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FREEPORT-McMoRan CHINO MINES COMP ANY'S PETITION TO AMEND THE 
SURFACE WATER QUALITY STANDARDS (20.6.4 NMAC) AND 

REQUEST FOR HEARING 

INTRODUCTION 

Freeport-McMoRan Chino Mines Company ("Chino") hereby petitions the Water Quality 

Control Commission ("Commission") to amend the Commission's regulations in Title 20, 

Chapter 6, Part 4 of the New Mexico Administrative Code (''NMAC") titled "Standards for 

Interstate and Intrastate Surface Waters" ("Rules"). This petition is filed in accordance with the 

Scheduling Order for this matter dated July 10, 2014 and the Procedural Order of the same date. 

The proposed amendment would add site-specific criteria for copper for certain surface 

waters located within the Mimbres River Closed Basin (hydrologic unit code HUCS-13030202) 

near the towns of Bayard and Hurley, New Mexico and also located within an area known as the 

Chino Mines Site Smelter Tailings Soil Investigation Unit (STSIU waters). 

PROPOSED AMENDMENT 

Add a new Section, 20.6.4.902 NMAC stating as follows: 

20.6.4.902 SITE-SPECIFIC ST AND ARDS 
A. A site-specific adjustment to copper criteria for the applicable aquatic life 

designated use for a segment ofLampbright Draw and certain of its tributaries and certain 
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tributaries of Whitewater Creek located in the Mimbres River Closed Basin shall be applied as 
described in this subsection. 

( 1) the criteria adjustment for copper described in paragraph (2) of this 
subsection shall apply only to the portions of the surface waters located within an area known as 
the Chino Mines Site Smelter Tailings Soil Investigation Unit ("STSIU") and described as 
follows: 

(a) the mainstem ofLampbright Draw beginning at the confluence of 
Lampbright Draw with Rustler Canyon to the intersection of Lambright Draw with the southern 
STSIU boundary and all tributaries thereof that originate west ofLampbright Draw, including 
Rustler Canyon and Martin Canyon; 

(b) Lucky Bill Canyon and all tributaries thereof; 
(c) Chino Mines property Subwatershed Drainages A, B, C, D-1, D-2, D-

3 and all tributaries thereof; and 
(d) Chino Mines property Subwatershed Drainages E-1, E-2, and E-3. 

(2) For the waters listed in paragraph (1) of this subsection, the aquatic life 
criteria for copper as set forth in Subsection I of 20.6.4.900 NMAC shall be adjusted by 
multiplying the applicable acute or chronic aquatic life criterion set forth in Subsection I of this 
section by the Water Effect Ratio ("WER") adjustment expressed by the following equation: 

[10 0.588+(0.703 xlogDOC)+(0.395 xlogAlkalinity) ] X ( 100 )0.9422 
WER = Hardness 

19.31 

For purposes of this paragraph, alkalinity is expressed in units ofmg/L as CaC03. In waters that 
contain alkalinity concentrations greater than 250 mg/L, a value of 250 mg/L shall be used in the 
equation. No lower bound (or limit) for alkalinity concentrations shall be used in the equation. 
DOC is dissolved organic carbon, expressed in units of mg C/L. In waters that contain DOC 
concentrations greater than 16 mg C/L, a value of 16 mg C/L shall be used in the equation. No 
lower bound (or limit) for DOC concentrations shall be used in the equation. Hardness is 
expressed in units ofmg/L as CaC03. In waters that contain hardness concentrations greater than 
400 mg/L, a value of 400 mg/L shall be used in the equation. No lower bound (or limit) for 
hardness concentrations shall be used in the equation. The alkalinity, hardness and DOC 
concentrations used to calculate the WER value are those measured in the subject water sample. 
The term "19 .31" is a Daphnia magna Species Mean Acute Value (SMA V) used to represent the 
laboratory water toxicity endpoint value in the WER equation. The value of 19 .31 is specific to 
the hardness concentration term of"lOO" in the numerator of the term "100/Hardness". The 
term "0.9422'' (the exponent to the term "100/Hardness") is the acute copper criteria hardness 
slope and is used to normalize a subject water sample to the same hardness concentration (100 
mg/L) as the 19.31 SMA V. 

STATEMENT OF BASIS FOR AMENDEMNT 

Chino petitions the Commission to adopt the site-specific criteria, in accordance with 

20.6.4.1 O(D)(3) NMAC, to adjust the aquatic and wildlife criteria for copper for the portions of 
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the surface waters identified above. The following information is provided in accordance with 

that provision: 

(a) identify the specific waters to which the site-specific criteria would apply: 

This site-specific aquatic life criteria for copper shall apply only to certain surface 

waters located in the Mimbres River Closed Basin and also within an area known as the Chino 

Mines Site STSIU and described as follows: 

(a) the mainstem ofLampbright Draw beginning at the confluence of 
Lamp bright Draw with Rustler Canyon to the intersection of Lambright Draw with the southern 
STSIU boundary and all tributaries thereof that originate west ofLampbright Draw, including 
Rustler Canyon and Martin Canyon; 

(b) Lucky Bill Canyon and all tributaries thereof; 
. (c) Chino Mines property Subwatershed Drainages A, B, C, D-1, D-2, D-

3 and all tributaries thereof; and 
(d) Chino Mines property Subwatershed Drainages E-1, E-2, and E-3. 

These surface waters are shown on the map attached to this Petition as Exhibit "A". 

(b) explain the rationale for proposing the site-specific criteria: 

The portions of the waters identified above are within a study area known as the Chino 

STSIU and are the subject of investigation under an Administrative Order on Consent between 

Chino and the New Mexico Environment Department ("NMED") dated December 23, 1994 

("AOC"). The investigation identified elevated copper in soils as the primary contaminant of 

concern in this area, some of which may be from a combination of historic smelter emissions and 

blowing copper mill tailings. Surface-water sampling conducted as part of the investigation 

indicated exceedances of the current hardness-based aquatic life criteria for copper in drainages 

located in this area. Under the AOC, NMED has conducted an ecological risk assessment with 

respect to copper in the soils and has issued "pre-Feasibility Study Remedial Action Criteria" 

("pre-FS RAC") with respect to the soils and surface waters, including potential impacts on 

aquatic life in the ephemeral and non-ephemeral surface waters. The pre-PS RAC for surface 
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waters requires compliance with the State of New Mexico Standards for Interstate and Intrastate 

Surface Waters, 20.6.4 NMAC, for risk to aquatic life in the drainages of the STSIU including all 

approaches and tools listed in the Rules which provide options for site-specific application. 

In connection with the AOC investigation, Chino proposed to evaluate potential site­

specific criteria for copper for surface waters in the STSIU. All of the surface waters which are 

the subject of this petition are "unclassified" waters subject to use designations under 20.6.4.97, 

.98 or .99 NMAC, as applicable. Those waters subject to 20.6.4.98 NMAC (intermittent waters) 

will have the relevant designated use of "marginal aquatic life", and those waters subject to 

20.6.4.99 NMAC (perennial waters) will have the relevant designated use of"warmwater aquatic 

life." Some of the waters to which the site-specific copper criteria adjustment proposed in this 

petition would apply are proposed to be treated as "ephemeral" under NMED's proposed 

amendments to 20.6.4.97 NMAC, as set forth in NMED's petition. If the Commission adopts 

NMED proposed amendments to 20.6.4.97 NMAC, then the waters covered by that amendment 

will have the designated use, as relevant for this petition, of "limited aquatic life." The 

applicable use designations under 20.6.4.97, .98 and .99 NMAC are not affected by this petition. 

The proposed site-specific WER adjustment, however, is intended to apply regardless of the 

particular aquatic life use designation under 20.6.4.97, .98 or .99 NMAC. 

Under the relevant criteria specified in 20.6.4.900 NMAC, numerical aquatic-life criteria 

for copper are derived using a formula that considers the hardness of the water. A variety of 

other physical and non-hardness chemical characteristics of the water and the metal can 

influence metal bioavailability and toxicity to aquatic organisms, as recognized by the U.S. EPA 

(U.S. EPA Water Quality Standards Handbook, EPA-823-B-94-00Sa, 2nd edition, August 1994). 

These parameters include suspended and dissolved solids, pH, alkalinity, organic carbon 
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compounds, ionic strength and other characteristics, which can have equal or greater effects on 

copper toxicity than hardness alone. 

This Petition is based upon work completed from 2011through2014 that has been 

reviewed and commented on by NMED. In September 2011, Chino submitted a proposed Study 

Work Plan to NMED to utilize the water effect ratio ("WER") method to develop site-specific 

criteria, a method identified in 20.6.4.10(D)(4)(a)-(b) NMAC. The Study Work Plan and 

subsequent technical documents were distributed to the NMED Surface Water Quality and 

Ground Water Quality Bureaus and to the U.S. Environmental Protection Agency, Region 6, 

AOC project managers and its Water Quality Standards Coordinator. The Study Work Plan 

proposed sampling locations and frequency to gather relevant chemical data, proposed laboratory 

methods of analysis, identified some changes in the general methodology due to the nature of the 

site, and proposed the development of a model to be used to derive proposed site-specific 

criteria. NMED provided written comments requesting the addition of more sampling locations 

and increased sampling :frequency and acknowledged the need for methodology changes to 

address the site-specific circumstances. Chino incorporated the changes to the Study Work Plan 

recommended by NMED and initiated the study. 

Chino and NMED met in March 2012 to discuss the sampling and analytical results and 

the initial model development, including the selection of model parameters, the methods for 

model application and the production of an interim report containing all of the data. A draft 

interim report was submitted to NMED for review in October 2012, and NMED provided 

comments in December 2012. In March 2013 Chino submitted a revised interim report 

addressing NMED's comments and subsequently submitted a draft site-specific model report in 

April 2013. NMED provided comments in July 2013 and Chino submitted a final report in 
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October 2013 entitled "Revised Site-Specific Copper Toxicity Model Report." A copy of the 

text of that report is attached as Exhibit "B." Copies of the complete report including tables, 

figures, and appendices containing data and related evaluations are available at the following 

web link: http://www.fcx.com/chino/pdf/2013/100313.pdf. This Petition is based upon the 

information presented in the final report. 

The study methodology and general results were published in a peer-reviewed scientific 

journal, "Environmental Technology and Chemistry": B.A. Fulton and J.S. Meyer, 

"Development of a Regression Model to Predict Copper Toxicity to Daphnia magna and Site-

Specific Copper Criteria Across Multiple Surface-Water Drainages in an Arid Landscape," Vol. 

33, No. 8 pp. 1865-1873 (2014). A copy of this paper is attached as "Exhibit C." 

( c) describe the methods used to notify and solicit input from potential 
stakeholders and from the general public in the affected area, and present and respond to 
the public input received: 

Chino implements a public participation process according to a Community Relations 

Plan under the AOC. The process includes public meetings with a Community Working Group 

(CWG) at which NMED and Chino present and discuss activities conducted under the AOC. 

The CWG holds regular meetings, in Bayard or Hurley, New Mexico and is composed of 

interested public stakeholders. Participation in CWG is open to all interested community 

members. Starting in 2011, NMED informed the CWG of Chino's efforts to develop site-

specific copper criteria in drainages associated with the STSIU, and this is documented in 

NMED's AOC document status handouts and CWG meeting minutes. 

Chino provided public notice of the September 16, 2014, CWG meeting in the local 

newspaper of record (Silver City Daily Press) in both English and Spanish on September 2, 

2014 and September 15, 2014. The public notice included information about the site-specific 
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copper criteria presentation and the web address for Chino's online document website 

repository. The website contains a link to the October 2013 Revised Site Specific Copper 

Toxicity Model Report. NMED included copies of the same report in the Chino AOC document 

physical repositories located in Silver City, Bayard and Santa Fe prior to the September 16, 

2014 CWG meeting. On September 11, 2014, Chino provided email notification of the CWG 

meeting to CWG members and NMED. At the September 16, 2014, CWG meeting held at the 

Bayard Community Center, Bayard, New Mexico, Chino's technical expert and consultant 

Barry A. Fulton of ARCADIS provided a detailed presentation to the CWG on the development 

of the Site-Specific Copper Toxicity Model for the STSIU drainages. At that meeting, NMED 

and Chino answered questions from the public, and invited public comment on the model report 

and proposed criteria. 

( d) present and justify the derivation of the proposed criteria: 

The Commission may adopt site-specific numeric criteria applicable to all or a part of a 

surface water of the state based upon relevant site-specific conditions under 20.6.4.lO(D)(l) 

NMAC. The relevant site-specific conditions include "physical or chemical characteristics at a 

site such as pH or hardness alter the biological availability and/or toxicity of the chemical." · 

20.6.4.1 O(D)(l )(b) NMAC. Site-specific criteria must fully protect the designated use to which 

they apply. 20.6.4.1 O(D)(2) NMAC. A derivation of site-specific criteria shall rely on a 

scientifically defensible method, such as one of those listed in 20.6.4.10(D)(4)(a)-(e) NMAC. 

Under the relevant criteria specified in 20.6.4.900 NMAC, numerical aquatic life criteria 

for copper are derived using a formula that considers the hardness of the water. A variety of 

other physical and non-hardness chemical characteristics of the water and the metal can 

influence metal bioavailability and toxicity to aquatic organisms, as recognized by the U.S. EPA 
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(U.S. EPA Water Quality Standards Handbook, EPA-823-B-94-00Sa, 2nd edition, August 1994). 

These parameters include suspended and dissolved solids, pH, alkalinity, organic carbon 

compounds, ionic strength and other characteristics, which can have equal or greater effects on 

copper toxicity than hardness alone. 

