded from consideration in updating the chronic Al 
criterion. Nevertheless, the chronic value reported in USEPA ( 1988) for striped bass in soft 
water2 is 123 µg/L, which, assuming a water hardness of 14 mg/L, results in a chronic value 

2 Buckler et al. ( 1987) did not report the hardness of the test water, although the authors did note that 
hardness was monitored. They characterized the test water as soft. The test solution was created using 
well water passed through a water softener, which was then treated by reverse osmosis and passed 
through anionic, cationic, and mixed-bed exchange resins. The alkalinity and hardness of the well 
water were 237 and 272 mg/L, respectively. The alkalinity of the resulting test water was 12 mg/L. If 
we assume that the ratio of well water-to-test water alkalinity applies to hardness, we can estimate that 
the hardness of the test water was approximately 14 mg/L. 
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of 703 µg/L at a hardness of 50 mg/L. Therefore, the available toxicity data suggest that the 
revised chronic criteria reported here (530 µg/L) would also be protective of chronic Al 
toxicity to striped bass, and so the calculated FCV does not need to be lowered to protect this 
species. 

7. PROPOSED CHANGES TO 20.6.4 NMAC 

IO 

Proposed changes to the current 20.6.4 NMAC (August 2007) are shown with additions 
underlined, and deletions indicated by strikethrough. Please note that this proposal does not 
contain comparisons with NMEDs Proposed Amendments to the Standards for Interstate and 
Intrastate Surface Waters 20.6.4 NMAC from December 16, 2008 or as further revised on 
July 6, 2009. Based on the criteria updates recommended in this report, the following changes 
are proposed: 

In Section 20.6.4.900.1, the following hardness-dependent equation parameters for acute and 
chronic criteria for aluminum should be added: 

1.(1) Acute aquatic life criteria: 

The equation to calculate acute criteria in µg/L is exp(mA[in(hardness)] + b&)(CF), where the 
parameters are as follows: 

Metal (dissolved) m,. b,. Conversion factor (CF) 

Aluminum 1.3695 1.8309 None 

This equation shall be extended to hardness levels no lower than 25 mg/L, and no 
higher than 250 mg/L, as CaCOJ..:. 

1.(2) Chronic aquatic life criteria: 

The equation to calculate chronic criteria in µg/L is exp(mcfln(hardness)] + bd(CF), where 
the parameters are as follows: 

Metal (dissolved) me be Conversion factor (CF) 

Aluminum 1.3695 0.9162 None 

This equation shall be extended to hardness levels no lower than 25 mg/L, and no 
higher than 250 mg/L, as CaCOJ..:. 

In Section 20.6.4.900.J, the numeric criteria table entry for aluminum should be revised to 
refer to hardness-dependent equations in Section 20.6.4.900.J: 
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Aquatic Li fe 

Wildlife 
Livestock Watering Habitat Human 

µg/L unless µg/L Health Chronic 
indicated unless Acute µg/L 

µg/L µg/L 
indicated 

+.W 8+ 

See 
See 

20.6.4.900.l 
20.6.4. 
900.1 

The following table provides selected values of the calculated acute and chronic Al criteria 
(µg/L) at various levels of water hardness: 

Hardness as 
CaCO:l Aluminum, 
(mg/L) dissolved 

Acute 
25 

ill 
Chronic 205 

Acute 658 
30 

Chronic 264 

Acute 975 
40 

Chronic 391 

Acute 1324 
50 

Chronic 530 

Acute 1700 
60 

Chronic 681 

Acute 2099 
70 

Chronic 841 

Acute 2520 
80 

Chronic lOIO 

Acute 2961 
90 

Chronic 11 86 

Acute 3421 
100 

Chronic 137 1 

Acute 8839 
200 

Chronic 3541 
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Hardness as 
CaCOJ Aluminum, 
(mg/L) dissolved 

Acute 11999 
250- 400 

Chronic 4807 
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Table 1a. Acute Toxicity of Aluminum to Aquatic Animals 

LC50 or EC50 
Adjusted to 

Hardness LC50or Hardness of 
(mg/Las EC50 50 mg/L 

Species Latin Name Species Common Name Method Chemical pH CaC03) (µg Al/L) (µg Al/L) 

Acroneuria sp. Stonefly S,M Al Cb 7.46 47.4 >22,600 >24.315 

Asel/us aquaticus lsopod S,U Al2(SQ,)J 6.75 50 4,370 4,370 

Ceriodaphnia dubia Cladoceran S,M AICb 7.42 50 1,900 1.900 

Ceriodaphnia dubia Cladoceran S,M AICl3 7.86 50 1,500 1,500 

Ceriodaphnia dubia Cladoceran S,M AICb 8.13 50 2,560 2.560 

Ceriodaphnia dubia Cladoceran S,M AICl3 7.5 26 720 1,763 

Ceriodaphnia dubia Cladoceran S,M Al Cb 7.6 46 1,880 2.107 

Ceriodaphnia dubia Cladoceran S,M AICl3 7.8 96 2,450 1.003 

Ceriodaphnia dubia Cladoceran S,M Al Cb 8.1 194 >99,600 >15.554 

Ceriodaphnia dubia Cladoceran S,M 7.6 98.5 2,880 1,138 

Ceriodaphnia sp. Cladoceran S,M Al Cb 7.36 47.4 2,300 2,475 

Ceriodaphnia sp. Cladoceran S,M AICb 7.68 47.4 3,690 3,970 

Crangonyx pseudogracilis Am phi pod S,U Al2(SO.)s 6.75 50 9,190 9,190 

Cyclops viridis Copepod S,U Al20 3 6.9 >27,000 --
Daphnia magna Cladoceran S,M A'2(SO.)J 7.05 220 38,200 5.022 

Daphnia magna Cladoceran S,M AICl3 7.61 45.4 >25,300 >28,875 

Daphnia magna Cladoceran S,U Al Cb 7 45.3 3,900 4,465 

Dugesia tigrina Flatworm S,M Al Cb 7.48 47.4 >16,600 >17,859 

Gammarus pulex Amphipod S,M A'203 6.9 >2,700 : 

Gammarus pseudolimnaeus Amphipod S,M AICb 7.53 47.4 22,000 23.669 

Physasp. Snail S,M AICl3 7.46 47.4 55,500 59,711 

Physasp. Snail S,M Al Cb 6.59 47.4 >23,400 >25,175 

Physasp. Snail S,M AICl3 7.55 47.4 30,600 32.922 

Physasp. Snail S,M Al Cb 8.17 47.4 >24,700 >26,574 

Tanytarsus dissimilis Midge S,U Ab(SO.)J 6.85-7.71 17.43 >79,900 >338,321 

Tubifex tubifex Worm R,U Al(NH.so. )2 7.6 245 50,230 5.698 

14 

Species Mean 
Acute Value at 

Hardness of 
50 mg/L 
(µg Al/L) Reference 

>24,315 Call 1984 

4,370 Martin and Holdich 1986 

>2,164 McCauley et al. 1 986 

McCauley et al. 1986 

McCauley et al. 1986 

ENSR 1992a 

ENSR 1992a 

ENSR 1992a 

ENSR 1992a 

Soucek et al. 2001 

3,134 Call 1984 

Call 1984 

9,190 Martin and Holdich 1986 

Storey et al. 1992 

4,735 Kimball manuscript 

Brooke et al. 1985 

Biesinger and Christensen 1972 

>17,859 Brooke et al. 1985 

Storey et al. 1992 

23,669 Call 1984 

32,922 Call 1984 

Call 1984 

Call 1984 

Call 1984 

>338,321 Lamb and Bailey 1981 

5,698 Khangarot 1991 
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Updated Freshwater Aq11atic Life Criteria for Al11111ill11m (Exhibit 2 of Direct Testimony of Robert W. Gensemer, Ph.D.) 
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Table 1a. Acute Toxicity of Aluminum to Aquatic Animals (continued) 

LC50 or EC50 Species Mean 
Adjusted to Acute Value at 

Hardness LC50or Hardness of Hardness of 
(mg/Las EC50 50 mg/L 50 mg/L 

Species Latin Name Species Common Name Method Chemical pH CaC03) (µg Al/L) (µg Al/L) (µg Al/L) Reference 

Hybognathus amarus Rio Grande silvery minnow S,M AIC'3 8.1 140 >59,100 >14,428 >14,428 Buhl2002 

lctalurus punctatus Channel catfish S,M AIC'3 7.54 47.4 >47,900 >51,534 >51,534 Call 1984 

Lepomis cyanellus Green sunfish S,M AICl3 7.55 47.4 >50,000 >53,794 >53,794 Call 1984 

Oncorhynchus mykiss Rainbow trout S,M AIC'3 6.59 47.4 7,400 7.961 >7,547 Call 1984 

Oncorhynchus mykiss Rainbow trout S,M AICl3 7.31 47.4 14,600 15.708 Call 1984 

Oncorhynchus mykiss Rainbow trout S,M Al Cb 7.46 47.4 8,600 9,253 Call 1984 

Oncorhynchus mykiss Rainbow trout S,M AICl3 8.17 47.4 >24,700 >26,574 Call 1984 

Oncorhynchus mykiss Rainbow trout F,M AIC'3 8.25 23.2 6,170 17.660 Gundersen et al. 1994 

Oncorhynchus mykiss Rainbow trout F,M AIC'3 8.25 35 6,170 10.056 Gundersen et al. 1994 

Oncorhynchus mykiss Rainbow trout F,M AIC'3 8.29 83.6 7,670 3,794 Gundersen et al. 1994 

Oncorhynchus mykiss Rainbow trout F,M AIC'3 8.29 115.8 6,930 2.194 Gundersen et al. 1994 

Oncorhynchus tshawytscha Chinook salmon S,M NaAI02 7 28 >40,000 >88.495 >88,495 Peterson et al. 1974 

Perea flavescens Yellow perch S,M Al Cb 7.55 47.4 >49,800 >53,578 >53,578 Call 1984 

Pimephales promelas Fathead minnow S,M AICl3 8.1 140 >59,100 >1 4,428 >5,869 Buhl2002 

Pimephales promelas Fathead minnow S,M A'2(S04)3 7.34 220 35,000 4,601 Kimball manuscript 

Pimephales promelas Fathead minnow S,M AIC'3 7.61 47.4 >48,200 >51 ,857 Call 1984 

Pimephales promelas Fathead minnow S,M AICl3 8.05 47.4 >49,800 >53,578 Call 1984 

Pimephales promelas Fathead minnow s.u Al2(S04)3 7.6 >18,900 . Boyd 1979 -
Pimephales promelas Fathead minnow S,M AIC'3 7.8 26 1,160 2,840 ENSR 1992b 

Pimephales promelas Fathead minnow S,M Al Cb 7.6 46 8,180 9.170 ENSR 1992b 

Pimephales promelas Fathead minnow S,M AICl3 8.1 96 20,300 8.308 ENSR 1992b 

Pimephales promelas Fathead minnow S,M Al Cb 8.1 194 44,800 6.996 ENSR 1992b 

Salmosa/ar Atlantic salmon S,M AIC'3 6.5 6.8 599 9.2051 9,205 Hamilton and Haines 1995 

Salvelinus fontinalis Brook trout F,M Al2(S04)3 6.5 3,600 : Decker and Menendez 197 4 

' Bold, underlined values were used to calculate species mean acute values. 

S = static, R = renewal, F = flow-through, U = unmeasured, M = measured 

August 2009 I 598-6468-001 15 



Updated Freshwater Aq11atic Life Criteria for Al11111i1111m (Exhibit 2 of Direct Testimony of Robert W. Gensemer, Ph.D.) 
Los Alamos National Security, LLC 

Table 1 b. Results of Covariance Analysis of Freshwater Acute Toxicity Versus Hardness 

Species N Slope R2 Value 95% Confidence Limits Degrees of Freedom 

Ceriodaphnia dubia 8 2.0674 0.751 0.8770, 3.2578 6 

Daphnia magna 2 1.4439 0 

Fathead minnow 5 1.5298 0.903 0.6082, 2.4514 3 

All of the above 15 1.7125 0.805 1.2071 • 2.2179 12 

Table 1c. List of Studies Used to Estimate Acute Aluminum Hardness Slope 

LCSO or ECSO 
Species Hardness (mg/L) (µg Al/L) Reference 

Ceriodaphnia dubia 26 720 ENSR 1992a 

46 1,880 ENSR 1992a 

50 1,500 McCauley et al. 1986 

50 1,900 McCauley et al. 1986 

50 2,560 McCauley et al. 1986 

96 2,450 ENSR 1992a 

98.5 2,880 Soucek et al. 2001 

194 >99,600 ENSR 1992a 

Daphnia magna 45.3 3,900 Biesinger and Christensen 1972 

220 38,200 Kimball Manuscript 

Fathead minnow 26 1,160 ENSR 1992b 

46 8,180 ENSR 1992b 

96 20,300 ENSR 1992b 

194 44,800 ENSR 1992b 

220 35,000 Kimball Manuscript 

16 August2009 I 598-6468-001 



Species Species 
Latin Name Common Name 

Ceriodaphnia dubia Cladoceran 

Ceriodaphnia dubia Cladoceran 

Ceriodaphnia dubia Cladoceran 

Daphnia magna Cladoceran 

Daphnia magna Cladoceran 

Pimephales promelas Fathead minnow 

Upda1ed Fresl11mter Aquatic Ufe Criteria for Al11mi11um (Exhibit 2 of Direct Testimony of Robert W. Ge11semer, Ph.D.) 
Los Alamos National Security, LLC 

Table 2a. Chronic Toxicity of Aluminum to Aquatic Animals 

Hardness Chronic 
(mg/Las Limits Value 

Test Chemical pH CaC03) (µg Al/L) (µg Al/L) Reference 

LC Al Cb 7.15 50 1,400-2,600 1,908 McCauley et al. 1986 

LC Al Cb 7.75 50 1, 100-2,400 1,624 McCauley et al. 1986 

LC Al Cb 7.55 47.4 4,900-12, 100 7,700 Call 1984 

LC Al2(S04)3 8.30 220 540-1,020 742.2 Kimball manuscript 

LC AICl3 6.5-7.5 45.3 - 320a Biesinger and Christensen 1972 

ELS Al2(SQ4)3 7.24-8.15 220 2,300-4,700 3,288 Kimball manuscript 

a This value is an EC16 for reproductive effects. It was included in Table 6 ("Other Data") of USEPA (1988), presumably because Al concentrations were not measured. However, it was included in Table 2 of this 
updated criteria evaluation because it provides information on the chronic sensitivity of D. magna in water of a moderate hardness (45.3 mg/L) and the result seems reasonable in comparison to the chronic value 
of 742.2 µg/L at a hardness of 220 mg/L (Kimball manuscript). 

Table 2b. Aluminum Acute-Chronic Ratios 

Hardness Chronic 
Species (mg/Las Acute Value Value 

Species Latin Name Common Name pH CaC03) (µg Al/L) (µg Al/L) 

Ceriodaphnia dubia Cladoceran 7.15 50 1,900 1,908 

Ceriodaphnia dubia Cladoceran 7.75 50 1,500 1,624 

Daphnia magna Cladoceran 8.30 220 38,200 742.2 

Daphnia magna Cladoceran 6.5-7.5 45.3 3,900 320 

Pimephales promelas Fathead minnow 7.24-8.15 220 35,000 3,288 

Acute-
Chronic Ratio 

0.9958 

0.9236 

51.47 

12.19 

10.64 

Final ACR: 

Species 
Mean Acute­

Chronic Ratio 

0.9590 

12.193 

10.64 

4.9918 

a The acute-chronic ratio of 51.4 7 for D. magna was excluded from the species mean acute-chronic ratio because it was approximately 50 times higher than that observed for C. dubia and the acute-chronic ratio of 
12. 19 is more consistent with that observed for P. promelas. 
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Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios 

18 

Species 
Genus Mean Mean Acute 
Acute Value Value 

Rank (µg Al/L) Species (µg Al/L) 

17 >338,321 Tanytarsus dissimitis (midge) >338,321 

16 >53,794 Lepomis cyaneflus (green sunfish) >53,794 

15 >53,578 Perea flavescens (yellow perch) >53 ,578 

14 >51,534 lctalurus punctatus (channel catfish) >51,534 

13 32,922 Physa sp. (snail) 32,922 

12 >24,315 Acroneuria sp. (stonefly) >24,315 

11 23,669 Gammarus pseudolimnaeus (amphipod) 23,669 

10 >18,189 Dugesia tigrina (flatworm) >18,189 

9 >14,428 Hybognathus amarus (Rio Grande silvery > 14,428 
minnow) 

8 9,205 Salmo salar (Atlantic salmon) 9,205 

7 9,190 Crangonyx pseudogracilis (amphipod) 9,190 

6 >7,547 Oncorhynchus mykiss (rainbow trout) >7,547 

Oncorhynchus tshawytscha (chinook salmon) >88,495* 

5 >5,869 Pimephales promelas (fathead minnow) >5,869 

4 5,698 Tubifex tubifex (worm) 5,698 

3 4,735 Daphnia magna (cladoceran) 4,735 

2 4,370 Aseflus aquaticus (isopod) 4,370 

>2,604 Ceriodaphnia dubia (cladoceran) >2, 164 

Ceriodaphnia sp. (cladoceran) 3,134 

• SMAV for chi nook salmon excluded from the GMAV for Oncorhynchus. See text for details. 

Acute Criterion: 

Final Acute Value= 2,648 µg/L (calculated at a hardness of 50 mg/L from Genus Mean Acute Values) 

Criterion Maximum Concentration = (2,648 µg/L) / 2 = 1,324 µg/L (at a hardness of 50 mg/L) 

Pooled Slope= 1.3695 (see Table 1) 

In (Criterion Maximum Intercept)= In (CMC) - [slope x ln(50)] =In (1,324) - 11.3695 x ln(50)] = 1.8309 

Criterion Maximum Concentration = e (1 ·3595[ln(hardness)] + 1 ·9309l 

Final Acute-Chronic Ratio = 4.9918 

Chronic Criterion: 

Final Chronic Value= (2,648 µg/L) / 4.9918 = 530 µg/L (at a hardness of 50 mg/L) 

Pooled Slope= 1.3695 (see Table 1) 

In (Final Chronic Intercept) =In (FCV) - [slope x ln(50)] =In (530) - [1 .3695 x ln(50)] = 0.9162 

Final Chronic Value= e(1.3695[1n(hardness)] + 0.9162) 

Species Mean 
Acute 

Chronic Ratio 

10.64 

12.19 

0.9590 
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PRE-FILED REBUTTAL TESTIMONY 
Robert W. Gensemer, Ph.D. 

Parametrix, Inc., Albany, Oregon 
On behalf of Los Alamos National Security, LLC 

2009 Triennial Review of Surface Water Quality Standards 

On behalf of Los Alamos National Security, LLC (LANS), I submit the following Pre-
8 Filed Rebuttal Testimony in response to testimony presented by the New Mexico 

Environment Department (NMED) and other parties on or before August 28, 2009 in 
10 matters pertaining to proposed updates of aquatic life criteria for three metals: aluminum, 

zinc, and cadmium. Both LANS and Chevron Mining, Inc. submitted nearly identical 
12 proposal for updates to these criteria, and most of the comments below relate to earlier 

differences between LANS and Chevron Mining, Inc. in metals criteria proposals that 
14 have now, to the best of my knowledge, been resolved. 

Rebuttal to Testimony of Pam Homer, NMED 
16 The New Mexico Environment Department (NMED) submitted the New J\tfexico 

Environment Department's Notice of Intent to Present Technical Testimony on August 
18 28, 2009 (hereafter cited as the NJv!ED Notice of Intent). On page 126 of the N1\1ED 

Notice of Intent, several conuuents were made expressing concerns over revised criteria 
20 for aluminum, cadmium, and zinc that were proposed by Los Alamos National Security, 

LLC (LANS 2009 a,b,c) and by Chevron Mining Inc. (CMI) via documents prepared for 
22 them by GEi Consultants. In general, NMED's concerns focused on differences between 

the numeric aquatic life criteria proposed by LANS and CMI, and that these proposals 
24 changed over time from CMI's initial proposals on September 30, 2008, up tlU'ough 

proposals submitted by CMI on August 28, 2009. NMED did not receive the final criteria 
26 proposals from LANS (2009 a,b,c) until August 28, 2009, and so could not have 

responded to them in the NAtfED Notice of Intent. 
28 

The following repeats conunents made in the NA1ED Notice of Intent, along with brief 
30 responses that we believe will address these concerns. 

32 • NMED Comment: Chevron Mining, Inc. (C1\1I) and LANS/DOE propose revised 
criteria for aluminum, cadmhrm and zinc. Clvll submilled an initial proposal on 

34 September 30, 2008, supported by technical documents prepared by GE! 
Consultants, Inc. CA1I submitted its formal proposal on June 1, 2009 using the 

36 same technical documentation, but the proposal differed from the earlier version. 
Aluminum in particular was significanlly different, and there were also unexplained 

38 discrepandes between the versions for the other metals. LANS/DOE proposes 
similar but not identical criteria as CJ\1L but provides only a general technical 

40 justification. 

LANS Response: The June 1, 2009 proposals submitted by LANS were based in 
42 pa1t upon a review of the September 30, 2008 proposals submitted by CMI, but the 

criteria proposed by LANS at that time were different than the initial CMI 
44 proposals because they also reflected additional scientific analysis by LANS 

consultants (Parametrix, Inc.). As indicated in their June 1, 2009 submittal, LANS 
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46 consultants continued their review of the relevant scientific literature for all tluee 
metals criteria throughout the summer, culminating in submission of revised final 

48 proposals on August 28, 2009 (LANS 2009 a,b,c). These final proposed criteria are 
now essentially identical to those submitted by CMI on August 28, 2009. In our 

50 opinion, both sets of final criteria proposals reflect the most scientifically rigorous 
and consistent grounds upon which to base aluminum, cadmium, and zinc criteria 

52 for protection of aquatic life in New Mexico waters. 

• NMED Comment: The Department immediately contacted both CJ\;Jl and 
54 LANSIDOE to point out these discrepancies within and between their proposals, 

requested explanations and revised proposals, and also encouraged a un(fied 
56 approach. Nonetheless, Ci\11 did not provide revised technical documents to the 

Department until August 5, 2009, and did not file a corrected and revised proposal 
58 until August 21, 2009. Notably, Ci\!!/ did not include its revised technical documents 

with the revised proposal. {. . .} To complicate matters still further, EPA provided 
60 the Department with comments on Ci\IJl's June 1 proposal and technical documents. 

These comments indicate sign(ficant issues with the technical basis for the proposed 
62 criteria, which may not be fully addressed by the most recent versions of these 

documents. Exhibit 69, Technical Comments on the Chevron Mining, Inc. Criteria 
64 Proposals, .July 30, 2009. 

LANS Response: Once notified of these concerns regarding the discrepancies 
66 within and between the CMI and LANS criteria proposal, LANS consultants 

expended additional time and resources to ensure that our metals criteria were as 
68 consistent as possible with the scientific literature and with USEP A guidance. As a 

result, our final metals criteria proposals (LANS 2009 a,b,c) did end up differing 
70 not only from CMI's original September 2008 proposals, but from both CMI and 

LANS proposals submitted to NMED on June l , 2009. As stated above, LANS is 
72 confident that their final criteria proposals not only are consistent with EPA 

guidance and our inte1pretation of the scientific literature, but are also essentially 
74 identical with CMI's final metals criteria proposals submitted on August 28, 2009. 

Therefore, we believe that the "discrepancies within and between their proposals" 
76 have now been resolved. 

Furthermore, given the similarity in our criteria proposals, LANS has elected to 
78 respond to EPA comments on CMI's earlier metals criteria proposals as presented 

in Exhibit 69, Teclmkal Comments on the Chevron 1'.lfining, Inc. Criteria Proposals, 
80 July 30, 2009. These comments and LANS' responses are presented separately 

below. 

82 • NMED Comment: The Department generally supports efforts to update the 
existing criteria with relevant new data. However, the Department declines lo 

84 comment on 0\11 and LANSIDOE's proposals because 1) the CM! proposal was 
submitted a week before this testimony was due, and it is unclear what technical 

86 documents are intended to support the proposal or how those documents address 
the issues raised by EPA,· and 2) LANSIDOE has indicated that it intends to update 

88 its proposal but declined to do so before August 28, and has never provided any 
specific technical support for its proposal. As a result, the proposals are a moving 

90 target without clear technical support. The technical support for these proposals 
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must be available for any meaningful evaluation lo occur, and there must be 
92 adequate time for review. The recalculation of criteria involves many steps -­

reviewing acute and chronic toxicity studies, selecting or rejecting studies and 
94 particular data points, identifying resident and commercially or recreationally 

sign{ficant species, ident(fying and developing possible relationships to other water 
96 quality parameters, justifjling assumptions, validating calculations -- any one of 

which can sign{ficantly affect the resulting equation, criteria values, and level of 
98 protection qfforded. 

LANS Response: LANS and their consultants fully appreciate and understand the 
100 many complex steps involved in revievling acute and chronic toxicity studies, and 

we support the need to rigorously follow EPA guidance to ensure that aquatic life 
l 02 and their uses are fully and adequately protected. We recognize that the June 1, 

2009 preliminary criteria proposals submitted by LANS did not provide all of the 
104 detail needed to justify our assumptions and provide the basis of a thorough 

technical review by NMED and EPA. HO\:vever, the final LANS proposals 
106 submitted on August 28, 2009 (LANS 2009 a,b,c) do provide the necessary levels 

of detail and transparency to facilitate such a review. LANS and their consultants 
108 welcome the oppottunity to discuss the technical merits of their final criteria 

proposals with NMED and EPA. And as stated above, given the similarity in our 
110 criteria proposals, LANS has elected to respond to EPA comments on CMI's earlier 

metals criteria proposals as presented in Exhibit 69, Technical Comments on the 
112 Chevron 1\fining, Inc. Criteria Proposals, July 30, 2009. These comments and 

LANS' responses are presented separately below. 

114 

Rebuttal to EPA Comments on Chevron Mining Inc. 's Proposal 
116 for Updated Metals Criteria. 

118 Russell Nelson of EPA provided conunents to NMED on the Chevron Mining Inc. (CMI) 
proposals for revised aluminum (Al), cadmium (Cd), and zinc (Zn) surface water criteria 

120 for protection of aquatic life in New Mexico. These comments (Exhibit 69, Technical 
Comments on the Chevron Mining, Inc. CrUeria Proposals, July 30, 2009) were provided 

122 on July 30, 2009 and, therefore, do not respond to the most current versions of CMI's 
proposals that were submitted on August 28, 2009. It appears that EPA conunented on 

124 the February 2009 version of the CMI proposal for Al, as the page numbering referred to 
in the comments matches this submittal. It is not immediately clear which versions of the 

126 Cd and Zn proposals EPA conunented on, although it appears that the conunents on these 
metals apply equally to the August proposals submitted by CMI. 

128 
Los Alamos National Security, LLC (LANS) also submitted direct testimony on August 

130 28, 2009 that also provided proposed revisions to aquatic life criteria for Al, Cd, and Zn 
(LANS 2009a, b, c). Given that these criteria proposed by LANS are essentially identical 

132 to those ultimately proposed by CMI in their August 28, 2009 testimony, the following 
presents clarifications or rebuttals to technical issues raised in the July 30, 2009 EPA 
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134 conm1ents to CMI which we feel also pertain to the aquatic life criteria proposed by 
LANS. 

136 
ALUMINUM 

138 • EPA Comment: Is the hardness Al toxicity relationship appropriate? lfso, does 
the }li\1ED agree with how they derived the relationship? It would be useful if the 

140 proposal included the complete dataset that was taken into consideration when 
deriving the criteria. Only 9 toxicity tests for 3 species were used to develop the 

142 acute hardness relationship. This is only a small subset of the fi1/l toxicity dataset. 
Although small subsets of the full dataset have been used to develop hardness 

144 relationships for some of the 304(a) criteria, it is not clear if in this situation, the 
relationship was created by chenJ' picking the data (which some have argued was 

146 done for the Cu hardness slope in the 1984 criteria document, which is why the 
BLM derived criteria are much bette1~ or if the relationship is actually 

148 toxicologically relevant. It would be useful to have addWonal review of the 
hardness relationship and discussion on it included in the criteria derivaUon. 

150 LANS Response: In evaluating and developing hardness-toxicity relationships for 
use in ambient \\later quality criteria development, the EPA guidelines (USEP A 

152 1985) require that, for any given species, toxicity data must ( 1) be available for a 
range of hardness values such that the highest hardness value is at least three times 

154 higher than the lowest hardness value and (2) the highest hardness value must also 
be at least 100 mg/L (as CaC03) higher than the lowest hardness value on an 

156 absolute basis. Because these minimum data requirements are typically not met for 
most studies contained in a toxicity data set, it is conunon for the hardness-toxicity 

158 relationship to be based only a subset of the data from which the aquatic life criteria 
are derived. The LANS criteria proposal (LANS 2009a) presented a full explanation 

160 of which studies v,rere selected (and in some cases, rejected) for use in developing 
the hardness relationship. All other acute toxicity data were summarized in Table 

162 la, so that the complete dataset from which the LANS proposed criteria were 
derived were presented. Overall, it should be emphasized that the hardness-toxicity 

164 relationship was evaluated and developed using methods that were consistent with 
the EPA guidelines for criteria development (USEP A 1985) and with hardness-

166 dependent criteria that have been developed previously for other metals. 

• EPA Comment: Assuming N1\1ED believes the acute toxicity hardness 
168 relationship is appropriate, a follow up question would be: Would N1\1ED expect a 

similar hardness relationship for acute and chronic toxicity? On pg. 18, GEi states 
170 'Use of the acute-hardness slope in the chronic equation should be applied 

cautiously given the limited chronic toxicity data do not strongly support this 
172 assumption. However, the lack of support may be an artifact of difficulties 

associated with conducting chronk toxicity tests with a poorly soluble compound, 
174 rather than a true lack of relationship. 

With metals that are mostly dissolved at neutral pH, it is safe to assume that the 
176 relationship would be similar. This is what has been done for many of the 304(a) 

criteria. Al, on the other hand, is not soluble at neutral pH and generally 
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178 precipitates out of solution creating an a/11111i1111111 floe. It is not clear (f one should 
e::..pect similar hardness relationships for acute and chronic exposure, when acute 

180 toxicity at times is more so the result of St![focation (due to the Al floe) than an 
interaction at the gill site. The mode of acute and chronic toxicity may be d[fferent. 

182 I am not familiar enough with Al toxicity to answer this question. 

LANS Response: We recognize that unce11ainties exist in applying any acute 
184 metals hardness slope to chronic criteria, even if mechanisms of toxicity are 

relatively well understood. In our opinion, mechanisms of clu·onic metals toxicity 
186 are usually not well understood compared to acute toxicity, and even for metals that 

are dissolved at neutral pH and have ionoregulatory mechanisms of acute toxicity 
188 (e.g., copper), it is not ah:vays certain that chronic toxicity mechanisms (or hardness 

relationships, by extension) are similar to acute. While it may indeed be more "safe 
190 to assume" that acute and clU"onic toxicity slopes may be similar for dissolved 

metals, it is still not uncommon to apply acute hardness slopes to chronic criteria 
192 even if toxicity mechanisms are not fully understood. 

In the case of aluminum, we agree that mechanisms of toxicity in the circumneutral 
194 pH range are most likely related to suffocation (due to the Al floe) rather than 

ionoregulatory disturbance, although gill binding may still be able to 
196 explain/predict toxicity at pH 6.5 or slightly higher (Teien et al. 2006). Although 

the literature is more limited, this mechanism (i.e., suffocation by Al floe) is also 
198 likely to be responsible for clU"on.ic and sublethal Al toxicity (Gensemer and Playle 

1999). So even though Al toxicity at circunmeutral pH may not be directly related 
200 to ionoregulatory mechanisms for which hardness is well known to mitigate metals 

toxicity (including Al at acid pH), the empirical hardness relationship for acute Al 
202 toxicity is still very consistent (LANS 2009a). Given that mechanisms of acute and 

chronic Al toxicity may be relatively similar, it is logical to suggest that an acute 
204 hardness relationship can be extended to derivation of cluonic criteria. Furthermore, 

new research demonstrates that increasing hardness mitigates clu·onic Al toxicity to 
206 freshwater algae at pH 6 and 7 (Rodriguez et al . 2009). Therefore, v.1e suggest it is 

reasonable to apply the acute hardness slope to development of chronic Al criteria. 

208 In addition, empirical chronic Al toxicity data do show a tendency for chronic 
values to be lower at lower hardness, and most species can be shown to be 

210 reasonably "protected by" a harness-based chronic criteria equation (see Figure 1 
and discussion below). While \Ve recognize that a statistical relationship between 

212 empirical chronic Al toxicity data and hardness has not yet been established, we 
contend that the hardness-based Al criteria derived in LANS (2009a) is protective 

214 of chronically-sensitive species, pai1icularly the brook trout and striped bass studies 
that were used to lower the current national A WQC to 87 µg/L (both of which 

216 having been conducted in extremely soft waters; see LANS 2009a for additional 
discussion). Therefore, we feel that the hardness-dependent chronic equation 

218 presented in LANS (2009a) is a reasonable basis for deriving chronic criteria, and is 
likely to be protective of cluonically sensitive species in soft water. 

220 
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Figure I: Comparison of hardness-dependent chronic aluminum criteria to empirical chronic toxicity 

224 values. 

226 • EPA Comment: Does NMED agree wUh how GEi calculated the ACR and FCV? 
GEi stales that the SAlfACRs are "roughly" within a factor of JO. They took the 

228 geometric mean of all three SJ\!JACRs (0.9772, 10.6448, 12.0448). Does NAlfED 
agree with that approach? 

230 LANS Response: Best professional judgment is often applied in selecting the 
appropriate ACR for deriving chronic criteria, pai1icularly when ACRs are rather 

232 variable (as they are for Al, ranging from 1 to 12 for two acutely sensitive 
cladoceran species). In this case, LANS also agreed that using these three studies to 

234 derive the ACR was appropriate, as was the elimination of a much higher ACR for 
Daphnia magna of 51.47 because this test did not show Al to be acutely sensitive, 

236 and was conducted under elevated hardness and pH conditions that tend to mitigate 
acute Al toxicity. Ultimately, the final ACR of 4.99 appears to be a reasonable 

23 8 value when the proposed hardness-dependent chronic criteria are plotted versus 
empirical chronic toxicity data (Figure 1; which is based on the hardness-dependent 

240 chronic Al criteria proposed in LANS 2009a). This figure compares hardness­
dependent chronic Al criteria (solid line) to the empirical chronic toxicity values 

242 presented in Table 2a of LANS (2009a). The chronic Al criteria in the figure reflect 
both the influence of the ACR and of the hardness-toxicity relationship. As shown, 

244 the hardness-dependent chronic criteria are protective of (i.e., the criteria equation 
line is nearly equal to or lower than) the cluonic values for the chronically sensitive 
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brook trout and striped bass, which form the basis for the EPA' s current chronic 
criterion of 87 µg/L. This chronic criteria line would also be considered to be 
protective of all but one of the other chronic values plotted on Figure 1. Therefore, 
the ACR (and hardness relationships) used to derive the proposed chronic Al 
criteria are a reasonable basis upon which to derive the chronic criteria for Al. 

EPA Comment: Note that the spec(fic ERAB comments call for the supporting 
documentaNon should c/ar(fy the form of Al. The GE! doc states 011 pg. 20 that the 
proposal is for total AL. Those comments also suggest it would be preferential to 
take pH into consideration rather than hardness. This is why Region 8 supported 
the current footnote that many States, including CO has adopted, which clarifies 
that the chronic criterfon of 87 µg/L would be app/;ed to waterbodies where pH is 
< 7. 0. Since the preferred method of developing a pH relationship is not possible at 
this time, the footnote is a good alternative that recognizes increased Al toxicity at 
10111 pH 

LANS Response: EPA raises two issues in this comment. The first expressed a 
need to clarify the form of Al to be used for criteria implementation. The criteria 
proposed by LANL and CMI '"'ere expressed on a dissolved aluminum basis to be 
consistent with cunent New Mexico criteria which are also expressed as dissolved 
aluminum. Technically, the national criteria are intended to be implemented on the 
basis of "acid-soluble" aluminum, rather than either total or dissolved Al (USEPA 
1988). "Acid-soluble" metal is operationally defined as the aluminum that passes 
tlu-ough a 0.45 µm-porosity filter membrane after the sample has been acidified to a 
pH between 1.5 and 2.0. However, many states (including New Mexico) still 
express their aluminum criteria on the basis of dissolved aluminum. 

The basis for the possible use of acid-soluble aluminum for criteria implementation 
is discussed at length on pages 10 - 14 of the national criteria document (USEPA 
1988). Briefly, acid-soluble Al is a more accurate measure of solid and colloidal 
phases of Al "that are toxic to aquatic life or can be readily converted to toxic forms 
under natural conditions (USEPA 1988)." Acid soluble aluminum also avoids 
measurement of more recalcitrant and truly non-toxic solid phases (e.g., suspended 
clays) that would be measured using total recoverable methods "because the 
digestion procedure will probably dissolve some aluminum that is not toxic and 
ca1mot be converted to a toxic form under natural conditions" (USEPA 1988). 

Therefore, expressing Al criteria on the basis of total aluminum measured in the 
field would not be an accurate representation of the toxicology data used to derive 
either the existing criteria or our proposed updated criteria. Furthennore, use of 
dissolved aluminum for criteria implementation is consistent both with national 
guidance, and with current New Mexico water quality criteria. While the national 
criteria suggest acid-soluble as the most appropriate form of aluminum, there is 
currently no standard method available under 40 CFR Part 136. Therefore, it is 
most appropriate and consistent with both national and current state guidance to 
express aluminum criteria on the basis of dissolved aluminum concentrations. 

The second issue raised by EPA addresses the possibility of taking pH into account 
for deriving Al criteria. The proposed hardness-dependent Al criteria are intended 
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to apply to pH levels ranging from 6.5 to 9.0, which is consistent with the EPA's 
cunent Al criteria. As noted in GEI's proposed Al criteria report, "Preliminary 
reviev,, of published repo11s that tested aquatic organism toxicity over a wider range 
of acidic pH values did indicate a strong relationship between measured Al toxicity 
and pH, with more acidic waters having greater Al toxicity. However, this 
relationship reached an asymptote at approximately pH = 6, again with no 
observable pH versus Al toxicity relationship found in the required pH range of 6.5-
9.0. As such, no pH factor is included in this update to Al criteria." From our 
knowledge of the Al toxicity literature, we agree that a reliable statistical 
relationship between toxicity and pH in the pH range of 6.5 - 9.0 has never been 
demonstrated for most aquatic organisms. 

The EPA's current Al chronic criterion of 87 ~1g/L is based on a 60-day study with 
brook trout (Sa/velinus .fontinalis) and a 7-day study with striped bass (A1orone 
saxatilis). The brook trout study (Cleveland et aJ. 1989) was conducted in a test 
water \vith a hardness of 12.3 mg/Land pH of 6.5-6.6. Because single hardness and 
pH levels were tested, the data do not provide any indication of which parameter, 
hardness or pH, was the dominant factor influencing the Al toxicity observed. In 
the striped bass study (Buckler et aJ. 1987), 160-day old fish \;.,1ere exposed to Al in 
soft \vater (approximately 14 mg/L) at pH levels of either 6.5 or 7.2. An Al 
concentration of 174.4 µg/L resulted in 58% mortality at pH 6.5, but 2% mo11ality 
at pH 7.2. This would suggest that pH had an important influence on the Al toxicity 
observed (i.e., increased toxicity at lower pH). However, additional toxicity data 
reported in Buckler et al. (1987) do not reflect a similar effect of pH on toxicity. 
For example, in 159-day old fish, an Al concentration of 390 µg/L resulted in 0% 
mo11ality in waters with both a pH of 6.5 and 7 .2 (so no pH effect, and at a higher 
Al concentration). Accordingly, the influence of pH in this study is equivocal. 

There is an additional study in Table 6 ("other data") of the EPA's current ambient 
water quality criteria document for Al (USEPA 1988) that evaluated the toxicity of 
Al at multiple pH levels. Holtze (1983) exposed rainbow trout (Oncorhynchus 
mykiss) embryos and larvae to an Al concentration of 1,000 ~1g/L for 8 days at pH 
levels of 6.5 and 7.2 and observed no effect at either pH (water hardness was 14.3 
mg/L). In another test, Holtze (1983) exposed eyed rainbow trout embryos to an Al 
concentration of 1,000 µg/L for 8 days and observed 14.2% 111011ality at pH 6.5 and 
a higher mortality of 21.6% at pH 7.2. 

Overall, based on the limited data available, the influence of pH (6.5 vs. 7.2) under 
circumneutral conditions on Al toxicity is not consistent. Few published data are 
available for studies in which both pH and hardness were varied at this pH range. 
However, defaulting to a chronic Al criterion of 87 µg/L when the pH of the water 
is less than 7.0 appears to be quite conservative, pm1icularly in light of the EPA' s 
current caveat that they are "aware of field data indicating that many high quality 
waters in the U.S. contain more than 87 ~1g aluminum/L, when either total 
recoverable or dissolved is measured." 

EPA Comment: GEi provided an explanation in Section 3.1 for the decision to 
use the lower value of 16, 600 µg!L for Girardia instead of 1988 value of 23, 000 
µg/L (which was estimated using the geometric mean) based on more recent data 
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suggesting the lower value may be more appropriate. In this explanation, the 
336 authors suggest !hat Charles Stephan (personal communication to David 1l!foon, 

2004) indicated Iha! the 23,000 µg/L value is the "real" value that should be used. 
338 In Jae/, Slephan 's comment was that it is inappropriate to use a GMA V of 16, 600 

µg/Lfor Dugesia in the calculalion of the FAV. EPA concluded that the LC50 must 
340 be greater than 23, 000 pg/L because, on the average, acute LC50s are about a 

factor of 2 higher than concentrations that cause a low level of acute mortality. 
342 Because 16, 600 pg/L resulted in no adverse effects, EPA concluded that the LC50 

must be greater than 23,000 µg/L, and therefore set !he GMAVat > 23,000. 

344 LANS Response: This comment has no influence on the criteria calculation 
because Girardia is not among the four most sensitive genera. In general , the EPA 

346 does not use estimated values in criteria development tables, so it is unclear why 
EPA did so here. Use of the lower Al concentration is a more conservative 

348 interpretation for Girardia, and matches the interpretation used favored by LANS 
(2009a). But because Girardia is not an acutely sensitive species (i.e., not one of 

350 the four most sensitive genera), the absolute value of the genus mean acute value 
for this species ultimately has no influence on the outcome of the criteria 

352 calculations. 

354 CADMIUM 

• EPA Comment: The State's submission should provide a scientifically defensible 
356 rationale for inclusion of the studies by Suede! et al. , (199 7), Davies and Brinkman, 

(1994) and Buhl and Hamilton, (1991) since these have been previously rejected. 

358 LANS Response: The LANS Cd criteria proposal (LANS 2009c) also included 
toxicity data from these tlu·ee studies. LANS continues to support inclusion of 

360 these studies for the reasons sunmrnrized in the following bullets: 

• Sucdel et al. (1997): As noted in LANS (2009c), the test organisms in the 
362 Suedel et al. ( 1997) study were fed. According to the EPA guidelines 

(USEP A 1985), "results of acute tests during which the test organisms were 
364 fed should not be used, unless data indicate that the food did not affect the 

toxicity of the test material." Based on a comparison of LC50 values for 
366 Ceriodaphnia dubia, Daphnia magna, and Pimephales promelas from 

Suede! et al. (1997) to LC50s from other studies, it does not appear that food 
368 had a significant or consistent effect on the LC50s. As such, the LC50s from 

Suedel et al. (1997) were included in the revised Cd criteria proposal. This 
370 resulted in the addition of two new species (the midge Chironomus tentans 

and the amphipod Hyalella azteca) and augmented the dataset for three other 
372 species (the cladocerans C. dubia and D. magna, and the fathead minnow P. 

promelas). This study was not rejected in the EPA's latest A WQC document 
374 for Cd (USEPA 2001), as it was not cited. 

376 
• Davies and Brinkman (1994): Similar to the Suedel et al. (1997) study 

discussed in the previous bullet, this study was not cited in USEPA (2001) 
and, therefore, was not previously rejected. We are not aware of any 
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378 

380 

382 

384 

386 

technical reasons why this study should not be included for development of 
Cd criteria. 

• Buhl and Hamilton (1991): Acute data from Buhl and Hamilton (1991) 
were included in Table 1 of USEPA (2001) for juvenile coho salmon and 
juvenile rainbow trout and Table 6 for coho salmon alevins, rainbow trout 
alevins, and Arctic gray ling (alevins and juveniles). In the LANS Cd criteria 
proposal, we likewise included the rainbow trout and coho salmon toxicity 
data in our Table 1, and continue to suppmt use of these data as they meet 
the guidelines for A WQC development (USEPA 1985). 

• EPA Comment: EPA acknowledges the intention to follow the 1985 Guidelines in 
388 protecting commercially and recreationally sensitive .fish !Jpecies. Therefore, we 

recommend using the S1\1A V of Salvelinus fontinalis (I . 76) as the FAV in the 
390 calculation of the CJ\1C to protect a commercially and recreationally important 

species. 

392 LANS Response: In the LANS (2009c) submittal, we set the FAY equal to the 
rainbow trout SMAY, rather than the brook trout SMAY, for the follov.1ing reason. 

394 In the EPA's current 2001 AWQC document for Cd, the FAY based on the 5th 
percentile ofGMAYs was 2.763 µg/L. The SMAYs for brown trout (1.613 ~tg/L), 

396 brook trout (<l.791 µg/L), rainbow trout (2.108 µg/L), and bull trout (2.152 µg/L) 
were all lower than the calculated FAY. The EPA lowered the FA V to equal the 

398 rainbow trout SMAY, rather than the brown trout or brook trout SMAV, because 
the data for these latter two species were generated from static tests, while flow-

400 through tests are available for rainbow trout and bull trout. USEPA (1985) 
guidance clearly prefers use of flow-through rather than static tests, and so the same 

402 logic was applied in LANS (2009c ). This still results in lowering the calculated 
FA V to protect a salmonid with similar acute sensitivity to that of brook trout, but 

404 using a more scientifically reliable SMA V value. 

406 ZINC 

• EPA Comment: In examining the studies utilized in deriving G1\1A Vs.for the most 
408 sensitive species, there were some studies that have been rejected in literature 

reviews in the past. The Buhl and Ham;/ton 1990 study with Thymallus arcticus, 
410 was rejected for "duration, insz!fflcient control, and no hardness. " In addition, this 

study was stalic and zinc concentrations were unmeasured. If this study is not 
412 included, T. arcticus would have to be excluded fi·om the species list, and would 

therefore not be one of the most sensitive .species included in the calculation of the 
414 FA V. 

LANS Response: We do not agree that this study should be excluded, as the 
416 duration was 96 hours, hardness \:Vas measured, and the test included a control. We 

recognize that zinc exposure concentrations were not measured. However, acute 
418 toxicity studies are not always excluded from acute criteria development because 

test concentrations are uruneasured, even though measured tests are still preferred 
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420 (USEPA 1985). Therefore, this study was retained in our proposed criteria updates 
(LANS 2009b ). 

422 • EPA Comment: The third study cited for Cottus bairdi, with an LC50 value of 
590, is cited incorrectly. The study was NOT conducted by Brinkman and 

424 Woodling, but is cited within their paper. The study was actually conducted by 
Davies et al., 2002. 

426 LANS Response: LANS (2009b) also cited the Brinkman and Woodling study for 
this LC50 value, but \111e agree that this citation should be corrected to cite Davies et 

428 al. 2002, with no resulting change in the proposed criteria. 

• EPA Comment: Hyne et al. (2005) cited for numerous values for Ceriodaphnia 
430 dubia should be flagged, due to unacceptable levels of DO during the exposure 

period. Not sure whether this is enough to exclude the studyfi·om the findings. 

432 LANS Response: The DO levels were not explicitly cited in the paper, although it 
was stated that studies were acceptable if DO did not fall below 3 mg/L. The 

434 hardness-adjusted LC50s for C. dubia from this study overlap with those from other 
studies, so the results do not seem anomalous. Therefore, toxicity data from Hyne 

436 et al. (2005) were included in the LANS (2009b) Zn criteria proposal. 

• EPA Comment: Actually analyzing the 4 cumulative probabilities closest to the 
438 5th percentile would include the 5th mos/ sensitive !ipecies. The 5th most sensitive 

.species, Tropocyclops prasinus, only has one data value; this study has been 
440 previously rejected due to "i11sz!fficient control. " 

LANS Response: In the LANS (2009b) Zn criteria submittal, the T prasinus 
442 SMA V was calculated based on Zn LC50s of 52 and 264 µg/L (non-hardness­

adjusted) from the study by Lelande and Pinel-Alloul (1986). This resulted in 
444 Tropocyclops being the 14th most sensitive GMAV. The study did include a 

control, with a Zn concentration of 1 µg/L. Although raw concentration-response 
446 data are not provided in the paper, the logaritlunic toxicity curve for Zn provided in 

the paper shows 0% mortality well above the Zn concentration in the control and, 
448 accordingly, control mortality appears to have been 0% or otherwise negligible. 

Therefore, we concluded that this study was acceptable for use in developing Zn 
450 criteria. 

We also agree that it is acceptable (USEPA 1985) to base the Final Acute Value 
452 calculation on the GMA Vs for genera with sensitivity closest to the 5111 percentile, 

even if this is not the lowest 4 GMA Vs as is typically done. However, doing so 
454 \:Vould have only a minor impact on the final Zn criteria calculations, and our 

approach is consistent with current national criteria calculations for zinc (USEP A 
456 1995). Therefore, we concluded that the LANS (2009b) proposal that uses the four 

lowest GMA Vs still represents an acceptable approach for deriving Zn criteria. 

458 • EPA Comment: Ranatra elongata, water sco1pion, (top of page 6) is not a resident 
species of the US., and should not be included in the calculation. 

460 LANS Response: While the species R. elongata may not be considered to be a U.S. 
resident species, the genus is present in the U.S. (Arnett 2000). Given that toxicant 
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462 sensitivities are generally consistent among different species within the same genus, 
v.1e contend that it is preferable to use as many SMA V values as possible for 

464 defining GMA V values, so long as the values are relatively consistent v..rith one 
another (as per USEPA 1985), and the genus is resident to the U.S. In essence, we 

466 contend that the benefits of including additional data outweigh strict adherence to 
EPA guidance for this particular issue. Fm1hermore, updates to zinc criteria that 

468 were recently promulgated in Colorado 1 (with EPA approval) also include this 
toxicity value for R. elongata for these same reasons. 

470 • EPA Comment: Moina irrasa, a cladoceran, distribution and residency in the US. 
should be reviewed. Most reports found occur in China. 

472 LANS Response: Similar to R. elongata, we continue to favor inclusion of toxicity 
data for 1\lfoina irrasa in our Zn criteria proposal. While it is possible that the 

474 species M irrasa may not be considered to be a U.S. resident species, the genus is 
present in the U.S. (ITIS 2009). Given that toxicant sensitivities are generally 

476 consistent among different species within the same genus, we contend that it is 
preferable to use as many SMA V values as possible for defining GMA V values, so 

478 long as the values are relatively consistent with one another (as per the 1985 
Guidelines), and the genus is resident to the U.S. In essence, we contend that the 

480 benefits of including additional data outweigh strict adherence to EPA guidance for 
this particular issue. Furthermore, updates to zinc criteria that were recently 

482 promulgated in Colorado2 (with EPA approval) also include this toxicity value for 
M. irrasa for these same reasons. 
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1.0 Introduction 

At the request of Chevron Mining Inc., GEI Consultants, Inc (GEI), Ecological Division, has 
evaluated the technical basis for current water quality standards for aluminum (Al) for the 
protection of aquatic life, based on the United States Environmental Protection Agency 
(USEP A) criteria derivation and recalculation procedures (Stephan et al. 1985, USEP A 
1994). This analysis was initiated using the existing criteria document and national Al 
toxicity databases (USEP A 1988), which are the basis for current New Mexico surface water 
quality standards. 

The purpose of this analysis was to revise and update acute and chronic Al standards using 
the USEP A criteria derivation methods. This report is based primarily on an overall 
evaluation of the USEP A recalculation procedure for Arid West effluent-dependent waters 
(AWWQRP 2006), which included an analysis of potential updates to Al standards. The first 
step of any USEP A recalculation procedure is a technical review of the most up-to-date 
USEP A ambient water quality criteria (A WQC) document to determine if 1) suitable and 
correct data were included in national toxicity databases and 2) USEP A criteria development 
methods were followed for deriving standards. USEP A Guidelines for Deriving Numerical 
Water Quality for the Protection of Aquatic Organisms and their Uses (Stephan et al. 1985), 
hereafter referred to as 1985 Guidelines, provide details on the acceptable data and criteria 
derivation methods, including minimum data requirements for the toxicity database, often 
referred to as the "eight-family rule" (Stephan et al. 1985). The next step is an update of 
national toxicity databases, with an emphasis on literature available since the most recently 
published databases. Following the compilation of literature and development of the revised 
database, each acute and chronic standard is recalculated using methods described in the 
1985 Guidelines. 

The USEP A established national aquatic life criteria for Al in a 1988 report entitled Ambient 
Water Quality Criteria for Aluminum (USEPA 1988), hereafter referred to as the 
1988 Aluminum Document. This document established a working toxicity database with 
recommended A WQC to protect freshwater organisms. This report and its accompanying 
recommended A WQC for Al are now 21 years old. Since publication of this report, 
infonnation on the environmental significance of freshwater organism Al exposure and 
available toxicity studies has increased, allowing an update to these A WQC. 
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2.0 Background 

Aluminum is the most abundant metal and the third most abundant element in the earth' s 
crust. As such, it is commonly found in waterways as a result of natural runoff, erosion of 
clay-based soils, and other geologic sources. Acid rain deposition has dramatically increased 
the amount of Al appearing in many biological systems, increasing exposure of soluble Al to 
aquatic species. Other anthropogenic sources include wastewater effluent (from 
pharmaceuticals, cooking practices, water supplies, and aluminum-sulfate (alum) flocking of 
drinking water supplies or phosphorus removal in effluent, burning of coal and hydrocarbons, 
and suspension of fine dusts during agricultural practices (A WWQRP 2006). 

Aluminum water solubility is a function of pH. In the neutral pH range, the thermodynamic 
stability of Al hydroxide, or gibbsite (Al (OH)3), controls solubility with little monomeric 
Al3

+ in solution (Gensemer and Playle 1999). Monomeric Al3
+ becomes more available 

relative to gibbsite at pH< 4.7 and pH> 9. At circumneutral pH range, total Al is usually 
much greater than monomeric species (Gensemer and Playle 1999). Al solubility is also 
dependent on organic compounds in solution. At circumneutral pH ranges, dissolved organic 
matter, and especially weak organic acids (e.g., fulvic, citric, and humic acids), can increase Al 
solubility while decreasing aquatic organism toxicity. This is an important transport 
mechanism in Al cycling (Schlesinger 1997). 

These complex speciation and complexation kinetics raise issues of how to measure Al in 
natural water and/or toxicity test media. Filtration and ion exchange resins are used to 
separate monomeric dissolved Al from particulate and polymeric forms (Van Benschoten and 
Edzwald 1990). Rapid speciation of Al in test solutions can be a potential problem when 
determining solid and dissolved species. Analytical and technical issues when characterizing 
dissolved from total Al in complex solutions are limited using kinetic modeling. Many 
authors use theoretical calculations such as REDEQL (Morel and Morgan 1972) and later 
replaced by MINEQL (Environmental Research Software, Hallowell, ME) that model 
speciation in relation to water quality parameters and total Al measurements (Lamb and 
Bailey 1981, Cleveland et al 1989, and Lacroix et al. 1993). Given these physical and 
methodological issues, USEP A originally recommended that the toxicity values for Al be 
regarded as total Al (USEP A 1988). However, for calculation of standards from hardness­
based equations, a total recoverable Al standards basis would be over-conservative, because 
it would likely include Al bound in minerals, clays, and other solids fractions that are not 
toxic and are not likely to become toxic under natural conditions. 

The 1988 Aluminum Document recommends Al criteria should be implemented on the basis 
of "acid-soluble" Al. While the existing New Mexico standards values are consistent with 
those in the 1988 Aluminum Document (USEPA 1988), the New Mexico standards are 
expressed on a dissolved Al basis. According to USEPA criteria, the acid-soluble basis is 
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"the Al that passes through a 0.45µm membrane filter after the sample has been acidified to a 
pH between 1.5 and 2.0 with nitric acid" (USEP A 1988). Expressing the Al standards on this 
basis would seem to have both toxicological and practical advantages because it captures a 
more complete fraction of potentially toxic Al species (when compared to only the dissolved 
fraction). However, there does not appear to be a current USEP A-approved methodology for 
the acid-soluble approach. 

While a "dissolved Al" methodology might not be the absolute best approach for the revised 
hardness-based equations presented in this report, the characteristics of Al allow for the use 
of a dissolved method to reliably measure potential Al toxicity. Colloidal Al is able to pass 
through a 0.45 µm filter and would be included in "dissolved" measurements when it is not 
actually "dissolved" (as cited in Hem 1985). In fact, it is likely those colloidal particles are 
actually included in current dissolved data and may represent much of the fraction US EPA 
believes would be captured by the acid-soluble methodology recommended in the 
1988 Aluminum Document. As such, we believe retention of the dissolved Al approach is 
appropriate for the proposed standards updates below. 

The speciation and/or complexation of Al is highly dependent on ambient water quality 
characteristics and ultimately determine the mechanism of toxicity. Wilkinson and Campbell 
(1993) demonstrated the difficulty of detennining Al speciation in complex solutions - such 
as natural waters with abundant Dissolved Organic Carbon (DOC) and silicic acid - when 
determining mechanisms of toxicity in fish. The primary target of Al toxicity in fish is 
damage to respiratory organs, such as gills (Lacroix et al. 1993). The chemical conditions at 
the gill surface are thought to modify Al speciation and sorption. Water passing over the 
gills can become more basic due to neutralization of acidic water by NH3• This can lead to 
precipitation and polymerization of Al, resulting in Al deposition on the gill surface. 
Accumulation of Al on the gill surface epithelium and/or mucous layer has been shown to 
enhance rates of sloughing and hyperplasia of lamellae (Leivestad 1982). The ionoregulatory 
versus respiratory effects of Al on fish are pH-dependent, with the former predominating at 
relatively acidic pH (Gensemer and Playle 1999). Additionally, concentration of calcium in 
the water was shown to decrease toxic effects to fish (Muniz and Leivestad 1980). Calcium 
reduces Al toxicity by competing with monomeric Al binding to negatively charged fish gills 
and by keeping tight junctions between epithelial cells intact ( Gensemer and Playle 1999). 

The number of toxicity tests addressing Al toxicity in aquatic invertebrates is considerably less 
when compared to fish, but, in general, results indicate invertebrates are less sensitive than fish 
(Sparling and Lowe 1996). Mechanisms of toxicity are confounded by H+ toxicity when 
testing at low pH, but published evidence supports ionoregulatory effects of Al exposure. 
Different H+ exchange mechanisms in different invertebrates can have different impacts on 
their pH-dependent Al toxicity (Gensemer and Playle 1999). Havens (1990) identified 
significant accumulation of particulate Al on ionoregulatory and respiratory surfaces in 
cladocerans. Additionally, increased membrane penneability with subsequent ion loss has 
been reported in acid sensitive invertebrate species (Locke 1991). In mayflies, Al 
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accumulation on respiratory surfaces reduced oxygen consumption due to physical blockage of 
gill chambers (Rockwood et al. 1990). 

From our understanding of Al toxicity, we can identify two distinctly different mechanisms 
of toxicity. The first mechanism is a physical suffocation or irritation caused by particulate 
Al exposure, or from precipitation in the gill microenvironment (Gensemer and Playle 1999), 
leading to hypoxia-related toxic effects that often become manifest during acute exposure 
scenarios. The second mechanism is driven by dissolved monomeric Al species that disrupt 
ionic regulation, an effect expected with a chronic exposure regimen (although acute effects 
could also be observed at acidic pH). Given Al speciation and behavior in complex 
solutions, the mechanism responsible for toxicity will probably be dependent on pH and 
calcium concentration of a given solution. Therefore, understanding Al speciation chemistry 
and its influence on the mechanisms of toxicity to fish and invertebrates are important to 
interpreting the toxicological studies which form the basis of ambient water quality standards 
development (A WWQRP 2006). 
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3.0 Phase I - Technical Review of 1988 Aluminum 
Document 

Phase I of the evaluation of the 1988 Aluminum Document consists of a thorough 
investigation of the data used to calculate the most recent Al standards. This document was 
critically reviewed for relevance of the toxicological data and adherence to USEPA 
methodology (Stephan et al. 1985). 

3.1 Existing Acute Standards for Aluminum 

The 1988 Aluminum Document (USEPA 1988) presents acute data for 14 genera, including 
seven species of invertebrates and seven species of fish. These 14 species in 11 families 
satisfy the "eight-family rule" as specified in the 1985 Guidelines. The 1988 Aluminum 
Document reports a calculated final acute value (FA V) of 1,496 µg/L with a criterion 
maximum concentration (CMC) = FAV/2 or 750 µg/L (after rounding to two significant 
digits). 

When reviewing the reported values used in the USEP A criteria development, an apparent 
discrepancy regarding the species mean acute value (SMAV) for Girardia (= Dugesia) 
tigrina (A WWQRP 2006) was discovered. The authors of the toxicity test data for this 
species reported that the greatest Al exposure concentration for this species was 16,600 µg/L 
(Brooke 1985) with the ambient acute value of > 16,600 µg/L, since no significant mortality 
was observed. However, the 1988 Aluminum Document reports >23,000 µg/L for the same 
species and reference. The implications of this discrepancy could be significant and would 
result in a Girardia genus mean acute value (GMAV) rank change from 61

h most sensitive to 
4111 most sensitive. Charles Stephan, USEPA, (personal communication to David Moon, 
December 13, 2004) has since noted that no G. tigrina died at 16,600 µg/L in that study, so it 
was reasonable to assume that the "true" LC50 was potentially two times the concentration 
that caused a low level of acute mortality (i.e., 32,000 µg/L) - with the "real" value 
somewhere in between. As such, the geometric mean of 16,600 µg/L and 32,000 µg/L was 
then reported in the criteria document as the acute value (i.e., >23,000) for Girardia to 
account for the undefined test value. 

Since the 1988 Aluminum Document was published, new data became available suggesting 
the undefined value(> 16,600 µg/L) may actually be more appropriate. Calevro et al. (1998) 
tested Al toxicity in a related flatworm (G. etrusca) and reported that this species showed 
lethality, abnormal mucus production, and decreased regeneration at concentrations near 
16,000 µg/L. Therefore, in this re-analysis, the existing >23,000 value is replaced with 
Brooke' s original reported value of > 16,600 µg/L for G. tigrina. 
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3.2 Existing Chronic Standards for Aluminum 

The 1988 Aluminum Document presents chronic data for three genera of freshwater 
organisms, including two species of invertebrates and one fish species. These three species 
do not satisfy the "eight-family rule" as specified in the 1985 Guidelines. The chronic 
database assemblage did, however, satisfy the minimal requirements for calculation of an 
acute-to-chronic ratio (ACR) in that one of the invertebrates is an acutely sensitive species. 

After calculation of three valid ACRs for the three species, it was evident that the most 
acutely sensitive species had lower ACRs. Given this relationship, a final ACR (F ACR) was 
calculated using acutely sensitive Ceriodaphnia dubia, which resulted in a F ACR that was 
less than 2, which then defaults to 2 according to USEP A guidance (Stephan et al. 1985). A 
F ACR of 2 thus resulted in a chronic criterion of 750 µg/L, equal to the acute criterion, since 
in both cases the FA V was divided by 2. 

However, USEP A did not use this calculated chronic value. Additional data on Al toxicity 
for Salvelinus fontinalis and Marone saxatilis (Cleveland et al. manuscript and Buckler et al. 
manuscript) were used by the USEP A to modify the final chronic value (FCV) to protect 
these two species (USEP A 1988). Interestingly, these two studies were deemed 
inappropriate for the Al chronic database (i.e., they are included in Table 5-6, "Other Data on 
Effects of Aluminum on Aquatic Organisms"), but were still used to reduce the FCV from 
approximately 750 to 87 µg/L. 