To account for the effects that water chemistry has on metal toxicity, site-specific criteria 

may be developed using the WER procedure (20.6.4.10(D)(4)(a)-(b) NMAC). The WER 

procedure consists of site-water toxicity tests conducted side-by-side with laboratory-water 

toxicity tests, and is used to specifically account for differences between toxicity of the metal in 

laboratory dilution water (results of which were used to derive the copper criteria in 20.6.4.900 

NMAC) and toxicity of the metal in STSIU waters that can be attributed to site-specific 

chemistry. 

Chino used the interim WER procedure for metals (published by the U.S. Environmental 

Protection Agency, EPA-823-B-94-001 (February 1994)) and the streamlined WER procedure 

for discharges of copper (published by the U.S. Environmental Protection Agency, EPA-822-R-

01-005 (March 2001)) identified in 20.6.4.IO(D)(4)(a)-(b) NMAC to derive the proposed criteria. 

A description of the methodology used, the adjustments to reflect site-specific conditions, the 

basis for the methodology and the adjustments, the data collected and used to develop the 

proposed site-specific standard, and the calculations used to derive the proposed site-specific 

standard all are documented in the report attached as Exhibit "B." 

The proposed WER model was selected based on statistical relations between Site 

chemistry and measured toxicity and by linking these relations to the dominant mechanisms of 

copper toxicity that occur within the specific range ofSTSIU water chemistries. From a 

statistical standpoint, the proposed model was determined as the best-fit model based on its 
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rigorous multi-linear regression (MLR) analysis and its accuracy. The MLR model approach 

was determined to provide better predictions than a model using only water hardness, without 

systematically over- or under-predicting toxicity values, while also covering wide temporal and 

spatial conditions found in STSIU waters. Recommendations for using this model were also 

based on an understanding of the hydrology, upland properties, nature and extent of potential 

contamination, and surface-water chemistry that is known to occur throughout the STSIU study 

area. 

After using the best-fit multi-linear regression (MLR) model to evaluate water samples in 

the STSIU study area, it was determined that the combination of DOC and alkalinity is the 

biggest driver in predicting copper toxicity within STSIU surface waters. The relationship 

between DOC and alkalinity provides a highly predictive tool for estimating site-specific copper 

toxicity based on using measured water chemistry values as input parameters to a predictive Site­

specific copper model. 

Compared to the current hardness-based copper criteria, the MLR model approach 

considers the effects of multiple water chemistry parameters on site-specific copper toxicity. 

This provides a more accurate estimate of copper toxicity across STSIU waters because other 

toxicity-modifying parameters than only water hardness are accounted for. As a result, the site­

specific MLR approach can reduce uncertainty about the over-protectiveness or under­

protectiveness of the current hardness-based criteria, or uncertainty associated with application 

of other site-specific criteria options such as the BLM or a traditional WER approach. 

Additionally, because this approach accounts for water chemistry variability by adjusting the 

numeric value of the site-specific criterion as a function of the water chemistry for each water 

sample, it is consistent with the current hardness-based approach. Further, the specific 
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implementation steps and margin of safety incorporated into the proposed criteria for applying 

site-specific criteria to STSIU waters provides a technically-defensible basis to address site-

specific challenges, while also providing for environmentally conservative site-specific criteria. 

The results of the application of this method, based upon the site-specific data, is the 

formula as stated in the proposed rule language. If the Commission incorporates this language 

into the surface water quality standards, this formula will be used to determine numerical copper 

limits only for the specific waters for which the site-specific standard is adopted. 

CONCLUSION 

For the reasons stated above, and in accordance with 20.6.4.IO(D) NMAC, Chino 

respectfully requests that the Commission adopt the site-specific criteria set forth in this Petition 

and incorporate it into 20.6.4 NMAC. Chino will present testimony and additional evidence in 

support of this Petition at the hearing in accordance with the Scheduling Order and the 

Procedural Order in this matter. 

Respectfully Submitted, 

4431210vl/25107-0500 

GALLAGHER & KENNEDY, P.A. 

alva L. Moellenberg 
ermaine R. Chappelle 

1233 Paseo de Peralta 
Santa Fe, NM 87501 
Phone: ( 505) 982-9523 
Fax: (505) 983-8160 
DLM@gknet.com 
germaine.chappelle@gknet.com 
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CERTIFICATE OF SERVICE 

I hereby certify that a true and accurate copy of the foregoing pleading was hand­
delivered to the following parties on Tuesday, September 30, 2014: 

Kevin J. Powers 
Assistant General Counsel 
Office of General Counsel 
New Mexico Environment Department 
1190 St. Francis Drive 
Santa Fe, New Mexico 87502-6110 
Phone: 505-827-2885 
Email: kevin.powers@state.nm.us 
For the New Mexico Environment Department 

Pam Castaneda 
Administrator 
New Mexico Environment Department 
1190 St. Francis Drive 
Santa Fe, New Mexico 87502-6110 
Phone:505-827-2425 
Email: pam.castaneda@state.nm.us 
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Chino Mines Company 
Box 10 
Bayard, NM 88023 

October4,2013 

Certified Mall #7012221Q000106174271' 
Return Receipt Reau!sted · · -

Kris Pintado, Standards Team Leader 
New Mexico Environment Department 
Surface Water::Qtiatity Bureau 
P.O. Box 5469. ;-: 
Santa Fe, New M.exfco 87502 

Re: Revised Site-Specific Copper Toxicity Model Report 
Smelter Tallinas Soils IU Dralnaaes - Chino AdmfnistraJiye Order on Cgnsent 

Dear Ms. Pintado: 

Freeport-McMoRan Chino 'Mmes Company (Chino) subm~ the attactt~ Revised S~SpeciflQ Copper 
Toxicity Model Repot1 f()r New Mexico Environment Department (NMED) ~urface Water Quality Bureau 
(SWQB). Chino submitted a draft of this report in April 2013 to NMED andsubsequently made revisions 
to the report in response to comments received from SWQB in a letter dated July 1, 2013. Also ~ed 
in a. separate document is Ct\ino's response to SWQB's comments. 

. ·. ~. 

This report c6ntains the ~dditlonal d~ an,,lysls as Qfscussed in, and as follow up to the Development of 
Site-Specific Cbpper Crit6ria Interim Ri;,Ort subrri;tt9d .to, NMED on March 22, 201.3. The. Interim Report 
provides a summary of all data collected In acc0rd;;.r1~'"'!ith methQds described In the work plan titled 
Development of Site-Speeifii: Copper 'criteria submitted' in · AllguSt 2011 to NMED that .described 
proposed studies to support development of stte-spewic copper ~ria in the Smelter ~nd Tailing son 
Investigation Unit (STSIU) surface waters. These repb'its address drainages associated -With the ,STSIU 
subject to the Chino Administrative Order on Consent, supi>orting the7development of site-Specific Copper 
criteria for. surface waters. This attached revised report describes ·the d~elopment of a sittrSPeCffic 
copper Water Effects Ratio model that can potentialfy be used to predict and derive adjusted coPper 
criteria in STSIU surface waters. 

Please contact Ned Han at (520) 393~2292 with any questions concerning this revised report. 

Sincerely, , 

sn.1s.~~~ 
Environmental .Services 

SBK:pp 
AttaChments 
20131003-001 
AttaChment 

c. w/ attachment 
Bryan Dall, NMED SWQB 
Joseph Fox, NMED GWQB 
Matthew Schultz, NMED GWQB 
Russell Nelson, US EPA 
Ned Hall, FCX Copper & Gord Inc. 
Pam Pinson, FCX,Chino 

c. w/o attachment 
Petra Sanchez, US EPA 
James Hogan, NMED SWQB 
Shelly Lemon,NMED SWQB 
Dave Menzie, NMED SWQB 

Eihibit 
D 
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Site-Specific Copper 
Toxicity Model Report 

Chino Mine Site 

Freeport-McMoRan Chino Mines Company - Administrative Orcler on Consent 
Response to New Mexico Environment Department Comments dated July 1. 2013 

Draft Slte§pecific Copper T ox!cltv Moclel Report 
SmeHer and Tailing Soils Investigation Unit fSTSIUl Drainages 

October 4, 2013 

This document presents responses by Freeport-McMoRan Chino Mines Company (Chino) to comments 
from the New Mexico Environment Department (NMED) Surface Water Quality Bureau (SWQB) on the 
Draft Site-Specific Copper Toxicity Model Report for the Smelter/Tailing Soils Investigation Unit (STSlU) 
Drainages, dated July 1, 2013. The Draft Site-Specific Copper Toxicity Model Report, dated March 2013, 
was prepared to support the development of site-specific copper criteria that can be applied to STSIU 
surface waters, pursuant to Section 20.6.4.10 part D of the New Mexico Administrative Code (NMAC}. 
This letter is organized to present a response to each general comment received from NMED. 

NMED Comment #1: The results of regression analysis and the model proposed present a significant 
improvement on predicting Cu toxicity at.the STISU and thus seem suitable for development Qf a Cu SSC. 
While the report is not explicit, it appears that this model was select~ based primarily on the very 
impressive R2

• We suggest the final analysis should consider other approaches and more broadly 
consider what would be the most appropriate SSC. For example, it was discussed in the meeting how the 
model uses the ratio of hardness to alka.linity, not the measured concentrations. While the use of a ratio 
works for the data collected in this report, it may not apply to l~wer alkalinity waters which have a similar 
ratio as they will not have a similar protection from Cu toxicity. As such, if ttiis model is adopted it may be 
appropriate to specify that It only applies to the range of alkalinity observed in this study. 

Chino Response #1: Chino appre,ciates the feedback regarding possible approaches for deriving site­
specific criteria (SSC). The initial ~resslon model, which included total organic carbon (TOC), 
hardness/alkalinity ratio, and total disso~ved solids (TDS) as model input parameters, was selected based 
primarily on Its R2 value and by considering how each parameter is mechanistically related to aqueous 
copper bioavailability arld toxicity. Section 3.2.4 of the revised report provides a more formal discussion 
of the various statistical criteria and chemistry relationships considered when evaluating and selecting a 
multiple-regression model. 

Based on discussions with NMED SWQB during the June 10, 2013 meeting in Santa Fe, New Mexico 
concerning additional statistical evaluations and on the above comment regarding low alkalinity 
concentrations, Chino proposes a new regression model that uses dissolved organic carbon (DOC) and 
alkalinity as the model Input parameters in the revised report. This new model is equivalent in terms of 
predictability compared to the initial model described above which used TOC, hardness/alkalinity, and 
TDS as input parameters. Additionally, this new proposed model appears to be more reUable based on 
the variance and model structure (i.e., similar predictive capability using fewer input parameters) and it is 
consistent with the NMED suggestion to not use the hardness/alkalinity ratio in the regression model. 
Section 3.2.4 of the revised report describes how using measured concentrations of alkalinity instead of 
the hardness/alkalinity ratio addresses uncertainty about low alkalinity concentrations and/or similar 
hardness/alkalinity ratios that can be derived from differing alkalinity concentrations. 
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Site.Specific Copper 
Toxicity Model Report 

Chino Mine Site 

The revised water effect ratio (WER) model was selected based on a step-wise multiple linear regression 
analysis that evaluated relationships between different combinations of water chemistry parameters and 
copper toxicity (Section 3.2.4 and Table 3 of the report). Other possible approaches including the copper 
biotic ligand model (BLM) (Section 3.2.5), hardness·based criteria (Section 3.2.1). and application of a 
static WER to derive SSC (Section 4.1) were evaluated and compared to the proposed approach in the 
revised report. The general WER model approach described herein, and the specific regression model 
selected for this approach (DOC and alkalinity), were determined to provide the most accurate and 
reliable predictions of Site-specific copper toxicity based on this comparison. The margin of safety 
recommendations to the proposed approach (i.e., use of the D. magna SMAVas the WER denominator 
and treatment Of input parameters that are either aoove or below the range used to develop the model 
described in Section 4.2.2) ensures that SSC are derived in an' enviro'nmentally conser\.atiVe way. 

NMEO Comment #2: Another approach discussed is to adjust the BLM which presently is systematically 
under-pr6tective. Again, the suggestion here is not that one of these options is better that the model 
proposed in the draft report but simply that these alternatives should be evalUated to provide confidence 
that the proposed model Is the most scientifically defensible. 

Chino Response #2: As descri~d Section 3.2.5 Of the revised report, Chino does not recommend using 
a modified BLM (or the BLM "out of the box") to derive site.specific copper criteria for STSIU surface 
waters. Currently, the options for adjusting the BLM only affect the toxicity··prediction mode application. 
The program files used in the BLM's criteria calculation option are not publically avaUable. Although it is 
possible to request acpess to these files per Or. Joe Meyer during the June 10, 2013 meeting; the 
acceptabilityofthis approach is questionable since calculations would not be reprOdueible byothers, and 
because these potential adjustments could be inconsistent with EPA's intended use of the BLM for copper 
criteria calculations. Based on the evaluations presented in the revised report and discussed during the 
June 10, 2013 meeting, adjusting the BLM to systematically change the predictions is not expected to 
provide greater predictability compared to the regression-model approach. Section 3.2.5 of the revised 
report provides additional discussion of the copper BLM. 

NMEO Comment #3: The Cu model presented in the report addresses site specific challenges, and 
reduces the uncertainty associated with other approaches including hardness-ba:;ed criteria and the BLM, 
however further detail reg~rding the implementation of the model to develop criteria recommendations for 
STSIU surface. waters is also necessary. For exampl13, given tl"lat water was, only collected from perennial 
pools and not stormwater, the SWQB assumes that the SSC only applies to the chronic Cu criteria, and 
not the acute. Likewise, SWQB assumes that the geographic extent to which SSC would apply only 
includes those drainages from which water was collected. 