Therefore, the 1988 Aluminum Document recommended a Criteria Chronic Concentration 
(CCC) of 87 µg/L at which no M saxatilis died after a seven-day exposure (Buckler et al. 
manuscript). In the same toxicity test, 174.4 µg/L killed 58 percent of the fish. Criteria 
derivation methods would typically calculate the chronic value as the geometric mean of 
these two numbers, or 122 µg/L. However, the 87 µg/L chronic criterion was recommended 
and is the current value used in New Mexico. 
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4.0 Phase II - Update to the National Aluminum 
Database 

A comprehensive literature review was recently conducted of Al aquatic toxicity related 
documents used and not used in the 1988 Aluminum Document (A WWQRP 2006). This 
included a review of documents published since the 1988 Aluminum Document, as well as 
those published prior to 1988 that were not used in criterion derivation. Available Al 
documents were obtained and reviewed for relevance of toxicological data and adherence to 
USEP A criteria development methodology (Stephen et al. 1985). 

A pH range of 6.5 to 9.0 was established as a limit for data used in the update of the 
Al toxicity databases because the USEP A has established this as an acceptable range for pH 
in ambient freshwater (USEPA 1976). This circumneutral pH gradient was the same range 
used to derive current criteria in the 1988 Aluminum Document. From the discussion on 
Al speciation above, we would thus expect that toxic effects of Al in test media of 
circumneutral pH could be attributed to exposure to monomeric Al species. Additionally, 
reported total Al measurements should be substantially greater than dissolved measurements 
owing to the poor solubility of Al under these pH conditions. 

Approximately 120 papers were reviewed, including documents cited in the 1988 Aluminum 
Document. We also reviewed three specific papers (Baker and Schofield 1982, Dwyer et al. 
1995, and Dwyer et al. 2005) later recommended in 2007 following a preliminary review of 
the AWWQRP (2006) analysis of the Santa Ana River, CA, Al case study by Luis A. Cruz 
(Ecological Risk Assessment Branch, Health and Ecological Criteria Division, Office of 
Science and Technology, Office of Water, U.S. Environmental Protection Agency, 
Washington, DC- personal communication). Those three additional papers yielded no 
useable data for the updated Al database. 

Much of the research into Al toxicity in aquatic organisms has been concerned with toxicity 
of Al in acidic solutions - specifically in research investigating effects of acid rain - with 
considerably fewer studies addressing toxic effects at circumneutral pH. Published reports 
that tested aquatic organism toxicity at circumneutral pH solutions often did so as part of 
tests over a wider range of acidic pH values. For example, a common experimental design in 
published Al toxicity studies was limiting the number of treatments and replicates at higher 
pH values to focus on lower pH values where Al is soluble and hence, more toxic. This 
experimental design resulted in very few data points with usable LC5os or EC50s (based on a 
narrow dose response within the applicable pH range of 6.5-9.0). In addition, given that 
most available research was conducted to test toxicity over a pH range using a constant Al 
exposure concentration, rather than over an Al concentration gradient, reportable end points 
for Al were often "greater than" values. Such undefined values were added to the toxicity 
database judiciously, if they could be corroborated by additional sources of published 
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evidence, and after careful consideration of the author' s qualitative effect descriptions. This 
aided in developing an updated Al toxicity database that did not ignore potentially important 
toxicity data. 

4.1 New Aluminum Acute Toxicity Data 

Following review of the available studies, 35 acute data points from 13 studies (Table 1) 
were deemed suitable for addition to the revised and updated acute toxicity database. Of the 
13 studies added to the database, three were published prior to the 1988 Aluminum 
Document. One of these studies published prior to the 1988 Aluminum Document were not 
cited in either Table 1, "Acute Toxicity of Aluminum to Aquatic Animals," or Table 6, 
"Other Data on Effects of Aluminum on Aquatic Organisms" in the 1988 Aluminum 
Document and apparently represent data that were unknown to the USEP A at that time. 

Of the 13 studies examined and accepted for database revision, two studies provided new 
data for two species that are within the top four most sensitive genera in the revised database 
(Asellus aquaticus and Tubifex tubifex). Martin and Holdich (1986) performed acute toxicity 
tests with A. aquaticus to a variety of heavy metals, including Al. Static renewal test 
exposures were conducted in soft water (hardness 50 mg/L CaC03) at a pH of 6.75. 
Khangarot (1991) perfonned acute toxicity tests with T tubifex to 32 metals, including Al. 
Renewal test exposures were conducted in hard water (hardness 245 mg/L CaC03) at a pH of 
7.6. Reported results included 96-hr LC5os for both tests. 

In addition to the single Ceriodaphnia dubia (McCauley et al. 1986) data point presented in 
the 1988 Aluminum Document, two more acceptable acute values are available from 
McCauley et al. (1986). While an LC50 value of 1,900 µg/L (test pH= 7.42) from this study 
was included in the 1988 Aluminum Document, McCauley et al. (1986) also provided two 
additional LC50 values of 1,500 µg/L (test pH= 7 .86) and 2,560 µg/L (test pH = 8.13). These 
data were added to the updated acute database (Table I). 

While studies reporting data for the rainbow trout ( Oncorhynchus mykiss) and smallmouth 
bass (Micropterus dolomieu) were found, data from these studies were determined to be 
unusable (Thomsen et al. 1988, Kane and Rabeni 1987, respectively). In the Thomsen et al. 
(1988) study, hardness data were not provided; instead, only calcium water quality data were 
provided. In addition, there is some uncertainty regarding the actual duration of the study. 
In the Kane and Rabeni (1987) study, the highest effect level observed was 20%, which is 
considerably far away from an LC50. Due to the uncertainty in the accuracy of this value, 
and the fact that Micropterus would fall in the lowest four GMA V values and thus be an 
extremely important driver in the standards calculations, this questionable data point was not 
used. 
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Table 1: Summary of acute Al data that were deemed acceptable for standards derivation 
and added to the updated Al acute database. 

Species 

lctalurus punctatus 

lctalurus punctatus 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Oncorhynchus mykiss 

Pimephales promelas 

Pimephales promelas 

Pimephales promelas 

Pimephales promelas 

Pimephales promelas 

Pimephales promelas 

Pimephales prome/as 

Pimephales promelas 

Pimephales promelas 

Pimephales promelas 

Crangonyx pseudogracilis 

Asel/us aquaticus 

Gammarus pulex 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Ceriodaphnia sp. 

Cyclops viridis 

Sa/mo salar 

Tubifex tubifex 

Hybognathus amarus 

NOTES: 
S = static renewal test exposures 
F = flow-through test exposure 
R = renewal test exposure 
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Method Hardness pH LC so Reference 
(mg/L CaC03) (µg/L) 

F, M 23.1 6.5 >400 Palmer et al. 1988 

F, M 23.1 7.5 >400 Palmer et al. 1988 

F, M 25 7.6 <8,000 Gundersen et al. 1994 

F, M 45 7.6 <8,000 Gundersen et al. 1994 

F, M 85 7.6 <8,000 Gundersen et al. 1994 

F, M 125 7.6 <8,000 Gundersen et al. 1994 

F, M 23.2 8.25 6,170 Gundersen et al. 1994 

F, M 35 8.25 6,170 Gundersen et al. 1994 

F, M 83.6 8.29 7,670 Gundersen et al. 1994 

F, M 115.8 8.29 6,930 Gundersen et al. 1994 

F, M 21 .6 6.5 >400 Palmer et al. 1989 

F, M 21 .6 7.5 >400 Palmer et al. 1989 

F, M 21.6 6.5 >400 Palmer et al. 1989 

F, M 21.6 7.5 >400 Palmer et al. 1989 

F, M 23.1 6.5 >400 Palmer et al. 1988 

F, M 23.1 7.5 >400 Palmer et al. 1988 

S, M 26 7.8 1,160 ENSR 1992b 

S,M 46 7.6 8,180 ENSR 1992b 

S,M 96 8.1 20,300 ENSR 1992b 

S,M 194 8.1 44,800 ENSR 1992b 

S, U 50 6.75 9,190 Martin and Holdich 1986 

S, U 50 6.75 4,370 Martin and Holdich 1986 

S,U -- 6.9 >2,698 Storey et al. 1992 

S,M 26 7.5 720 ENSR 1992a 

S, M 46 7.6 1,880 ENSR 1992a 

S, M 96 7.8 2,450 ENSR 1992a 

S,M 194 8.1 >99,600 ENSR 1992a 

S, M 98.5 7.6 2,880 Soucek et al. 2001 

S, M 50 7.86 1,500 McCauley et al. 1986 

S, M 50 8.13 2,560 McCauley et al. 1986 

S, M 47.4 7.36 2,300 Call 1984 

S, U -- 6.9 >2,698 Storey et al. 1992 

S, M 6.8 6.5 599 Hamilton and Haines 1995 

R, U 245 7.6 50,230 Khangarot 1991 

S, M 140 8.1 >59,100 Buhl 2002 

M = test media aluminum concentration was measured 
U = test media aluminum concentration was not measured 
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In addition to the acute test results, water quality parameters in toxicity tests were also added 
to the updated Al database. Test solution pH and hardness values were needed to determine 
inclusion of data within the specified circumneutral pH range and to investigate a possible 
relationship to general water quality parameters, such as hardness. Most of the added studies 
reported hardness values of test media or reported calcium and magnesium concentrations 
that were used to calculate water hardness. 

Of the 35 new acute data points, two provided insufficient information on water quality 
parameters to determine test media hardness. Unfortunately, each was for a unique species 
(Cyclops viridis and Gammarus pulex) found in the updated database that subsequently had 
to be removed during FA V derivation (see discussion below). 

4.2 New Aluminum Chronic Toxicity Data 

Following review of the available studies, 11 new chronic data points from nine studies 
(Table 2) were added to the revised chronic database. Of the nine studies added to the 
database, seven were published prior to the 1988 Aluminum Document. Three studies 
published prior to the 1988 Aluminum Document were not cited in either Table 1 ("Chronic 
Toxicity of Aluminum to Aquatic Animals") or Table 6 ("Other Data on Effects of 
Aluminum on Aquatic Organisms") of the 1988 Aluminum Document and apparently 
represent data that were unknown to the USEP A at the time. Four publications that were 
found in Table 6 ("Other Data") in the 1988 Aluminum Document were re-reviewed and 
deemed appropriate for use in updating the chronic database, as described below. 

Table 2: Summary of chron ic Al data that were deemed acceptable for standards derivation 
and added to the updated Al chronic database. 

Hardness 
NOEC-LOEC 

Chronic 
Species 

Ceriodaphnia dubia 

Ceriodaphnia dubia 

Daphnia magna 

Daphnia magna 

Tanytarsus dissimilis 

Sa/velinus fontinalis 

Salvelinus fontinalis 

Salve/inus fontinalis 

Salvelinus fontinalis 

Salvelinus fontinalis 

Micropterus dolomieu 

NOTES: 
0 E C16 for reduced reproduction 
b21 day LCso 
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(mg/L pH 
(µg/L) 

Value Reference 
CaC03) (µg/L) 

50 7.75 1, 100-2,400 1,624 McCauley et al. 1986 

47.4 7.55 6,250-12, 100 8,696.26 Call 1984 

45.3 7.74 -- 3208 Biesinger and Christenson 1972 

45.3 7.74 -- 1,400b Biesinger and Christenson 1972 

17.43 6.8 10,000-80,000 28,284 Lamb and Bailey 1981 

12.5 7.2 >303.9 >303.9 Cleveland et al. 1991 

7.5 6.5 169-350 243.21 Cleveland manuscript 

12.5 6.5 57-88 70.82 Cleveland manuscript 

7.5 6.5 88-169 122 Cleveland et al. 1989 

0.567 7.81 0-300 <300 Hunn et al. 1987 

12.8 7.3 0-250 <250 Kane and Rabeni 1987 

NOEC = no observable effect concentration 
LOEC = lowest observable effect concentration 
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Biesinger and Christensen (1972) performed acute and chronic Al toxicity tests with 
Daphnia magna. Acute toxicity results were included in the USEP A acute database; yet, no 
explanation was given as to why chronic data from this same study were not included in the 
chronic database. We reviewed methods used for the chronic toxicity tests and could not find 
a reason to exclude these data. Therefore, two chronic values from this study were added to 
the database. Data from this publication were also deemed suitable for inclusion in the 
F ACR derivation, described later. 

In a 55-day Al exposure study, Lamb and Bailey (1981) tested acute and chronic toxicity in 
Tanytarsus dissimilis. The authors reported high variability in mortality rates among 
treatments and provided little information on statistical significance of mortality among 
treatments. Fortunately, a figure showing the cumulative percent mortality was provided and 
analyzed with information in the text to derive a chronic value of 10,000 µg/L, representing 
the treatment level that produced 3 7 percent mortality. 

The Cleveland manuscript, used to lower the 1988 Aluminum Document chronic criterion, 
contained additional data for Salvelinus fontinalis that were not reported in the USEP A 
chronic databases. These additional chronic values were incorporated into the revised 
chronic database (A WWQRP 2006). S. fontinalis were exposed to Al in soft water with a 
pH of 6.5, the lowest pH in the acceptable circumneutral range. The chronic value was 
determined for a statistical difference in two chronic endpoints: length (growth) and 
mortality. The growth value was more sensitive than mortality (243 µg/L) and resulted in a 
chronic value of 70 µg/L in soft water. 

Hunn et al. (1987) investigated influence of pH and Al on early life stages of developing 
S. fontinalis. Only two treatments, the control and 283 µg/L, were used in a 60-day larvae 
toxicity test using flow through exposure with very soft water. The authors reported a 
statistical decrease in growth (p<0.001) between treatment and control using a least squares 
deviation linear model with interaction terms representing treatment effects. Since a 
geometric mean could not be determined, a chronic value of <283 µg/L was added to the 
revised chronic database. 

Five additional studies with appropriate toxicity tests were found that were not listed in the 
1988 Aluminum Document. Three of these publications were published after the 1988 
Aluminum Document. Cleveland et al. (1991) performed a 56-day Al exposure for 
S. fontinalis to examine effects on bioaccumulation, growth, and mortality. The authors 
reported I percent mortality in the 7.2 pH treatment at the end of the exposure period at a 
measured mean Al concentration of 303 .88 µg/L, which resulted in an undefined chronic 
value of>303.88 µg/L. Although test duration was four days short of the recommended 
60 days for a chronic test with this species, we decided that test methods and duration were 
acceptable and suitable for use. Cleveland et al. ( 1989) reported another chronic value for 
S.fontinalis. The authors used similar methods as in prior toxicity tests with this species and 
Al. After a 60-day exposure at a mean pH of 6.5, statistical differences in growth were 
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observed. The result of this partial life cycle test, that started exposures with embryos, was 
the lowest chronic value added to the chronic database. 

The remaining three studies entered into the updated chronic database were published prior 
to 1988, but were not cited in the 1988 Aluminum Document. McCauley et al. (1986) 
performed acute and chronic toxicity tests using C. dubia with different pH exposure media. 
The 1988 document used only one of the chronic values from a test with a pH of 7 .15, but 
did not report the second test that was conducted at a pH of 7 .61. The chronic value that was 
added to the updated database was from this second test. Extensive acute data were provided 
by Call (1984) from the University of Wisconsin Center for Lake Superior Environmental 
Studies laboratory, with addition of a chronic toxicity test using Ceriodaphnia sp. After an 
eight-day Al exposure, statistical differences in survival and reproduction were observed in 
the 12, 100 µg/L treatment (lowest-observed-effect concentration [LOEC]). The updated 
chronic database value was derived by taking the geometric mean of this treatment 
concentration and the next lowest treatment of 4,900 µg/L (no-observed-effect concentration 
[NOEC]). Kane and Rabeni (1987) performed a 30-day partial life cycle toxicity test using 
Micropterus dolomieu. Although the authors did not find any statistical differences in 
growth between control and the 250 µg/L treatment, they did note that the fish embryos 
showed overt signs of Al toxicity, which included scoliosis and lordosis. Therefore, an 
undefined value of>250 µg/L was added to the database. 

4.3 Potential Relationships Between Aluminum Toxicity and 
Water Quality Parameters 

An inverse Al toxicity and hardness relationship (within the pH range of 6.5 to 9.0) was 
identified during the literature review and subsequent database update that was not reported 
in the 1988 Aluminum Document. To evaluate the relationship between acute toxicity of 
aluminum and hardness, guidelines from the USEPA (Stephan et al. 1985) and the example 
calculations provided in the 2001 USEPA cadmium criteria document (USEPA 2001) were 
followed. USEP A (200 I) explicitly states that species acute values should only be used for 
pooled-hardness slope derivation if data are available for a range of hardnesses such that the 
highest hardness value is at least three times the lowest and the highest is at least 100 mg/L 
higher than the lowest. 

Pooled-hardness slopes can be derived following guidance by Stephan et al. (1985). First, 
toxicity and hardness (or other appropriate water quality characteristics) data are nonnalized 
(by dividing the toxicity value and the hardness value for a study by the geometric mean 
toxicity and hardness values of all studies for that species). These normalized values are then 
log-transformed. Next, a least squares regression of log-transformed normalized acute values 
on normalized hardness values is performed to obtain the acute hardness slope for that 
species. This is done for all species and the regression lines are compared (either by visually 
looking at slopes and intercepts or mathematically with covariance analysis). If they are 
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considered similar enough, data for all species are pooled and the regression is run again to 
develop the "pooled-hardness" slope used in the final equation. 

Appropriate acute values with relevant test media hardness measurements were regressed 
within and among three species: Ceriodaphnia dubia, Pimephales promelas, and D. magna. 
These species were chosen because respective hardness treatments fell within a wide range of 
values and each had many acute endpoints to regress (Stephen et al. 1985). Regression 
analysis for each species (excluding D. magna) resulted in a statistically significant positive 
relationship between effect measurement and test media hardness (two-sided test, to test that 
slope term equals zero, both p-values < 0.02). Discussion of data used or not used in this 
analysis is provided below. 

D. magna was used in this evaluation, even though only two data points are available. 
Stephan et al. (1985) states that it is acceptable to use only two data points if "the two points 
cover a broad enough range of the water quality characteristic." The two hardness values 
used in the hardness regression analysis, 220 and 45.3 mg/L, cover a significant range. In 
addition, a clear relationship was observed between these hardness values and associated 
LC50 values; at a hardness of 220 mg/L the D. magna LC50 was 38,200 µg/L, and at hardness 
of 45.3 mg/L the LC50 was 3,900 µg/L (Kimball, manuscript; Biesinger and Christensen 
1972). 

C. dubia data were included in the hardness regression analysis because while the hardness 
values for the seven usable data points for this species technically do not have a wide enough 
range, the overall database does represent a sufficient hardness range. While an additional 
data point is available which would broaden the hardness range, it was reported as a "greater 
than" value, and thus cannot be used in hardness slope derivation (ENSR 1992a). Thus, the 
hardness values for usable C. dubia data ranged from 26-98.5 mg/L CaC02 (Soucek et al. 
2001). 

The Al database contains three data points for I. punctatus. However, all three of these 
values are "greater than" values (i.e., not definitive), and thus are not appropriate for use in 
regression analyses. 

A water hardness versus Al toxicity equation was derived with this subset of data, which 
included values for C. dubia , P. promelas, and D. magna, that minimized the residual 
standard error (r2 = 0.87) and resulted in a pooled slope of 1.3695 (Table 3). Figure 1 is a 
plot of the acute values versus the hardness values used to derive this Al hardness slope. 
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Table 3: Derivation of acute Al hardness slope. 

Species N 

Ceriodaphnia dubia 7 

Daphnia magna 2 

Pimephales promelas 5 

Pooled Hardness Slope = 

Figure 1: 
Scatter plot of Al toxicity and 
water hardness values used to 
derive the Al hardness slope. ~ 
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The Al toxicity data in both acute and chronic databases were subsequently normalized to 
hardness 50 mg/L CaC03 concentration using this slope, using USEPA criteria derivation 
methods (Stephan et al. 1985). The acute water quality standard equation was thus 
developed to incorporate the protective effect of hardness, which is likely a proxy for 
calcium, as discussed earlier. 

Additional water quality parameters such as pH also affect aquatic organism Al toxicity. The 
pH of a solution is a major driver of Al speciation. Over the range ofUSEPA acceptable 
circumneutral pH values, we could expect that the fraction of monomeric Al in solution will 
change, most notably at lower (approximately 6.5) and higher pH values (approximately 9). 
Freeman and Everhart (1971) demonstrated an increase of Al toxicity in rainbow trout from a 
pH of 7 to 9 using the same concentration and experimental methods. They reported that test 
organisms showed immediate shock and heavy mortalities within the first 48 hours at a test 
solution pH of 9.0, effectively terminating the 45-day test after 113 hours. Although there 
was an apparent pH relationship within the US EPA range, we could not develop a significant 
toxicity relationship with pH. Attempts to develop such an equation were hindered by 
limited studies conducted for any species at an acceptable range of pH values (6.5-9.0). In 
fact, the greatest pH value in the database is 8.29, at which no increased toxicity was 
apparent. Available data points at lower pH values approximately 6.5 for some taxa indicate 
that increased toxicity occurs at the lower end of the USEP A recommended range. This 
trend provided qualitative evidence of a water quality toxicity relationship in some 
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organisms. However, this relationship is not significant within, or consistent between, an 
acceptable sample of organisms in the updated database. 

Preliminary review of published reports that tested aquatic organism toxicity over a wider 
range of acidic pH values did indicate a strong relationship between measured Al toxicity and 
pH, with more acidic waters having greater Al toxicity. However, this relationship reached 
an asymptote at approximately pH = 6, again with no observable pH versus Al toxicity 
relationship found in the required pH range of 6.5-9.0. As such, no pH factor is included in 
this update to Al standards. 
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5.0 Phase Ill - Recalculation of Acute and Chronic 
Standards for Aluminum 

Data discovered and screened during phase II of this project were used to update and revise 
the Al acute and chronic database. The revised database was then used to derive potentially 
updated acute and chronic standards for Al to protect freshwater aquatic organisms. 

5.1 Updated Acute Database 

Not all of the new acute data added to the database contained enough water quality information 
to use in derivation of the recommended updated Al standards. Effects data without reported 
hardness water quality parameters oftest water were not used to generate a revised FAY since 
data values could not be normalized to a hardness of 50 mg/L. In addition, data from Palmer 
et al. (1988 and 1989) were not included in the final updated acute toxicity database because 
all LC5o values from this study were undefined (i.e., reported as >400 µg/L). When 
compared to other appropriate values in the database for both P. promelas and I. punctatus, 
these undefined values are considerably lower. Thus, while the Palmer et al. data are 
consistent with data used from other studies (i.e., the other values are indeed "greater than 
400 µg/L"), the Palmer et al. >400 µg/L values are irrelevant in the context of other reported 
LC50 values for these organisms, which are up to 100 times higher than 400 µg/L. The 
undefined Oncorhynchus mykiss data from Gundersen et al. (1994) were also not included in 
the final acute database for the same reason. 

Table 4 summarizes the final list of data and ranked GMA V values used for calculation of the 
recommended updated acute Al water quality standard. 
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Table 4: Proposed final Al acute database, with species mean acute values (SMAV), 
normalized to hardness= 50 mg/L, and ranked by genus mean acute value (GMAV). 

Rank Species Common Name Method SMAV (µg/L) GMAV (µg/L) 

17 Tanytarsus dissimilis Midge S,U 338,321 338,321 

16 Lepomis cyane/lus Green sunfish S,M 53,794 53,794 

15 Perea flavescens Yellow perch S, M 53,578 53,578 

14 lctalurus punctatus Channel catfish S, M 51 ,534 51,534 

13 Physa sp. Snail S,M 32,922 32,922 

12 Acroneuria sp. Stonefly S, M 24,315 24,315 

11 Gammarus pseudolimnaeus Amphipod S,M 23,669 23,669 

10 Dugesia tigrina Flatworm S, M 17,859 17,859 

9 Hybognathus amarus Minnow S, M 14,428 14,428 

8 Sa/mo salar Atlantic salmon S, M 9,205 9,205 

7 Crangonyx pseudogracilis Amphipod S,U 9,190 9,190 

6 
Oncorhynchus mykiss Rainbow trout F, M 7,547 

Oncorhynchus tshawytscha Chinook salmon S,M 88,495* 
7,547 

5 Pimephales promelas Fathead minnow S, M 5,869 5,869 

4 Tubifex tubifex Worm S, U 5,698 5,698 

3 Daphnia magna Cladoceran S, U 4,735 4,735 

2 Asellus aquaticus lsopod S,U 4,370 4,370 

1 
Ceriodaphnia dubia Cladoceran S, M 2,164 

2,604 
Ceriodaphnia sp. Cladoceran S, M 3,134 

NOTES: 
S = static renewal test exposure M = test media aluminum concentration was measured 
F =flow-through test exposure U = test media aluminum concentration was not measured 
* =Value not used in calculation of GMAV because acute value considerably higher than others in the genus 

The updated acute database contains values for 17 genera, increased from 14 genera in the 
existing criteria document, including 11 species of invertebrates and eight species of fish. 
These 19 species in 14 families satisfy the "eight-family rule" as specified in the 1985 
Guidelines. Addition of new species data and normalization of acute values changed the 
sensitivity ranking of three of the four most sensitive genera when compared to the 1988 
Aluminum Document. The rank of the most sensitive genus (Ceriodaphnia) in the updated 
database is unchanged and its reported acute value changed very little after hardness 
correction. The 1988 Aluminum Document database ranked the genus Salvelinus as second. 
This value was based on one study in which hardness was not measured (Decker and 
Menendez 1974). Since the effect endpoint could not be normalized for hardness, this value 
was not included in the updated database. As a result, Asellus replaced Salvelinus as the 
second ranked genus in the updated database. The normalized value for Asellus was very 
similar to that reported for Salvelinus, so this deletion and addition process was not 
particularly influential in updating the FAV. The updated 3rd and 4111 ranked genera, Daphnia 
and Tubifex, replaced Oncorhynchus and Gammarus of the 1988 Aluminum Document. 
These updated values were lower with a range closer to the first two genera, resulting in 
reduced variability between the four most sensitive genera. 
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5.2 Updated Chronic Database 

The revised and updated Al chronic toxicity database presents data for six genera of 
freshwater organisms, including three species of invertebrates and three species of fish 
{Table 5). These six species found in five families do not satisfy the "eight-family rule" as 
specified in the 1985 Guidelines. The chronic database assemblage does, however, satisfy 
the minimal requirements for calculation of a FA CR. 

Table 5: Proposed final Al chronic values (SMCV), with hardness normalized (50 µg/L), and 
ranked by genus mean chronic values (GMCV). 

Rank Species Common Name SMCV (µg/L) GMCV (µg/L) 

6 Tanytarsus dissimilis Midge 68,021 68,021 

5 Ceriodaphnia dubia Cladoceran 4,165 4,165 

4 Pimephales promelas Fathead minnow 957 957 

3 Micropterus dolomieu Smallmouth bass 777 777 

2 Salvelinus fontinalis Brook trout 624* 624* 

1 Daphnia magna Cladoceran 274 274 

*GMCV was calculated without the undefined chronic value reported by Hunn et al. (1987). 

The revised FACR was derived from three species mean ACRs (SMACRs), using the revised 
and updated chronic toxicity databases. Each ACR was determined from paired acute and 
chronic values within the same study using similar dilution water (Table 6). The respective 
SMACRs used to derive the F ACR were 0.96 ( C. dubia), I 0.65 (P. promelas), and 12.19 
(D. magna). Including only the Biesinger and Christensen (1972) data in the D. magna 
SMACR calculation (tested at hardness = 45.3) resulted in a substantially lower SMACR for 
this species than was reported in the 1988 Aluminum Document (12.19 versus 51.47, which 
was calculated from data from the Kimball manuscript). These data resolved the previous 
problem noted in the 1988 Aluminum Document associated with taking a geometric mean 
from a wide range of results. 

In general, the inclusion of more available chronic data resulted in a better sample of ACRs, 
in which values ranged roughly within a factor of 10 from one another. Because the USEP A 
was lacking data to legitimately generate a F ACR using multiple SMACRs, the F ACR was 
set to the lowest organism then defaulted to 2.0. The updated database allows a multiple 
SMACR approach as an improvement over the EPA's FACR estimate. The revised FCV 
derived from the revised F ACR is expected to be protective of every organism in the chronic 
database, when corrected for hardness. 
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Table 6: Updated Al final acute-chronic ratio (FACR). 

Species 
Hardness Chronic Value Acute Value 

ACR SMACR 
(CaC03 mg/L) (µg/L) (µg/L) 

Daphnia magna 45.3 3203 3,900 12.1875 12.1875 

Pimephales prome/as 220 3,288 35,000 10.6448 10.6448 

Ceriodaphnia dubia 50 1,908 1,900 0.9958 

Ceriodaphnia dubia 50 1,624 1,500 0.9236 0.9590 

FACR = 4.9923 

NOTES: 
0 16% decrease in reproduction 
SMACR = species mean acute-chronic ratio 

5.3 Updated Aluminum Standards Derivation 

An updated final acute value (FA V) was derived from the four most sensitive genera in the 
updated and revised, hardness-normalized acute toxicity database ( Ceriodaphnia, Asellus, 
Daphnia, and Tubifex), the total number of genera in the updated acute database, and newly 
derived acute toxicity hardness slope (Table 7). The resulting FA V (2,648 µg/L) is greater 
than the 1988 FA V of 1,496 µg!L (which was not hardness-modified in the 1988 Aluminum 
Document), and was used to derive the hardness modified Al standards equation. 

Since the revised chronic database did not satisfy the "eight-family rule," the F ACR was 
used to derive a FCV for Al from the acute database. Following the 1985 Guidelines, the 
acute hardness toxicity relationship was assumed to be similar for chronic toxicity. 
Therefore, a chronic Al criterion equation was also calculated using this pooled acute­
hardness slope (Table 7). Use of the acute-hardness slope in the chronic equation should be 
applied cautiously given the limited chronic toxicity data, which do not strongly support this 
assumption. However, the lack of support may be an artifact of difficulties associated with 
conducting chronic toxicity tests with a poorly soluble compound, rather than a true lack of a 
hardness relationship. 
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Table 7: Recalculation of the final acute values for Al using the revised hardness adjusted 
(50 mg/L CaC03) acute database. 

Rank Genus GMAV (µg/L) In GMAV (In GMAV) ... 2 P = R/(N+1) 

4 Tubifex 5,698 8.6479 74.7863 0.2222 

3 Daphnia 4,735 8.4627 71.6178 0.1667 

2 Asel/us 4,370 8.3825 70.2666 0.1111 

1 Ceriodaphnia 2,604 7.8650 61.8577 0.0556 

Sum 33.3581 278.5284 0.5556 

NOTES: 
N = 17 genera, R =sensitivity rank in database, P = rank I (N+1) 

Calculations: 
Acute Criterion 
S2 =t (JnGMA V)2 

- p:InGMA V)2/4 
ZP- (f,,/P//4 

= 278.5284 - (33.358 1)2/4 = 10.9238 s = 3.3051 
0.5556 - ( 1.4487)2 /4 

L = p :lnGMAV - S(L,/P)]/4 = [33.3581 - 3.3051 (1.4487)]/4 = 7.1425 
A = S ('10.05) + L = (3.3051)(0.2236) + 7. 1425 = 7.8816 

Final Acute Value = FAY = e A= 2,647.9903 µg/L 
CMC = Y2 FAY= 1,323.9952 µg/L 
Pooled Slope = 1.3695 
In (Criterion Maximum Intercept) = ln CMC - [pooled slope x In (standardized hardness level)] 

= In (1 ,323.9952) - [1.3695 x In (50)) 
= 1.8308 

Acute Aluminum Criterion = e<l.3695 [In (hardness)] + 1.8308> 

Chronic Criterion 

Chronic Slope = 1.3695 
Final Acute-Chronic ratio (F ACR) = 4.9923 (recalculated) 

Final Chronic Value (FCV) 

In (Final Chronic Intercept) 

= FAY I ACR = 2,647.9903 + 4.9923 = 530.4149 µg/L 

= In FCV - [chronic slope x In( standardized hardness level)] 

= In (530.4149) - [1.3695 x In (50)] 
= 0.9161 

Chronic Aluminum Criterion = e(l.3695 [In (11ardncss)J + 0.9161 

..Jp 

0.4714 

0.4082 

0.3333 

0.2357 

1.4487 
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This review and update to the 1988 Aluminum Criteria Document resulted in new standards 
using hardness-based equations, similar to other metals standards. We recommend use of 
these updated standards as the appropriate Al standards for New Mexico, with values 
calculated as µg/L dissolved Al. 

Recommended Acute Al Criterion = e(l.3695 [In (hardness)] + 1.s3os) 

Recommended Chronic Al Criterion= e(l .3695 [In (hardness))+ 0.9161) 

Updated and revised Al standards based on these equations are presented across a wide range 
of hardness levels (Table 8). It is important to understand the boundaries of the reported 
equation. Since the equation models hardness values that ranged from 1 mg to 220 mg of 
CaC03/L, estimations made outside of this range should be treated with caution. 

Table 8: Updated and revised acute and chronic Al criterion value across selected hardness 
values. 

Aluminum Equations 

Updated/Revised Aluminum Standards 

Acute= e(1.3695 [In (hardness)l+1.8308) 

Chronic= e(1.3695 [In (hardness)l+0.9161 ) 

NOTE: All values are as µg Dissolved Aluminum/L. 
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I am submitting this testimony on behalf of Chevron Mining Inc. (CMI), in response to 

2 the direct testimony presented by the New Mexico Environment Department (NMED) and other 

3 parties on August 28, 2009. In their teclmical testimony, NMED expressed concern over outside 

4 party proposals, reflected in comments issued by EPA on July 30, 2009 in a document titled 

5 "Technical Comments on the Chevron Mining, Inc. Criteria Proposals". CMI did not receive 

6 these comments until August 24, 2009, and thus was unable to fully respond in their teclmical 

7 testimony in time for the August submittals. 

8 It is important to note that the EPA review appears to have been performed on a much 

9 earlier version of CMI's proposal (early drafts submitted during the initial comment period 

10 September 2008). As such, it turns out many of the issues that were raised by EPA had already 

11 been addressed and are reflected in CMI's current proposal, submitted on August 28, 2009. 

12 Thus, this rebuttal testimony focuses primarily on issues mentioned in the EPA review 

13 related to CMI's aluminum, cadmium, molybdenum, and zinc criteria proposals. NMED 

14 expressed support for CMI's proposed manganese criteria. In addition, I am responding to 

15 proposals put forth by other parties to the triennial hearing. 

16 EPA Comments to NMED Regarding CMl's Proposals 

17 Aluminum 

18 I) EPA Comment: To maintain accuracy revise the number of genera depicted in 

19 page 16. In Table 4 the number of genera is 18 not the 17 written in the text. 

20 Response: This typo was found and has already been corrected, as presented in the 

21 August submittal (GEi 2009a). 



2) EPA Comment: Check Table 7 Probability calculations. Rank 1 & 2 have errors 

2 in the calculated probability. The probability associated to Rank I is 0.053 NOT 0.059. The 

3 probability associated to Rank 2 is 0.105 NOT 0.118. 

4 Response: These typos were found and have already been corrected, as presented in the 

5 August submittal (GEi 2009a). 

6 3) EPA Comment: GEi provided an explanation in Sect.3.1 for the decision to use 

7 the lower value of 16,600 ug/L for Girardia instead of 1988 value of 23 ,000 ug/L (which was 

8 estimated using the geometric mean) based on more recent data suggesting the lower value may 

9 be more appropriate. In this explanation, the authors suggest that Charles Stephan (personal 

I 0 communication to David Moon, 2004) indicated that the 23 ,000 ug/L value is the "real" value 

11 that should be used. ln fact, Stephan's comment was that it is inappropriate to use a GMA V of 

12 I 6,600 ug/L for Dugesia in the calculation of the FA V. EPA concluded that the LC50 must be 

13 greater than 23 ,000 ug/L because, on the average, acute LCSOs are about a factor of 2 higher than 

14 concentrations that cause a low level of acute mortality. Because 16,600 ug/L resulted in no 

15 adverse effects, EPA concluded that the LCSO must be greater than 23,000 ug/L and therefore 

16 set the GMAY at> 23,000. 

17 Response: CMI has decided to retain the more conservative value of 16,600 µg/L given 

18 other published data on this organism (GEi 2009a). However, because Girardia is not in the top 

19 four most sensitive genera, this decision has no effect on calculations and either value could be 

20 used. 

21 

22 

?" --' 

4) EPA Comment: Development of the hardness relationship equation appears to 

be appropriate. The application of hardness non11alization to the revised dataset had a substantial 

effect resulting in revised final acute (GEi FA V=2559.98 ug/L vs. EPA 1988 FA Y=l 496 ug/L) 

.··. '" 
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and chronic values (GEi FCV=511.6 vs. EPA 1988 FCV= 750 ug/L) since hardness was not 

2 considered in the 1988 criteria. Some have indicated concerns with the 1988 criteria since it did 

3 not take into consideration the pH relationship and to a lesser extent the hardness effect on Al 

4 toxicity. It would be preferable to see an equation for the pH relationship to toxicity; however, 

5 GEi determined they could not develop a significant toxicity relationship with pH due to 

6 insufficient data at the upper end of the pH range recommended by EPA. 

7 Response: I agree pH can have a strong influence on aluminum solubility and toxicity. 

8 The key issue with regard to our finding of no pH relationships, however, is the restriction to 

9 studies that were conducted in the appropriate pH range of 6.5-9.0, based on EPA guidance. 

l 0 Within this range of pH, we could find no relationship to aluminum toxicity patterns (GEi 

11 2009a). 

12 It is also important to note that since the version EPA reviewed, we have conducted 

13 additional analysis and had discussions with other parties' consultants. As a result, in the latest 

14 version of our proposal, the hardness slope has been fu11her updated from 0.8327 to 1.3695 (GEi 

15 2009a). 

16 5) EPA Comment: GEi discussed the total versus dissolved fom1 of Al and the 

17 relative toxicity at circumneutral pH. As a result, it's unclear if GEi was recommending that the 

18 criteria be expressed in the dissolved form to reflect the non-monomeric Al species. The State's 

19 suppo11ing documentation and proposal should provide clarification. 

20 Response: The cun-cnt version of the supporting technical document (GEi 2009a) 

21 provides a detailed discussion on this issue. Consistent with New Mexico's cuITent water quality 

22 standards, the proposed updated aluminum hardness-based standards are based on the dissolved 

23 portion. 
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6) EPA Comment: GEi reviewed the data that was and was not included in the 

2 1988 document and in updating their dataset they added back in some data that EPA rejected and 

3 vice versa - the State's proposal/submission should provide a scientifically defensible rationale 

4 for each exclusion of EPA data or inclusion of new data. 

5 Response: As stated and supported in the teclmical report (GEi 2009a), data from three 

6 studies published prior to the 1988 Aluminum Criteria Document were added to the acute 

7 toxicity database. The studies by McCauley et al. (1986) and Call (1984) provided acceptable 

8 data points in addition to those used by EPA in the 1988 Aluminum Criteria Document. 

9 Acceptable data for two species from Martin and Holdich (1986) were not mentioned in the 1988 

l 0 Aluminum Criteria Document, but were added during GEi's updates. Data from seven studies 

11 published prior to the 1988 Aluminum Criteria Document were added to the chronic toxicity 

12 database (GEi 2009a). Three of these (McCauley et al. [ 1986], Call [1984), Kane and Rabeni 

13 [ 1987)) were not discussed in the chronic toxicity section of the 1988 Aluminum Criteria 

14 Document, but were deemed acceptable during GEi's updates. Data from the other four studies 

15 (Biesinger and Christensen [ 1972), Lamb and Bailey [ 1981 ], Cleveland [manuscript), Hmm et al. 

16 [ 1987)), which were unused in the 1988 Aluminum Criteria Document., were re-reviewed by GEi 

17 and deemed appropriate for use, as discussed in GEi (2009a). 

18 7) EPA Comment: This review and update to the 1988 Aluminum Criteria 

19 Document resulted in new proposed criteria using hardness-based equations, simi Jar to other 

20 metals criteria. The data used in these updated criteria appear appropriate for developing Al 

21 standards for New Mexico: 

22 Recommended Acute Al Criterion= e<0.8327 (In <hardncssJJ+J.89711 

23 Recommended Chronic Al Criterion= e<0.8327 (In (hardncssJJ+2.9800J 

·" ,. 
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12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Response: It is important to note that following the additional evaluation noted earlier, 

including discussions with other parties' consultants, the equations have been further updated 

reflecting the new hardness slope and normalized toxicity data (GEI 2009a) and are now as 

follows: 

Recommended Acute Al Criterion= e(l.3695 (In (hardncssl}+I.8308) 

Recommended Chronic Al Criterion= e(l.3695 (In (11ardncsslJ+0.9161 l 

Other Issues 

I would like to bring attention to a typo error in CMI's August 28, 2009 technical 

testimony. The aluminum equations presented in the testimony do not accurately reflect our 

proposal as presented in GEi (2009a). The correct equations, as shown in GEI (2009a), are 

provided below. 

Recommended Acute A I Criterion = el 1.3695 [In !hardness)}+ 1.8308) 

Recommended Clu·onic Al Criterion= e1l.3695 (In (hardncssl]+o.916 ll 

Cadmium 

1) EPA Comment: The State 's submission should provide a scientifically 

defensible rationale for inclusion of the studies by Suede! er al., (1997), Davies and Brinkman, 

(1994) and Buhl and Hamilton, (1991) since these have been previously rejected. 

Response: I continue to support inclusion of these studies in development of cadmium 

criteria for reasons described in our technical document (GEi 2009) and further explained below. 

In the study by Suede! et al. (1997), the acute test organisms were fed . EPA guidance 

states "results of acute tests during which the test organisms were fed should not be used, unless 

data indicate that the food did not affect the toxicity of the test material" (Stephan et al. 1985). 

The acute values for Ceriodaplmia dubia, Daplmia magna, and Pimephales promelas from 

.. ,,. 
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Suede! et al. (1997) are similar to those reported in other studies, which indicates feeding did not 

2 affect the test results. Given the results of this comparison, data from Suede! et al. (I 997) for C. 

3 dubia, D. magna, P. promelas, Chironomus tentans, and Hyalella azteca were all added to the 

4 acute database. 

5 I was unable to find any reason to remove the Davies and Brinkman (I 994) study from 

6 the acute and chronic cadmium toxicity databases (GEI 2009). It is important to note that neither 

7 the Suede! et al. (1997) nor Davies and Brinkman (1994) were cited, and therefore, were not 

8 rejected in the 200 I EPA Cadmium Criteria Document (EPA 2001 ). 

9 The data point for the arctic gray ling (Thymallus arcticus) from Buhl and Hamilton (1991) is 

10 listed as unused in the 2001 EPA Cadmium Criteria Document (EPA 2001) because the EPA 

11 claims the toxicity test was conducted improperly due to low dissolved oxygen. Yet. dissolved 

12 oxygen levels never fell below 40 percent saturation for their cadmium tests. Therefore, this 

13 cadmium data point does meet EPA guidelines and is appropriate for use (GEi 2009b). 

14 2) EPA Comment: The proposed FAY and FCY values, 2.875 ~tg/L and 0.273 

15 ~tg/L are higher than the 2001 values (2.763 j.tg/L and 0.162 µg/L) . The State's submission 

16 should provide a scientifically defensible rationale as to their acceptability. 

17 Response: It is important to note that the FAY and FCY mentioned by the EPA have 

18 been updated (GEI 2009b) . The updated FAY is 2.80211g/L, which is closer to the 2001 value. 

19 The updated FCY is 0.293 ~tg/L. The scientifically defensible rationale is fully described in the 

20 supporting technical document (GEI 2009b). In general, however, the values have changed from 

2 I the older EPA values simply because the databases used in their development have been 

22 expanded considerably through the updates made by GEi's review of new published scientific 

23 data. 

' -~ ,• 
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3) EPA Comment: EPA acknowledges the intention to follow the 1985 Guidelines 

2 in protecting commercially and recreationally sensitive fish species. Therefore, we recommend 

3 using the SMAY of Sa/velinus fontinalis (I. 76) as the FAY in the calculation of the CMC to 

4 protect a commercially and recreationally important species. 

5 Response: In CMI 's original proposal, the FAY was, in fact, dropped to 1.9146 for 

6 Salve I in us OMA Y, not SMAY. However, we are now lowering the FAY to the rainbow trout 

7 SMAY of 1.8805, which is more consistent with EPA guidance. As noted in the August 

8 submittal , the S. fontina/is SMAY is now <l .8 µg/L , and we did not want to base the equation on 

9 a SMAY which is actually an undefined value. 

10 4) EPA Comment: A set of minor, but important revisions are recommended to 

11 improve the clarity and accuracy of the presented data. 

12 a. Check the revised acute slope value and/or adjusted hardness LCso 

13 calculations reported in Table 2 as it is slightly different from the one calculated in Table 8 

14 (0.9207 vs. 0.9151) and used in the FAY calculations (section 4.2). 

15 Response: The acute slope has been further updated in the August submittal (GEi 

16 2009b), thus this comment has been addressed. 

17 b. Also, the addition of test duration data in Table 2 and chemical form of Cd 

18 in Table 3 will also contribute to clarity, proof of data accuracy and style of the current 

19 document. 

20 Response: I agree this would be useful infomrntion and will include this if revisions of 

21 the technical document are made in the future. 

22 5) EPA Comment: In order to keep data accuracy, and a clear, and consistent style 

23 throughout section 3 .2 we suggest the: 
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a. revision of the chronic slope value Table 4 as it is slightly different from 

2 the one calculated in Table IO (0.7432 vs. 0.7998) and used in the FCV calculations (section 4.3) 

3 and 

4 Response: The chronic slope has been further updated (GEi 2009b). Thus, this 

5 comment has been addressed. 

6 b. update Tables 4 and 5 in such way they present the same data (for example 

7 adjusted chronic values). 

8 Response: I agree and will include this additional background data if revisions of the 

9 technical document are made in the future. 

l 0 Molybdenum 

1 I I ) EPA Comment: The current assessment (GEi, Sept 2008) does not contain two 

12 additional data points reported in other assessments, one for Euglena sp. and one for Marone sp., 

13 both listed below. However, these values are not in the sensitive 4 genera and would likely have 

14 no meaningful effect on the final CMC and CCC values. This data is acceptable. Absent 

15 references: 

16 Colmano, G. 1973. Molybdenum tox1c1ty: Abnormal cellular division of teratogenic 
17 appearance in Euglena gracilis. Bulletin of Enviromnental Contamination and 
18 Toxicology 9(6): 361-364. 
19 
20 Dwyer, F.J., S.A. Burch, C.G. Ingersoll, and J.B. Hunn. 1992. Toxicity of trace element 
21 and salinity mixtures to striped bass (Marone saxatilis) and Daphnia magna. 
22 Environmental Toxicology and Chemistry 11: 513-520. 
23 
24 Response: GEi reviewed those studies. I continue to believe that they should not be 

25 included in the analysis. Data from the Colmano (1973) study caimot be used in the acute 

26 molybdenum database because EPA guidance does not allow the use of data for single-celled 

27 organisms in criteria development (Stephan et al. 1985). Data for striped bass from Dwyer et al. 

... ... 
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(1992) should not be added to the acute molybdenum database because the molybdenum toxicity 

tests were conducted in salt water. Dwyer et al. (I 992) only exposed Daplmia magna to 

mixtures of trace elements, so there are no acute molybdenum toxicity data to utilize for this 

species from this study. 

2) EPA Comment: The reported criteria values are higher than currently accepted 

criteria in the two States with standards for molybdenum generated recently. This difference is 

largely due to the Jack of inclusion of data for the Catostomus commersoni in the Nevada report. 

Note that the Nevada report was used by Pe1msylvania to generate their criteria. 

Nevada: CMC=6160 ug/L: CCC=l 650 ug/L: ACR=7.5 

Pennsylvania: CMC=6160ug/L: CCC=! 770 ug/L: ACR=6.97 

New Mexico: CMC=9400 ug/L : CCC=3200 ug/L : ACR=S.87 

Response: The use of Catostomus commersoni data does not affect our proposal, 

13 because with or without C. commersoni, Catostomus is not in the top four most sensitive genera. 

I 4 It is also important to note that the values EPA mentioned for New Mexico are from a version 

I 5 submitted last September 2008 with CMI's response to the original Triennial Review notice. 

16 As noted in the August submittal (GEi 2009c), the current proposal and technical 

17 document contain an updated proposal for New Mexico: CMC=7920 ug/L (rounded to 7900); 

18 CCC=! 895 ug/L (rounded to I 900) : ACR=8.3582. These values are more consistent with those 

19 accepted in Nevada and Pennsylvania, reflecting minor differences in data usage noted above. 

20 3) EPA Comment: Supporting documentation in the State' s submission should 

2 I provide a scientifically defensible rationale as to why Catostomus commersoni was excluded 

22 from the calculations, including rationale dealing with taxa surrogacy (i .e., this species should 

•• ..! 
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not be removed if New Mexico has related species that have not been tested, especially at the 

2 family or genus taxonomic level. 

3 Response: Catostomus commersoni was not excluded from our analysis. As is shown in 

4 Table 7 of GEi (2009c), data for this species were indeed included in the calculations. It is 

5 unclear why EPA thought it was excluded, as this species was also part of our analysis in earlier 

6 versions of the technical document (GEi 2009c). 

7 4) EPA Comment: An additional consideration is that protection of livestock may 

8 require criteria more stringent than those required to protect aquatic life. A report produced in 

9 the State of Wyoming recommended a livestock watering criterion of 300 ug/L. 

I 0 Response: We have reviewed the report prepared for the State of Wyoming mentioned 

I 1 by EPA, which is the source for the recommended Ii vestock watering criterion for molybdenum 

12 of 300 11g/L. The authors provided a summary of molybdenum toxicity data for livestock and 

13 calculated a criterion based on the amount of molybdenum livestock can be exposed to via 

14 drinking water using copper and molybdenum concentrations in 'typical' forage and a 'safe' 

15 copper to molybdenum ratio of 4: 1 (Raisbeck et al. 2008). 

16 Our review of the molybdenum p011ion of the Raisbeck et al. (2008) document revealed 

17 several issues with the authors' approach to developing a recommended molybdenum criterion. 

18 First, there is an inconsistent use of the terms ppm and mg/kg. They are both shown, and it is not 

19 clear whether these tern1s are used to refer to dietary concentration or the dosage by body weight. 

20 In my opinion, data for molybdenum exposure should consistently be provided in units of mg 

21 molybdenum per kg of body weight. 
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Second, the authors base the suggested criterion on 'typical' copper and molybdenum 

2 concentrations in forage. However, no reference is provided to show the source of this ' typical' 

3 background information. 

4 Third, using the 'typical' amounts of copper and molybdenum in forage (7 and I mg/kg, 

5 respectively) and the safe 4: I copper to molybdenum ratio, we are unable to replicate their 

6 calculation of a value of 3 75 ~tg/L (which was further and inexplicably rounded down to 300 

7 ~tg/L in the report). Following the approach described in the report, we calculate a value of 750 

8 µg/L. 

9 Furthermore, it is important to note that methods other than the use of a copper-to-

I 0 molybdenum ratio exist for deriving a molybdenum livestock watering criterion. For instance, 

11 an alternative calculation method, which might also be appropriate, is based on the NRC 

12 maximum allowable dose of 5 mg/kg body weight for cattle (Poland 2000) , the 'typical' amount 

13 of molybdenum in forage, and cattle body weight - which produces a significantly higher 

14 criterion. Cattle do appear to be more susceptible to molybdenum toxicity than other livestock 

15 (Raisbeck et al. 2008), so basing a criterion on cattle exposure is certainly the most conservative 

16 approach. Feedlot cattle weigh between 181-63 6 kg, depending on the type of cattle and their 

17 purpose (Ward and McKague 2007), have a dry matter intake of approximately 11 .3 kg per day 

18 (Poland 2000), and require 15-55 L per day of water (Ward and McKague 2007). Assuming a 

19 cow consumes 55 L of water and weighs 181 kg is the most conservative scenario. Thus, if a 

20 cow receives -1 mg/kg of molybdenum in their forage, as stated in Raisbeck et al. (2008), the 

21 dose by body weight of molybdenum from forage can be estimated as follows: ( 1 mg/kg diet X 

22 11.3 kg diet)/181 kg body weight/day = 0.062 mg/kg body weight/day. That leaves 

approximately 4.938 mg/kg body weight per day which can be received from water, which can 
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be calculated as a water concentration as follows: ( 4. 9 38 mg/kg body weight/day X 181 kg body 

2 weight)/55 L = 16.251 mg/L molybdenum = 16,251 µg/L molybdenum. Clearly, this value is 

3 considerably higher than the 300 µg/L proposed in Raisbeck et al. (2008), and even the corrected 

4 value of 750 µg/L. 

5 It is important to note that the bioavailability of molybdenum is greatly influenced by its 

6 formulation or speciation. Additionally, given the relationship between copper and 

7 molybdenum, it seems an alternative approach would be to develop equations (similar to 

8 hardness-based equations for aquatic life), relating the allowable molybdenum to available 

9 copper concentrations in specific regions. 

10 Given the issues described above, it is clear that considerable additional analysis is 

I I needed before a reliable molybdenum livestock watering criterion can be proposed. As such, the 

12 proposed livestock watering criterion of 300 µg/L from the Raisbeck et al. (2008) analysis 

13 should not be considered for adoption of livestock watering molybdenum standards for New 

14 Mexico at this hearing. 

15 Zinc 

16 I) EPA Comment: In examining the studies utilized in deriving GMA Ys for the 

17 most sensitive species, there were some studies that have been rejected in literature reviews in 

18 the past. The Buhl and Hamilton 1990 study with Thyma/lus arcticus, was rejected for "duration, 

19 insufficient control, and no hardness." In addition, this study was static and zinc concentrations 

20 were unmeasured. If this study is not included, T. arcticus would have to be excluded from the 

21 species list, and would therefore not be one of the most sensitive species included in the 

22 calculation of the FA V. 
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Response: I recommend retaining this study, as it contains the only data for the salmonid 

2 genus Thymallus. We did not use the two data points for alevin, as this life stage was 

3 considerably less sensitive than the others tested. Data from 96-hour tests were used, which is a 

4 sufficient acute test duration. In addition, the hardness ranged from 40-43, with a mean of 41.3. 

5 This study did include a control. With no other studies using flow-through, renewal testing or 

6 providing measured values, this study is still useable based on EPA guidance. 

7 2) EPA Comment: The third study cited for Couus bairdi, with an LC50 value of 

8 590, is cited incorrectly. The study was NOT conducted by Brinkman and Woodling, but is cited 

9 within their paper. The study was actually conducted by Davies et al., 2002. 

I 0 Response: The reference was corrected in the August submittal (GEi 2009d). 

11 3) EPA Comment: Hyne et al. (2005) cited for numerous values for Ceriodaplmia 

12 dubia should be flagged, due to unacceptable levels of DO during the exposure period. Not sure 

13 whether this is enough to exclude the study from the findings. 

14 Response: Hyne et al. (2005) notes: "An experiment was considered valid if 

15 immobilization in the control group (pooled 4 replicates) did not exceed I 0% at the end of the 

16 test and dissolved oxygen concentration did not fall below 3 mg/L." While the dissolved oxygen 

17 levels were not explicitly stated, I believe this information is enough to allow use of this study. 

18 4) EPA Comment: Actually analyzing the 4 cumulative probabilities closest to the 

19 5th percentile would include the 5th most sensitive species. The 5th most sensitive species, 

20 Tropocyclops prasinus, only has one data value; this study has been previously rejected due to 

21 "insufficient control." 

22 Response: Based on new data and updates made since June, Tropocyclops is no longer 

23 the 5111 most sensitive species. Since we added another data point from the LaLande and Pine!-

.. ·_,. 
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Alloul 1986 study, the new genus mean acute value (OMA V) for this copepod moves this 

2 species up to 15111 (GEI 2009d). 

3 5) EPA Comment: Ranatra elongata, water scorpion, (top of page 6) is not a 

4 resident species of the U.S., and should not be included in the calculation. 

5 Response: I believe we should keep this species since the genus is found in the U.S. In 

6 fact, there are 10 species in this genus in No11h America (Arnett 2000). It is reasonable to expect 

7 toxicity data from this non-North American species to be representative of toxicity for at least 

8 one of the l 0 species in this continent. In addition, it is reasonable to use data for this species in 

9 a genus mean acute value calculation. Furthermore, retaining this species is consistent with the 

I 0 data usage for EPA-approved state-wide and site-specific zinc standards in Colorado. 

11 6) EPA Comment: Moina irrasa, a cladoceran, distribution and residency in the 

12 U.S. should be reviewed. Most reports found occur in China. 

13 Response: While the species may potentially be found only in China, it is clear the 

14 genus is well represented in the U.S., with 18 species in North America (ITIS 2009). As with 

15 Ranatra, we believe it is reasonable to include the toxicity data to help represent this genus, 

16 especially since it provides an additional data point for a benthic microcrustacean. Such 

17 information is particularly useful when site-specific recalculations for stream systems result in 

18 planktonic microcrustaceans being determined non-resident and deleted from criteria 

19 calculations. Furthem1ore, retaining this species is consistent with the data usage for EPA-

20 approved state-wide and site-specific zinc standards in Colorado. 

21 7) EPA Comment: In the first sentence, "Table 2" should read "Table 3" (the 

22 wrong table is cited). 

23 Response: This error was corrected in the August submittal (GEi 2009d). 
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8) EPA Comment: In the first sentence, "Table 3" should read "Table 5" (the 

wrong table is cited). 

Response: This error was corrected in the August submittal (GEi 2009d). 

9) EPA Comment: In the first sentence on the next page (page 11 ), "Table 3" 

should read "Table 5" (the wrong table is cited). 

Response: This e1TOr was corrected in the August submittal (GEi 2009d). 

10) EPA Comment: In Table 7, in the "New ACR Derivation Data" box, the Species 

Mean ACR given for Salvelinus fontinalis is inaccurate. The geometric mean of the data that is 

presented as ACRs for S. fontinalis (2.1887 given in the box) is not correct. The correct 

geometric mean is (geometric mean of 2.335 and 1.0817 = 2.051 1 ). 

Response: This error was corrected in the August submittal (GEi 2009d). 

11) EPA Comment: In the last line of the calculations of the acute criterion, there is 

13 a typo in the equation. The line reads: 

14 Acute Zinc Criterion (as dissolved Zn/L) = 0.976*e ..... 

15 The value 0.976 is a typo. The value should be 0.978 (as shown in the paragraph at the beginning 

16 of the section, as well as in Table 9). 

17 Response: This error was corrected in the August submittal (GEi 2009d). 

18 12) EPA Comment: In this assessment, to derive the FA V, the authors chose the 4 

19 most sensitive species' GMA V values. However, the data set had 69 genera. According to the 

20 1985 Guidelines, the 4 GMAV values to use in calculating the FAV should be the 4 values with 

21 cumulative probabilities closest to 0.05, not necessarily the 4 most sensitive species. Since the 

22 5•h most sensitive study was rejected the use of the 4 most sensitive is an acceptable option . 

... . ~ 
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Response: Using either method of calculation (i .e., the top four most sensitive species or 

the second through fifth ranked species), the results obtained are virtually the same. Therefore, I 

propose to continue using the conventional calculation method based on the top four most 

sensitive species. 

This completes response to comments provided by NMED to the CMI proposals. 

Other Parties' Submittals 

CMI presented positions on a variety of other parties' proposals in their teclmical 

testimony submitted on August 28, 2009. Thus, the responses below reflect CMI's positions 

following the review of supporting infonnation submitted by other parties on August 28111
• Note 

that most proposals provided no new information, so no additional comments were necessary. 

As such, the comments below are related to either new information or additional points by the 

parties. 

Freeport McMoRan 

Freeport McMoRan has proposed, among other items, the following changes: 

I ) A modified approach to determining whether primary or secondary contact 

classification is appropriate for ephemeral and/or intem1ittent streams should be developed so 

that fewer unclassified ephemeral waters will need a site-specific UAA assessment. 

Response: This is a reasonable proposal. The limited presence of water should naturally 

result in limited opportunity for aquatic recreational contact. Therefore, it is UJmecessary to fully 

characterize ephemeral streams, such as is required with a UAA. Instead, a modified approach 

which focuses on a subset of parameters, such as is proposed by Freeport McMoRan, is more 

appropriate. 
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2) Many streams have separate segments that are ephemeral, intem1ittent, and/or 

2 perennial. Incorporate language that acknowledges that individual segments may have separate 

3 classifications or permit the segmentation of streams into segments with different classifications. 

4 Response: CMI supports the proposed changes, as it is impo11ant to recognize that 

5 streams can be variable throughout their length and standards should recognize this variability 

6 and the Commission should classify stream reaches appropriately. 

7 NMED (New Mexico Environment Department) 

8 NMED proposed a number of state-wide modifications, including: 

9 1) Incorporate a coolwater aquatic life use, defined as "in reference to aquatic life 

I 0 use means the water temperature and other characteristics are suitable for the support or 

11 propagation of aquatic life whose physiological tolerances are intermediate between those of 

12 warm and coldwater aquatic life." 

13 Response: CMI suppo11s the addition of a coolwater classification to better classify 

14 intermediate or transition regions. However~ we recommend modifying the definition to include 

15 aquatic life whose physiological tolerances overlap those of warm and/or cold aquatic life. 

16 While some species may actually be 'intermediate' , others are fully capable of tolerating warm, 

17 cool, and/or cold environments. 

18 In addition, NMED responded to CMI 's aluminum, cadmium, zinc, manganese, and 

19 molybdenum proposals. While NMED expressed support for the new manganese criteria, there 

20 were concerns about the other proposals. First, NMED pointed out that there were discrepancies 

21 between CMI and LANL 's aluminum, cadmium, and zinc proposals. These discrepancies have 

22 since been eliminated. Second, NMED was concerned about inconsistencies between CMI's 

23 proposals and technical documents for aluminum, cadmium, zinc, and molybdenum. These 
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inconsistencies have been corrected and the current proposals are reflected in CMI's technical 

2 documents dated August 28, 2009. 
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Notices 

This document has been reviewed in accordance with U.S. Environmental Protection Agency 
policy and approved for publication. 

Mention of trade names or commercial products does not constitute endorsement or 
recommendation for use. 

This document is available the public to through the National Technical Information Service 
(NTIS), 5285 Port Royal Road, Springfield, VA 22161. 

Special Note 

This December 20 I 0 electronic version of the 1985 Guidelines serves to meet the requirements of Section 
508 of the Rehabilitation Act. While converting the 1985 Guidelines to a 508-compliant version, EPA 
updated the taxonomic nomenclature in the tables of Appendix 1 to reflect changes that occurred since the 
table were originally produced in 1985. The numbers included for Phylum, Class and Family represent 
those currently in use from the Integrated Taxonomic Information System, or ITTS, and reflect what is 
referred to in TTIS as Taxonomic Serial Numbers. ITIS replaced the National Oceanographic Data Center 
(NODC) taxonomic coding system which was used to create the original taxonomic tables included in the 
1985 Guidelines document (NODC, Third Addition - see Introduction). For more information on the 
N 0 DC taxonomic codes, see http://www. node. noaa. gov/General/CD R-detdesc/taxonom ic-v 8. htm I. 

The code numbers included in the reference column of the tables have not been updated from the 1985 
version. These code numbers are associated with the old NODC taxonomic referencing system and are 
simply replicated here for historical purposes. Footnotes may or may not still apply. 

EPA is working on a more comprehensive update to the 1985 Guidelines, including new taxonomic tables 
which better reflect the large number of aquatic animal species known to be propagating in U.S. waters. 
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Executive Summary 

Derivation of numerical national water quality criteria for the protection of aquatic organism and 
their uses is a complex process (Figure 1) that uses information from many areas of aquatic 
toxicology. After a decision is made that a national criterion is needed for a particular material, 
all available information concerning toxicity to, and bioaccumulation by, aquatic organisms is 
collected, reviewed for acceptability, and sorted. If enough acceptable data on acute toxicity to 
aquatic animals are available, they are used to estimate the highest one-hour average 
concentration that should not result in unacceptable effects on aquatic organisms and their uses. 
If justified, this concentration is made a function of a water quality characteristic such as pH, 
salinity, or hardness. Similarly, data on the chronic toxicity of the material to aquatic animals are 
used to estimate the highest four-daily average concentration that should not cause unacceptable 
toxicity during a long-term exposure. If appropriate, this concentration is also related to a water 
quality characteristic. 