Chino Response #3: Section 4.2 of the revised report provides details regarding the implementation of 
the rriodel to derive and apply SSC to STSIU waters. That section specifically describes step-by-step how 
to apply the proposed WER model to derive a SSC, discusses the applicability of the approach to acute 
and chronic SSC, and proposes the geographic extent for model application. Based on discussiOns 
provided in Section 4.2, a brief summary of the recommendations for model implementation and 
applicability follows. 
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• Model Implementation: The proposed approach for using the WER model to derive and apply 
SSC to STSIU waters was developed based on avaUable WER guidance and based on current 
procedures for calculating and applying the current hardness-b.ased copper criteria. The 
recommendation is to apply the model on a sample-by-sample basis (similar to the hardness­
based criteria approach) to derive a SSC and evaluate compliance for a given sample. This is 
accomplished by applying the WER model to the measured DOC and alkalinity concentrations 
from a sample to calculate a SSC. Compliance is then evaluated by comparing the measured 
copper concentrations from that sample to the derived SSC. 

• Application to Acute and Chronic Criteria: Based on USEPA WER guidance, the proposed 
approach can be used to derive both acute and chronic criteria. Water samples used in the WER 
toxicity tests were collected from ephemeral pools associated with monsoon stonn water runoff 
and from intermittent and perennial pools; all WER toxicity tests were performed using the acute 
Daphnia magna toxicity test procedure. The USEPA WER guidance states that a WER derived 
from acute toxicity tests can be applied to both acute and chronic criteria. The protectiveness 
against toxicity (and thus the value of the WER) is determined by the water chemistry, not by the 
length of time surface water exists within a given drainage. Section 4.2.1 of the revised report 
provides additional discussion of model application to acute and chronic criteria. 

• Geographic Extent of Model Application: Chino believes the proposed regression-based model 
can be applied to all of the STSIU drainages, provided the water chemistry is similar to the water 
chemistry range from which the model was developed {see discussions in Section 4.2.2.3 oft~ 
revised report). Chino does not believe that a model developed for STS,IU waters should be 
applied to the adjacent Hanover-Whitewater Creek (HWC} drainage system because water 
chemistry in HWC differs from water chemistry in the STSIU waters, and because the 
geomorphology, hydrology and surrounding uplands also differ from the STSIU study area. In 
contrast, because the model is developed from only STSIU samples collected from locations with 
relatively similar hydrology, geomorphology and upland vegetation characteristics, it can be 
applied to all drainages in the STSIU study area. Given the strong statistical relationship 
demonstrated between water chemistry and toxicity results, there is high confidence that 
"predicted" results derived from the model are applicable to all of STSIU drainage locations. 
Furthermore, the evaluation of STSIU chemistry ranges presented in Appendix E shows that 
chemistry ranges used to develop the proposed model are representative of surface water 
chemistry ranges measured to date in the STSIU area'. 

NMED Comment '114: We also recommend the final report address not only the adjustment of the Cu 
criteria based on SSC - but also consider specific aquatic species that are present in the watershed, 
and their sensitivity to Cu to ensure that the revised standard is sufficiently protective. The final report 
should consider the results of the 2008 USGS study by Little and Calfee, submitted to the US Fish 
and Wildlife Service, which examined the toxicity of metals to the Chiricahua leopard frog. The study 
recorded Lowest Observed Effect Concentrations from the 60-day "chronic" tests for copper at 0.047 
mg/L for development and length, and 0.007 mg/L for weight. Therefore, the Chino Mines study 



tQ ARCADIS 

Site-Specific Copper 
Toxicity Model Report 

Chino Mine Site 

should consider whether the proposed regression model is consistent with these results, or otherwise 
address whether the regression model, if applied to these waters, would be protective of 
developmental stages of Chiricahua leopard frog. It is noted that while the Little and Calfee (2008) 
report does not provide information on TOC concentrations the TDS, alkalinity and hardness values 
are all within the range of waters collected from the STISU. 

Chino Response #4: Appendix F of the revised report evaluates the protectiveness of the proposed 
WER model approach to the Chiricahua leopard frog (CLF), based on the copper effect 
concentrations reported in Little and Calfee (2008). In summary, Appendix F shows that the 
proposed approach is protective of CLF developmental stages. This conclusion is based on applying 
the proposed model to the water chemistry values measured during the 60-day copper exposures and 
determining that the derived SSC is less than all effect concentrations reported by Little and Calfee 
(2008). Although organic carbon concentrations were not ·measured or reported in t.ittie ahd Calfee 
(2008), Little et al. (2011) reported DOC concentrations of 0.2 to 0.5 mgfl from the same laboratory 
and during the same time period for a similar mixture of wen watE!r and pei~:mized water: TherefQre, 
these DOC concentrations were used to calculate SSC from the new proposed model (which uses 
DOC and alkalinity to predict toxicity and thus WERs) to compare to the rei:)orted CLF effect 
concentrations. This comparison is the primary basis for concluding that the proposed approach will 
be protective of developmental stages of the CLF. In Appendix F, Chino also provides an evaluation 
of the study design and applicability of reported effect concentrations in Little and Calfee (2008) to 
identify possible uncertainties associated with the reported effect concentration in order to fully 
compare the protectiveness of the proposed WER model to the sensitivity of the CLF. This evaluatio_n 
further supports Chino's conclusion that the proposed approach is protective to the CLF. 

NMED Comment #5: Finally, Chino Mines suggested that they may submit the final report for external 
scientific review and publication. Given the unique approach presented in the draft report, SWQB 
supports publication in peer reviewed scientific literature as it will strengthen the basis for SSC in the 
STISU. 

Chino Response #5: Chino ptans to submit the study results and the proposed WER model report for 
scientific review and publication by the end of 2013, following SWQB's review of this revised 
report. Based on this schedule, Chino expects final approval from the journal in April 2014. 
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1. Introduction and Background 

Revised Site-Specific 
Copper Toxicity Model 
Report 

Chino Mine Site 

On December 23, 1994, Freeport-McMoRan Chino Mines Company (Chino) and the 

New Mexico Environment Department (NMED) Surface Water Quality Bureau (SWQB) 
entered into an Administrative Order on Consent (AOC) to investigate historical 

releases of potentially hazardous substances within the Chino Mine Investigation Area 

(IA), Grant County, New Mexico (the Site). The Smelter and Tailing Soil Investigation 
Unit (STSIU) is one of the investigation units within the defined IA. By letter dated 

September 16, 2010, NMED specified the Pre-Feasibility Study (FS) Remedial Action 

Criteria (RAC) for the STSIU. As one of the Pre-FS RAC, NMED required compliance 
With New Mexico Standards for Interstate and Intrastate S.urface waters, 20.6.4 New 

Mexico Administrative Code (NMAC) for risk to aquatic life for drainages within the 

STSIU. The letter states that Pre-FS RAC for all constituents equal 20.6.4 NMAC, 

including all approaches and tools listed in the Code that provide options for site­

specific application. 

Copper is the primary contaminant of concern in STSIU, and surface water in some 

STSIU drainages has been determined to exceed the aquatic life water quality criteria 

in 20.6.4 NMAC before consideration of the approaches and tools that provide for site­
specific application. In particular, in accordance with Section 20.6.4.900 NMAC, water 

quality criteria for copper (and other divalent cationic metals)are calculated using a 

standard equation based exclusively on site-specific water hardness. Previous Site 
investigations, including the Site-wide ERA (Newfields 2005) and STSIU Remedial 

Investigation (RI) indicated exceedances of current hardness-based copper criteria in 

sub-drainage basins within the STSIU area. However, a variety of other physical and 
non-hardness chemical characteristics of the water and the metal can influence metal 

bioavailability and toxicity to aquatic organisms (U.S. Environmental Protection Agency 

[USEPA] 1994, 2001, 2007). Multiple studies have demonstrated other water quality 
parameters such as suspended and dissolved solids, pH, alkalinity, organic carbon 

compounds, ionic strength and other characteristics have equal or greater effects on 

copper toxicity than hardness alone (AWWQRP 2006, Meyer et al. 2007). 

To account for the effects water chemistry has on metal toxicity, site-specific criteria 

(SSC) may be developed using scientifically defensible methods that are described in 
Section 20.6.4.10 part D of NMAC, which includes the Water-Effect Ratio (WER) 

procedure. The WER procedure consists of site-water toxicity tests conducted side-by­

side with laboratory-water toxicity tests, and is used to specifically account for 
differences between toxicity of the metal in laboratory dilution water and toxicity of the 

metal in Site water that can be attributed to site-specific water chemistry. If there is a 

difference in toxicity and it is not taken into account, the aquatic life criteria for the 
tested body of water might be either more or less protective than intended by EPA's 
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In August 2011 on behalf of Chino, ARCADIS submitted a work plan titled 

Development of Site-Specific Copper Criteria (ARCADIS 2011} to the NMED Surface 
Water Quality Bureau (SWQB} that described proposed WER studies to support the 

development of site-specific copper criteria in STSIU surface waters. SWQB pro\1ded 

comments to the work plan in a letter dated September 1, 2011. The WER studies 
were subsequently conducted, and a summary of preliminary results and the WER 

multiple-regression model approach described in the work plan was presented to 

NMED SWQB during a March 23, 2012 meeting in Albuquerque, NM. These results 

were further evaluated against USEPA (1994, 2001) WER acceptability criteria and 

fully reported in the draft Criteria Adjustment Interim report that was submitted to 

NMED SWQB in October 2012 (ARCADIS 2012). Chino received NMED comments to 
that report in December 2012, and submitted responses to those comments and a 

re\1sed Interim Report to NMED SWQB in March 2013 (ARCADIS 2013a). 

As described in the above work plan and Interim Report, and acknowledged by NMED 

comments to the work plan, a modified approach is required to develop and apply SSC 

to STSIU surface waters because the site-specific hydrologic conditions and 
contaminant sources at STSIU are not explicitly addressed in the available USEPA 

WER guidance. The use of multiple-regression analysis of co-located toxicity and 

water chemistry data explicitly accounts for the effects of site-specific water chemistry 
on copper bioavailability and toxicity and can also address the site-specific challenges 

described in the work plan. The technical basis of this approach, including statistical 

evaluations, application of available USEPA guidance, and consideration of the 
mechanisms of copper bioavailability and toxicity, was initially described in the draft 

Copper Toxicity Model report submitted to NMED SWQB in April 2013. Chino and 

NMED SWQB subsequently met in Santa Fe, NM on June 10, 2013 to discuss the 
WER model approach described in that report. The current report has been updated 

based on discussions with NMED SQWB during the June 10, 2013 meeting and based 

on comments received from NMED SWQB to the draft Copper Toxicity Model report in 
a letter dated July 1, 2013. 

1.2 Study Objectives 

This report describes the development of a site-specific copper WER model that can 

potentially be used to predict and derive adjusted copper criteria in STSIU surface 
waters. As described pre\1ously, a modified approach is required to develop and apply 

SSC to STSIU surface waters because site-specific STSIU conditions are not 
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(USEPA 1994, 2001). These site-specific conditions include diffuse, nonpoint-source 

copper contamination to multiple ephemeral drainage channels that typically flow only 

in direct response to monsoonal precipitation. As a result, almost all aquatic habitats in 

STSIU consist entirely of isolated pools located in predominately bedrock sections of 

drainage channels. Additionally, water chemistry has been observed to be variable 

across the numerous STSIU sub-watersheds because of localized differences in 
geology, geomorphology, hydrology, and surrounding upland landscapes among the 

sub-watersheds. 

The interim report (ARCADIS 2013a) established that toxicity and chemistry data 

collected during WER sampling in 2012 were acceptable for use in the development of 

SSC for copper. WERs detennined during that sampling and analysis effort were 

mostly greater than 1, indicating that the current hardness-based copper criteria are 

overprotective of aquatic life uses in the STSIU samples used for WER testing. 

Additionally, the Interim Report demonstrated that site-specific copper toxicity and 

copper WERs were variable across the STSIU watersheds. It was hypothesized in the 

Interim Report that the toxicity variability could be largely explained by the variability in 

water chemistry samples used for testing. 

The primary objective of this report is to further evaluate site-specific copper toxicity 

and water chemistry data reported in ARCADIS (2013a) by perfonning statistical 

evaluations of the chemistry and toxi?ity variability to determine specific chemical 

parameters that are most correlated with the observed toxicity. Based on these 

evaluations, the second objective of this report is to describe a site-specific copper 

WER model that can explicitly account for this variability, and thus can potentially be 

used to develop and apply SSC to STSIU watersheds. 

2. Methods 

Field and laboratory methods employed in this study were described in ARCADIS 

(2013a) and were consistent with methods described in the available WERguidance 

documents. A brief summary of the field and laboratory methods as reported in 

ARCADIS (2013a) follows. 

Field sampling and laboratory testing occurred twice during the wet season in 2011. 

WER samples were collected in eight different sub-watersheds; these samples were 

collected during two separate sampling rounds in 2011. The first round of field 

sampling was performed during 29 August - 2 September, 2011 and included 12 WER 

samples; the second round of field sampling was conducted during 19 - 20 September 
2011 and included six WER samples. Figure 1 presents the location of all samples 

collected during both rounds of WER sampling. Flow was not observed in any 
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isolated, surface-water pools present in bedrock or primarily bedrock sections of 

drainage channels. In total, 18 WER samples were collected from 12 distinct sampling 

locations located across eight sub-watersheds (Figure 1 }. In addition to subsamples of 
those waters, six additional water samples were submitted for chemical analyses (i.e., 

these six additional samples were not used in the WER toxicity tests} during the two 

rounds of sampling. As noted in ARCADIS (2013a}, sample locations were limited to 

drainage areas containing surface water. The majority of drainage areas suMyed 

were dry during each sampling round. At each of the 12 water-sampling locations for 

WER toxicity tests, surface-water samples were split at the time of collection and a 
portion of each split sample was sent directly from the field to ACZ Laboratories, Inc. 

(ACZ) in Steamboat Springs, Colorado, for chemical analyses; the other portion of the 

split sample was sent directly from the field to GEi Consultants, Inc. (GEi} in Denwr, 

Colorado, for WER toxicity tests. Samples were collected, shipped, and stored 

according to methods described inARCADIS (2011) and USEPA (1994, 2001), which 

included "clean sampling techniques•, chain-of-custody (COC} forms and USEPA 
protocols for toxicity testing. 

WER toxicity tests were conducted by GEi using less than 24-hour-old neonates of the 
freshwater cladoceran Daphnia magna (an inwrtebrate} as the primary test species. 

WER toxicity tests were also conducted on a subset of samples using less than 24-

hour-old larvae of the fathead minnow (Pimephales promelas; a freshwater fish} as the 
secondary test species. The major use of the secondary species, as described by 

US EPA (1994), is confirmation of toxicity results obtained with the primary species. 

Use of a secondary species, howewr, was omitted from the more recent USEPA 

Streamlined WER Guidance because "the additional test has not been found to haw 

value• (USEPA 2001: p. 5). Instead, the Streamlined Procedure requires that either 

Ceriodaphnia dubia (another freshwater cladoceran} or D. magna be used as the 
tested taxon because "experience has shown that the daphnids, which are quite 

sensitiw to copper, ha\e been the most useful test organisms for WER studies• 

(USEPA 2001: p. 5). As described in ARCADIS (2013a}, results from the secondary 
test species (the fathead minnow} confirmed results obtained with the primary test 

species (D. magna} according to WER acceptability criteria presented in USEPA 

(1994). This report therefore focuses evaluations on the D. magna copper toxicity 
endpoints because it was identified, and validated, as the primary test organism. 

Toxicity test procedures followed methods described in US EPA WER guidance 
(USEPA 1994, 2001) and general whole-effluent acute-toxicity testing methodology 

(USEPA 2002). Test conditions are listed in Appendix A. Stock solutions of copper 

were prepared by dissol\1ng CuCl2·2H20 in deionized water. A separate stock solution 
was prepared for each round of WER testing, but the same stock solution was used to 

spike all laboratory and STSIU waters in each round of testing. Results from 24-hour 
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used to select the copper exposure concentrations in the WER toxicity tests. Total 

recoverable and dissolved concentrations of copper were measured in each exposure 

treatment required to calculate the toxicity endpoint, consistent with USEPA (1994, 
2001) WER protocols. Total and dissolved copper were measured at the beginning and 

end of each 48-hour D. magna toxicity test. WER guidance requires dissolved metal 

analysis at the beginning and end of toxicity tests, but only requires total metal analysis 
for exposure water samples collected at the beginning of tests. Total copper was 

measured on samples collected at the beginning and end of toxicity tests to pro>Ade an 

additional verification of copper exposure concentrations. Samples for dissolved-metals 
analyses were filtered in GEi's laboratory using a 0.45-micrometer (µm) filter. The 

samples were preserved after filtration and shipped to ACZ for analysis. 

Toxicity tests using STSIU surface waters were conducted side-by-side with toxicity 

tests using standardized laboratory dilution water according to USEPA protocol 

(USEPA 1994, 2001). As described by USEPA (1994), more than one toxicity test 
using site water may be conducted side-by-side with a single laboratory dilution water. 

However, multiple laboratory dilution-water toxicity tests were conducted in this study to 
encompass the range of water hardness in STSIU waters and because toxicity tests 
were staggered across multiple days in each round of WER testing. For WER 

calculations, STSIU surface-water samples were matched to a laboratory dilution water 

toxicity test based on the hardness concentrations in each water type according to 
USEPA (1994). Hardness concentrations for all laboratory-water toxicity tests were 

selected based on the hardness of STSIU samples measured when the water samples 

arrived at GEi. The intent was to match water hardness between field and laboratory 
samples as close as possible while meeting WER testing requirements, including equal 

or lower water hardness in matched laboratory dilution water (unless hardness in site 

water is less than 50 mg/Las CaC03; USEPA 1994). Consistent with USEPA 
guidance, all laboratory dilution-water toxicity tests were conducted at water hardness 

between 40 and 220 mg/L as CaC03. 

2.1 Data Analysis 

Acute toxicity of contaminants to aquatic organisms is usually evaluated in terms of the 
concentration needed to kill or cause adwrse effects to 50% of the tested organisms 

[i.e., median effect concentrations (EC50 values)]. In this WER study, EC50s values 

were calculated based on total and dissolved copper concentrations using maximum 
likelihood probit analysis in ToxCalc ™ version 5.0 software (Tidepool Scientific 

Software, McKinleyville, California). One-half the detection limit was used in all 

samples for which copper concentration was below the method detection limit (MDL). 
The toxicity results for D. magna are reported as EC50 values because immobilization 

was used as a surrogate for death in those organisms (as discussed in USEPA 2002). 
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In accordance with USEPA (1994, 2001) guidance, the WER for each sample 

was calculated !Tom the EC50 values in STSIU site water and the laboratory water, as 

follows: 

where: 

V\ER = Site-Water EC50 hardness -normalized 

Lab- Water EC50 hardness -normalized 
(Eqn. 1) 

Site-Water EC50 hardness-namalized =the copper EC50 obtained in STSIU site water, 
adjusted to a standard hardness using the copper­

criteria hardness slope and equation 2 (shown 

below), and 

Lab-Water EC50 hardness-normaized =the copper EC50 obtained in laboratory water, 

adjusted to a standard hardness using the copper­
criteria hardness slope and equation 2 (shown 

below}. 

Normalization of each EC50 value used in a WER calculation is intended to account for 

the differing hardness concentrations of site and laboratory water and is a requirement 

specified in each WER guidance document (USEPA 1994, 2001). In this WER study, 
all EC50 values .were normalized to a hardness of 100 mg CaC03'L. as follows: 

EC50hardness -normalized 

where: 

EC50hardness-normalized 

Std H 

Sample H 

= EC50 ( Std H )o.9422 
at~e hardness · SampleH (Eqn. 2) 

= the copper EC50 adjusted to a standard hardness 
concentration (i.e., the predicted EC50 if the sample 
hardness had equaled the standard hardness}, 

= a standard hardness concentration to which all 
ECSO values are normalized (a hardness of 100 
mg/Las CaC03 was used to normalize all EC50 
values in this study}, 

= the hardness of the laboratory water, the site water, 
or the species mean acute value (SMAV), 
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0.9422 

2.2 Statistical Evaluations 

= the log-log regression slope for the 
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1984/1985 and 1995 USEPA acute copper criteria, 
which is also the slope currently used for the copper 
criteria in the New Mexico Water Quality Standards. 

The following sections describe statistical evaluations and copper biotic ligand model 

(BLM} analyses performed on the chemistry and toxicity data presented in ARCADIS 

(2013a}. 

All statistical evaluations of the toxicity and chemistry data, including linear 

correlation and regression analyses, were performed using SigmaPlot™ version 12.1 

software (SYSTAT Software, Inc., San Jose, California). A Pearson Correlation 

analysis was performed on all the chemical and toxicity variables to calculate 

correlation coefficients (r-values} and the level of significance (i.e., p-value} between 
pairs of the variables, to help understand the degree and direction of the linear 

relationship between pairs of variables (including comparisons of a toxicity endpoint 

versus a water chemistry parameter, or comparisons of pairs of water chemistry 
parameters}. Results from this correlation analysis were considered when selecting 

parameters to include in additional regression analyses. For regression analyses, 

data were log-transformed with the exception of pH data (which already is the 
negative logarithm of the hydrogen-ion concentration}. Toxicity endpoints were then 

regressed against individual water chemistry parameters (i.e., using univariate linear 

regression}. Based on the above analyses, in conjunction with knowledge of the 
mechanisms of copper toxicity and bioavailability, step-wise multiple linear regression 

(MLR} analyses were performed using various combinations of water chemistry 

parameters to determine the best subset of parameters for predicting the observed 
toxicity. The best-fit model was based on the coefficient of determination (i.e., R2

} of 

the regression, the p-value, and evaluation of the significance level of each variable's 

coefficient (for the MLR analyses}. 

2.3 Statistical Criteria 

The a priori specified level of significance of a= 0.05 was used as a basis for 
identifying statistically significant relationships. Thus, correlation and regression p­

values of s 0.05 are considered significant, although p-values that approached this 

specified level of significance were also considered when interpreting results. For the 
MLR analyses, care was taken to limit co-linearity of water chemistry parameters 

selected for the toxicity-prediction model, as judged by the variance inflation factor 

(VIF}. Co-linearity between two chemistry parameters was determined to be significant 
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(and thus might potentially confound results} if the calculated VIF value was ~ 
4, and only the more significant variable (based on univariate correlation} was 

potentially used in the model. 

2A Copper Biotic Ugand Model (BLM) Evaluations 
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The copper BLM (wrsion 2.2.3; available at http://hydrogual.com/wr him.html} was 

used to predict copper EC50 values for D. magna. Measured pH, alkalinity, and 
concentrations of dissol\Ri!d organic carbon (DOC}, calcium (Ca), magnesium (Mg}, 

sodium (Na}, potassium (K}, chloride (Cr}, and sulfate (SO/-} were used as model 

input parameters for all site-water toxicity tests. In addition, default values for percent 
humic acids (10%) and sulfide (0.01 µM) were used, consistent with 

recommendations in the BLM User's Manual (HydroQual 2007). 

3. Results 

All data analyses described in this report use data presented in the ARCADIS (2013a} 

tables, but are separate evaluations from the referenced report. Data tables presented 
in ARCADIS (2013a} are included in Appendix A for reference. Additionally: 

• A summary of the Pearson Correlation analyses performed between pairs of 
toxicity endpoints and water chemistry parameters is proiAded in Appendix 
B. 

• Appendix C proiddes the SigmaPlot ™ statistical software output for all the 
univariate (i.e., single-predictor} linear regression analyses performed with 
pairs of parameters. 

• Appendix D proiAdes the SigmaPlot™ statistical software output for all the 
MLR analyses performed with combinations of multiple parameters. 

• Appendix E proiAdes an evaluation of surface-water chemistry ranges 
obserwcl in STSIU. 

• Appendix F presents an evaluation of the protectiwness of the proposed 
WER model to Chiricahua leopard frog. 

3.1 Interim Report Results 

Results presented in ARCADIS (2013a} broadly indicate that the current hardness­

based copper criteria are owrprotectiw of aquatic life uses in most STSIU surface­

water samples tested. This finding is based on comparing copper toxicity endpoints 
measured in Site-water samples to the same copper toxicity endpoints measured in 

laboratory dilution-water samples. D. magna copper EC50, which is the concentration 

of copper required to cause adwrse effects to 50% of the test organisms, was the 
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toxicity endpoint used in these studies. WE Rs were calculated for each 
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sample as the quotient of the site-water EC50 di\1ded by the laboratory-water EC50; 

WER values greater than 1 indicate copper is less toxic in the Site water than in the 

laboratory dilution water. 

WERs were calculated and presented in ARCADIS (2013a} using several different 

WER denominators that correspond to the various approaches described in the Interim 
WER guidance (USEPA 1994) and in the Streamlined Copper WER guidance (US EPA 

2001). Based on comments received from NMED SWQB, Chino agreed that the 

approach described in USEPA(2001} would be used for the WERcalculation. In that 
approach, ifthe hardness-normalized laboratory-water EC50 is less than the hardness­

normalized species mean acute value (SMAV} presented in US EPA (2001} for D. 
magna, the SMAV should be used in the WER denominator. Normalized to a 
hardness of 100 mg/Las GaC03, the D. magna SMAV for dissolved copper is 19.31 

µg/L. 

Table 1 lists the measured WER values reported in ARCADIS (2013a} that were 

calculated using that SMAV in the denominator. Measured WERs ranged from 0.989 

to 14.41, indicating that site-specific copper toxicity was variable when compared 
across all the surface-water samples. Table 1 also lists: 

• Dissolved copper concentrations measured in WER samples; 
• The hardness-based copper criteria maximum concentration (CMC, or acute 

criteria} calculated from the hardness measured in each sample; 
• Compliance ratios calculated by di\1ding the measured copper 

concentrations by the hardness-based copper CMC (e.g., dissolved copper I 
CMC}, and 

• Compliance ratios calculated by di\1ding the measured copper 
concentrations by their respective WER-adjusted copper CMC (e.g., 
dissolved copper I [CMC x WER]}. 

Hardness-based copper compliance ratios that are greater than 1 indicate an 

exceedance of the hardness-based copper CMC. As listed in Table 1, dissolved 

copper concentrations in seven samples exceeded the hardness-based CMC, with 
compliance ratios in those seven samples ranging from 1.2 to 7.6. However, when the 

WERdetermined for each sample is used to adjust the sample's hardness-based 

CMC, all of the resulting adjusted compliance ratios are less than 1. This approach is 
consistent with the sample-specific WER approach described in USEPA (1994: pp. 14-

15), which can be used to evaluate whether metal concentrations in a sample are 

acceptable after accounting for the effect of site-specific water chemistry (i.e., by using 
the measured WER to adjust the CMC}. As stated in USEPA (1994}, the metal 

concentration of a sample is acceptable when the adjusted compliance ratio is less 

than 1. Based on this analysis, copper was within acceptable compliance ranges for all 
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test samples, after applying the sample WER to account for the protectiw 

Revised Site-Specific 
Copper Toxicity Model 
Report 

Chino Mine Site 

effects of site-specific water chemistry on the aquatic toxicity of copper. Broadly, this 
indicates copper toxicity in Site waters is less than predicted by the current hardness­
based copper criteria. 

One of the objectiws of the WER study design, as described in ARCADIS (2011, 
2013a), was to include a chemically and spatially diwrse set of sample locations. The 
map presented in Figure 1 shows that WER samples were collected in eight different 
sub-watersheds; these samples were collected during two separate sampling rounds in 
2011. The variability obserwd in the site;specific toxicity of copper is expected to be 
related to the variability of water chemistry, as described in ARCADIS (2013a). In 
accordance with USEPA (1994), an assumption worth testing is whether the WER 
correlates to water quality characteristics. This assumption is statistically evaluated in 
Section 3.2. 