Data on toxicity to aquatic plants are examined to determine whether plants are likely to be 
unacceptably affected by concentrations that should not cause unacceptable effects on animals. 
Data on bioaccumulation by aquatic organisms are used to determine if residues might subject 
edible species to restrictions by the U.S. Food and Drug Administration or if such residues might 
harm some wildlife consumers of aquatic life. All other available data are examined for adverse 
effects that might be biologically important. 

If a thorough review of the pertinent information indicates that enough acceptable data are 
available, numerical national water quality criteria are derived for fresh water or salt water or 
both to protect aquatic organisms and their uses from unacceptable effects due to exposures to 
high concentrations for short periods of time, lower concentrations for longer periods of time, 
and combinations of the two. 
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Figure 1 

Derivation of Numerical National Water Quality Crtieria for the Protection of Aquatic Organisms and Their 
Uses 
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Introduction 

Of the several possible forms of criteria, the numerical form is the most common, but the 
narrative (e.g. , pollutants must not be present in harmful concentrations) and operational (e.g., 
concentrations of pollutants must not exceed one-tenth of the 96-hr LC50) forms can be used if 
numerical criteria are not possible or desirable. If it were feasible, a freshwater (or saltwater) 
numerical aquatic life national criterion* for a material should be determined by conducting field 
tests on a wide variety of unpolluted bodies of fresh (or salt) water. It would be necessary to add 
various amounts of the material to each body of water in order to determine the highest 
concentration that would not cause any unacceptable long-term or short-term effect on the 
aquatic organisms or their uses. The lowest of these highest concentrations would become the 
freshwater (or saltwater) national aquatic life water quality criterion for that material, unless one 
or more of the lowest concentrations were judged to be outliers. Because it is not feasible to 
determine national criteria by conducting such field tests, these Guidelines for Deriving 
Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their 
Uses (hereafter referred to as the National Guidelines) describe an objective, internally 
consistent, appropriate, and feasible way of deriving national criteria, which are intended to 
provide the same level of protection as the infeasible field testing approach described above. 

Because aquatic ecosystems can tolerate some stress and occasional adverse effects, protection 
of all species at all times and places is not deemed necessary. If acceptable data are available for 
a large number of appropriate taxa from an appropriate variety of taxonomic and functional 
groups, a reasonable level of protection will probably be provided if all except a small fraction of 
the taxa are protected, unless a commercially or recreationally important species is very 
sensitive. The small fraction is set at 0.05 because other fractions resulted in criteria that seemed 
too high or too low in comparison with the sets of data from which they were calculated. Use of 
0.05 to calculate a Final Acute Value does not imply that this percentage of adversely affected 
taxa should be used to decide in a field situation whether a criterion is too high or too low or just 
right. 

Determining the validity of a criterion derived for a particular body of water, possibly by 
modification of a national criterion to reflect local conditions 1

' 
2

' 
3

, should be based on an 
operation definition of "protection of aquatic organisms and their uses" that takes into account 
the practicalities of field monitoring programs and the concerns of the public. Monitoring 
programs should contain sampling points at enough times and places that all unacceptable 
changes, whether caused directly or indirectly, will be detected. The programs should adequately 
monitor the kinds of species of concern to the public, i.e., fi sh in fresh water and fish and 
macroinvertebrates in salt water. If the kinds of species of concern cannot be adequately 
monitored at a reasonable cost, appropriate surrogate species should be monitored. The kinds of 
species most likely to be good surrogates are those that either (a) are a major food of the desired 
kinds of species or (b) utilize the same food as the desired species or ( c) both. Even if a major 
adverse effect on appropriate surrogate species does not directly result in an unacceptable effect 
on the kinds of species of concern to the public, it indicates a high probability that such an effect 
will occur. 

•The tenn "national criteria" is used herein because it is more descriptive than the synonymous tenn "section 304(a) 
criteria", which is used in the Water Quality Standards Regulation [I]. 
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To be acceptable to the public and useful in field situations, protection of aquatic organisms and 
their uses should be defined as prevention of unacceptable long-term short-term effects on (1) 
commercially, recreationally, and other important species and (2) (a) fish and benthic 
invertebrate assemblages in rivers and streams, and (b) fish, benthic invertebrate, and 
zooplankton assemblages in lakes, reservoirs, estuaries, and oceans. Monitoring programs 
intended to be able to detect unacceptable effects should be tailored to the body of water of 
concern so that necessary samples are obtained at enough times and places to provide adequate 
data on the populations of the important species, as well as data directly related to the reasons for 
their being considered imp01iant. For example, for substances that are residue limited, species 
that are consumed should be monitored for contaminants to ensure that wildlife predators are 
protected, FDA action levels are not exceeded, and flavor is not impaired. Monitoring programs 
should also provide data on the number oftaxa and number of individuals in the above-named 
assemblages that can be sampled at reasonable cost. The amount of decrease in the number of 
taxa or number of individuals in an assemblage that should be considered unacceptable should 
take into account appropriate features of the body of water and its aquatic community. Because 
most monitoring programs can only detect decreases of more than 20 percent, any statistically 
significant decrease should usually be considered unacceptable. The insensitivity of most 
monitoring programs greatly limits their usefulness for studying the validity of criteria because 
unacceptable changes can occur and not be detected. Therefore, although limited field studies 
can sometimes demonstrate that criteria are underprotective, only high quality field studies can 
reliably demonstrate that criteria are not underprotective. 

If the purpose of water quality criteria were to protect only commercially and recreationally 
important species, criteria specifically derived to protect such species and their uses from the 
direct adverse effects of a material would probably, in most situations, also protect those species 
from indirect adverse effects due to effects of the material on other species in the ecosystem. For 
example, in most situations either the food chain would be more resistant than the important 
species and their uses or the important species and their food chains would be adaptable enough 
to overcome effects of the material on portions of the food chains. 

These National Guidelines have been developed on the theory that effects which occur on a 
species in appropriate laboratory tests will generally occur on the same species in comparable 
field situations. All North American bodies of water and resident aquatic species and their uses 
are meant to be taken into account, except for a few that may be too atypical, such as the Great 
Salt Lake, brine shrimp, and the siscowet subspecies of lake trout, which occurs in Lake Superior 
and contains up to 67% fat in the fillets 4

• Derivation of criteria specifically for the Great Salt 
Lake or Lake Superior might have to take brine shrimp and siscowet, respectively, into account. 

Numerical aquatic life criteria derived using these National Guidelines are expressed as two 
numbers, rather than the traditional one number, so that the criteria more accurately reflect 
toxicological and practical realities. If properly derived and used, the combination of a maximum 
concentration and a continuous concentration should provide an appropriate degree of protection 
of aquatic organisms and their uses from acute and chronic toxicity to animals, toxicity to plants, 
and bioaccumulation by aquatic organisms, without being as restrictive as a one-number criterion 
would have to be in order to provide the same degree of protection. 

Criteria produced by these Guidelines are intended to be useful for developing water quality 
standards, mixing zone standards, effluent limitations, etc. The development of such standards 
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and limitations, however, might have to take into account such additional factors as social, legal, 
economic, and hydrological considerations, the environmental and analytical chemistry of the 
material, the extrapolation from laboratory data to field situations, and relationships between 
species for which data are available and species in the body of water of concern. As an 
intermediate step in the development of standards, it might be desirable to derive site-specific 
criteria by modification of national criteria to reflect such local conditions as water quality, 
temperature, or ecologically important species 1 

• 
2

· 
3

• In addition, with appropriate modifications 
these National Guidelines can be used to derive criteria for any specific geographical area, body 
of water (such as the Great Salt Lake), or group of similar bodies of water, if adequate 
information is available concerning the effects of the material of concern on appropriate species 
and their uses. 

Criteria should attempt to provide a reasonable and adequate amount of protection with only a 
small possibility of considerable overprotection or underprotection. It is not enough that a 
national criterion be the best estimate that can be obtained using available data; it is equally 
important that a criterion be derived only if adequate appropriate data are available to provide 
reasonable confidence that it is a good estimate. Therefore, these National Guidelines specify 
certain data that should be available if a numerical criterion is to be derived. If all the required 
data are not available, usually a criterion should not be derived. On the other hand, the 
availability of all required data does not ensure that a criterion can be derived. 

A common belief is that national criteria are based on "worst case" assumptions and that local 
considerations will raise, but not lower, criteria. For example, it will usually be assumed that if 
the concentration of a material in a body of water is lower than the national criterion, no 
unacceptable effects will occur and no site-specific criterion needs to be derived. If, however, the 
concentration of a material in a body of water is higher than the national criterion, it will usually 
be assumed that a site-specific criterion should be derived. In order to prevent the assumption of 
the "worst case" nature of national criteria from resulting in the underprotection of too many 
bodies of water, national criteria must be intended to protect all or almost all bodies of water. 
Thus, if bodies of water and the aquatic communities in them do differ substantially in their 
sensitivities to a material, national criteria should be at least somewhat overprotective for a 
majority of the bodies of water. To do otherwise would either (a) require derivation of site­
specific criteria even if the site-specific concentration were substantially below the national 
criterion or (b) cause the "worst case" assumption to result in the underprotection of numerous 
bodies of water. On the other hand, national criteria are probably underprotective of some bodies 
of water. 

The two factors that will probably cause the most difference between national and site-specific 
criteria are the species that will be exposed and the characteristics of the water. In order to ensure 
that national criteria are appropriately protective, the required data for national criteria include 
some species that are sensitive to many materials and national criteria are specifically based on 
tests conducted in water relatively low in particulate matter and organic matter. Thus, the two 
factors that will usually be considered in the derivation of site-specific criteria from national 
criteria are used to help ensure that national criteria are appropriately protective. 

On the other hand, some local conditions might require that site-specific criteria be lower than 
national criteria. Some untested locally important species might be very sensitive to the material 
of concern, and local water quality might not reduce the toxicity of the material. In addition, 
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aquatic organisms in field situations might be stressed by diseases, parasites, predators, other 
pollutants, contaminated or insufficient food, and fluctuating and extreme conditions of flow, 
water quality, and temperature. Further, some materials might degrade to more toxic materials, 
or some important community functions or species interactions might be adversely affected by 
concentrations lower than those that affect individual species. 

Criteria must be used in a manner that is consistent with the way in which they were derived if 
the intended level of protection is to be provided in the real world. Although derivation of water 
quality criteria for aquatic life is constrained by the ways toxicity and bioconcentration tests are 
usually conducted, there are still many different ways that criteria can be derived, expressed, and 
used. The means used to derive and state criteria should relate, in the best possible way, the kinds 
of data that are available concerning toxicity and bioconcentration and the ways criteria can be 
used to protect aquatic organisms and their uses. 

The major problem is to determine the best way that the statement of a criterion can bridge the 
gap between the nearly constant concentrations used in most toxicity and bioconcentration tests 
and the fluctuating concentrations that usually exist in the real world. A statement of a criterion 
as a number that is not to be exceeded any time or place is not acceptable because few, if any, 
people who use criteria would take it literally and few, if any, toxicologists would defend a literal 
interpretation. Rather than try to reinterpret a criterion that is neither useful nor valid, it is better 
to develop a more appropriate way of stating criteria. 

Although some materials might not exhibit thresholds, many materials probably do. For any 
threshold material, continuous exposure to any combination of concentrations below the 
threshold will not cause an unacceptable effect (as defined on pages 1 and 2) on aquatic 
organisms and their uses, except that the concentration of a required trace nutrient might be too 
low. However, it is important to note that this is a threshold of unacceptable effect, not a 
threshold of adverse effect. Some adverse effect, possibly even a small reduction in the survival, 
growth, or reproduction of a commercially or recreationally important species, will probably 
occur at, and possibly even below, the threshold. The Criterion Continuous Concentration (CCC) 
is intended to be a good estimate of this threshold of unacceptable effect. If maintained 
continuously, any concentration above the CCC is expected to cause an unacceptable effect. On 
the other hand, the concentration of a pollutant in a body of water can be above the CCC without 
causing an unacceptable effect if (a) the magnitudes and durations of the excursions above the 
CCC are appropriately limited and (b) there are compensating periods of time during which the 
concentration is below the CCC. The higher the concentration is above the CCC, the shorter the 
period of time it can be tolerated. But it is unimportant whether there is any upper limit on 
concentrations that can be tolerated instantaneously or even for one minute because 
concentrations outside mixing zones rarely change substantially in such short periods of time. 

An elegant, general approach to the problem of defining conditions (a) and (b) would be to 
integrate the concentration over time, taking into account uptake and depuration rates, transport 
within the organism to a critical site, etc. Because such an approach is not currently feasible, an 
approximate approach is to require that the average concentration not exceed the CCC. The 
average concentration should probably be calculated as the arithmetic average rather than the 
geometric mean 5

• If a suitable averaging period is selected, the magnitudes and durations of 
concentrations above the CCC will be appropriately limited, and suitable compensating periods 
below the CCC will be required. 
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In the elegant approach mentioned above, the uptake and depuration rates would determine the 
effective averaging period, but these rates are likely to vary from species to species for any 
particular material. Thus the elegant approach might not provide a definitive answer to the 
problem of selecting an appropriate averaging period. An alternative is to consider that the 
purpose of the averaging period is to allow the concentration to be above the CCC only if the 
allowed fluctuating concentrations do not cause more adverse effect than would be caused by a 
continuous exposure to the CCC. For example, if the CCC caused a 10% reduction in growth of 
rainbow trout, or a 13% reduction in survival of oysters, or a 7% reduction in reproduction of 
small mouth bass, it is the purpose of the averaging period to allow concentrations above the 
CCC only if the total exposure will not cause any more adverse effect than continuous exposure 
to the CCC would cause. 

Even though only a few tests have compared the effects of a constant concentration with the 
effects of the same average concentration resulting from a fluctuating concentration, nearly all 
the available comparisons have shown that substantial fluctuations result in increased adverse 
effects s, 6• Thus if the averaging period is not to allow increased adverse effects, it must not 
allow substantial fluctuations. Life-cycle tests with species such as mysids and daphnids and 
early life-stage tests with warmwater fishes usually last for 20 to 30 days. An averaging period 
that is equal to the length of the test will obviously allow the worst possible fluctuations and 
would very likely allow increased adverse effects. 

An averaging period of four days seems appropriate for use with the CCC for two reasons. First, 
it is substantially shorter than the 20 to 30 days that is obviously unacceptable. Second, for some 
species it appears that the results of chronic tests are due to the existence of a sensitive life stage 
at some time during the test 7

, rather than being caused by either long-term stress or long-term 
accumulation of the test material in the organism. The existence of a sensitive life stage is 
probably the cause of acute-chronic ratios that are not much greater than 1, and is also possible 
when the ratio is substantially greater than 1. In addition, some experimentally determined acute­
chronic ratios are somewhat less than 1, possibly because prior exposure during the chronic test 
increased the resistance of the sensitive life stage 8

. A four-day averaging period will probably 
prevent increased adverse effects on sensitive life stages by limiting the durations and 
magnitudes of exceedences * of the CCC. 

The considerations applied to interpretation of the CCC also apply to the CMC. For the CMC the 
averaging period should again be substantially less than the lengths of the tests it is based on, i.e., 
substantially less than 

48 to 96 hours. One hour is probably an appropriate averaging period because high 
concentrations of some materials can cause death in one to three hours. Even when organisms do 
not die within the first hom or so, it is not known how many might have died due to delayed 
effects of this short of an exposure. Thus it is not appropriate to allow concentrations above the 
CMC to exist for as long as one hour. 

The durations of the averaging periods in national criteria have been made short enough to 
restrict allowable fluctuations in the concentration of the pollutant in the receiving water and to 
restrict the length of time that the concentration in the receiving water can be continuously above 

• Although "exceedence" has not been found in any dictionary, it is used here because it is not appropriate to use 
"violation" in conjunction with criteria, no other word seems appropriate, and all appropriate phrases are awkward. 

5 



a criterion concentrations. The statement of a criterion could specify that the four-day average 
should never exceed the CCC and that the one-hour average should never exceed the CMC. 
However, one of the most important uses of criteria is for designing waste treatment facilities. 
Such facilities are designed based on probabilities and it is not possible to design for a zero 
probability. Thus, one of the important design parameters is the probability that the four-day 
average or the one-hour-average will be exceeded, or, in other words, the frequency with which 
exceedences will be allowed. 

The frequency of allowed exceedences should be based on the ability of aquatic ecosystems to 
recover from the exceedences, which will depend in part on the magnitudes and durations of the 
exceedences. It is important to realize that high concentrations caused by spills and similar major 
events are not what is meant by an "exceedence", because spills and other accidents are not part 
of the design of the normal operation of waste treatment facilities. Rather, exceedences are 
extreme values in the distribution of ambient concentrations and this distribution is the result of 
the usual variations in the flows of both the effluent and the receiving water and the usual 
variations in the concentrations of the material of concern in both the effluent and in the 
upstream receiving water. Because exceedences are the result of usual variation, most of the 
exceedences will be small and exceedences as large as a factor of two will be rare. In addition, 
because these exceedences are due to random variation, they will not be evenly spaced. In fact, 
because many receiving waters have both one-year and multi-year cycles and many treatment 
facilities have daily, weekly, and yearly cycles, exceedences will often be grouped, rather than 
being evenly spaced or randomly distributed. If the flow of the receiving water is usually much 
greater than the flow of the effluent, normal variation and the flow cycles will result in the 
ambient concentration usually being below the CCC, occasionally being near the CCC, and 
rarely being above the CCC. In addition, exceedences that do occur will be grouped. On the 
other hand, if the flow of the effluent is much greater than the flow of the receiving water, the 
concentration might be close to the CCC much of the time and rarely above the CCC, with 
exceedences being randomly distributed. 

The abilities of ecosystems to recover differ greatly, and depend on the pollutant, the magnitude 
and duration of the exceedence, and the physical and biological features of the ecosystem. 
Documented studies of recoveries are few, but some systems recover from small stresses in six 
weeks whereas other systems take more than ten years to recover from severe stress 3

. Although 
most exceedences are expected to be very small, larger exceedences will occur occasionally. 
Most aquatic ecosystems can probably recover from most exceedences in about three years. 
Therefore, it does not seem reasonable to purposely design for stress above that caused by the 
CCC to occur more than once every three years on the average, just as it does not seem 
reasonable to require that these kinds of stresses only occur once every five or ten years on the 
average. 

If the body of water is not subject to anthropogenic stress other than the exceedences of concern 
and if exceedences as large as a factor of two are rare, it seems reasonable that most bodies of 
water could tolerate exceedences once every three years on the average. In situations in which 
exceedences are grouped, several exceedences might occur in one or two years, but then there 
will be, for example, 10 to 20 years during which no exceedences will occur and the 
concentration will be substantially below the CCC most of the time. In situations in which the 
concentration is often close to the CCC and exceedences are randomly distributed, some adverse 
effect will occur regularly, and small additional, unacceptable effects will occur about every 
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third year. The relative long-term ecological consequences of evenly spaced and grouped 
exceedences are unknown, but because most exceedences will probably be small, the long-term 
consequences should be about equal over long periods of time. 

The above considerations lead to a statement of a criterion in the frequency-intensity-duration 
format that is often used to describe rain and snow fall and stream flow, e.g. , how often, on the 
average, does more than ten inches ofrain fall in a week? The numerical values chosen for 
frequency (or average recurrence interval), intensity (i.e., concentration), and duration (of 
averaging period) are those appropriate for national criteria. Whenever adequately justified, a 
national criterion may be replaced by a site-specific criterion 1

, which may include not only site­
specific criterion concentrations 2, but also site-specific durations of averaging periods and site­
specific frequencies of allowed exceedences 3. 

The concentrations, durations, and frequencies specified in criteria are based on biological, 
ecological, and toxicological data, and are designed to protect aquatic organisms and their uses 
from unacceptable effects. Use of criteria for designing waste treatment facilities requires 
selections of an appropriate wasteload allocation model. Dynamic models are preferred for the 
application of water quality criteria, but a steady-state model might have to be used instead of a 
dynamic model in some situations. Regardless of the model that is used, the durations of the 
averaging periods and the frequencies of allowed exceedences must be applied correctly if the 
intended level of protection is to be provided. For example, in the criterion statement frequency 
refers to the average frequency, over a long period of time, ofrare events (i.e., exceedences). 
However, in some disciplines, frequency is often thought of in terms of the average frequency, 
over a long period of time, of the years is which rare events occur, without any consideration of 
how many rare events occur within each of those eventful years. The distinction between the 
frequency of events and the frequency of years in important for all those situations in which the 
rare events, e.g. , exceedences, tend to occur in groups within the eventful years. The two ways of 
calculating frequency produce the same results in situations in which each rare event occurs in a 
different year because then the frequency of events is the same as the frequency of eventful 
years. 

Because fresh water and salt water have basically different chemical compositions and because 
freshwater and saltwater (i.e. , estuarine and true marine) species rarely inhabit the same water 
simultaneously, these National Guidelines provide for the derivation of separate criteria for these 
two kinds of water. For some materials sufficient data might not be available to allow derivation 
of criteria for one or both kinds of water. Even though absolute toxicities might be different in 
fresh and salt waters, such relative data as acute-chronic ratios and bioconcentration factors often 
appear to be similar in the two waters. When data are available to indicate that these ratios and 
factors are probably similar, they are used interchangeably. 

The material for which a criterion is desired is usually defined in terms of a particular chemical 
compound or ion, or a group of closely related compounds or ions, but it might possibly be 
defined in terms of an effluent. These National Guidelines might also be useful for deriving 
criteria for temperature, dissolved oxygen, suspended solids, pH, etc., if the kinds of data on 
which the Guidelines are based are available. 

Because they are meant to be applied only after a decision has been made that a national water 
quality criterion for aquatic organisms is needed for a material, these National Guidelines do not 
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address the rationale for making that decision. If the potential for adverse effects on aquatic 
organisms and their uses is part of the basis for deciding whether an aquatic life criterion is 
needed for a material, these Guidelines will probably be helpful in the collection and 
interpretation of relevant data. Such properties as volatility might affect the fate of a material in 
the aquatic environment and might be important when determining whether a criterion is needed 
for a material; for example, aquatic life criteria might not be needed for materials that are highly 
volatile or highly degradable in water. Although such properties can affect how much of the 
material will get from the point of discharge through any allowed mixing zone to some portion of 
the ambient water and can also affect the size of the zone of influence in the ambient water, such 
properties do not affect how much of the material aquatic organisms can tolerate in the zone of 
influence. 

This version of the National Guidelines provides clarifications, additional details, and technical 
and editorial changes from the previous version 9

. These modifications are the result of 
comments on the previous version and subsequent drafts 10

, experience gained during the U.S. 
EPA' s use of previous versions and drafts, and advances in aquatic toxicology and related fields. 
Future versions will incorporate new concepts and data as their usefulness is demonstrated. The 
major technical changes incorporated into this version of the National Guidelines are: 

1. The requirement for acute data for freshwater animals has been changed to include more 
tests with invertebrate species. The taxonomic, functional, and probably the toxicological, 
diversities among invertebrate species are greater than those among vertebrate species 
and this should be reflected in the required data. 

2. When available, 96-hr EC50s based on the percentage of fish immobilized plus the 
percentage of fish killed are used instead of 96-hr LC50s for fish; comparable EC50s are 
used instead of LC50s for other species. Such appropriately defined EC50s better reflect 
the total severe acute adverse impact of the test material on the test species than do 
LC50s or narrowly defined EC50s. Acute EC50s that are based on effects that are not 
severe, such as reduction in shell deposition and reduction in growth, are not used in 
calculating the Final Acute Value. 

3. The Final Acute Value is now defined in terms of Genus Mean Acute Values rather than 
Species Mean Acute Values. A Genus Mean Acute Value is the geometric mean of all the 
Species Mean Acute Values available for species in the genus. On the average, species 
within a genus are toxicologically much more similar than species in different genera, 
and so the use of Genus Mean Acute Values will prevent data sets from being biased by 
an overabundance of species in one or a few genera. 

4. The Final Acute Value is now calculated using a method 11 that is not subject to the bias 
and anomalous behavior that the previous method was. The new method is also less 
influenced by one very low value because it always gives equal weight to the four values 
that provide the most information about the cumulative probability of 0.05. Although the 
four values receive the most weight, the other values do have a substantial effect on the 
Final Acute Value (see examples in Appendix 2). 

5. The requirements for using the results of tests with aquatic plants have been made more 
stringent. 
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6. Instead of being equal to the Final Acute Value, the Criterion Maximum Concentration is 
now equal to one-half the Final Acute Value. The Criterion Maximum Concentration is 
intended to protect 95 percent of a group of diverse genera, unless a commercially or 
recreationally important species is very sensitive. However, a concentration that would 
severely harm 50 percent of the fifth percentile or 50 percent of a sensitive important 
species cannot be considered to be protective of that percentile or that species. Dividing 
the Final Acute Value by 2 is intended to result in a concentration that will not severely 
adversely affect too many of the organisms. 

7. The lower of the two numbers in the criterion is now called the Criterion Continuous 
Concentration, rather than the Criterion Average Concentration, to more accurately 
reflect the nature of the toxicological data on which it is based. 

8. The statement of a criterion has been changed (a) to include durations of averaging 
periods and frequencies of allowed exceedences that are based on what aquatic organisms 
and their uses can tolerate, and (b) to identify a specific situation in which site-specific 
criteria I, 

2
' 

3 are probably desirable. 

In addition, Appendix 1 was added to aid in determining whether a species should be considered 
resident in North America and its taxonomic classification. Appendix 2 explains the calculation 
of the Final Acute Value. 

The amount of guidance in these National Guidelines has been increased, but much of the 
guidance is necessarily qualitative rather than quantitative; much judgment will usually be 
required to derive a water quality criterion for aquatic organisms and their uses. In addition, 
although this version of the National Guidelines attempts to cover all major questions that have 
arisen during use of previous versions and drafts, it undoubtedly does not cover all situations that 
might occur in the future. All necessary decisions should be based on a thorough knowledge of 
aquatic toxicology and an understanding of these Guidelines and should be consistent with the 
spirit of these Guidelines, i.e., to make best use of the available data to derive the most 
appropriate criteria. These National Guidelines should be modified whenever sound scientific 
evidence indicates that a national criterion produced using these Guidelines would probably be 
substantially overprotective or underprotective of the aquatic organisms and their uses on a 
national basis. Derivation of numerical national water quality criteria for aquatic organisms and 
their uses is a complex process and requires knowledge in many areas of aquatic toxicology; any 
deviation from these Guidelines should be carefully considered to ensure that it is consistent with 
other parts of these Guidelines. 

I. Definition of Material of Concern 

A. Each separate chemical that does not ionize substantially in most natural bodies of 
water should usually be considered a separate material, except possibly for 
structurally similar organic compounds that only exist in large quantities as 
commercial mixtures of various compounds and apparently have similar biological, 
chemical, physical, and toxicological properties. 

B. For chemicals that do ionize substantially in most natural bodies of water (e.g., some 
phenols and organic acids, some salts of phenols and organic acids, and most 
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inorganic salts and coordination complexes of metals), all forms that would be in 
chemical equilibrium should usually be considered one material. Each different 
oxidation state of a metal and each different nonionizable covalently bonded 
organometallic compound should usually be considered a separate material. 

C. The definition of the material should include an operational analytical component. 
Identification of a material simply, for example, as "sodium" obviously implies "total 
sodium", but leaves room for doubt. If "total" is meant, it should be explicitly stated. 
Even "total" has different operational definitions, some of which do not necessarily 
measure "all that is there" in all samples. Thus, it is also necessary to reference or 
describe the analytical method that is intended. The operational analytical component 
should take into account the analytical and environmental chemistry of the material, 
the desirability of using the same analytical method on samples from laboratory tests, 
ambient water, and aqueous effluents, and various practical considerations, such as 
labor and equipment requirements and whether the method would require 
measurement in the field or would allow measurement after samples are transported 
to a laboratory. 

The primary requirements of the operational analytical component are that it be 
appropriate for use on samples of receiving water, that it be compatible with the 
available toxicity and bioaccumulation data without making extrapolations that are 
too hypothetical, and that it rarely result in underprotection or overprotection of 
aquatic organisms and their uses. Because an ideal analytical measurement will rarely 
be available, a compromise measurement will usually have to be used. This 
compromise measurement must fit with the general approach that if an ambient 
concentration is lower than the national criterion, unacceptable effects will probably 
not occur, i.e., the compromise measurement must not err on the side of 
underprotection when measurements are made on a surface water. Because the 
chemical and physical properties of an effluent are usually quite different from those 
of the receiving water, an analytical method that is acceptable for analyzing an 
effluent might not be appropriate for analyzing a receiving water, and vice versa. If 
the ambient concentration calculated from a measured concentration in an effluent is 
higher than the national criterion, an additional option is to measure the concentration 
after dilution of the effluent with receiving water to determine if the measured 
concentration is lowered by such phenomena as complexation or sorption. A further 
option, of course, is to derive a site-specific criterion 1

' 
2

' 
3

• Thus, the criterion should 
be based on an appropriate analytical measurement, but the criterion is not rendered 
useless if an ideal measurement either is not available or is not feasible. 

NOTE: The analytical chemistry of the material might have to be taken into account 
when defining the material or when judging the acceptability of some toxicity tests, 
but a criterion should not be based on the sensitivity of an analytical method. When 
aquatic organisms are more sensitive than routine analytical methods, the proper 
solution is to develop better analytical methods, not to underprotect aquatic life. 
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II. Collection of Data 

A. Collect all available data on the material concerning (a) toxicity to, and 
bioaccumulation by, aquatic animals and plants, (b) FDA action levels 12

, and ( c) 
chronic feeding studies and long-term field studies with wildlife species that regularly 
consume aquatic organisms. 

B. All data that are used should be available in typed, dated, and signed hard copy 
(publication, manuscript, letter, memorandum, etc.) with enough supporting 
information to indicate that acceptable test procedures were used and that the results 
are probably reliable . In some cases it may be appropriate to obtain additional written 
information from the investigator, if possible. Information that is confidential or 
privileged or otherwise not available for distribution should not be used. 

C. Questionable data, whether published or unpublished, should not be used. For 
example, data should usually be rejected if they are from tests that did not contain a 
control treatment, tests in which too many organisms in the control treatment died or 
showed signs of stress or disease, and tests in which distilled or deionized water was 
used as the dilution water without addition of appropriate salts. 

D. Data on technical grade materials may be used if appropriate, but data on formulated 
mixtures and emulsifiable concentrates of the material of concern should not be used. 

E. For some highly volatile, hydrolyzable, or degradable materials it is probably 
appropriate to use only results of flow-through tests in which the concentrations of 
test material in the test solutions were measured often enough using acceptable 
analytical methods. 

F. Data should be rejected if they were obtained using: 

1. Brine shrimp, because they usually only occur naturally in water with salinity 
greater than 35 g/kg. 

2. Species that do not have reproducing wild populations in North America (see 
Appendix I). 

3. Organisms that were previously exposed to substantial concentrations of the 
test material or other contaminants. 

G. Questionable data, data on formulated mixtures and emulsifiable concentrates, and 
data obtained with non-resident species in North America or previously exposed 
organisms may be used to provide auxiliary information but should not be used in the 
derivation of criteria. 

Ill. Required data 

A. Certain data should be available to help ensure that each of the four major kinds of 
possible adverse effects receives adequate consideration. Results of acute and chronic 
toxicity tests with representative species of aquatic animals are necessary so that data 
available for tested species can be considered a useful indication of the sensitivities of 
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appropriate untested species. Fewer data concerning toxicity to aquatic plants are 
required because procedures for conducting tests with plants and interpreting the 
results of such tests are not as well developed. Data concerning bioaccumulation by 
aquatic organisms are only required if relevant data are available concerning the 
significance of residues in aquatic organisms. 