3.2 Toxicity and WaterChemlstryCorrelations 

Correlation analyses were performed using the co-located copper toxicity and water 
chemistry values to determine chemical parameters that were statistically associated 
with the measured toxicity values. Results from the Pearson Correlation analysis 
performed on chemistry and toxicity data are summarized in Appendix B. These 
correlation results pro'Jide a useful basis to identify water chemistry parameters that 
are statistically associated with copper toxicity and, therefore, parameters that might 
require further evaluation when considering site-specific water chemistry effects on 
copper toxicity. Results from the Pearson Correlation analysis are expressed as the 
significance lewl (the p-value) and correlation coefficient (the r-value) associated with 
comparisons between two variables. 

3.2 .1 Influence oflnorganic Water Chemistry Parameters on Observed Copper Toxicity 

A greater than 12-fold difference in D. magna dissol\ed copper ECSO values was 
measured in Site-water samples, ranging from 14. 7 µg/L in sample WER-1-12 to more 
than 184. 7 µg/L in sample WER-2-9. An important observation is that hardness 
concentrations in these low- and high-WER samples were almost equal (e.g., hardness 
concentrations of 76 and 82 mg CaC03'L in samples WER-1-12 and WER-2-9, 
respectiwly), indicating that water chemistry parameters other than hardness can haw 
a significant effect on site-specific copper toxicity. This has important site-specific 
implications because the current New Mexico numeric water quality criteria for copper 
are based exclusiwly on sample-specific hardness concentrations. The linear 
regression presented in Figure 2 further illustrates the lack of relationship between 
hardness and copper toxicity in STSIU samples. Specifically, the coefficient of 
determination (R2

) for the hardness wrsus EC50 regression is 0.10, which implies that 
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hardness accounts for only 10% of the variability associated with copper 
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toxicity in these Site waters. As listed in Figure 2, the level of significance (i.e., the p­
value) for the regression coefficient is 0.211, which is greater than the specified a level 

of 0.05, indicating that hardness is not a statistically significant predictor of copper 
toxicity in the tested site waters. 

Other non-hardness water chemistry parameters are expected to have equal or greater 
influence on copper bioavailability and toxicity compared to hardness. One such 

parameter is alkalinity, which is a measure of the acid-neutralizing capacity of water. 

Alkalinity in most natural fresh waters is due to the presence of carbonate (CO/-}, 
bicarbonate (HC03-) and hydroxyl (OH-) anions. In some surface waters, other 

important non-carbonate contributors to alkalinity include organic ligands and 

phosphate, ammonium, silicate, sulfide, borate, and arsenate ions (Hem 1985). 
Alkalinity is generally recognized as influencing copper bioavailability and toxicity in 

aquatic systems through the formation of less toxic copper-base complexes (Wurts and 

Perschbacher 1994). Empirical toxicity results reported by others demonstrated that 
alkalinity generally decreases copper toxicity (as evidenced by increasing copper 

toxicity endpoints determined at. increasing alkalinity concentrations; Meyer et al. 

2007). Results from the current study are consistent with this general trend. As an 
example, Figure 3 shows that D. magna EC50 values were positively correlated with 

alkalinity ha-Ang a regression p-value of 0.004, indicating a statistically significant 

relationship between alkalinity and the measured D. magna EC50 value (R2 = 0.43). 

In most waters, alkalinity and hardness concentrations are similar because the anions 

of alkalinity (e.g., HC03- and CO/-) and the cations of hardness (e.g., Ca2+ and Mg2+) 
are derived from the same carbonate minerals (Meyer et al. 2007). Any sample 

hardness greater than the corresponding sample alkalinity represents non-carbonate 

hardness (e.g., CaS04, MgCl2). In contrast, in waters containing greater alkalinity than 
hardness, potassium and sodium carbonates/bicarbonates are expected to be a major 

source of the alkalinity. Although hardness and alkalinity concentrations in the Site­

water toxicity samples were well-correlated (Figure 4; R2=0.68}, relative differences 
were observed between hardness and alkalinity proportions across all tested waters, 

which can be an important factor to consider when evaluating toxicity variability, as 

described below. 

That copper toxicity endpoints were significantly correlated with alkalinity, but not 

hardness, indicates alkalinity might be a better predictor of site-specific copper toxicity 
than hardness. However, evaluating the relationship between copper toxicity and the 

relative difference between hardness and alkalinity of a sample is informative to the 

mechanisms of copper bioavailability and toxicity. A potential metric for this evaluation 
is the hardness-to-alkalinity ratio (H/A}, which can be interpreted as a measure of the 

alkalinity deficiency of a sample (because alkalinity is typically equal to or less than the 



~ARCADIS 

hardness of STSIU waters). As shown in Figure 5, copper toxicity in Site 
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water tends to increase (i.e., lower EC50 values) when the hardness concentration is 

increasingly greater than the alkalinity concentration (i.e., at greater H/A values). In 

contrast, Site-specific copper toxicity decreases as the hardness-to-alkalinity ratio 
decreases. Using the hardness-to-alkalinity ratio as a predictor variable tor site­

specific copper toxicity pro\1des a more statistically significant relationship (i.e., 

regression coefficient p-value < 0.001; R2 = 0.54) compared to regressing the toxicity 
endpoint against hardness or alkalinity separately. Although the concentration 

difference between hardness and alkalinity might logically have also been used as a 

predictor of copper toxicity, it was not as strong a predictor as the hardness-to-alkalinity 
ratio. 

Another non-hardness chemical parameter determined to be significantly correlated to 
site-specific copper toxicity is total dissolved solids (TDS), which refers to the amount 

of all inorganic and organic substances in a water sample that passes through a 0.45-

µm filter. TDS measurements are not ion-specific (i.e., they do not quantify the mass 
concentration of a particular ion), but describe the overall mass of all dissolved 

inorganic and organic constituents. TDS is often correlated with electrical conductiwty 

and the ionic strength of a sample, which have been pre\1ously shown to influence the 
toxicity of copper to aquatic organisms. Major ions typically responsible for the TDS 

content of a sample include calcium, magnesium, sodium, potassium, bicarbonate, 

phosphates, nitrates, chloride and sulfate. As indicated in Figure 6, copper toxicity 
generally decreased as TDS concentration increased (p-value = 0.04; R2 = 0.25). 

32 2 Influence of Organic Carbon on Observed Copper Toxicity 

Organic carbon is well-known to have an important effect on copper bioavailability and 

toxicity to aquatic organisms (EPA 2007, Meyer et al. 2007). The Interim Report 
described how both total organic c'arbon (TOC) and DOC varied substantially in water 

samples collected throughout the STSIU drainages. This organic carbon variability 

explains a substantial portion of the variability of toxicity measured in the STSIU 
surface-water samples. As shown in Figures 7 and 8, both TOC and DOC were well­

correlated with site-specific copper toxicity, with toxicity decreasing Q.e., ECSO values 

increasing) as TOC and DOC concentrations increased. Based on all statistical 
analyses conducted and presented herein, organic carbon (either as DOC or TOC) 

was the single parameter most statistically correlated to site-specific copper toxicity 

(TOC: R2 = 0.62, p-value <0.001; DOC: R2= 0.75, p-value <0.001). Mechanistically, 
organic carbon decreases the free-ion (i.e., Cu2+) concentrations through the formation 

of copper-organic carbon complexes, thereby decreasing the bioavailablity of copper to 

aquatic organisms and thus decreasing its toxicity (Meyer et al. 2007). 
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mechanistic importance of organic carbon to copper bioavailability, the relationship 

between organic carbon and copper toxicity has important Site-specific implications 

because of the variability and relatively high concentrations of organic carbon 

measured in STSIU surface waters (Table 2). Dissolved organic matter (DOM) is a 

ubiquitous component of natural surface and ground waters, and is chemically 

composed of a variety of carbon-based constituents including a small proportion of 

identifiable, low-molecular weight compounds such as carbohydrates and amino acids, 

and a larger proportion of complex, higher-molecular weight compounds collectively 

termed humic substances. DOM is operationally defined as any organic compound 

passing through a 0.45-µm filter (Evans et al. 2005). 

The DOC component of DOM is conventionally measured as a surrogate to DOM 

concentrations, and DOC is assumed to constitute approximately ~ the mass of the 

DOM. Concentrations of DOC in natural waters vary widely, from less than 1 to greater 

than 50 mg/L (Thurman 1985). Concentrations of DOC in natural waters typically vary 

depending on watershed hydrologic conditions, geology, soil types, land-use, climate, 

and aquatic life. Generally, the lowest values are observed in the oceans, 

groundwater, and oligotrophic lakes and rivers draining bare rock or thin, organic-poor 

soils (Evans et al. 2005). Concentrations are highest in organic soil porewater, and 

fresh water draining wetlands and peat lands, especially where runoff is low and 

hydrologic residence time is high (Evans et al. 2005). In ephemeral stream systems 

typical of the arid southwest, the limited hydrologic flushing of adjacent uplands in 

conjunction with longer hydrologic residence times can contribute to moderately high 

aqueous organic carbon concentrations. In a study that characterized organic carbon 
in arid stream systems in the southwest, Westeroff and Anning (2000) reported that 

organic carbon concentrations were greater in ephemeral streams compared to nearby 

perennial stream systems. In these ephemeral systems, algae growth in the channel 

can represent a significant source of autochthonous (i.e., internally generated) organic 

matter and can potentially be a more important source of organic carbon than 

terrestrial plants due to the relatively sparse upland plant cover. 

3.2 .3 Consideration of Other Water Chemistry Parameters 

Other chemical parameters such as total suspended solids (TSS), pH, and other ions 

can potentially affect copper toxicity to aquatic organisms. Presented as Pearson 

Con1eation results (i.e., r-values and p-values), Appendix B pro..ndes a summary of 

relationships observed between measured copper EC50s and these chemical 

parameters (in addition to relationships between pairs of chemical parameters). 

Although pH can mechanistically influence copper bioavailability and toxicity to aquatic 

organisms (Meyer et al. 2007), a significant relationship was not observed in the 
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current study between pH and copper ECSO values (r-value = -0.314; p-value 
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= 0.220; Appendix C and Figure 9). Additionally, pH was not significantly associated 

with other inorganic parameters such as hardness, alkalinity, orTDS. However, a 

significant relationship was observed between pH and DOC (r-value = -0.488; p-value 
= 0.047) and the relationship between pH and TOC approached the specified level of 

significance of a = 0.05 (r-value = -0.398; p-value = 0.114). Greater DOC and TOC 

values were associated with lower pH values, perhaps because high concentrations of 
humic/fuMc acids (which can dominate DOC and TOC concentrations) tend to slightly 

acidify natural waters. 

TSS was not significantly associated with copper ECSO values (r-value = 0.266; p­

value = 0.301 ). The lack of relationship between copper EC50 values and TSS is not 

surprising because the current EC50 values are based on the dissolved fi'action of 
copper to be consistent with the current aquatic life standard for copper in New Mexico. 

Accordingly, the amount of solids dissolved in a water sample (i.e., TDS concentration) 

is likely to be more important than TSS when considering mechanisms of dissolwc! 
copper bioavailability and toxicity. This is supported by the significant relationship 

observed between TDS and copper ECSO values described in Section 3.2.1. In 

contrast, TSS probably would be an important determinant of the bioavailability and 
toxicity oftotal recoverable copper in STSIU waters; howewr, total recoverable copper 

is not of regulatory concern in this situation. 

Other ions such as potassium, calcium, magnesium, sodium, and sulfate were either 

signficantly associated with copper EC50 values (i.e., p-values <0.05) or approached 

the specified lewl of significance of a = 0.05 (Appendix C). Howewr, these ions are 
explicitly accounted for by other inorganic parameters described in Section 3.2.1, 

including hardness, alkalinity and TDS. As a result, these ions are highly correlated to 

hardness, alkalinity and TDS (Appendix B) and thus should not be included in a 
statistical model of copper toxicity, because their inclusion would cause concern about 

co-linearity with other predictor variables. 

3.2.4 Influence of Multiple WaterChemistryParameters on Observed Copper Toxicity 

The effect of multiple water chemistry parameters on the aquatic toxicity of metals is 
widely documented in the scientific literature (e.g., see review in Meyer et al. 2007), 

and reflected in USEPA options for site-specific criteria derivations (i.e., WER 

Procedure and the USEPA Copper BLM). An important finding from the abow 
analyses is that multiple water chemistry parameters signiflcantly influenced copper 

toxicity, and the relationship between these parameters is consistent with mechanisms 

of copper toxicity and consistent with relationships pre\Aously reported in the scientific 
literature. A series of MLR analyses were therefore performed in an effort to more fully 

examine effects of varying Site chemistry on dissolved copper toxicity. 
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Chemical parameters were evaluated in MLR analyses based on the 
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correlation results (Appendix B), linear regression analyses (as described in the above 

Section and presented in Appendix C), and consideration of mechanisms of copper 

bioavailability and toxicity. Table 3 lists the statistical summaries of the various MLR 
models evaluated (see Appendix D for complete statistical summaries of all evaluated 

MLR models). 

The MLR models were evaluated on a statistical basis for predictive capabilities and by 

considering the relationship between water chemistry parameters and copper toxicity. 