B. To derive a criterion for freshwater aquatic organisms and their uses, the following 
should be available: 

1. Results of acceptable acute tests (see Section IV) with at least one species 
of freshwater animal in at least eight different families such that all of the 
following are included: 

a. the family Salmonidae in the class Osteichthyes 

b. a second family in the class Osteichthyes, preferably a 
commercially or recreationally important warmwater species 
(e.g., bluegill, channel catfish, etc.) 

c. a third family in the phylum Chordata (may be in the class 
Osteichthyes or may be an amphibian, etc.) 

d. a planktonic crustacean (e.g., cladoceran, copepod, etc.) 

e. a benthic crustacean (e.g., ostracod, isopod, amphipod, crayfish, 
etc.) 

f. an insect (e.g., mayfly, dragonfly, damselfly, stonefly, caddisfly, 
mosquito, midge, etc.) 

g. a family in a phylum other than Arthropoda or Chordata (e.g., 
Rotifera, Annelida, Mollusca, etc.) 

h. a family in any order of insect or any phylum not already 
represented. 

2. Acute-chronic ratios (see Section VI) with species of aquatic animals in at 
least three different families provided that one of the three species: 

• at least one is a fish 

• at least one is an invertebrate 

• at least one is an acutely sensitive freshwater species (the other two 
may be saltwater species). 

3. Results of at least one acceptable test with a freshwater alga or vascular 
plant (see Section VIII). If plants are among the aquatic organisms that 
are most sensitive to the material, results of a test with a plant in another 
phylum (division) should also be available. 
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4. At least one acceptable bioconcentration factor determined with an 
appropriate freshwater species, if a maximum permissible tissue 
concentration is available (see Section IX). 

C. To derive a criterion for saltwater aquatic organisms and their uses, the following 
should be available: 

1. Results of acceptable acute tests (see Section JV) with at least one species of 
saltwater animal in at least eight different families such that all of the 
following are included: 

a. two families in the phylum Chordata 

b. a family in a phylum other than Arthropoda or Chordata 

c. either the Mysidae or Penaeidae family 

d. three other families not in the phylum Chordata (may include 
Mysidae or Penaeidae, whichever was not used above) 

e. any other family. 

2. Acute-chronic ratios (see Section VI) with species of aquatic animals in at 
least three different families provided that of the three species: 

• at least one is a fish 

• at least one is an invertebrate 

• at least one is an acutely sensitive saltwater species (the other two may be 
freshwater species). 

3. Results of at least one acceptable test with a saltwater alga or vascular plant 
(see Section VIII). If plants are among the aquatic organisms most sensitive 
to the material, results of a test with a plant in another phylum (division) 
should also be available. 

4. At least one acceptable bioconcentration factor determined with an 
appropriate saltwater species, if a maximum permissible tissue concentration 
is available (see Section IX). 

D. If all the required data are available, a numerical criterion can usually be derived, 
except in special cases. For example, derivation of a criterion might not be possible if 
the available acute-chronic ratios vary by more than a factor of ten with no apparent 
pattern. Also, if a criterion is to be related to a water quality characteristic (see 
Sections V and VII), more data will be necessary. 

Similarly, if all required data are not available, a numerical criterion should not be 
derived except in special cases. For example, even if not enough acute and chronic 
data are available, it might be possible to derive a criterion if the available data 
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clearly indicate that the Final Residue Value should be much lower than either the 
Final Chronic Value or Final Plant Value. 

E. Confidence in a criterion usually increases as the amount of available pertinent data 
increases. Thus, additional data are usually desirable. 

IV. Final Acute Value 

A. Appropriate measures of the acute (short-term) toxicity of the material to a variety of 
species of aquatic animals are used to calculate the Final Acute Value. The Final 
Acute Value is an estimate of the concentration of the material corresponding to a 
cumulative probability of 0.05 in the acute toxicity values for the genera with which 
acceptable acute tests have been conducted on the material. However, in some cases, 
if the Species Mean Acute Value of a commercially or recreationally important 
species is lower than the calculated Final Acute Value, then that Species Mean Acute 
Value replaces the calculated Final Acute Value in order to provide protection for that 
important species. 

B. Acute toxicity tests should have been conducted using acceptable procedures 13
• 

C. Except for test with saltwater annelids and mysids, results of acute tests during which 
the test organisms were fed should not be used, unless data indicate that the food did 
not affect the toxicity of the test material. 

D. Results of acute tests conducted in unusual dilution water, e.g., dilution water in 
which total organic carbon or particulate matter exceeded 5 mg/L, should not be used, 
unless a relationship is developed between acute toxicity and organic carbon or 
particulate matter or unless data show that organic carbon, particulate matter, etc. , do 
not affect toxicity. 

E. Acute values should be based on endpoints which reflect the total severe acute 
adverse impact of the test material on the organisms used in the test. Therefore, only 
the following kinds of data on acute toxicity to aquatic animals should be used: 

1. Tests with daphnids and other cladocerans should be started with organisms less 
than 24 hours old and tests with midges should be started with second- or third­
instar larvae. The result should be the 48-hr EC50 based on percentage of 
organisms immobilized plus percentage of organisms killed. If such an EC50 is 
not available from a test, the 48-hr LC50 should be used in place of the desired 
48-hr EC50. An EC50 or LC50 of longer than 48 hr can be used as long as the 
animals were not fed and the control animals were acceptable at the end of the 
test. 

2. The result of a test with embryos and larvae of barnacles, bivalve molluscs 
(clams, mussels, oysters, and scallops), sea urchins, lobsters, crabs, shrimp, and 
abalones, should be the 96-hr EC50 based on the percentage of organisms with 
incompletely developed shells plus the percentage of organisms killed. If such an 
EC50 is not available from a test, the lower of the 96-hr EC50 based on the 
percentage of organisms with incompletely developed shells and the 96-hr LC50 
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should be used in place of the desired 96-hr EC50. If the duration of the test was 
between 48 and 96 hr, the EC50 or LC50 at the end of the test should be used. 

3. The acute values from tests with all other freshwater and saltwater animal species 
and older life stages of barnacles, bivalve molluscs, sea urchins, lobsters, crabs, 
shrimps, and abalones should be the 96-hr EC50 based on the percentage of 
organisms exhibiting loss of equilibrium plus the percentage of organisms 
immobilized plus the percentage of organisms killed. If such an EC50 is not 
available from a test, the 96-hr LC50 should be used in place of the desired 96-hr 
EC50. 

4. Tests with single-celled organisms are not considered acute tests, even if the 
duration was 96 hours or less. 

5. If the tests were conducted properly, acute values reported as "greater than" 
values and those which are above the solubility of the test material should be 
used, because rejection of such acute values would unnecessarily lower the Final 
Acute Value by eliminating acute values for resistant species. 

F. If the acute toxicity of the material to aquatic animals apparently has been shown to 
be related to a water quality characteristic such as hardness or particulate matter for 
freshwater animals or salinity or particulate matter for saltwater animals, a Final 
Acute Equation should be derived based on that water quality characteristic. Go to 
Section V. 

G. If the available data indicate that one or more life stages are at least a factor of two 
more resistant than one or more other life stages of the same species, the data for the 
more resistant life stages should not be used in the calculation of the Species Mean 
Acute Value because a species can only be considered protected from acute toxicity if 
all life stages are protected. 

H. The agreement of the data within and between species should be considered. Acute 
values that appear to be questionable in comparison with other acute and chronic data 
for the same species and for other species in the same genus probably should not be 
used in calculation of a Species Mean Acute Value. For example, ifthe acute values 
available for a species or genus differ by more than a factor of 10, some or all of the 
values probably should not be used in calculations. 

I. For each species for which at least one acute value is available, the Species Mean 
Acute Value (SMA V) should be calculated as the geometric mean of the results of all 
flow-through tests in which the concentrations of test material were measured. For a 
species for which no such result is available, the SMA V should be calculated as the 
geometric mean of all available acute values, i.e., results of flow-through tests in 
which the concentrations were not measured and results of static and renewal tests 
based on initial concentrations (nominal concentrations are acceptable for most test 
materials if measured concentrations are not available) of test material. 

NOTE: Data reported by original investigators should not be rounded off. Results of 
all intermediate calculations should be rounded 14 to four significant digits. 
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NOTE: The geometric mean ofN numbers is the Nth root of the product of the N 
numbers. Alternatively, the geometric mean can be calculated by adding the 
logarithms of the N numbers, dividing the sum by N, and taking the antilog of the 
quotient. The geometric mean of two numbers is the square root of the product of the 
two numbers, and the geometric mean of one number is that number. Either natural 
(base e) or common (base 10) logarithms can be used to calculate geometric means as 
long as they are used consistently within each set of data, i.e., the antilog used must 
match the logarithm used. 

NOTE: Geometric means, rather than arithmetic means, are used here because the 
distributions of sensitivities of individual organisms in toxicity tests on most 
materials and the distributions of sensitivities of species within a genus are more 
likely to be lognormal than normal. Similarly, geometric means are used for acute­
chronic ratios and bioconcentration factors because quotients are likely to be closer to 
lognormal than normal distributions. In addition, division of the geometric mean of a 
set of numerators by the geometric mean of the set of corresponding denominators 
will result in the geometric mean of the set of corresponding quotients. 

J. For each genus for which one or more SMA Vs are available, the Genus Mean Acute 
Value (GMAV) should be calculated as the geometric mean of the SMAVs available 
for the genus. 

K. Order the OMA Vs from high to low. 

L. Assign ranks, R, to the GMAVs from "1" for the lowest to "N" for the highest. If two 
or more OMA Vs are identical, arbitrarily assign them successive ranks. 

M. Calculate the cumulative probability, P, for each OMA V as R/(N+ I). 

N. Select the four GMAVs which have cumulative probabilities closest to 0.05 (if there 
are less than 59 GMAVs, these will always be the four lowest GMAVs). 

0. Using the selected GMAVs and Ps, calculate 

L ((ln GMA V) 2
) - ((L In GMAV)) 2 I 4 s2 = =---------"=------

I (F) - ((L (-fP)) 2 I 4) 

L= CL (lnGMAV) - S(L(#))) / 4 

A= SCJ0 .05) + L 

FAY= eA 

(See 11 for development of the calculation procedure and Appendix 2 for an example 
calculations and computer program.) 

NOTE: Natural logarithms (logarithms to base e, denoted as ln) are used herein 
merely because they are easier to use on some hand calculators and computers than 
common (base 10) logarithms. Consistent use of either will produce the same result. 
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P. If for a commercially or recreationally important species the geometric mean of the 
acute values from ~flow-through tests in which the concentrations of test material 
were measured is lower than the calculated Final Acute Value, then that geometric 
mean should be used as the Final Acute Value instead of the calculated Final Acute 
Value. 

Q. Go to Section VI. 

V. Final Acute Equation 

A. When enough data are available to show that acute toxicity to two or more species is 
similarly related to a water quality characteristic, the relationship should be taken into 
account as described in Sections B-G below or using analysis of covariance 15
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The two methods are equivalent and produce identical results. The manual method 
described below provides an understanding of this application of covariance analysis, 
but computerized versions of covariance analysis are much more convenient for 
analyzing large data sets. If two or more factors affect toxicity, multiple regression 
analysis should be used. 

B. For each species for which comparable acute toxicity values are available at two or 
more different values of the water quality characteristic, perform a least squares 
regression of the acute toxicity values on the corresponding values of the water 
quality characteristic to obtain the slope and its 95% confidence limits for each 
species. 

NOTE: Because the best documented relationship is that between hardness and acute 
toxicity of metals in fresh water and a log-log relationship fits these data, geometric 
means and natural logarithms of both toxicity and water quality are used in the rest of 
this section. For relationships based on other water quality characteristics, such as 
pH, temperature, or salinity, no transformation or a different transformation might fit 
the data better, and appropriate changes will be necessary throughout this section. 

C. Decide whether the data for each species is useful, taking into account the range and 
number of the tested values of the water quality characteristic and the degree of 
agreement within and between species. For example, a slope based on six data points 
might be of limited value if it is based only on data for a very narrow range of values 
of the water quality characteristic. A slope based on only two data points, however, 
might be useful if it is consistent with other information and if the two points cover a 
broad enough range of the water quality characteristic. In addition, acute values that 
appear to be questionable in comparison with other acute and chronic data available 
for the same species and for other species in the same genus probably should not be 
used. For example, if after adjustment for the water quality characteristic, the acute 
values available for a species or genus differ by more than a factor of 10, rejection of 
some or all of the values is probably appropriate. If useful slopes are not available for 
at least one fish and one invertebrate or if the available slopes are too dissimilar or if 
too few data are available to adequately define the relationship between acute toxicity 
and the water quality characteristic, return to Section IV.G., using the results of tests 
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conducted under conditions and in waters similar to those commonly used for toxicity 
tests with the species. 

D. Individually for each species calculate the geometric mean of the available acute 
values and then divide each of the acute values for a species by the mean for the 
species. This normalizes the acute values so that the geometric mean of the 
normalized values for each species individually and for any combination of species is 
1.0. 

E. Similarly normalize the values of the water quality characteristic for each species 
individually. 

F. Individually for each species perform a least squares regression of the normalized 
acute toxicity values on the corresponding normalized values of the water quality 
characteristic. The resulting slopes and 95% confidence limits will be identical to 
those obtained in Section B above. Now, however, if the data are actually plotted, the 
line of best fit for each individual species will go through the point 1, I in the center of 
the graph. 

G. Treat all the normalized data as if they were all for the same species and perform a 
least squares regression of all the normalized acute values on the corresponding 
normalized values of the water quality characteristic to obtain the pooled acute slope, 
V, and its 95% confidence limits. If all the normalized data are actually plotted, the 
line of best fit will go through the point I , I in the center of the graph. 

H. For each species calculate the geometric mean, W, of the acute toxicity values and the 
geometric mean, X, of the values of the water quality characteristic. (These were 
calculated in steps D and E above.) 

I. For each species calculate the logarithm, Y, of the SMAV at a selected value, Z, of 
the water quality characteristic using the equation: 

Y = In W - V(ln X - In Z). 

J. For each species calculate the SMAV at Z using the equation: SMAY = e v. 

NOTE: Alternatively, the SMAVs at Z can be obtained by skipping step H above, 
using the equations in steps I and J to adjust each acute value individually to Z, and 
then calculating the geometric mean of the adjusted values for each species 
individually. This alternative procedure allows an examination of the range of the 
adjusted acute values for each species. 

K. Obtain the Final Acute Value at Z by using the procedure described in Section IV .J­
O. 

L. If the SMA V at Z of a commercially or recreationally important species is lower than 
the calculated Final Acute Value at Z, then that SMA V should be used as the Final 
Acute Value at Z instead of the calculated Final Acute Value. 

M. The Final Acute Equation is written as: Final Acute Value = e(V(ln(water quality characteristic)) 
+In A - V[ln zn, where V = pooled acute slope and A = Final Acute Value at Z. Because 
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V, A, and Z are known, the Final Acute Value can be calculated for any selected 
value of the water quality characteristic. 

VI. Final Chronic Value 

A. Depending on the data that are available concerning chronic toxicity to aquatic 
animals, the Final Chronic Value might be calculated in the same manner as the Final 
Acute Value or by dividing the Final Acute Value by the Final Acute-Chronic Ratio. 
In some cases it may not be possible to calculate a Final Chronic Value. 

NOTE: As the name implies, the acute-chronic ration (ARC) is a way of relating 
acute and chronic toxicities. The acute-chronic ratio is basically the inverse of the 
application factor, but this new name is better because it is more descriptive and 
should help prevent confusion between "application factors" and "safety factors". 
Acute-chronic ratios and application factors are ways of relating the acute and chronic 
toxicities of a material to aquatic organisms. Safety factors are used to provide an 
extra margin of safety beyond the known or estimated sensitivities of aquatic 
organisms. Another advantage of the acute-chronic ratio is that it will usually be 
greater than one; this should avoid the confusion as to whether a large application 
factor is one that is close to unity or one that has a denominator that is much greater 
than the numerator. 

B. Chronic values should be based on results of flow-through (except renewal is 
acceptable for daphnids) chronic tests in which the concentrations of test material in 
the test solutions were properly measured at appropriate times during the test. 

C. Results of chronic tests in which survival, growth, or reproduction in the control 
treatment was unacceptably low should not be used. The limits of acceptability will 
depend on the species. 

D. Results of chronic tests conducted in unusual dilution water, e.g., dilution water in 
which total organic carbon or particulate matter exceeded 5 mg/L, should not be used, 
unless a relationship is developed between chronic toxicity and organic carbon or 
particulate matter or unless data show that organic carbon, particulate matter, etc., do 
not affect toxicity . 

E. Chronic values should be based on endpoints and lengths of exposure appropriate to 
the species. Therefore, only results of the following kinds of chronic toxicity tests 
should be used: 

1. Life-cycle toxicity tests consisting of exposures of each of two or more groups of 
individuals of a species to a different concentration of the test material throughout 
a life cycle. To ensure that all life stages and life processes are exposed, tests 
with fish should begin with embryos or newly hatched young less than 48 hours 
old, continue through maturation and reproduction, and should end not less than 
24 days (90 days for salmonids) after the hatching of the next generation. Tests 
with daphnids should begin with young less than 24 hours old and last for not less 
than 21 days. Tests with mysids should begin with young less than 24 hours old 
and continue until 7 days past the median time of first brood release in the 
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controls. For fish, data should be obtained and analyzed on survival and growth 
of adults and young, maturation of males and females, eggs spawned per female, 
embryo viability (salmonids only), and hatchability. For daphnids, data should be 
obtained and analyzed on survival and young per female. For mysids, data should 
be obtained and analyzed on survival, growth, and young per female. 

2. Partial life-cycle toxicity tests consisting of exposures of each of two or more 
groups of individuals of a species of fish to a different concentration of the test 
material through most portions of a life cycle. Partial life-cycle tests are allowed 
with fish species that require more than a year to reach sexual maturity, so that all 
major life stages can be exposed to the test material in less than 15 months. 
Exposure to the test material should begin with immature juveniles at least 2 
months prior to active gonad development, continue through maturation and 
reproduction, and end not less than 24 days (90 days for salmonids) after the 
hatching of the next generation. Data should be obtained and analyzed on 
survival and growth of adults and young, maturation of males and females, eggs 
spawned per female, embryo viability (salmonids only), and hatchability. 

3. Early life-stage toxicity tests consisting of 28- to 32-day (60 days post hatch for 
salmonids) exposures of the early life stages of a species of fish from shortly after 
fertilization through embryonic, larval, and early juvenile development. Data 
should be obtained and analyzed on survival and growth. 

NOTE: Results of an early life-stage test are used as predictions of results of 
life-cycle and partial life-cycle tests with the same species. Therefore, when 
results of a life-cycle or partial life-cycle test are available, results of an early life­
stage test with the same species should not be used. Also, results of early life­
stage tests in which the incidence of mortalities or abnormalities increased 
substantially near the end of the test should not be used because results of such 
tests are possibly not good predictions of the results of comparable life-cycle or 
partial life-cycle tests. 

F. A chronic value may be obtained by calculating the geometric mean of the lower and 
upper chronic limits from a chronic test or by analyzing chronic data using regression 
analysis. A lower chronic limit is the highest tested concentration (a) in an acceptable 
chronic test, (b) which did not cause an unacceptable amount of adverse effect on any 
of the specified biological measurements, and ( c) below which no tested 
concentration caused an unacceptable effect. An upper chronic limit is the lowest 
tested concentration (a) in an acceptable chronic test, (b) which did cause an 
unacceptable amount of adverse effect on one or more of the specified biological 
measurements, and (c) above which all tested concentrations also caused such an 
effect. 

NOTE: Because various authors have used a variety of terms and definitions to 
interpret and report results of chronic tests, reported results should be reviewed 
carefully. The amount of effect that is considered unacceptable is often based on a 
statistical hypothesis test, but might also be defined in terms of a specified percent 
reduction from the controls. A small percent reduction (e.g., 3%) might be 
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considered acceptable even if it is statistically significantly different from the control, 
whereas a large percent reduction (e.g., 30%) might be considered unacceptable even 
if it is not statistically significant. 

G. If the chronic toxicity of the material to aquatic animals apparently has been shown to 
be related to a water quality characteristic such as hardness or particulate matter for 
freshwater animals or salinity or particulate matter for saltwater animals, a Final 
Chronic Equation should be derived based on that water quality characteristic. Go to 
Section VII . 

H. If chronic values are available for species in eight families as described in Sections 
III.B. l or III.C.1, a Species Mean Chronic Value (SMCV) should be calculated for 
each species for which at least one chronic value is available by calculating the 
geometric mean of all chronic values available for the species, and appropriate Genus 
Mean Chronic Values should be calculated. The Final Chronic Value should then be 
obtained using the procedure described in Section IV.J-0. Then go to Section Vl.M. 

I. For each chronic value for which at least one corresponding appropriate acute value is 
available, calculate an acute-chronic ratio, using for the numerator the geometric 
mean of the results of all acceptable flow-through (except static is acceptable for 
daphnids) acute tests in the same dilution water and in which the concentrations were 
measured. For fish, the acute test(s) should have been conducted with juveniles. The 
acute test(s) should have been part of the same study as the chronic test. If acute tests 
were not conducted as part of the same study, acute tests conducted in the same 
laboratory and dilution water, but in a different study, may be used. If no such acute 
tests are available, results of acute tests conducted in the same dilution water in a 
different laboratory may be used. If no such acute tests are available, an acute­
chronic ratio should not be calculated. 

J. For each species, calculate the species mean acute-chronic ratio as the geometric 
mean of all acute-chronic ratios available for that species. 

K. For some materials the acute-chronic ratio seems to be the same for all species, but 
for other materials the ratio seems to increase or decrease as the Species Mean Acute 
Value (SMA V) increases. Thus the Final Acute-Chronic Ratio can be obtained in 
four ways, depending on the data available: 

I . If the species mean acute-chronic ratiOB seems to increase or decrease as the 
SMA V increases, the Final Acute-Chronic Ratio should be calculated as the 
geometric mean of the acute-chronic ratios for species whose SMA Vs are 
close to the Final Acute Value. 

2. If no major trend is apparent and the acute-chronic ratios for a number of 
species are within a factor of ten, the Final Acute-Chronic Ratio should be 
calculated as the geometric mean of all the species mean acute-chronic ratios 
available for both freshwater and saltwater species. 

3. For acute tests conducted on metals and possibly other substances with 
embryos and larvae of barnacles, bivalve molluscs, sea urchins, lobsters, 
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crabs, shrimp, and abalones (see Section IV.E.2), it is probably appropriate to 
assume that the acute-chronic ratio is 2. Chronic tests are very difficult to 
conduct with most such species, but it is likely that the sensitivities of 
embryos and larvae would determine the results of life-cycle tests. Thus, if 
the lowest available SMAVs were determined with embryos and larvae of 
such species, the Final Acute-Chronic Ratio should probably be assumed to be 
2, so that the Final Chronic Value is equal to the Criterion Maximum 
Concentration (see Section Xl.B). 

4. If the most appropriate species mean acute-chronic ratios are less than 2.0, and 
especially if they are less than 1.0, acclimation has probably occurred during 
the chronic test. Because continuous exposure and acclimation cannot be 
assured to provide adequate protection in field situations, the Final Acute­
Chronic Ratio should be assumed to be 2, so that the Final Chronic Value is 
equal to the Criterion Maximum Concentration (see Section XI.B). 

If the available species mean acute-chronic ratios do not fit one of these cases, a Final 
Acute-Chronic Ratio probably cannot be obtained, and a Final Chronic Value 
probably cannot be calculated. 

L. Calculate the Final Chronic Value by dividing the Final Acute Value by the Final 
Acute-Chronic Ratio. If there was a Final Acute Equation rather than a Final Acute 
Value, see also Section VII.A. 

M. If the Species Mean Chronic Value of a commercially or recreationally important 
species is lower than the calculated Final Chronic Value, then that Species Mean 
Chronic Value should be used as the Final Chronic Value instead of the calculated 
Final Chronic Value. 

N. Go to Section VIII. 

VII. Final Chronic Equation 

A. A Final Chronic Equation can be derived in two ways. The procedure described here 
in Section A will result in the chronic slope being the same as the acute slope. The 
procedure described in Sections B-N will usually result in the chronic slope being 
different from the actual slope. 

1. If acute-chronic ratios are available for enough species at enough values of 
the water quality characteristic to indicate that the acute-chronic ratio is 
probably the same for all species and is probably independent of the water 
quality characteristic, calculate the Final Acute-Chronic Ratio as the 
geometric mean of the available species mean acute-chronic ratios. 

2. Calculate the Final Chronic Value at the selected value Z of the water 
quality characteristic by dividing the Final Acute Value at Z (see Section 
V.M.) by the Final Acute-Chronic Ratio. 
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3. Use V =pooled acute slope (see section V.M.) as L = pooled chronic 
slope. 

4. Go to Section VII.M. 

B. When enough data are available to show that chronic toxicity to at least one species is 
related to a water quality characteristic, the relationship should be taken into account 
as described in Sections B-G below or using analysis of covariance 15
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methods are equivalent and produce identical results. The manual method described 
below provides an understanding of this application of covariance analysis, but 
computerized versions of covariance analysis are much more convenient for 
analyzing large data sets. If two more factors affect toxicity, multiple regression 
analysis should be used. 

C. For each species for which comparable chronic toxicity values are available at two or 
more different values of the water quality characteristic, perform a least squares 
regression of the chronic toxicity values on the corresponding values of the water 
quality characteristic to obtain the slope and its 95% confidence limits for each 
species. 

NOTE: Because the best documented relationship is that between hardness and acute 
toxicity of metals in fresh water and a log-log relationship fits these data, geometric 
means and natural logarithms of both toxicity and water quality are used in the rest of 
this section. For relationships based on other water quality characteristics, such as 
pH, temperature, or salinity, no transformation or a different transformation might fit 
the data better, and appropriate changes will be necessary throughout this section. It 
is probably preferable, but not necessary, to use the same transformation that was 
used with the acute values in Section V. 

D. Decide whether the data for each species is useful, taking into account the range and 
number of the tested values of the water quality characteristic and the degree of 
agreement within and between species. For example, a slope based on six data points 
might be oflimited value if it is based only on data for a very narrow range of values 
of the water quality characteristic. A slope based on only two data points, however, 
might be useful if it is consistent with other information and if the two points cover a 
broad enough range of the water quality characteristic. In addition, chronic values 
that appear to be questionable in comparison with other acute and chronic data 
available for the same species and for other species in the same genus probably 
should not be used. For example, if after adjustment for the water quality 
characteristic, the chronic values available for a species or genus differ by more than 
a factor of 10, rejection of some or all of the values is probably appropriate. If a 
useful chronic slope is not available for at least one species or if the available slopes 
are too dissimilar or if too few data are available to adequately define the relationship 
between chronic toxicity and the water quality characteristic, it might be appropriate 
to assume that the chronic slope is the same as the acute slope, which is equivalent to 
assuming that the acute-chronic ratio is independent of the water quality 
characteristic. Alternatively, return to Section Vl.H, using the results of tests 
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conducted under conditions and in waters similar to those commonly used for toxicity 
tests with the species. 

E. Individually for each species calculate the geometric mean of the available chronic 
values and then divide each chronic value for a species by the mean for the species. 
This normalizes the chronic values so that the geometric mean of the normalized 
values for each species individually and for any combination of species is 1.0. 

F. Similarly normalize the values of the water quality characteristic for each species 
individually. 

G. Individually for each species perform a least squares regression of the normalized 
chronic toxicity values on the corresponding normalized values of the water quality 
characteristic. The resulting slopes and the 95% confidence limits will be identical to 
those obtained in Section B above. Now, however, if the data are actually plotted, the 
line of best fit for each individual species will go through the point I , 1 in the center of 
the graph. 

H. Treat all the normalized data as if they were all for the same species and perform a 
least squares regression of all the normalized chronic values on the corresponding 
normalized values of the water quality characteristic to obtain the pooled chronic 
slope, L, and its 95% confidence limits. If all the normalized data are actually 
plotted, the line of best fit will go through the point 1, 1 in the center of the graph. 

I. For each species calculate the geometric mean, M, of the toxicity values and the 
geometric mean, P, of the values of the water quality characteristic. (These were 
calculated in steps E and F above.) 

J. For each species calculated the logarithm, Q, of the Species Mean Chronic Value at a 
selected value, Z, of the water quality characteristic using the equation: Q = In M -
L(ln P - In Z). 

NOTE: Although it is not necessary, it will usually be best to use the same value of 
the water quality characteristic here as was used in Section V .I. 

K. For each species calculate a Species Mean Chronic Value at Z using the equation: 
SMCV=eQ. 

NOTE: Alternatively, the Species Mean Chronic Values at Z can be obtained by 
skipping step J above, using the equations in steps J and K to adjust each acute value 
individually to Zand then calculating the geometric means of the adjusted values for 
each species individually. This alternative procedure allows an examination of the 
range of the adjusted chronic values for each species. 

L. Obtain the Final Chronic Value at Z by using the procedure described in Section IV.J­
O. 

M. If the Species Mean Chronic Value at Z of a commercially or recreationally important 
species is lower than the calculated Final Chronic Value at Z, then that Species Mean 
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N. The Final Chronic Equation is written as: Final Chronic Value= e(L[ln(water quality 
characteristic)]+ In S- L [In zn, where L = pooled chronic slope and s = Final Chronic Value 

at Z. Because L, Sand Z are known, the Final Chronic Value can be calculated for 
any selected value of the water quality characteristic. 

VIII. Final Plant Value 

A. Appropriate measures of the toxicity of the material to aquatic plants are used to 
compare the relative sensitivities of aquatic plants and animals. Although procedures 
for conducting and interpreting the results of toxicity tests with plants are not well 
developed, results of tests with plants usually indicate that criteria which adequately 
protect aquatic animals and their uses will probably also protect aquatic plants and 
their uses. 

B. A plant value is the result of a 96-hr test conducted with an alga or a clu·onic test 
conducted with an aquatic vascular plant. 

NOTE: A test of the toxicity of a metal to a plant usually should not be used if the 
medium contained an excessive amount of a complexing agent, such as EDT A, that 
might affect the toxicity of the metal. Concentrations of EDT A above about 200 µg/L 
should probably be considered excessive. 

C. The Final Plant Value should be obtained by selecting the lowest result from a test 
with an important aquatic plant species in which the concentrations of test material 
were measured and the endpoint was biologically important. 

IX. Final Residue Value 

A. The Final Residue Value is intended to (a) prevent concentrations in commercially or 
recreationally important aquatic species from affecting marketability because of 
exceedance of applicable FDA action levels and (b) protect wildlife, including fishes 
and birds, that consume aquatic organisms from demonstrated unacceptable effects. 
The Final Residue Value is the lowest of the residue values that are obtained by 
dividing maximum permissible tissue concentrations by appropriate bioconcentration 
or bioaccumulation factors. A maximum permissible tissue concentration is either (a) 
an FDA action level 12 for fi sh oil or for the edible portion of fish or shellfish, or (b) a 
maximum acceptable dietary intake based on observations on survival, growth, or 
reproduction in a chronic wildlife feeding study or a long-term wildlife field study. If 
no maximum permissible tissue concentration is available, go to Section X because 
no Final Residue Value can be derived. 

B. Bioconcentration factors (BCFs) and bioaccumulation factors (BAFs) are quotients of 
the concentration of a material in one or more tissues of an aquatic organism divided 
by the average concentration in the solution in which the organism had been living. 
A BCF is intended to account only for net uptake directly from water, and thus almost 
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has to be measured in a laboratory test. Some uptake during the bioconcentration test 
might not be directly from water if the food sorbs some of the test material before it is 
eaten by the test organisms. A BAF is intended to account for the net uptake from 
both food and water in a real-world situation. A BAF almost has to be measured in a 
field situation in which predators accumulate the material directly from water and by 
consuming prey that itself could have accumulated the material from both food and 
water. The BCF and BAF are probably similar for a material with a low BCF, but the 
BAF is probably higher than the BCF for materials with high BCFs. Although BCFs 
are not too difficult to determine, very few BAFs have been measured acceptably 
because it is necessary to make enough measurements of the concentration of the 
material in water to show that it was reasonably constant for a long enough period of 
time over the range of territory inhabited by the organisms. Because so few 
acceptable BAFs are available, only BCFs will be discussed further. However, if an 
acceptable BAF is available for a material, it should be used instead of any available 
BCFs. 

C. If a maximum permissible tissue concentration is available for a substance (e.g., 
parent material, parent material plus metabolites, etc.), the tissue concentration used 
in the calculation of the BCF should be for the same substance. Otherwis~ the tissue 
concentration used in the calculation of the BCF should be that of the material and its 
metabolites which are structurally similar and are not much more soluble in water 
than the parent material. 

D. 

1. A BCF should be used only if the test was flow-through, the BCF was 
calculated based on measured concentrations of the test material in tissue and 
in the test solution, and the exposure continued at least until either apparent 
steady-state or 28 days was reached. Steady-state is reached when the BCF 
does not change significantly over a period of time, such as two days or 16 
percent of the length of the exposure, whichever is longer. The BCF used 
from a test should be the highest of (a) the apparent steady-state BCF, if 
apparent steady-state was reached, (b) the highest BCF obtained, if apparent 
steady-state was not reached, and (c) the projected steady-state BCF, if 
calculated. 

2. Whenever a BCF is determined for a lipophilic material, the percent lipids 
should also be determined in the tissue(s) for which the BCF was calculated. 

3. A BCF obtained from an exposure that adversely affected the test organisms 
may be used only if it is similar to a BCF obtained with unaffected organisms 
of the same species at lower concentrations that did not cause adverse effects. 

4. Because maximum permissible tissue concentrations are almost never based 
on dry weights, a BCF calculated using dry tissue weights must be converted 
to a wet tissue weight basis. If no conversion factor is reported with the BCF, 
multiply the dry weight BCF by 0.1 for plankton and by 0.2 for individual 
species of fishes and invertebrates 17

• 
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5. If more than one acceptable BCF is available for a species, the geometric 
mean of the available values should be used, except that if the BCFs are from 
different lengths of exposure and the BCF increases with length of exposure, 
the BCF for the longest exposure should be used. 

E. If enough pertinent data exist, several residue values can be calculated by dividing 
maximum permissible tissue concentrations by appropriate BCFs: 

1. For each available maximum acceptable dietary intake derived from a chronic 
feeding study or a long-tenn field study with wildlife, including birds and 
aquatic organisms, the appropriate BCF is based on the whole body of aquatic 
species which constitute or represent a major portion of the diet of the tested 
wildlife species. 

2. For an FDA action level for fish or shellfish, the appropriate BCF is the 
highest geometric mean species BCF for the edible portion (muscle for 
decapods, muscle with or without skin for fishes, adductor muscle for 
scallops, and total soft tissue for other bivalve molluscs) of a consumed 
species. The highest species BCF is used because FDA action levels are 
applied on a species-by-species basis. 

F. For lipophilic materials, it might be possible to calculate additional residue values. 
Because the steady-state BCF for a lipophilic material seems to be proportional to 
percent lipids from one tissue to another and from one species to another 18

• 
19

• 
20

, 

extrapolations can be made from tested tissues or species to untested tissues or 
species on the basis of percent lipids. 

1. For each BCF for which the percent lipids is known for the same tissue for 
which the BCF was measured, normalize the BCF to a one percent lipid basis 
by dividing the BCF by the percent lipids. This adjustment to a one percent 
lipid basis is intended to make all the measured BCFs for a material 
comparable regardless of the species or tissue with which the BCF was 
measured. 

2. Calculate the geometric mean normalized BCF. Data for both saltwater and 
freshwater species should be used to determine the mean normalized BCF, 
unless the data show that the normalized BCFs are probably not similar. 

3. Calculate all possible residue values by dividing the available maximum 
permissible tissue concentrations by the mean normalized BCF and by the 
percent lipids values appropriate to the maximum permissible tissue 
concentrations, i.e., 

(maximum permissible tissue concentration) 
Residue Value=----~------------'-

(mean normalized BCF) (appropriate percent lipids) 

a. For an FDA action level for fish oil, the appropriate percent lipids 
value is 100. 
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b. For an FDA action level for fish, the appropriate percent lipids value 
is 11 for freshwater criteria and 10 for saltwater criteria because 
FDA action levels are applied on a species-by-species basis to 
commonly consumed species. The highest lipid contents in the 
edible portions of important consumed species are about 11 percent 
for both the freshwater chinook salmon and lake trout and about 10 
percent for the saltwater Atlantic herring 21

. 

c. For a maximum acceptable dietary intake derived from a chronic 
feeding study or a long-term field study with wildlife, the 
appropriate percent lipids is that of an aquatic species or group of 
aquatic species which constitute a major portion of the diet of the 
wildlife species. 

G. The Final Residue Value is obtained by selecting the lowest of the available residue 
values. 

NOTE: In some cases the Final Residue Value will not be low enough. For 
example, a residue value calculated from an FDA action level will probably result in 
an average concentration in the edible portion of a fatty species that is at the action 
level. Some individual organisms, and possibly some species, will have residue 
concentrations higher than the mean value but no mechanism has been devised to 
provide appropriate additional protection. Also, some chronic feeding studies and 
long-term field studies with wildlife identify concentrations that cause adverse effects 
but do not identify concentrations which do not cause adverse effects; again no 
mechanism has been devised to provide appropriate additional protection. These are 
some of the species and uses that are not protected at all times in all places. 

X. Other Data 

Pertinent information that could not be used in earlier sections might be available 
concerning adverse effects on aquatic organisms and their uses. The most important 
of these are data on cumulative and delayed toxicity, flavor impairment, reduction in 
survival, growth, or reproduction, or any other adverse effect that has been shown to 
be biologically important. Especially important are data for species for which no 
other data are available. Data from behavioral, biochemical, physiological, 
microcosm, and field studies might also be available. Data might be available from 
tests conducted in unusual dilution water (see IV.D and Vl.D), from chronic tests in 
which the concentrations were not measured (see VI.B), from tests with previously 
exposed organisms (see 11.F), and from tests on formulated mixtures or emulsifiable 
concentrates (see 11.D). Such data might affect a criterion if the data were obtained 
with an important species, the test concentrations were measured, and the endpoint 
was biologically important. 

XI. Criterion 

A. A criterion consists of two concentrations: the Criterion Maximum Concentration 
and the Criterion Continuous Concentration. 
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B. The Criterion Maximum Concentration (CMC) is equal to one-half the Final Acute 
Value. 

C. The Criterion Continuous Concentration (CCC) is equal to the lowest of the Final 
Chronic Value, the Final Plant Value, and the Final Residue Value, unless other data 
(see Section X) show that a lower value should be used. If toxicity is related to a 
water quality characteristic, the CCC is obtained from the Final Chronic Equation, the 
Final Plant Value, and the Final Residue Value by selecting the one, or the 
combination, that results in the lowest concentrations in the usual range of the water 
quality characteristic, unless other data (see Section X) show that a lower value 
should be used. 

D. Round 14 both the CMC and the CCC to two significant digits. 

E. The criterion is stated as: 

The procedures described in the "Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses" indicate 
that, except possibly where a locally important species is very sensitive, (1) aquatic 
organisms and their uses should not be affected unacceptably if the four-day average 
concentration of (2) does not exceed (3) µg/L more than once every three years on the 
average and ifthe one-hour average concentration does not exceed (4) µg/L more 
than once every three years on the average. 

where (1) =insert "freshwater" or "saltwater" 

(2) = insert name of material 

(3) =insert the Criterion Continuous Concentration 

( 4) =insert the Criterion Maximum Concentration. 

XII. Final Review 

A. The derivation of the criterion should be carefully reviewed by rechecking each step 
of the Guidelines. Items that should be especially checked are: 

1. If unpublished data are used, are they well documented? 

2. Are all required data available? 

3. Is the range of acute values for any species greater than a factor of 1 O? 

4. Is the range of Species Mean Acute Values for any genus greater than a 
factor of 1 O? 

5. Is there more than a factor of ten difference between the four lowest 
Genus Mean Acute Values? 

6. Are any of the four lowest Genus Mean Acute Values questionable? 
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7. Is the Final Acute Value reasonable in comparison with the Species Mean 
Acute Values and Genus Mean Acute Values? 

8. For any commercially or recreationally important species, is the geometric 
mean of the acute values from flow-through tests in which the 
concentrations of test material were measured lower than the Final Acute 
Value? 

9. Are any of the chronic values questionable? 

10. Are chronic values available for acutely sensitive species? 

11 . Is the range of acute-chronic ratios greater than a factor of 1 O? 

12. Is the Final Chronic Value reasonable in comparison with the available 
acute and chronic data? 

13. Is the measured or predicted chronic value for any commercially or 
recreationally important species below the Final Chronic Value? 

14. Are any of the other data important? 

15. Do any data look like they might be outliers? 

16. Are there any deviations from the Guidelines? Are they acceptable? 

B. On the basis of all available pertinent laboratory and field information, determine if 
the criterion is consistent with sound scientific evidence. If it is not, another criterion, 
either higher or lower, should be derived using appropriate modifications of these 
Guidelines. 
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Appendix 1. Resident North American Species of Aquatic Animals 
Used in Toxicity and Bioconcentation Tests 

Introduction 
These lists identify species of aquatic animals which have reproducing wild populations in North 
America and have been used in toxicity or bioconcentration tests. "North America" includes 
only the 48 contiguous states, Canada, and Alaska; Hawaii and Puerto Rico are not included. 
Saltwater (i.e., estuarine and true marine) species are considered resident in North America if 
they inhabit or regularly enter shore waters on or above the continental shelf to a depth of 200 
meters. Species do not have to be native to be resident. Unlisted species should be considered 
resident North American species if they can be similarly confirmed or if the test organisms were 
obtained from a wild population in North America. 

The sequence for fishes is taken from A List of Common and Scientific Names of Fishes from 
the United States and Canada. For other species, the sequence of phyla, classes, and families is 
taken from the NODC Taxonomic Code, Third Edition, National Oceanographic Data Center, 
NOAA, Washington, DC 20235, July, 1981 , and the numbers given are from that source to 
facilitate verification. Within a family, genera are in alphabetical order, as are species in a 
genus. 

The references given are those used to confirm that the species is a resident North American 
species. (The NODC Taxonomic Code contains foreign as well as North American species.) If 
no such reference could be found, the species was judged to be nonresident. No reference is 
given for organisms not identified to species; these are considered resident only if obtained from 
wild North American populations. A few nonresident species are listed in brackets and noted as 
"nonresident" because they were mistakenly identified as resident in the past or to save other 
investigators from doing literature searches on the same species. 

Special Note 

This December 20 I 0 electronic vers ion of the 1985 Guidelines serves to meet the requirements of Section 
508 of the Rehabilitation Act. While converting the 1985 Guidelines to a 508-compliant version, EPA 
updated the taxonomic nomenclature to reflect changes that occurred since the tables were originally 
produced in 1985. The numbers included for Phylum, Class and Family represent those currently in use 
from the Integrated Taxonomic Information System, or ITIS, and reflect what is referred to in !TIS as 
Taxonomic Serial Numbers. ITIS replaced the National Oceanographic Data Center (NODC) taxonomic 
coding system which was used to create the original taxonomic tables included in the 1985 Guidelines 
document (NODC, Third Addition - see Introduction). For more information on the NODC taxonomic 
codes, see http ://www.nodc.noaa.gov/General/CDR-detdesc/taxonomic-v8.html. 

The code numbers included in the reference column of the tables have not been updated from the 1985 
version. These code numbers are associated with the old NODC taxonomic referencing system and are 
simply replicated here for historical purposes. Footnotes may or may not still apply. 

EPA is working on a more comprehensive update to the 1985 Guidelines, including new taxonomic tables 
which better reflect the large number of aquatic animal species known to be propagating in U.S. waters. 
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Freshwater Species Table 
Synonyms appear after the official Scientific Name and are marked with an asterisk (). 
Non-resident species are noted in the Reference column and are marked with a dagger C) 
Class Family 

PhJllum: Porifera (46861) 

Oemospongiae Spongillidae 
47528 47691 

PhJllum: Cnidaria (48738) 

Hydrozoa Hydridae 
48739 50844 

PhJllum : PlatJlhelminthes (53963) 

Turbellaria 
53964 

PhJllum: Gastrotricha (57597) 

Chaetonotida 
57822 

PhJllum: Rotifera (58239) 

Eurotatoria 
(Formerly Bdelloidea) 
654070 

Eurotatoria 
(Formerly Monogononta) 
654070 

PhJllum: Annelida (64357) 

Polychaeta 
(Formerly Archiannelida) 
64358 
Clitellata 
(Formerly Oligochaeta) 
568832 

! Synonym 
§Non-resident species 

Planariidae 
54502 

Oendrocoelidae 
54469 

Chaetonotidae 
57823 

Philodinidae 
58266 

Brachionidae 
58344 

Aeolosomatidae 
68423 

Lumbriculidae 
68440 

Tubificidae 
68585 

Species 

Common Name Scientific Name 

Sponge Ephydatia fluviatilis 

Hydra Hydra oligactis 

Hydra Hydra littoralis 

Planarian Dugesia dorotocephala 

Planarian Dugesia lugubris 
Dugesia polychroa1 

Planarian Planaria gonocephala 

Planarian Polycelis felina§ 

Planarian Procotyla fluviatilis 
Dendrocoe/um lacteum 

Gastrotrich Lepidodermella squamata 
Lepidodermella squamatum 

Rotifer Philodina acuticornis 

Rotifer Philodina roseola 

Rotifer Keratel/a cochlearis 

Rotifer Keratella sp. 

Worm Aeolosoma headleyi 

Worm Lumbriculus variegatus 

Tubificid worm Branchiura sowerbyi 

Tubificid worm Limnodrilus hoffmeisteri 

Tubificid worm Quistadrilus multisetosus 
Peloscolex multisetosus 

Tubificid worm Rhyacodrilus montanus 

Tubificid worm Spirosperma ferl:?x 
Peloscolex ferox 

Tubificid worm Spirosperma nikolskyi 
Pelosco/ex variegatus· 

Tubificid worm Stylodrilus heringianus 
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Reference 

P93 

E318, P112 

E321,P112 

022 

024 

nonresident 

E334, P132,063 

E413 

y 

E487 

E442,P188 
< 

E528, P284 

E533,P290 

E534, P289, GG 

E536, GG 

E535, GG 

GG 

GG 

E534, GG 

GG 



Class Family Species Reference 

Common Name Scientific Name 
Tubificid worm Tubifex tubifex E536, P289, GG 

Tubificid worm Varichaeta pacifica GG 

Naididae Worm Nais sp. 2 
68854 

Worm Paranais sp. 2 

Worm Pristina sp. 2 

Clitellata Erpobdellidea Leech Erpobdella octoculata Formerly nonresident 
(Formerly Hirudinea) 69438 (8816) 
568832 

Phli'.lum: Mollusca (69458) 

Gastropoda Viviparidae Snail Campeloma decisum P731 , M216 
69459 70304 

Bithyniidae Snail Amnicola sp. 2 
(Amnicolidae) 
(Bulimidae) 
(Hydrobiidae) 
70745 

Pleuroceridae Snail Goniobasis livescens P732 
71541 

Snail Elimia virginica E1137 
Goniobasis virginica 

Snail Leptoxis carinalf! X, E1137 
Nitocris carinata 
Mudalia carinata 

Snail Nitocris sp. 2 

Lymnaeidae Snail Lymnaea acuminata' nonresident 
76483 Snail Lymnaea catascopium M328 

Lymnaea emerginata· 
Stagnicola emerginata · 

Snail Lymnaea e/odes E1127, M351 
Lymnaea palustris 

Snail Lymnaea luteolat nonresident 
M266 

Snail Lymnaea stagnalis E1127, P728, M296 

Snail Lymnaea sp. 2 

Planorbidae Snail Biompha/aria glabrata Formerly nonresident 
76591 (M390) 

Snail Gyraulus circumstriatus P729, M397 

Snail Helisoma campanulatum M445 

Snail Helisoma trivolvis P729, M452 

Physidae Snail Aplexa hypnorum E1126, P727, M373 
76676 

Snail Physa fontinalis' nonresident 
M373 

Snail Physa gyrina E1126, P727, M373 

Snail Physa heterostropha M378 

Snail Physa integra P727 

Snail Physa sp. 2 

Bivalvia Margaritiferidae Mussel Margaritifera margarififera E1138, P748, J11 
(Pelecypoda) 79914 
79118 Unionidae Mussel Amb/ema plicata AA122 

(Formerly Amblemidae) 
79913 

Unionidae Mussel Anodonta imbecillis J72, AA122 
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Class Family Species Reference 

Common Name Scientific Name 
79913 Mussel Carunculina parva J19, AA122 

Toxolasma texasensis 

Mussel Cyrtonaias tampicoenis P759, AA122 

Mussel Elliptio complanata J13 

Corbiculidae Asiatic clam Corbicula fluminea E1 159 
81381 Asiatic clam Corbicula manilensis P749 

Pisidiidae Fingernail clam Eupera cubensis E11 58, P763, G9 
Sphaeriidae Eupera singley( 
81388 Fingernail clam Musculium transversum M160, G11 

Sphaerium transversum 

Fingernail clam Sphaerium corneum G12 

Ph~lum : Arthroeoda (82696) 

Branchiopoda Lynceidae Conchostracan Lynceus brachyurus E580, P344 
(Formerly Crustacea) 83769 
83687 Sididae Cladoceran Diaphanosoma sp. 2 

83834 

Daphniidae Cladoceran Ceriodaphnia acanthina E618 
83872 Cladoceran Ceriodaphnia reticulata E618, P368 

Cladoceran Daphnia ambigua E607, P369 

Cladoceran Daphnia carinata . 
Cladoceran Daphnia cucullata1 nonresident 

Cladoceran Daphnia galeata mendotae E610, P370 

Cladoceran Daphnia hyalina • 
Cladoceran Daphnia longispina 

, 

Cladoceran Daphnia magna E605, P367 

Cladoceran Daphnia parvula E611 

Cladoceran Daphnia pulex E613, P367 

Cladoceran Daphnia pulicaria A 

Cladoceran Daphnia similis E606, P367 

Cladoceran Simocephalus serrulatus E617, P370 

Cladoceran Simocephalus vetulus E617, P370 

Moinidae Cladoceran Moina macrocopa E622, P372 
(Formerly Daphnidae) 

Cladoceran Moina reclirostris E623 84162 

Bosminidae Cladoceran Bosmina longirostris E624, P373 
83935 
Polyphemidae Cladoceran Polyphemus pediculus E599, P385 
83959 

Ostracoda Cyprididae Ostracod Cypretta kawatai' nonresident 
(Formerly Crustacea) Cypridae· u 
84195 84462 Ostracod Cypridopsis vidua E770, P430 

Maxillopoda Diaptomidae Copepod Eudiaptomus padanus1 nonresident 
(Formerly Crustacea) 85779 
621145 Temoridae Copepod Epischura lacustris E751, P407 

85855 

Cyclopidae Copepod Cyclops abyssorum' nonresident 
88634 Cope pod Cyclops bicuspidatus E807, P405 

Copepod Cyclops vernalis E804, P405 

Copepod Cyclops viridis E803, P397 
Acanthocyclops viridis 
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Class Family Species Reference 

Common Name Scientific Name 

Copepod Acanthocyclops sp. 2 

Cope pod Diacyclops sp. 2 

Copepod Eucyc/ops agilis P403 

Copepod Mesocyclops Jeuckarti E812, P403 

Malacostraca Asellidae lsopod Asel/us aquaticus nonresident (12) 
(Formerly Crustacea) 92657 lsopod Caecidotea bicrenata HH 
89787 (Formerly Asel/us bicrenata) (11,2) 

lsopod Asel/us brevicaudus E875, P447, I 

lsopod Asel/us communis E875, P448, I 

lsopod Asel/us intermedius E875, P448, I 

lsopod Asel/us meridionalis' 
Asel/us meridianus'1 

nonresident 

lsopod Asel/us racovitzai P449, I 

lsopod Lirceus alabamae P875, I 

Crangonyctidae Amphipod Crangonyx pseudogracilis P459, T68, FF23 
(Formerly Gammaridae) 
95080 

Gammaridae Amphipod Gammarus fasciatus E877, P458, T53 
93745 

Amphipod Gammarus lacustris E877, P458, FF23 

Amphipod Gammarus pseudolimnaeus E877, P458, T48 

Amphipod Gammarus pulex' nonresident 

Amphipod Gammarus tigrinus L51 , FF17 

Am phi pod Gammarus sp. 2 

Hyalellidae Amphipod Hyalella azteca E876, P457, T154 
(Talitridae) Hya/ella knickerbockeri 
94022 

Palaemonidae Prawn Macrobrachium Jamarrei' nonresident 
96213 Prawn Macrobrachium rosenbergii 0 

Prawn Palaemonetes kadiakensis E881 , P484 

Cambaridae Crayfish Cambarus Jatimanus E897 
(Formerly Astacidae) Crayfish Faxonella clypeata E890 
97336 

Crayfish Orconectes immunis E894,P482 

Crayfish Orconectes limosus E893, P482 

Crayfish Orconectes propinquus E894,P482 

Crayfish Orconectes nais E894 

Crayfish Orconectes rusticus E893, P482 

Crayfish Orconectes virilis E894, P483 

Crayfish Pacifastacus trowbridgii E883 

Crayfish Procambarus acutus P482 

Crayfish Procambarus clarki E885, P482 
Procambarus clarkii 

Crayfish Procambarus simu/ans E888, P482 

Crayfish Procambarus sp. 2 

lnsecta Heptageniidae Mayfly Maccaffertium ithaca S173, 0205 
99208 100504 Stenonema ithaca 

Mayfly Maccaffertium modf!Slum S178, 0205 
Stenonema rubrum 

Baetidea Mayfly Cal/ibaetis skokianus S1 16, N9 
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Class Family Species Reference 

Common Name Scientific Name 
100755 Mayfly Callibaetis sp. 2 

Mayfly C/oeon dipterum 0173 

Leptophlebiidae Mayfly Paraleptophlebia praepedita S89, 0233 
101095 

Ephemerellidae Mayfly Drunella doddsii 0245 
101232 Ephemerella doddsi 

Mayfly Drunella grandis 0245 
Ephemerella grandis 

Mayfly Ephemerella subvaria N9, 0248, S71 

Mayfly Ephemerella sp. 2 

Caenidea Mayfly Caenis diminuta S51 , 0 268 
101467 

Ephemeridae Mayfly Ephemera simulans S36, N9, 0283 
101525 Mayfly Hexagenia bilineata N9, S39, 0290 

Mayfly Hexagenia rigida 0290, S41, N9 

Mayfly Hexagenia sp. 2 

Libellulidae Dragonfly Pantala hymenae? N15, V603 
101797 Pantala hymenea 

Coenagrior")idae Damselfly Enallagma aspersum DD 
Agrionidae Damselfly lschnura elegans1 nonresident Coenagriidae 
102077 Damselfly lschnura verticalis N15,E918 

Damselfly lschnura sp. 2 

Pteronarcyidae Stonefly Pteronarcella badia L 172 
(Formerly Pter~narcidae) Stonefly Pteronarcys californica L173 Pleronarcyidae 
102470 Stonefly Pteronarcys dorsata E947 

Stonefly Pteronarcys sp. 2 

Nemouridae Stonefly Nemoura cinerea1 nonresident 
102517 

Perlidae Stonefly Acroneuria /ycorias N4, E953 
102914 

Stonefly Acroneuria pacifica E953, L180 

Stonefly Claassenia sabulosa E953 

Stonefly Agnetina capitata E953, CC407 
Neophasganophora capi!ata 
Phasganophora capitata 

Perlodidae Stonefly Skwala americana E954 
102994 Arcynopteryx paral/ela 

Nepidae Water Scorpion Ranatra elongate' nonresident 
103747 (Species cannot be confirmed in 

ITIS) 
Dytiscidae Beetle - 2 
111963 

Elmidae Beetle Stene/mis sexlineata W21 
Elminthidae 
114093 

Hydropsychidae Caddisfly Arctopsyche grandis L251, 1198 
115398 

Caddisfly Hydropsyche betteni N24 

Caddisfly Hydropsyche californica L253 

Caddisfly Hydropsyche sp. 2 

Limnephilidae Caddisfly C/istoronia magnifica 11206 
115933 Caddisfly Phi/arc/us quaeris 11272 
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Class Family Species Reference 

Common Name Scientific Name 
Brachycentridae Caddisfly Brachycentrus sp. 2 
116905 

Tipulidae Crane fly Tipu/a sp. 2 
118840 

Ceratopogonidae Biting midge - 2 
127076 

Culicidae Mosquito Aedes aegypfi EE3 
125930 

Mosquito Cu/ex pipiens EE3 

Chironomidae Midge Chironomus plumos_us L423 
127917 Tendipas plumosus 

Midge Chironomus tentans Q 

Midge Chironomus thummi' nonresident 

Midge Chironomus sp. 2 

Midge Paratanytarsus parthenogeneticus 

Midge Para tan ytarsus dissif!1ilis 
Tanytarsus dissimilis 

R1 1 

Athericidae Snipe fly Atherix sp. 2 
(Formerly Rhagionidae) 
Leptidae 
130928 

Phir:lum: Ectoerocta (155470) 

Phylactolaemata Pectinatellidae Bryozoan Pectinatella magnifica E502, P269 
156688 (Formerly 

Pectinatelcidae) 
156729 

Lophopodidae Bryozoan Lophopodella carteri E502, P2671 
156714 

Plumatellidae Bryozoan Plumatella emarginata E505, P272 
156690 

Phir:lum: Chordata (158852) 

Agnatha Petromyzontidae Sea lamprey Petromyzon marinus F11 
159693 159697 

Actinopterygii Anguillidae American eel Anguilla rostrata F15 
(Formerly Osteichthyes) 161125 
161061 Salmonidae Pink salmon Oncorhynchus gorbuscha F18 

161931 Coho salmon Oncorhynchus kisutch F18 

Sockeye salmon Oncorhynchus nerka F19 

Chinook Salmon Oncorhynchus tshawytscha F19 

Mountain whitefish Prosopium williamsoni F19 

Golden Trout Oncorhynchus aguabonita F19 
(Formerly Sa/mo aguabonita) 

Cutthroat trout Oncorhynchus clarki F19 
(Formerly Sa/mo c/arki) 

Rainbow trout Oncorhynchus mykiss F19 
Steelhead trout (Formerly Sa/mo gairdneri) 

Atlantic salmon Sa/mo salar F19 

Brown trout Sa/mo trutta F1 9 

Brook trout Salvelinus fonfinalis F1 9 

Lake trout Salvelinus namaycush F1 9 
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Class Family Species Reference 

Common Name Scientific Name 

Esocidae Northern pike Esox lucius F20 
162137 

Cyprinidae Chiselmouth Acrocheilus alutaceus F21 
163342 Longtin dace Agosia chrysogaster F21 

Central stoneroller Campostoma anomalum F21 

Goldfish Carassius auratus F21 

Common carp Cyprinus carpio F21 

Zebra danio Danio rerio' nonresident 
Zebra fish Brachydanio rerio·t F96 

Silverjaw minnow Notropis buccatus. 
Ericymba buccata 

F21 

Golden shiner Notemigonus crysoleucas F23 

Pugnose shiner Notropis anogenus F23 

Emerald shiner Notropis atherinoides F23 

Striped shiner Luxilus chrysocephalus . 
Notropis chrysocephalus 

F23 

Common shiner Luxilus cornutus F23 
Notropis cornutus 

Pugnose minnow Opsopoeodus e'!'iliae F24 
Notropis emiliae 

Spottail shiner Notropis hudsonius F24 

Red shiner Cyprinella lutrensis F24 
Notropis lutrensis· 

Spotfin shiner Cyprinella spiloptera_ F25 
Notropis spilopterus 

Sand shiner Notropis stramineus F25 

Steelcolor shiner Cyprinella whippl~i 
Notropis whipplei 

F25 

Northern redbelly dace Phoxinus eos F25 

Bluntnose minnow Pimephales notatus F25 

Fathead minnow Pimephales promelas F25 

Northern squawfish Ptychocheilus oregonensis F25 

Blacknose dace Rhinichthys atratulus F25 

Speckled dace Rhinichthys osculus F25 

Bitterling Rhodeus sericeus F26 

Rudd Scardinius erythrophthalmus F26 

Creek chub Semotilus atromaculatus F26 

Pearl dace Margariscus margar!ta F26 
Semotilus margarita 

Tench Tinca tinca F26 

Catostomidae White sucker Catostomus commersoni F26 
163892 Mountain sucker Catostomus platyrhynchus F26 

lctaluridae Black bullhead Ameiurus me/as F27 
163995 lctalurus me/as 

Yellow bullhead Ameiurus nata/is F27 
lctalurus natalis 

Brown bullhead Ameiurus nebulosus F27 
lctalurus nebulosus 

Channel catfish lctalurus punctatus F27 
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Class Family Species Reference 

Common Name Scientific Name 
Clariidae Walking catfish Clarias batrachus F28 
164118 

Adrianichthyidae Medaka Oryzias latipet nonresident 
(Formerly Oryziidae) F96 
165623 

Cyprinodontidae Banded killifish Fundulus diaphanus F33 
165629 Flagfish Jordanella floridae F33 

Poeciliidae Mosquitofish Gambusia affinis F33 
165876 Amazon molly Poecilia formosa F34 

Sailfin molly Poecilia latipinna F34 

Molly Poecilia sp. 

Guppy Poecilia reticulata F34 
(Lebistes reticulatus, Obs.) 

Southern platyfish Xiphophorus maculatus F34 

Gasterosteidae Brook stickleback Culaea inconstans F35 
166363 Threespine stickleback Gasterosteus aculeatus F35 

Ninespine stickleback Pungitius pungitius F35 

Percichthyidae White perch Marone americana F36 
170315 (Roccus americanus, Obs.) 

Striped bass Marone saxatilis F36 
(Roccus saxatilis, Obs.) 

Centrarchidae Rock bass Ambloplites rupestris F38 
168093 Green sunfish Lepomis cyanellus F38 

Pumpkinseed Lepomis gibbosus F38 

Orangespotted sunfish Lepomis humilis F38 

Bluegill Lepomis macrochirus F38 

Longear sunfish Lepomis megalotis F38 

Redear sunfish Lepomis microlophus F38 

Smallmouth bass Micropterus dolomieui F39 

Largemouth bass Micropterus salmoides F39 

White crappie Pomoxis annularis F39 

Black crappie Pomoxis nigromaculatus F39 

Percidae Rainbow darter Etheostoma caeruleum F39 
168356 Johnny darter Etheostoma nigrum F40 

Orangethroat darter Etheostoma spectabile F40 

Yellow perch Perea flavescens F41 

Walleye Sander vitreus F41 
Stizostedion vitreum vitreum 

Sciaenidae Freshwater drum Aplodinotus grunniens F45 
169237 

Cichlidae Oscar Astronotus ocellatus F47 
169770 Blue tilapia Ti/apia aurea F47 

Mozambique tilapia Oreochromis mossambicus F47 
Ti/apia mossambica 

Cottidae Mottled sculpin Cottus bairdi F60 
167196 

Amphibia Ranidae Bullfrog Rana catesbeiana B206 
173420 173433 Green frog Rana clamitans B206 
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Class Family Species Reference 

Common Name Scientific Name 

Pig frog Lithobates flrylio 
Rana grylio 

6206 

River frog Rana heckscheri 6206 

Leopard frog Rana pipiens 6205 

Wood frog Rana sylvatica 8206 

Frog Rana temporia' nonresident 

Leopard frog Lithobates sphenocephalus JJ 
sphenocephalus 
(Formerly Rana spenocephala) 

Microhylidae Eastern narrow- Gastrophryne carolinensis 8192 
173465 mouthed 

toad 

8ufonidae American toad Anaxyrus americf!nus americanus 6196 
173471 Bufo americanus 

Toad Bufo bufor nonresident 

Green toad Anaxyrus df!bilis debilis 
Bufodebilis 

6197 

Fowler's toad Anaxyrus foyvleri 6196 
Bufo fowleri 

Red-spotted toad Anaxyrus punc~atus 6198 
Bufo punctatus 

Woodhouse's toad Anaxyrus woodhousii woodhousii 6196 
Bufo woodhousi( 

Hylidae Northern cricket frog Acris crepitans 8203 
173497 Southern gray treefrog Hy/a chrysoscelis 8201 

Spring creeper Pseudacris crucifer 8202 
Hy/a crucifer 

Barking treefrog Hy/a gratiosa 8201 

Squirrel treefrog Hy/a squire/la 8 201 

Gray treefrog Hy/a versicolor 6200 

Northern chorus frog Pseudacris triseriata 6202 

Pipidae African clawed frog Xenopus laevis Z16 
173547 

Ambystomatidae Spotted salamander Ambystoma maculatum 8176 
173588 Mexican axolotl Ambystoma mexicanumt nonresident 

Marbled salamander Ambystoma opacum 8176 

Salamandridae Newt Notophthalmus virid_escens 8179 
173613 Triturus viridescens 

Footnotes for Freshwater Species 

4 

Apparently this is an outdated name (D I 9, 20). Organisms identified as such should only be used if they were obtained from 
North America. 