Specific statistical criteria and relationships considered include: 

• Overall statistical fit: Multiple-regression coefficients (i.e., R2 and adjusted 
R2

) were used to evaluate the strength of the predictive relationship between 
sets of water chemistry parameters and copper toxicity. The statistical 
significance of the multiple-regression coefficient was also considered (i.e., 
by examining the overall regression p-value), although most MLR models 
considered were highly significant (i.e., p < 0.001 ). Because different 
numbers of predictor variables (i.e., water chemistry parameters) were 
evaluated across MLR models, the adjusted R2 value was considered the 
most appropriate basis to compare the predictive strength among models. 
The adjusted R2 takes into account the sample size and the number of 
predictor variables (and uses variances instead of the variations), which 
provides a more relevant diagnostic measure in multiple-regression analysis, 
especially when additional predictor variables are added to the model. An 
important point is that R2 values can only increase or stay the same when 
additional predictor variables are added to a MLR model, regardless of 
whether the added variables is a significant predictor. In contrast, the 
adjusted R2 value is sensitive to the number of predictor values and can 

decrease as additional predictor variables are added. 
• Strength of relationship between individual predictor variables and copper 

toxicity: The strength of relationships between indi'Jidual water chemistry 
parameters and copper toxicity was evaluated by the variable's coefficient p­
value (or level of statistical significance). The specified level of significance 
of a= 0.05 was used as a general basis for evaluating the significance of a 
single parameter, or whether a single parameter improved the statistical fit of 
the MLR model. 

• Multicollinearity: The degree of correlation between predictor variables 
(referred to as multicollinearity) was examined when evaluating MLR models. 
When any one predictor variable can be predicted to a high degree from one 
or more other predictor variables (i.e., high correlation between predictor 
variables), MLR model estimates are considered unstable. Therefore, only 
the most predictive variable in a set of highly correlated variables should be 
entered into an MLR model. 
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• Unkage between water chemistry and copper toxicity: Parameters 
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were selected for MLR evaluation based on their relationship to copper 

bioavailability and toxicity. Care was taken to select key, indMdual 
parameters that were pre\1ously identified as being significantly correlated to 
measured copper toxicity (based on results presented in S~tion 3). 

Based on these criteria, sewral potential predictiw MLR models were identified in the 

step-wise multiple linear regression analysis (Table 3). Key predictor variables 
included: TOC, DOC, alkalinity, and TDS. Of the models and parameters evaluated, 

one of the the best-fit MLR models (based on the R2 value, adjusted R2 value, and 

coefficient p-values) combined four variables pre"1ously shown to affect copper toxicity 
- TOC, hardness, alkalinity, and TDS. This model had high predictiw power (R

2 = 
0.869, adjusted R2 = 0.838, and regression p-value < 0.001 }, and each input parameter 

significantly contributed to the statistical fit of the model (i.e., regression coefficient p­
values for each parameters was less than 0.05; Model 1 in Table 3). Note that 

replacing TOC with DOC in this model also yields a highly predictiw model (adjusted 

R2 = 0.838; Model 2 in Table 3). In both of these models, hardness and alkalinity were 
combined into a hardness/alkalinity ratio. 

A potential limitation of using ~he hardness/alkalinity ratio as a predictiw measure of 
toxicity is that alkalinity concentrations are not explicitly accounted for. Because the 

ratio of hardness/alkalinity is a proportional measure of the two parameters, it might not 

directly reflect the range of protectiw effects across low and high carbonate/bi­
carbonate concentrations. For example, a similar hardness/alkalinity ratio is possible 

at low alkalinity concentrations and at higher alkalinity concentrations, but the 

protectiwness effects would be expected to differ (based on the ~lationship between 
alkalinity and copper toxicity discussed in Section 3). Alkalinity by itself(i.e., not as the 

hardness/alkalinity ratio} was therefore evaluated as an input parameter to MLR 

models. 

Replacing the hardness/alkalinity ratio with alkalinity (but keeping TOC and TDS} 

pro\1des a model with an adjusted R2 value of 0. 766 (Model 15 in Table 3). Howewr, 
the p-value for TDS in this regression model is 0.839 indicating that TDS is not a 

significant predictor of toxicity when combined with TOC and alkalinity. A similar result 

is obtained by using DOC, alkalinity and TDS as predictor variables (i.e., adjusted R
2 = 

0.829, but TDS not a significant parameter [p-value = 0.448]). These results suggest 

that when alkalinity is used instead of the hardness/alkalinity ratio as a model 

parameter, including TDS does not improw the statistical fit of the model. Additional 
regression analyses were therefore performed using either TOC or DOC and alkalinity 

as parameters and excluding TDS (Table 3). 

The combination of DOC and alkalinity yields a MLR model with an adjusted R
2 

value 

of 0.833 (and co-efficient p-values of less than 0.05 for DOC and alkalinity; Model 18 in 
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Table 3), which is almost identical to the variance accounted for by the MLR 
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model evaluated above that incorporated TOC (or DOC), hardness/alkalinity, and TDS. 

As inferred from an adjusted R2 value of 0.833, the combination of DOC and alkalinity 

explains 83 percent of the measured variability in copper toxicity (compared to an 
adjusted R2 value of 0.838 using DOC (or TOC), hardness/alkalinity, and TDS). In 

multiple-regression analysis, it is desirable to limit the number of predictor variables 

while maximizing the predictive relationship, particularly with smaller datasets, thus 
making Model 18 (DOC and alkalinity) preferable over Model 1 (DOC orTOC plus 

hardness/alkalinity and TDS) in Table 3. Additionally, because alkalinity is used as 

predictor of copper toxicity in the BLM and the hardness/alkalinity ratio is not, Model 18 
(DOC and alkalinity) is preferable over Model 1 (DOC or TOC plus hardness/alkalinity 

and TDS) from a mechanistic perspective. 

To further validate the accuracy of these MLR models and to understand any potential 

bias in model-predicted values, a residual-based analysis was performed. Figure 10 

graphically depicts the accuracy of model-predicted toxicity values when compared to 
measured toxicity values. In this approach, copper toxicity is predicted by applying the 

MLR model equation to the water chemistry values measured in the toxicity test 

sample to derive a model-predicted toxicity value. In effect, this residual-based 
analysis quantitatively compares measured toxicity values to model-predicted toxicity 

values which are derived by applying the MLR equation to measured water chemistry. 

Figure 10 shows that MLR-predicted copper toxicity values from each model were 
strongly correlated with measured toxicity. The solid diagonal line on Figure 10 

represents perfect agreement between the observed and predicted values (i.e., 

predicted values equal observed values), while the dotted lines represent two-fold 
de\1ations of the observed toxicity from the predicted toxicity. A two-fold variation in a 

measured toxicity endpoint is a commonly-used range to represent the natural 

variability considered to be inherent in toxicity testing procedures (Di Tarro et al. 2001 , 
Esbaugh et al. 2011 ). Importantly, Figure 10 shows that the model-predicted copper 

toxicity values from each model are highly accurate (relative to the observed values), 

and a bias is not e\Adent in either model. That is, neither model appears to 
systematically over- or under-predict toxicity when evaluated across the range of 

observed toxicity values. Predicted values are within two-fold of the observed values, 

which pro\Ades a strong indication of accuracy for each MLR model. 

3.2.5 CopperBLMComparisons 

The copper BLM offers a computational tool to evaluate the protective impact of water 
chemistry on copper toxicity by systematically combining the complexation and 

competitive properties of water chemistry parameters (Di Toro et al. 2001, Paquin et al. 
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2002). Input parameters for the SLM calculations are temperature, pH, 
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alkalinity, and concentrations ofCa2+, Mg2+, Na+, K+, er, sol-. and DOC. Although the 

current USEPA-promulgated water quality' criteria (WQC) for copper are based on the 

SLM (USE PA 2007), to date no state has adopted the Cu-SLM as a primary basis for a 
state copper criterion. Recent studies haw indicated disparities in SLM-predicted and 

empirical toxicity endpoints, suggesting variable SLM performance in different water 

types relatiw to the waters used to dewlop the SLM. One potential explanation for 
this discrepancy is that the SLM is based on one possible composition of organic 

matter (i.e., assumed 10 percent fuMc acid), which may differ chemically from the 

types of DOM in Site waters. Another potential explanation is that the·sensiti\1ty of the 
organisms used in those toxicity tests differed from the sens iti\1ty of the organisms 

used in the toxicity tests to which the BLM is calibrated. Howewr, in this study the 

SLM performed reasonably well in predicting toxicity in Site waters. Figure 11 shows 
that the SLM-predicted copper EC50s were well-correlated to the observed copper 

EC50s (R2 = 0.66; p-value < 0.001 ), but were biased high, indicating the SLM under­

predicts copper toxicity (i.e., predicts greaterEC50s) when compared toobserwd 
values (i.e., measured EC50 values). The majority of SLM-predicted EC50 values (11 

out of 17) were more than two-fold greater than actual obserwd copper EC50 values 

(Figure 11). Howewr, as indicated by the correlation statistics, the SLM predictions 
generally agreed with obserwd values, with the lowest predicted EC50 values 

corresponding to the lowest obserwd EC50 values and the highest SLM-predicted 

EC50 values corresponding to the highest obserwd EC50 values (i.e., a positiw 
relationship between SLM-predicted and obserwd EC50s). This finding is consistent 

with the abow observations concerning the effects of variable water chemistry on site­

specific toxicity, with the range of SLM predictions corresponding owrall to the range of 
water chemistry. 

Comparing the MLR model predictions and the SLM predictions to the obserwd 
toxicity values (Figures 10 and 11, respectiwly) indicates the MLR model pro\1des a 

more accurate prediction of site-specific copper toxicity than the SLM. This finding is 

based on the regression statistics and by considering whether either model owr- or 
under-predicts toxicity owr the relatiwly wide range of water chemistry and obserwd 

toxicity values. Giwn the abow trends, it follows that SLM-predicted EC50s were also 

well-correlated with the EC50s obtained with the MLR model. As shown on Figure 12, 
the SLM EC50s were strongly correlated with the MLR model EC50s, but were biased 

high (i.e., SLM-predicted EC50s were consistently greater than the MLR model­

predicted EC50s). Although SLM-predicted EC50s were consistently greaterthan MLR 
model-predicted EC50s, the strong correlation between the two models further 

highlights the effect of water chemistry on site-specific toxicity and further corroborates 

the MLR model structure and performance. 
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BLM applications follows. The BLM offers separate applications to evaluate copper 

toxicity (i.e., the toxicity-prediction mode option) and copper speciation (i.e., the 

chemical speciation mode option). When run in speciation mode, the SLM predicts the 
chemical speciation of dissolved copper including complexation with inorganic and 

organic ligands, and the biotic ligand. When run in toxicity-prediction mode, the BLM 

predicts the median lethal or effect concentration (i.e., LCSO or ECSO) based on the 
user-selected organism and the site-specific water chemistry parameters. In addition to 

these applications, the SLM can be used to predict site-specific copper water quality 

criteria by selecting the Cu WQC Calculation option. 

The SLM-based evaluations and figures presented herein and discussed during the 

June 10, 2013 meeting were perfonned by using the SLM in toxicity prediction mode 

(i.e., comparing the SLM-predicted ECSOs to the measured ECSOs). These SLM 

predictions were made by using the SLM "out-of-the-box", which refers to running the 

BLM with the default sensitivity parameters. As discussed during that meeting, the 
BLM can be adjusted to potentially improve these toxicity predictions by modifying the 

median lethal accumulation concentration (LASO) in the program file for the user­

selected organism. The LASO value is the concentration of copper accumulated on the 
biotic ligand that results in SO% mortality in a toxicological exposure (i.e., the amount of 

metal accumulated on the biotic ligand that results in the water column ECSO). 

As shown on Figure 11, the SLM systematically over-predicted the ECSO values when 

compared to the measured ECSO values. Therefore, the default LASO value listed in 

the program file could be decreased to predict lower ECSO values, which would result 
in better agreement between the SLM-predicted and measured ECSO values. 

Howewr, this adjustment would only affect the SLM's toxicity predictions (i.e., 

predicted ECSO values), and would not impact the predicted site-specific copper criteria 
derived from the Cu WQC Calculation option. This option is EPA's recommended 

approach for using the SLM to derive site-specific criteria. The program files used to 

make the SLM's Cu WQC predictions are not publicly available, and ARCADIS does 
not currently have access to these. During the June 10, 2013 meeting, ARCADIS 

discussed the possibility of obtaining these parameterization files from the developers 

of the SLM (Hydroqual) to perfonn such modifications. Although this approach might 
be feasible, these files are not accessible to the public or scientific community, and 

could therefore limit the general acceptance of this approach since criteria predictions 

would not be reproducible by others. Additionally, modifying the parameterization of 
the SLM's Cu WQC calculations could be inconsistent with EPA's current SLM-based 

criteria approach, and would thus need to be fully evaluated in conjunction with EPA 

and SLM developers. 
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the BLM "out of the boxj to derive site-specific copper criteria for STSIU surface 

waters. The proposed regression-based approach, which has been developed from 

empirical toxicity tests conducted in site water, pro\1des a more accurate and 
technically-defensible approach for deri\1ng site-specific copper criteria for the STS/U 

surface waters (i.e., the proposed approach is highly specific to STSIU surface waters} 

and is consistent with the approach adopted by Esbaugh et al. (2011 }. Based on the 
evaluations presented in this report and discussed during the 6/10/13 meeting, 

adjusting the BLM to systematically change the predictions is not expected to pro\1de 

greater predictability compared to the regression model approach. 

4. Discussion 

4.1 Technical Basis of a WER Model 

Section 3.1 describes the USEPA (1994} sample-specific WER approach where the 
WER value detennined in a tested sample is used to adjust the hardness-based 

copper criteria to evaluate whether copper concentrations are acceptable when the 

effects of water chemistry are considered. This analysis indicated copper 
concentrations were within acceptable ranges (when applied according to USEPA 

[1994]}; Table 1). Although this approach is informative to understanding copper 

compliance for a sample, it would be cost-prohibitive and logistically impracticable to 
perform WER testing to evaluate compliance for all surface waters within the expansive 

and somewhat remote study area (recognizing that the copper in STSIU waters 

originates from non-point sources}. Therefore, this study evaluated an alternative 
approach based on statistical relationships between these empirical toxicity results and 

Site-water chemistry. 