Apparently this is an outdated name (D 19, 20). Organisms identified as such should only be used if they were obtained from 
North America. 

lffrom North America, it is resident and should be called D. similis (C). If not from North America, it should be considered 
nonresident. 

If from North America, it is resident and may be any one of a number of species such as D. laevie, D. dubia, or D. galeate 
mendoca (C). If not rrom North America, it should be considered nonresident. 
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6 

7 

If from North America, it is resident and may be any one of a number of species such as D. ambigua, D. longiremis, or D. rosea 
(C). If not from North America, it should be considered nonresident. 

This species might be established in portions of the southern United States. 

The taxonomy of this species and this and similar genera has not been clarified, but this species should be considered resident. 
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Saltwater Species Table 
Synonyms appear after the official Scientific Name and are marked with an asterisk (). 
Non-resident species are noted in the Reference column and are marked with a dagger (t) 

Class Family Species 

Common Name Scientific Name 

Phl£lum: Cnidaria (Coelenterata} (48738) 

Hydroza Campanulariidae Hydroid Campanularia flexiosa .. 
48739 49470 Campanularia flexuosa 

Hydroid Laomedea loveni" 

Hydromedusa Phialidium sp. 

Campanulinidae Hydro id Eirene viridula' 
49756 

Phl£1um: Ctenoehora (53856) 

Tentaculata Pleurobrachiidae Ctenophore Pleurobrachia pileus 
53858 53860 

Mnemiidae Ctenophore Mnemiopsis mccradyi 
53915 

Phl£lum: Nemertea (Rhl£nchocoela} (57 411 ) 

Heteronemertea Lineidae Nemertine worm Cerebratulus fuscus 
57438 57443 

Phl£lum: Rotifera (Rotatoria} (58239) 

Monogononta 8 rachionidae Rotifer Brachionus plicatilis 
58342 58344 

Phl£lum: Annelida (64357) 

Polychaeta Phyllodocidae Polychaete worm Phyllodoce macula~a 
64358 65228 Anaitides maculata 

Nereiphylla maculata 

Nereididae Polychaete worm Neanthes arenaceodentata 
(Nereidae) Nereis arenaceodentata 
65870 

Polychaete worm Neanthes vaali' 

Polychaete worm Nereis diversico/or 
Neanthes diversicolor 

Sand worm Nereis virens 
Neanthes virens 

Polychaete worm Nereis sp. 

Dorvilleidae Polychaete worm Ophryotrocha diadema 
66478 

Polychaete worm Ophryotrocha labronica' 
Ophryotrocha labrunica ., 

Spionidae Polychaete worm Polydora websteri 
66781 
Cirratulidae Polychaete worm Cirriformia spirabranchia 
671 16 

Ctenodrilidae Polychaete worm Ctenodrilus serratus 
6721 7 
Capitellidae Polychaete worm Capitella capitata 
67413 

Arenicolidae Polychaete worm Arenicola marina 
67500 

•• Synonym 
tt Non-resident species 
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Reference 

8 122, E81 

nonresident 

(E81 ) 
nonresident 

8218, E162 

C39, 194 

8252 

8272 

E334 

E377 

nonresident 

E337, F527 

8317, E337, C58 

P23 

nonresident 

E338 

G253 

G275 

8 358, E337 

B369,E337 



Class Family Species Reference 

Common Name Scientific Name 
Sabellidae Polycheate worm Eudistylia vancouveri DD 
68076 

Oligochaeta Tubificidae Oligochaete worm Limnodriloides verrucosus z 
68422 68585 Oligochaete worm Monopylephorus cuticulatus z 

Oligochaete worm Peloscolex gabriellae . 
Tubificoides gabriel/ae 

z 

Phlt'.lum: Mollusca (69458) 

Gastropoda Haliotididae Black abalone Haliotis cracherodii C88, D17 
69459 566897 Red abalone Haliotis rufescens D18 

Calyptraeidae Common Atlantic Crepidula fornicata C90, 0141 
72611 slippershell 

Muricidae Oyster drill Urosalpinx cinerea . B646, 0179, E264 
73236 Urosalpinx cinereus 

Melongenidae Channeled whelk Busycotypus canaliculatus B655, 0223,E264 
(Neptuneidae) (Formerly Busycon cana/iculatum) 
74069 

Nassariidae Mud snail Nassarius obsoletus B649, D226, E264 
(Nassidae) Nassa obsoleta 
74102 lcyanassa obsoleta 

Bivalvia Mytilidae Northern horse mussel Modiolus modiolus 0434 
(Pelecypoda) 79451 Blue mussel Mytilus edulis B566, C101, 0428, 
79118 E299 

Mediterranean mussel Myti/us galloprovincialisr nonresident 

Pectinidae Bay scallop Argopecten irradians 0447 
79611 

Ostreidae Pacific oyster Crassostrea gigas C102, 0456, E300 
79866 Eastern oyster Crassostrea virginica 0456, E300 

Oyster Crassostrea sp. 1 

Oyster Ostrea edulis E300 

Cardiidae Cockle Cerastoderma edule' nonresident 
80865 Cardium edute' ' 

Mactridae Clam Mulinia lateralis 0491 
80942 Common rangia Rangia cuneata 0491 , E301 

Surf clam Spisula solidissima B599, 0489,E301 

Tellinidae Clam Macoma inquinata 0507 
81032 Bivalve Tellina tenuis' nonresident 

Veneridae Quahog clam Mercenaria mercenaria D523, E301 
81439 Common Pacific littleneck Protothaca staminea 0526 

Japanese littleneck clam Tapes philippinarum D527 

Myidae Soft-shell clam Mya arenaria B602, D536,E302 
81688 

Phlt'.lum: ArthroeQda (82696) 

Merostomata Limulidae Horseshoe crab Limulus polyphemus B533, E403, H30 
82698 82701 

Branchiopoda Artemiidae Brine shrimp Artemia safina' 
, 

(Formerly Crustacea) 83689 nonresident 
83687 

Maxillopoda Calanidae Copepod Ca/anus helgolandicus 025 
(Formerly Crustacea) 85259 Copepod Undinula vulgaris 029 
621145 

Eucalanidae Copepod Eucalanus elongatus AA 
85299 Cope pod Subeucalanus pile?lus AA 

Eucalanus pileatus 

Pseudocalanidae Copepod Pseudocalanus minutus E447, 1155, 043 
85351 
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Class Family Species Reference 

Common Name Scientific Name 

Euchaetidae Cope pod Euchaeta marina 063 
85524 

Metridinidae Cope pod Metridia pacifica X179, Y 
(Formerly Metridiidae) 
593501 

Pseudodiaptomidae Copepod Pseudodiaptomus coronatus E447, 1154, 0 101 
85847 

Temoridae Cope pod Eurytemora affinis E450, 1155, 0111 
85855 

Pontellidae Copepod Labidocera scotti R157 
86038 

Acartiidae Copepod Acartia clausi E447 
86083 Cope pod Acartia tonsa E447, 1154 

Harpacticidae Cope pod Tigriopus californicus J78 
86329 Copepod Tigriopus japanicus1 nonresident 

Tisbidae Cope pod Tisbe holothuriae BB 
86444 

Ameiridae Cope pod Nitokra spinipes 0240 
(Formerly Nitocra spinipe · 
Canthocamptidae) 
86999 
Archaeobalanidae Barnacle Semibalanus balanoides B424,E457 
(Formerly Balanidae) Ba/anus balanoides 
89681 

Balanidae Barnacle Ba/anus crenatus B426, E457 
89599 Barnacle Ba/anus eburneus B424, E457 

Barnacle Ba/anus improvisus B426, E457 

Malacostraca Mysidae Mysid Heteromysis Formosa E513, K720 
(Formerly Crustacea) 89856 Mys id Americamysis bal}ia U173 
89787 Mysidopsis bahia 

Mysid Americamysis bigel~wi E513, K720 
Mysidopsis bigelowi 

Mysid Neomysis sp. 1 

ldoteidae lsopod ldotea balthica B446,E483 
92564 ldothea baltica 

lsopod /dotea emarginata1 nonresident 

lsopod ldotea neglecta1 nonresident 

Janiridae lsopod Jaera albifrons' nonresident 
92810 lsopod Jaera albifrons sensu' nonresident 

lsopod Jaera nordmanni' nonresident 

Ampeliscidae Amphipod Ampelisca abdita E488,L136 
93320 

Eusiridae Amphipod Pontogeneia sp. 1 
(Pontogeneiidae) 
93681 

Gammaridae Amphipod Gammarus duebeni L56 
93745 Amphipod Gammarus oceanicus E489, L50 

Amphipod Gammarus tigrinus L51 

Amphipod Gammarus zaddachi' nonresident 

Amphipod Marinogammarus obtusatus L58 

Uristadae Amphipod Anonyx sp. 1 
(Formerly Lysianassidae) 
621 432 

Euphausiidae Euphausiid Euphausia pacifica M15 
(Thysanopodidae) 
95500 

Penaeidae Brown shrimp Penaeus aztecus E518,N17 
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Class Family Species Reference 

Common Name Scientific Name 
95602 Pink shrimp Penaeus duorarum E518, N17 

White shrimp Penaeus setiferus E518, N17 

Blue Shrimp Penaeus stylirostris' nonresident 

Palaemonidae Shrimp Leander paucidens' nonresident 
96213 

Prawn Leander squilla 
Palaemon elegans"' 

nonresident 

Prawn Macrobrachium rosenbergii 0 

Korean shrimp Palaemon macrodactylus T380 

Grass shrimp Palaemonetes pugio E521, N59 

Grass shrimp Palaemonetes vulgaris 8500, E521 , N56 

Hippolytidae Sargassum shrimp Latreutes fucorum N78 
96746 

Pandalidae Coon stripe shrimp Panda/us danae T306, W163 
96965 Shrimp Panda/us goniurus W163 

Pink shrimp Panda/us montagui 8494, E522, W163 

Crangonidae Sand shrimp Crangon crangon' nonresident 
97106 Bay shrimp Crangon franciscoru_m 

Crago franciscorum 
V176, W164 

Shrimp Crangon nigricauda V176, W164 

Sand shrimp Crangon septemspinosa B500, E522 

Nephropidae American lobster Homarus americanus B502, E532 
(Homaridae) 

European lobster Homarus gammarus' nonresident 97307 

Paguridae Hermit crab Pagurus longicarpus 8514, E537, N125 
97774 

Cancridae Rock crab Cancer irroratus B518, E543, N175 
98670 

Dungeness crab Cancer magister T166, V185, W177 

Portunidae Blue crab Cal/inectes sapidus B521 , C80, E543, 
98689 N168 

Green crab Carcinus maenas C80,E543 

Xanthidae Mud crab Eurypanopeus depressus B522, E543,N195 
(Pilumnidae) 

Crab Leptodius floridanus S80 98748 
Mud crab Rhithropanopeus harrisii E543, N187 

Varunidae Shore crab Hemigrapsus nudus cc 
(formerly Grapsidae) Shore crab Hemigrapsus oregonensis cc 621521 

Sesarmidae Drift line crab Armases cinereum B526, E544,N222 
(formerly Grapsidae) (Sesarma cinereum) 
621520 Crab Sesarma haematocheir' nonresident 

Ocypodidae Fiddler crab Uca pugilator B526, E544, N232 
99080 

Phlt'.lum: Echinodermata (156857) 

Asteroidea Asteriidae Starfish Asterias forbesi B728, E578, 0392 
156862 157212 

Ophiuroidea Ophiothricidae Brittle star Ophiothrix spiculata 0672, T526 
157325 157792 

Echinoidea Arbaciidae Sea urchin Arbacia lixula1 nonresident 
157821 157904 

Sea urchin Arbacia punctulata B762, E572 

Toxopneustidae Sea urchin Lytechinus pictus T253 
157919 Sea urchin Pseudocentrotus depressus' nonresident 

Echinidae [chinoderm Paracentrotus /ividus1 nonresident 
157940 

Echinometridae Coral reef echinoid Echinometra mathaei1 nonresident 
157955 [Hawaii only] 
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Class Family Species Reference 

Common Name Scientific Name 
Strongylocentrotidae Sea urchin Strongy/ocentrotus purpuratus 0574, T202 
157965 

Dendrasteridae Sand dollar Dendraster excentricus 0537, V363 
158008 

Ph~lum : Chaetognatha (158650) 

Sagittoidea Sagittidae Arrow worm Ferosagilta hispida E218 
158655 158726 Sagitta hispida 

Ph~lum: Chordata (158852) 

Chondrichthyes Rajidae Thornback ray Raja clavata' nonresident 
159785 160845 

Actinopterygii Anguillidae American eel Anguilla rostrata A15 
(Formerly Osteichthyes) 161125 
161061 

Clupeidae Atlantic menhaden Brevoortia tyrannus A17 
161700 Gulf menhaden Brevoortia patronus A17 

Atlantic herring C/upea harengus A17 
Clupea harengus harengus 

Pacific herring C/upea pal/asii A17 
Clupea harengus pallasii 

Herring C/upea harengus A17 

Engraulidae Northern anchovy Engraulis mordax A18 
553173 Nehu Encrasicholina purpurea' nonresident 

tolephorus purpureus"t [Hawaii only] 
Salmonidae Pink salmon Oncorhynchus gorbuscha A18 
161931 Chum salmon Oncorhynchus keta A18 

Coho salmon Oncorhynchus kisutch A18 

Sockeye salmon Oncorhynchus nerka A19 

Chinook salmon Oncorhynchustshawytscha A19 

Rainbow trout Oncorhynchus mykiss A19 
(Steelhead trout) (Formerly Sa/mo gairdneri) 

Atlantic salmon Sa/mo salar A19 

Gadidae Atlantic cod Gadus morhua A30 
164701 Haddock Melanogrammus aeglefinus A30 

Cyprinodontidae Sheepshead minnow Cyprinodon variegatus A33 
165629 

Mummichog Fundulus heteroclitus A33 

Striped killifish Fundulus majalis A33 

Longnose killifish Fundu/us similis A33 

Poeciliidae Mosquitofish Gambusia affinis A33 
165876 Sailfin molly Poecilia latipinna A34 

Atherinidae Inland silverside Menidia beryllina A34 
165984 

Atlantic silverside Menidia menidia A34 

Tidewater silverside Menidia peninsulae A34 

Gasterosteidae Threespine stickleback Gasterosteus aculeatus A35 
166363 Fourspine stickleback Apeltes quadracus A35 

Syngnathidae Northern pipefish Syngnathus fuscus A36 
166443 

Percichthyidae Striped bass Morone saxatilis A36 
170315 (Roccus saxatilis, Obs.) 

Kuhliidae Mountain bass Kuhlia sandvicensis' nonresident 
168083 [Hawaii only] 

Carangidae Florida Pompano Trachinotus carolinus A43 
168584 
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Class Family Species Reference 

Common Name Scientific Name 
Sparidae Pinfish Lagodon rhomboides A45 
169180 

Sciaenidae Spot Leiostomus xanthurus A46 
169237 Atlantic croaker Micropogonias undulatus A46 

Red drum Sciaenops oce//atus A46 

Embiotocidae Shiner perch Cymatogaster aggregata A47 
169735 Dwarf perch Micrometrus minimus A48 

Pomacentridae Blacksmith Chromis punctipinnis A48 
170044 

Labridae Cunner Tautogolabrus adspersus A49 
170477 

Bluehead Thalassoma bifasciatum A49 

Mugilidae Mullet Aldrichetta forsteri1 nonresident 
170333 Striped mullet Mugil cephalus A49 

White mullet Mugi/ curema A49 

Ammodytidae Pacific sand lance Ammodytes hexapterus A53 
171670 

Gobiidae Longjaw mudsucker Gillichthys mirabilis A54 
171746 

Naked goby Gobiosoma bosci A54 

Cottidae Tidepool sculpin Oligocottus maculosus A61 
167196 

Bothidae Speckled sanddab Citharichthys stigmaeus A64 
172714 Summer Flounder Paralichthys dentatus A64 

Pleuronectidae Dab Limanda limanda' nonresident 
172859 Plaice Pleuronectes platessa' nonresident 

English sole Parophrys vetulus A65 

Winter flounder Pseudopleuronectes americanus A65 

Balistidae Planehead filefish Monacanthus hispidus A66 
173128 

Tetraodontidae Northern puffer Sphoeroides maculatus A66 
173283 
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Footnotes for Saltwater Species 

Organisms not identified to species are considered resident only if obtained from wild populations in North America. 

This species should not be used because it might be too atypical. 

This species might be established in portions of the southern United States. 
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A) Committee on Names of Fishes. 1980. A List of Common and Scientific Names of Fishes from the United 

States and Canada. 4th Ed. Special Publication No. 12. American Fisheries Society, Bethesda, MD. 
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L) Bousfield, E.L. 1973. Shallow-Water Gammaridean Amphipoda ofNew England. Cornell University Press. 
Ithaca, New York. 

M) Ponomareva, L.A. Euphausids of the North Pacific, their Distribution, and Ecology. Jerusalem: Israel 
Program for Scientific Translations. 1966. Translated from the Russian by S. Nemchonok. TT65-50098. 
NTIS, Springfield, VA. 

N) Williams, A.B. 1965. Marine Decapod Crustaceans of the Carolinas. Fish. Bull. 65(1):1-298. 
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R) Fleminger, A. 1956. Taxonomic and Distributional Studies on the Epiplanktonic Calanoid Copepods 
(Crustacea) of the Gulfof Mexico. Dissertation . Harvard University, Cambridge. 
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Appendix 2. Example Calculation of Final Acute Value, Computer 
Program, and Printouts 

A. Example Calculation 

N =total number of MA Vs in data set= 8 

Rank MAV ln(MAV) ln(MAV)2 

4 6.4 1.8563 3.4458 

3 6.2 1.8245 3.3290 

2 4.8 1.5686 2.4606 

I 0.4 -0.9163 0.8396 

Sum 4.3331 l 0.0750 

2 10.0750 - ( 4.3331) 2 I 4 
s = = 87.134 

1.11110 - (2.04875) 2 I 4 

s = 9.3346 

L = [ 4.3331 - (9.3346)(2.04875)] I 4 = -3.6978 

A = (9.3346) ( .Jo.os) - 3.6978 = -1 .61 os 

FAY= e-1.6105 = 0.1998 

P = R/(N+l) .JP 
0.44444 0.66667 

0.33333 0.57735 

0.22222 0.47140 

0.11111 0.33333 

l.11110 2.04875 

B. Example Computer Program in BASIC Language for Calculating the FAV 

10 REM This program calculates the FAV when there are less than 

20 REM 59 MAVs in t he data set 

30 x = 0 

40 X2 = 0 

50 y = 0 

60 Y2 = 0 

70 PRINT "How many MAVs are in the data set?" 

80 INPUT N 

90 PRINT "What are the four lowest MAVs?" 

100 FOR R = 1 TO 4 

110 INPUT V 
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120 X = X + LOG(V) 

130 X2 = X2 + (LOG (V) ) * (LOG(V)) 

140 p = R I (N + 1) 

150 Y2 = Y2 + P 
160 Y=Y+SQR((X2-X * X/4)) 

170 NEXT R 

180 S SQR((X2 - X *XI 4) I (Y2 - Y *YI 4)) 

190 L (X - S * Y) / 4 

200 A= S * SQR(0.05) + L 

210 F = EXP(A) 

220 

230 

PRINT "FAV 

END 
" F 

C. Example Printouts from Program 

How many MAVs are in the data 

? 8 
What are the four lowest MAVs? 

? 6.4 

? 6 .2 

? 4 . 8 

? .4 

FAV = 0 . 1998 

set? 

How many MAVs are in the data set? 

? 16 

What are the four lowest MAVs? 

? 6.4 

? 6.2 

? 4 . 8 

? .4 

FAV = 0.4365 
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-G E I Consvlt~nt~ 

Gcri1cd1111cal Date: June 16, 2011 
Em ironmc.:ntal 

Water Resources 

Ecological 

Pamela Homer 
Water Quality Standards Coordinator 
Surface Water Quality Bureau 
New Mexico Environment Department 
Post Office Box 5469 
1190 St. Francis Drive 
Santa Fe, New Mexico 87502-5469 

Re: GEi Responses to EPA Region 6 "Record of Decision on New Mexico's 
Triennial Review Water Quality Standards Amendments 

Dear Ms. Homer: 

Thank you for the opportunity to share our thoughts regarding EPA Region 6' s 
Record of Decision (ROD) on the New Mexico Triennial Review. GEI Consultants, 
Inc. (GEi) participated in the latest Triennial Review on behalf of both Los Alamos 
National Security, LLC (LANS) and Chevron Mining Inc. (CMI), and so both 
parties have asked us to help respond to EPA' s ROD. This letter summarizes our 
primary reactions to the EPA ROD, specifically with respect to their decision to not 
act upon the new hardness-based aquatic life criteria for aluminum (Al), nor the 
updated criteria for zinc (Zn) and cadmium (Cd). We agree that providing 
comments should help address EPA' s questions and help lead them, ultimately, to 
approval of the draft metals criteria. This letter provides some reactions to our 
discussions with you of the issues, along with additional supporting comments from 
our perspective that we hope you find useful. 

Aluminum 

EPA' s concerns related primarily to our use of the Arid West Water Quality 
Research Project (A WWQRP) reports, and to the pH-dependent toxicity of Al, 
particularly at low pH. We agree with you that neither LANS' (Pleading Log 84) 
nor CMI's (Pleading Log 85) witnesses direct testimony implied that the AWWQRP 
was an EPA report, or that the goal was to derive updated criteria that only apply to 
ephemeral or effluent-dependent waters. All of our proposed metals criteria updates 
were derived from all relevant and acceptable toxicity studies for use in derivation 
of Ambient Water Quality Criteria (A WQC) according to EPA guidance for 
national AWQC. Therefore, our metals criteria updates would be generally 
applicable to all surface waters in any state (notwithstanding any potential or need 
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for site-specific modifications using EPA methods), and were never intended to 
apply only to ephemeral or effluent-dependent waters. 

EPA 's ROD incorrectly asserts that the A WWQRP 2006 Recalculation Procedure 
report did not contain information related to Al, which it clearly did. In fact, the 
A WWQRP report included individual chapters constituting technical updates to a 
number of criteria - including aluminum. Also, the report specifically pointed out 
that these updates (equivalent to "new" national criteria) were necessary before any 
attempt at use of the EPA recalculation procedure could begin. However, this 
concern on EPA's part is somewhat beside the point because the analyses in both 
the Parametrix and GEI reports (submitted during the Triennial Review) were 
revised and further updated with even more recent science since the AWWQRP 
report, and so contain all of the necessary details supporting derivation of the 
proposed criteria. Therefore, we consider the direct testimony from both parties to 
provide all of the detail EPA might need to evaluate our proposals without any need 
to rely upon the A WWQRP report. 

We also agree with your position related to EPA' s concerns with application of the 
Al criteria to waters of pH outside the range of 6.5 - 9.0. Neither the existing 
National AWQC nor our proposed criteria for New Mexico were intended for more 
acidic (i.e., pH < 6.5) or basic (i.e., pH > 9 .0) waters that appear to concern EPA in 
their ROD. 

In addition, we think it would be helpful to point out to EPA that the proposed 
chronic criteria equation would generate criteria in very soft waters (e.g. , 12-14 
mg/L) that would be protective of the two most chronically sensitive species (striped 
bass and brook trout). Parametrix provided a graphical representation of this 
protection in Figure 1 of their rebuttal testimony (Pleading Log 84, Exhibit 4). As 
you may also recall from our direct testimony and the hearing transcript, these two 
tests were also conducted at the lowest pH allowable in the criteria range (6.5). 
Therefore, this further supports the protectiveness of the proposed hardness 
equations even at the lowest end of the criteria pH range of 6.5 - 9 .0. 

Finally, it may interest you to know that GEi participated in additional toxicity 
studies and modeling for Al in 2009 - 2010 to assist with regulatory chemical 
registration in Europe. While these data have not yet been published and to some 
extent are not directly applicable for derivation of A WQC according to EPA 
guidance, they provided enough new data to allow a much more thorough 
evaluation of possible pH effects on Al toxicity to fish, invertebrates, and algae over 
a wide range of pH and hardness conditions. Results indicated that although there is 
a modest effect of pH on toxicity, the effect of hardness was confirmed, and showed 
that the proposed New Mexico chronic hardness equation would be fully protective 
of aquatic life regardless of pH under circurnneutral conditions. The only version of 
this study that could be released at this time is a presentation we gave at last 
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November's Society of Environmental Toxicology and Chemistry conference. If 
you would like to hear more about this study or presentation, please let us know. 

Zinc 

EPA' s concerns with the proposed zinc criteria related again to the use of the 
A WWQRP study, and specific decisions related to inclusion or exclusion of specific 
toxicity studies. Our reactions to the A WWQRP-related comments are the same as 
those for Al as described above. 

In addition, EPA expressed concerns that neither the 3rd parties nor the New Mexico 
Environment Department (NMED) provided EPA with the proposed criteria 
revisions in advance of the Triennial hearings: 

Although it is not regulatory requirement, EPA strongly encourages NMED 
to provide technical documents as well as review and provide its assessment 
of such documents developed by 3rd parties well before they are used in 
support of new/revised standard provisions or criteria. The intent is to allow 
the State and other parties to address EPA 's concerns prior to adoption and 
submission, consistent with the EPA Region 6 Backlog Strategy (2006). 
However, the GE! technical report for zinc was not provided to EPA for 
review prior to the adoption of the hardness-based equations it is intended to 
support. 

It is our recollection that several such attempts were made by both GEi and 
Parametrix to engage EPA Region 6 well in advance of the Triennial Review 
hearings for just this reason. Documents prepared in advance of the hearings 
included preliminary reports from GEi to NMED in September 2008, and Proposed 
Changes to Standards and Statements of Basis by both GEI and Parametrix 
(Pleading logs 25 and 27), which were eventually revised to their final form in their 
Notices oflntent (Pleading Logs 50 and 51). During the summer of2009, we also 
reviewed comments from Russell Nelson of EPA Region 6 that he sent to you via e­
mail on July 30, 2009. These comments were made to pre-submittal drafts and 
clearly indicate EPA did, in fact, get a chance to review the criteria updates prior to 
the hearing. The final versions of the reports supporting the criteria incorporated 
those comments and greatly benefitted from the input provided by EPA Region 6. 

Additional discussion regarding the sequence of report submissions and our specific 
technical responses to this July 30 letter are given in the rebuttal testimony of both 
parties (Pleading Logs 84 and 85). We attempted to make additional contacts with 
Mr. Nelson prior to the hearings to discuss these comments more fully, but EPA 
elected not to discuss these comments with either party before the hearing. 
Therefore, as noted above, we believe that EPA did have the opportunity to review 
and comment on earlier versions of all our metals criteria proposals. While the final 
versions of the proposed criteria changed slightly from the June 2009 Proposed 
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Changes to the final Notices oflntent and our direct testimony, so far as we know, 
the basic proposals were available to EPA for review well in advance of receiving 
NMED's final Order and Statement of Reasons for Amendment of Standards in 
October of2010. 

In the ROD, EPA also expressed concerns over inclusion of the Hyne et al. (2005) 
data for Ceriodaphnia dubia. As detailed further in our rebuttal testimony (Pleading 
Logs 84 and 85), we concluded that these data were consistent with other studies 
conducted with the same species, and were acceptable for inclusion in the toxicity 
database. Furthermore, we are not aware of any reason why studies with synthetic 
soft water would not be considered acceptable for use in A WQC derivation 
according to EPA guidance. Synthetic laboratory waters are used routinely in 
toxicity studies considered by EPA to be acceptable for A WQC, so we do not agree 
with the comment that use of synthetic soft waters should be of concern, nor that 
this issue is related to the 1985 guideline' s statements that "formulated mixtures" 
are not to be used in the derivation of criteria. 

Cadmium 

EPA's comments in the ROD related to cadmium included statements on the effects 
of individual water quality parameters on the bioavailability of Cd to aquatic 
organisms, concerns over review of 3rd party proposals (the same as they raised for 
Zn), and concerns over the inclusion or exclusion of specific studies. The first 
couple of paragraphs related to bioavailability were straightforward, but do not 
contain any specific concerns with or comments on the criteria proposals. We fully 
recognize the influence of these individual factors on Cd toxicity, but as per the 
latest National AWQC for Cd, hardness is a strong enough predictor of toxicity to 
be used as the basis of criteria equations. 

As you pointed out, EPA's previous concerns over our inclusion of the arctic 
grayling (Thymallus arcticus) study related to low dissolved oxygen, and were 
addressed in the rebuttal responses by both parties (Pleading Logs 84 and 85). With 
respect to the Xenopus laevis study, we stand by our decision to exclude it because 
not only is it not native to North America, but it is considered an invasive pest 
species (Channing 2001). We recognize that the 1985 guidelines indicate that 
species do not have to be native to be considered resident, and the genus Xenopus is 
included in the list of North American resident species in Appendix 1 of the 1985 
guidelines. Related arguments by EPA in the ROD to exclude the arctic grayling 
study are not consistent with these guidelines, or our intent to develop nationally­
relevant metals criteria (i.e., arctic grayling are indeed native to North America). 

With respect to the Xenopus data, it should be noted that including this study in the 
acute database would have no influence on the final acute cadmium criteria. This is 
because the Final Acute Value was lowered to protect rainbow trout, and so 
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ultimately, decisions to include or exclude this particular study would have no 
influence on the final proposed criteria. 

EPA also expressed concerns in the ROD about the inclusion of unpublished studies 
in the criteria proposals from both parties. The EPA guidelines for derivation of 
A WQC clearly allow for the use of unpublished studies so long as they are openly 
available, provide adequate amounts of documentation, and the studies are 
considered to be acceptable for use in criteria derivation. We followed these 
guidelines carefully, and stand by the inclusion of the unpublished studies we 
considered as acceptable. Such studies are often included in National AWQC, 
including unpublished studies conducted on behalf of EPA, so we do not believe 
there is any more or less of a "significant" number of such studies in our proposed 
Cd criteria. Nor do we agree that this should have a negative influence on the 
ultimate scientific reliability of the proposed criteria. 

Finally, the acute value for rainbow trout (Oncorhynchus mykiss) was calculated on 
the basis of all acceptable acute studies, including new studies conducted since the 
2001 EPA A WQC document. Inclusion of the new acute data lowered the Species 
Mean Acute Value (SMA V) for this species from 2.108 µg Cd/Las in the 2001 
AWQC to 1.881 µg Cd/L (when normalized to a hardness of 50 mg/L). While life­
stage-dependent toxicity was not expressly addressed in the direct testimony of 
either CMI or LANS, we adhered to EPA guidance to use data from the most 
sensitive life stages, and the inclusion of the new data made the rainbow trout 
SMA V more restrictive. Therefore, we believe the proposed criteria would be fully 
protective of the most sensitive life stages of rainbow trout. 

Please let us know if you have any questions regarding these responses or if you 
would like us to provide additional supporting details. We also welcome additional 
discussions either with NMED or EPA if there is any way we can help resolve 
EPA' s concerns as expressed in the ROD, or as may be submitted after their stated 
intent for additional EPA review. We fully support NMED' s efforts to update their 
metals criteria to reflect the latest available science, so let us know if we can be of 
further assistance in this matter. 

Best regards, 

Robert W. Gensemer, Ph.D. 
Vice President 
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Cc: Steven Canton, GEi Consultants 
Stephanie Baker, GEi Consultants 
Louis W. Rose, Montgomery and Andrews 
Carol Lear, Chevron Mining Inc. 
Derek Heafey, Chevron Mining, Inc. 
Cindy Blackwell, Los Alamos National Security, LLC 
Lisa Cummings, Los Alamos Site Office 
Gene Turner, Los Alamos Site Office 