One of the primary findings from the Interim Report (ARCADIS 2013a} was that the 

measured WERs were variable, reflecting the influence of variable Site-specific water 

chemistries on copper toxicity. This finding highlighted the need to further understand 
the influence of site-specific water chemistry on observed copper toxicity. Statistical 

evaluations (presented in Section 3) were thus performed to better understand the 

statistical association between measured toxicity and chemistry parameters. Based on 
the best-fit MLR model, the combination of DOC and alkalinity explained 83% of the 

variability in the observed copper toxicity values. This relationship pro\1des a highly 

predictive tool for estimating site-specific copper toxicity based on using measured 
water chemistry values as input parameters to a predictive Site-specific copper model. 

In addition to pro\1ding a statistically robust option to derive Site-specific copper 
criteria, a Site-specific MLR model approach can address the challenges associated 

with the Site conditions described pre\1ously. Because the model was developed from 
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range of values of a variety of chemical parameters, the model is expected to perform 

very well in water chemistries that are typical of surface water at the Site (i.e., the 

model is highly specific to Site-water chemistries). 

The Site-specific MLR approach can reduce uncertainty about the over-protectiveness 
or under-protectiveness of the current hardness-based criteria, or uncertainty 

associated with application of other site-specific criteria options such as the BLM or a 

traditional WER approach. 

• First, compared to the current hardness-based copper criteria, the MLR­
model approach considers the effects of multiple water chemistry parameters 
on Site-specific copper toxicity. This pro'.Ades a more accurate estimate of 
copper toxicity across Site waters because other toxicity-modifying 
parameters are accounted for. Although hardness was not determined as a 
strong predictor variable in the best-fit MLR model, the proposed WER model 
approach still accounts for hardness by normalizing the site and laboratory 
water to the same hardness. 

• Second, compared to the BLM, the MLR-model approach predicts toxicity 
based on the relationship between measured Site toxicity and chemistry 
values. Because the BLM approach does not include empirical toxicity tests 
to confirm its computational-based predictions, the MLR-model approach can 
reduce uncertainty associated with default BLM assumptions and/or take into 
account how other water chemistry parameters that are not incorporated into 
the BLM affect toxicity characteristics of a water (such as other co-occurring 
metals and type or quality of organic matter}. 

• Third, compared to the traditional WER approach in which a single or set of 

static site-specific criteria are applied to a water body, the MLR-model offers 
a way to evaluate copper compliance on a sample-specific basis, similar to 
the BLM and hardness-based options. 

Another important consideration when evaluating the technical basis of this MLR-model 
approach is that regression analyses are commonly used to derive WOC. For 

example, the current hardness-based woe for a number of divalent metals (including 

copper} are based on regressions between laboratory-water toxicity endpoints and 
water hardness. The current woe for these select divalent metals are thus expressed 

as univariate linear regression equations, using hardness as the single predictor 

variable to determine the numeric woe value. Further, the current USEPA ammonia 
woe are based on a multivariate regression model that uses temperature and pH as 

input variables. With this background, the MLR-model approach described in this 

report is conceptually consistent to current approaches used to calculate woe values. 
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should therefore pro\1de a robust and technically-defensible basis to develop and apply 

SSC. 

4.2 WER Model Implementation 

The proposed approach to applying the MLR-model to derive site-specific copper 

criteria that can be applied to STSIU surface waters is described below: 

1. Input a sample's measured water chemistry values into the MLR-model 

equation to calculate a predicted Site copper EC50 value; 

2. Normalize the predicted EC50 value to a standard hardness (e.g., 100 mg/L 

as CaC03), using Equation 2 presented in Section 2.1. This value becomes 
the numerator to the WER equation; 

3. DiiAde the normalized predicted Site EC50 value by the hardness-normalized 
D. magna SMAV for copper (normalized to the same hardness used in Step 

2) to calculate a sample WER. 

4. Multiply the sample WER by the hardness-based copper standard 

(calculated at the hardness of the water sample) to derive a site-specific 

standard for the sample. 

Table 4 proiAdes a step-by-step example of how to apply this approach to derive a site­
specific standard for a sample (using measured water chemistry from sample WER-1-1 

as the example). The proposed regression-model approach is sample-specific, 

meaning a site-specific standard is derived for each sample based on its water 
chemistry. Operationally, the approach is consistent with the current hardness-based 

standards approach whereby the copper standard for a single sample is determined 

based on its hardness concentration. Therefore, Chino eniAsions that compliance 
evaluations (i.e., determining whether measured copper concentrations in a sample are 

acceptable) that use SSC developed with the proposed regression-model approach will 

be the same as compliance evaluations that use criteria developed with the current 
hardness-based approach. 

Elements of the WER procedure are still applied in this approach to account for copper 
toxicity differences between site and laboratory waters, but the numerator of the WER 

(i.e., the Site-water toxicity endpoint) is modeled based on the statistical relationship 
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WER procedure framework to this approach, hardness is accounted for by normalizing 

the site and laboratory toxicity endpoints to the same hardness and by using the WER 

to adjust the sample's hardness-based standard. Thus, criteria-adjustments made 
using the proposed model are still hardness-specific, but they also take into account 

other toxicity-modifying water chemistry parameters. 

4.2.1 Model Application to Acute and Chronic Criteria 

As described in ARCADIS (2013a), surface-water samples used in the WER toxicity 
tests were collected from pools that were found in predominately bedrock sections of 

drainage channels, ranging in size from small and shallow to large and deep pools. 

Although some of these pools were more perennial in nature (such as some pools in 
Rustler Canyon}, many were temporary pools (i.e., intermittent or ephemeral} that were 

formed from recent precipitation. 

Site-specific copper criteria derived from the proposed approach are applicable to 

acute or chronic criteria. In accord with USEPA WER guidance (USEPA 1994 and 

2001 }, a WER derived from acute toxicity tests is applied to both acute and chronic 
criteria. As stated in USEPA (2001), because the imolvement of strong binding agents 

causes the WER to increase as the effect concentration decreases, the WER derived 

from acute tests is expected to be protective of chronic effects. Thus, the WER derived 
from the proposed approach can be applied to the existing Criteria Maximum 

Concentrations (CMC [acute criteria]} or the Criterion Continuous Concentration (CCC 

[chronic criteria]} to derive a Site-specific acute or chronic criterion. 

4.2.2 Margin of Safety Applications 

As described in USEPA (1994}, ambient water quality criteria are typically 

overprotective of aquatic life uses because they are derived to be environmentally 

conservative in most bodies of water. The WER procedure is a USEPA-developed 
method intended to decrease or eliminate overprotection in waters that contain 

elevated concentrations of water chemistry parameters that protect against metal 

toxicity. In the traditional WER procedure (where multiple WERs are determined and 
the geometric mean WER is typically used to derive site-specific criteria for one or 

more bodies of water), variation in WE Rs and water chemistry can be a concern when 

considering the appropriate level of protection and conservatism. Spatial variation 
among WERs within a body of water is not a concern in the USEPA (1994} sample­

specific approach (described in Section 3.1} because compliance is evaluated based 

on the chemistry, toxicity, and criteria of a single effluent and its receiving water. The 
proposed application of the MLR-model described herein is similar to this approach in 

that criteria and compliance is computed on a sample-by-sample basis. 
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ensure that a sufficient lewl of protection to resident aquatic life is afforded by a 

deriwd site-specific standard. The proposed model approach has sewral features that 

do pro"4de a margin of safety to ensure the approach is applied in an en\4ronmentally 
conservatiw way. 

4.2.2.1 WER Denominator 

Based on toxicity results measured in this study, use of the SMAV as the denominator 

to measured Site toxicity values pro"4des a conservatiw WER value because of 
differences in organism sensitiwy represented by each toxicity endpoint. The Criteria 

Adjustment Interim Report (ARCADIS 2013a) and response to comments (ARCADIS 

2013b) evaluated possible WER denominators, including (1) matched-laboratory water 

tests conducted side-by-side with Site water tests; (2)the geometric mean of these 

laboratory tests; (3) the re-calculated SMAV (recalculated by excluding nominal toxicity 

endpoints from the USEPA [2001] SMAVvalue); and (4) the SMAV presented in 
USEPA (2001 ), which is the WER denominator proposed in this approach). Of the 

potential denominators, the USEPA (2001) SMAV is the largest value, which results in 

the smallest WER when applied to Site toxicity values. As a result, this yields a 
conservatiw WER and thus pro"4des a margin of safety when used to deriw a Site­

specific standard. The basis of this conclusion is described in more detail below (also 

refer to ARCADIS 2013a for further discussion of laboratory-water toxicity endpoints). 

Toxicity endpoints measured in the laboratory water toxicity tests were always less 

than the D. magna SMAV presented in USEPA (2001). All aspects of the laboratory 
water toxicity tests (test design, water chemistry, and toxicity results) were evaluated to 

ensure results were appropriate and acceptable according to guidance pro"4ded in 

USEPA (1994). ARCADIS (2013a) showed that the laboratory dilution water chemistry 
was acceptable and representatiw of standard reeonstituted water used to deriwd 

national criteria (i.e., low TOC and TSS, appropriate hardness concentrations, and 

appropriate alkalinity and pH for the hardness ranges tested). Additionally, copper 
toxicity endpoints were within the range reported by others (including the copper 

toxicity values for D. magna used to deriw the current copper standard and D. magna 

toxicity values used in the USEPA [2001] SMAV calculation). 

After validating all aspects of laboratory dilution water tests, the copper toxicity 

differences measured between Site and laboratory waters can be assumed to 
represent the mitigating properties of site-specific water chemistry. Applying the SMAV 

to the WER denominator can therefore pro\4de a margin of safety because the 

sensiti"4ty of the .numerator (i.e., site-water toxicity endpoint) is not adjusted to 
correspond to the sensiti"4ty of the denominator (i.e., organisms represented by the 

SMAV). Therefore, this ensures a conservatiw WER value is deriwd. 
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A major advantage of the WER model approach is that it accounts for water chemistry 

variability when deriving a site-specific standard because the numeric value of the site­
specific standard is a function of the water chemistry for a sample. This approach is 

consistent with the current hardness-based approach whereby a copper standard is 

derived based on the hardness concentration of a sample. As with the hardness­
based approach, it is important to apply the WER model to water chemistries within the 

range of those used to develop the model. For example, the current hardness-based 

approach specifies upper and lower hardness limits to the criteria equation: 25 mg/L 
and 400 mg/L as GaC03• These limits approximate the range of hardness 

concentrations from toxicity studies used to develop the hardness-based criteria; 

application of the equation to hardness concentrations outside of this range is 
uncertain because the linear relationship between toxicity and hardness might not 

apply. Therefore, a hardness of 25 mg/L CaC03 is used to calculate criteria in samples 

with hardness less than 25 mg/L and a hardness of 400 mg/L GaC03 is used to 
calculate criteria in samples with hardness greater than 400 mg/L. As described 

below, this framework can also be applied to the WER model approach to ensure 

criteria adjustments are made in an environmentally conservative way. 

Site-specific copper toxicity was measured over a relatively wide range of water 

chemistries, particularly dissolved organic carbon and alkalinity (the two predictor 
variables in the proposed WER model}. The upper range of DOC and alkalinity 

concentrations used to develop the WER model will be used as the upper limits when 

applying the equation to a sample's water chemistry to derive SSC. Based on the Site 
toxicity data, these ranges are: 

• Dissolved Organic Carbon range: 1.2 mg/L - 15. 7 mg/L. In samples with 
DOC concentrations greater than 16 mg/L, a value of 16 will be used in 
the WER model equation. 

• Alkalinity range: 27 mg/L - 250 mg/L. In samples with alkalinity 
concentrations greater than 250, a value of 250 will be used in the WER 

model equation. 

Applying these limits to samples containing DOC and/or alkalinity concentrations 
greater than this range pro\1des a margin of safety because more protection against 

copper toxicity is expected at concentrations greater than those tested and used to 

develop the model. In this way, the model can be applied in an en\1ronmentally 
conservative way when addressing potential uncertainty associated with applying the 

model to DOC and/or alkalinity concentrations greater than the model's range. 

For samples containing DOC and/or alkalinity concentrations less than the range used 

to develop the WER model (i.e., DOC= 1.2 mg/L; alkalinity= 27 mg/L), Chino does not 
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Although a lower limit is applied in the current hardness-based approach, less 

protection against copper toxicity is expected at lower DOC and alkalinity 

concentrations. Therefore, in samples in which alkalinity or DOC is less than the model 

range, it would not be conservati-.e to apply the lower limits of the model range to 

deri-.e a SSC. Figure 13 graphically depicts example SSC values calculated using the 

proposed WER model equation across a range of DOC and alkalinity concentrations 
(including alkalinity concentrations less than 27 mg/L; the minimum of the model 

range). This clearly shows that, depending on DOC concentrations, SSC values 

calculated at low alkalinities (i.e., less than 10 mg/L) can be much lower than SSC 
values calculated at 27 mg/L, thereby pro\1ding an en\1ronmentally conservati-.e way 

to handle alkalinity values less than the model range. 

An evaluation of STSIU surface-water chemistry variability is pro\1ded in Appendix E. 
Samples available for the evaluation include STSIU surface-water samples collected 

during the monsoon season in three different years (2010, 2011, and 2013). During the 
2011 WER sampling, water chemistry was collected at fi-.e additional sample locations 

(in addition to the 18 WERsampling locations) to increase the spatial distribution of 

chemistry samples in the STSIU study area (toxicity tests were not performed on these 
fi-.e additional locations). Chemistry samples were also collected during the 2010 Wet 

Season Sur-.ey, which was performed during the planning phases of the current study 

to gain a better understanding of Site-water chemistries. Last, samples were collected 
during August 2013 to support this evaluation. As described in Appendix E, drainage 

areas sampled in 2013 contained more water than pre\1ous years due to strong 

monsoonal precipitation that occur prior to, and during, the 2013 sampling effort. 
Pre\1ous STSIU surface-water in-.estigations (i.e., the STS/U Remedial Investigation 

and Ecological Risk Assessment) primarily evaluated metal compliance trends, and 

therefore did not sample all chemical parameters necessary to compare with the model 

range. 

In total, 49 distinct surface-water samples ha-.e been collected in the STSIU study area 
and analyzed for the complete set of water chemistries (including alkalinity and DOC 

model parameters). This includes the 17 samples used to de-.elop the WER model 

and 32 additional samples collected to evaluate water chemistry characteristics. 
O\erall, this evaluation indicates that the range of chemistry used to de-.elop the WER 

model (i.e., the range of DOC and alkalinity measured in the 17 toxicity tests conducted 

using various STSIU surface waters) is representati-.e of the range of chemistries 
typically obser\ed in the STSIU surface waters. Additionally, Appendix E shows that 

the range of other parameters determined in this study to be significant predictors of 

Site-specific toxicity (i.e., TOC, Hardness/Alkalinity and TSS) also compared well with 
ambient samples collected across STSIU. 
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across eight sub-watershed units during two distinct sampling events in the 2011 

monsoon season. As a result, this model is based on a wide spatial range of STSIU 

surface-water samples. Given the limited persistence of water in the STSIU drainages, 
and limitations associated with the lack of water in many of these drainages during the 

dry season (and the lack of water in many portions of these drainages during the wet 

season), these samples also pro\1de a temporal range representative of local climate 
and hydrology. Therefore, the current model is calibrated to a sufficient temporal and 

spatial range for application to STSIU surface waters. 

As stated pre\1ously, an advantage of the model is that it predicts toxicity well across 

the wide range of water chemistry values that thus far have been recorded for STSIU 

waters. That is, model-predicted EC50 values are a function of water chemistry values 
(analogous to hardness-based criteria or BLM-based predictions, which also are 

considered to be applicable across the entire range of water chemistry with which they 

were calibrated}. For this reason, water chemistry variability within STSIU is not 
expected to be a limitation of this model-based approach; instead, site-specific criteria 

values derived from this model-based approach will be reflective of the water chemistry 

variability expected at STSIU. 

4.2.2.3 Geographic Extent of Model Application 

Some additional background information will be useful to this discussion. The STSIU 

study area was established as part of the AOC to address potential releases of mining­

related constituents to the surrounding landscape. The conceptual site model for 
STSIU identified fugitive dust emissions from the smelter as the primary source of 

contamination to STSIU soils and drainage areas. The smelter is no longer an active 

source of contamination because it was dismantled in 2007 (active smelting operations 
ceased in 2002). Copper is the primary constituent of concern within the STSIU area 

(SRK 2008). 

The STSIU surface-water drainages evaluated in this study and proposed for SSC 

application were not contaminated by point-sources of contamination such as 

discharges or tailings. Instead, these drainages were contaminated by a diffuse, non­
point source of copper contamination (i.e., historic emissions}. Based on pre\1ous Site 

investigations, including a recently completed hydrology-based Use Attainability 

Analysis (UAA} (ARCADIS 2013c ), most surface-water drainages in the STSIU area 
are characterized as ephemeral, flowing only in direct response to monsoonal 

precipitation. As a result, surface waters in STSIU have limited temporal and spatial 

persistence. Besides direct storm flow runoff, STSIU surface-water en\1ronments 
consist of isolated pools, typically located in the higher elevations of STSIU and within 

predominately bedrock channels. This has been observed consistently throughout 
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various Site investigations, including the surface-water sampling sampling 
conducted to support this study. 
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From information collected in this study and pre\1ous Site investigations, the surface­
water sample locations discussed and graphically depicted in Appendix E largely 
represent the drainage locations where surface-water pools tend to exist in STSIU, 

particularly during the wet season (since most cifthese locations are completely dry 
outside of the wet season). Because of this, the available surface-water chemistry 
data, collected across a wide spatial and temporal range, pro\1des a strong 

representation of the types and chemistry of available surface waters in STSIU. 

Appendix E shows that the chemistry range used to develop the model sufficiently 

represents the range of ambient surface waters in the STSIU study area. Therefore, 
the recommended geographic range for model application is the STSIU study area 
(Figure 1 ), excluding any portion of Hanover and Whitewater Creeks. Application of 
this model to surface waters outside of the STSIU study area is not recommended or 
proposed because the model is calibrated to the specific chemistry of STSIU surface 

waters, which is distinct fi"om other surrounding surface waters given the unique 
geologic, hydrologic and upland characteristics of the 'STSIU area. For example, 
Hanover and Whitewater Creeks, the primary adjacent surface waters to STSIU, are 
characterized by substantially greater water hardness concentrations compared to 
STSIU surface waters and the range used to develop the WER model. 

4.2.2.4 Protectiveness Inherent in Criteria Derivation 

The proposed WER-model approach does not decrease any of the protectiveness 
inherent in the process of derivation of water quality criteria that is prescribed in 
USEPA (1985), including protecting 95% of the species, dMding the final acute value 
(FAV) by 2 to derive an acute criterion, and di\1ding the FAV by the acute-chronic ratio 
to derive a chronic criterion. Accounting for the toxicity-modifying effects of water 
chemistry parameters (which is all the proposed WER-inodel approach does) will not 
decrease the protectiveness of the criteria-derivation procedure. 

5. Conclusions and Recommendations 

The conceptual approach of developing a WER model that can be applied to STSIU 
surface waters was presented in the ARCADIS (2011) work plan. By letter dated 
September 1, 2011, NMED pro\1ded comments to this work plan and expressed 
agreement with a general WER-model approach, recognizing that the nature of this 
study differs significantly fi"om the specific scenarios addressed in the USEPA (1994) 
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WER guidance. Results from the studies described in that work plan were 
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evaluated against USEPA WER acceptability criteria and fully reported in the Interim 

Report (ARCADIS 2013a}. 

Using the chemistry and toxicity data reported in ARCADIS (2013a), a draft version of 

this report was submitted to NMED SWQB in April 2013, prior to the June 10 2013 

meeting between Chino and NMED SWQB that was mostly focused on this WER 
model approach. Based on discussions from that meeting and from NMED SWQB 

comments to the draft report (dated July 1, 2013), this current re\1sed Copper Toxicity 

Model report pro\1des the statistical basis and specific guidelines for implementing a 
WER model to derive copper SSC that can be applied to STSIU surface waters. The 

sampling and toxicity testing methods, proposed WER model, and recommendations 

for implementing the proposed WER model are consistent with the general WER­
model approach discussed in pre\1oµs reports. 

The proposed WER model was selected based on statistical relations between Site 
chemistry and measured toxicity and by linking these relations to the dominant 

mechanisms of copper toxicity that occur within the specific range of STSIU water 

chemistries. From a statistical standpoint, the proposed model was determined as the 
best-fit statistical model based on the level of statistical significance associated with 

MLR analysis, by evaluating the co-linearity of input parameters, and by considering 

the accuracy of model predictions. Additionally, recommendations for implementing 
the model are based on an understanding of the hydrology, upland properties, nature 

and extent of contamination, and surface-water chemistry that is known to occur 

throughout the study area. 

Regarding model-input parameters, NMED's comments to the ARCADIS (2011} work 

plan suggested that TSS and pH be evaluated in addition to dissolved organic carbon, 
hardness, and alkalinity. These parameters are discussed in Section 3, and the 

statistical results are listed in Table 3 and Appendices B, C, and D (in addition to 

evaluations of other model input parameters not specifically identified by NMED 
comments). Based on this evaluation, it is concluded that although these water 

chemistry parameters (as well as other water chemistry parameters} can affect copper 

toxicity, they are not significant drivers or reliable predictors of copper toxicity within 
STSIU surface waters. 

Including TSS and pH as model parameters did not pro\1de a better-fit model based on 
these analyses; neither of these parameters was significantly associated with observed 

toxicity values Oudged by the level of statistical significance of each parameter in the 

MLR models and based on the Pearson Correlation summary}. In fact, pH should 
have little direct effect on copper toxicity at pH values above approximately 6.5, 

because hydrogen ions (H+, of which pH is an index} are not an effective competitor for 
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binding to biotic ligands until the pH is below approximately 6.5 (because H+ 

concentration increases as pH decreases). Therefore, at pH values characteristic of 

most STSIU waters, H+ ions provide relatively little protection against copper toxicity. 

In contrast, pH can have an important indirect effect on copper bioavailability by 
changing the bicarbonate/carbonate {Hc~·1co/·) ratio in the exposure water and 

leading to higher concentrations of carbonate {which has a higher affinity for copper 

than bicarbonate has} at higher pH values. However, because alkalinity generally 
increases as pH increases, the two parameters usually are well-correlated. Therefore, 

inclusion of pH and alkalinity in a statistical-based model would be duplicative and 

might cause the model to be unstable because of high co-linearity between the two 
predictor variables. 

As proposed in the work plan, BLM evaluations were also performed on water samples 

used in the toxicity tests; and these results were summarized in this report. These BLM 

analyses confirmed general correlation and regressio11 trends observed between water 

chemistry and toxicity values, and provided additional verification of the WER model's 
performance. On the basis of model accuracy, the MLR model approach was 

determined to provide better predictions, without systematically over- or under­

predicting toxicity values {in contrast to the BLM that systematically under-predicted 
toxicity [i.e., the BLM predicted higher EC50 values than the measured EC50 values]}. 

In conclusion, this report proposes a specific WER model that can be applied to STSIU 
surface waters to derive site-specific copper criteria. The proposed model has high 

predictability and covers wide temporal and spatial conditions found in STSIU surface 

waters. As demonstrated in this report, the specific implementation steps and margin 
of safety recommendations proposed herein for deriving and applying SSC to STSIU 

surface waters provides a technically-defensible basis to address Site-specific 

challenges, while also providing for environmentally conservative SSC. Therefore, 
Chino recommends that NMED adopt this MLR-model approach for deriving SSC in 

STSIU surface waters. 
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TABLE 1 
SUMMARY OF MEASURED DISSOLVED COPPER CONCENTRATIONS AND COPPER COMPLIANCE EVALUATIONS BASED ON THE 

HARDNESS CMC AND WER-ADJUSTED CMC 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-5PECIFIC COPPER TOXICITY MODEL REPORT 

1-1 5.9 6.651 90 12.2 0.48 
1-2 6.5 '5.334 84 11.4 0.57 

1-01-2 32.3 13.104 54 7.5 4.30 
1-02-1 32.8 8.027 42 5.9 5.53 

1-6 57.4 14.407 54 7.5 7.63 
1-7 43.0 4.717 106 14.2 3.03 
1-9 7.1 2.207 88 11.9 0.60 
1-10 5.4 2.804 262 33.3 0.16 
1-11 4.3 5.956 154 20.2 0.21 
1-12 2.1 0.989 76 10.4 0.20 

1-RCS1 5.0 3.273 48 6.7 0.74 
2-1 3.4 4.046 104 13.9 0.24 
2-6 30.2 6.151 50 7.0 4.32 

2-01-2 17.9 5.724 60 8.3 2.16 
2-9 13.7 11.530 82 11.1 1.23 
2-11 7.9 6.889 102 13.7 0.58 
2-12 3.6 2.251 80 10.9 0.33 

Notes: 
1 WER = Site water EC50 / 19.31 (SMAV reported by USEPA [20011). 

'Dissolved Cu CMC = exp(0.9422Pn(hardness)]+-1.7X0.96) 
3 Hardness-based Cu CMC compliance ratio= Dissolved Cu I Hardness-Based CMC 

'WER·adjusted Cu CMC compliance ratio= Dissolved Cu I (WER x hardness-based Cu CMC) 

CMC = criteria maximum concentration 

SMAV =species mean acute value 

WER = water effect ratio 

0.07 
0.11 
0.33 
0.69 
0.53 
0.64 
0.27 
0.06 
0.04 
0.20 
0.23 
0.06 
0.70 
0.38 
0.11 
0.08 
0.15 
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TABLE3 
Statistical Summaries of Step-Wise Multiple Linear Regression Analysis 

FREEPORT-MCMORAN CHINO MINES COMPANY 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Summary of additional multiple regression analyses performed for WER model evaluation. 
1. lnp~t Pat~ill~ters; T()p; H~ran.!:!s~/Allta·1injtj~ J!Q~ ·. .· 

R"'=0.869 
Adj R2 = 0.838 
Regression p-value = < 0.001 
Log LC50 = -0.128 + (0. 703 * log TOC} - (0. 787 * log (H/A}} + (0.653 * log TDS} 

Coefficient Std. Error t p-value VIF 
Constant -0.128 0.536 -0.238 0.815 
logTOC 0.703 0.149 4.718 <0.001 1.302 
log (H/A} -0.787 0.226 -3.485 0.004 1.336 
logTDS 0.653 0.233 2.8 0.015 1.073 

~; .~J!R'JitP'-raJJ'!~t@!$.~9'~ltM!r.~Hi1l:l:~/~!~"m:11~61il~Jg£•r ·"" "· '';? :r+~;,, .. ';,i~ -~- ,,;; : , · ; ~ ··~- · '.~ · 
R"=0.868 
Adj R2 = 0.838 
Regression p-value = < 0.001 
Log LC50 = -0.0439 + (0.633 * log DOC} - (0.438 *log (H/A}} + (0.645 * log TDS} 

Coefficient Std. Error t p VIF 
Constant -0.0439 0.534 -0.0822 0.936 
log DOC 0.633 0.135 4.701 <0.001 1.865 
log (H/A} -0.438 0.268 -1.631 0.127 1.878 
log TDS 0.645 0.234 2.759 0.016 1.075 

~. · 1.fip·u, P~r:a~@tj'f!';t:u;g.~~11:1l~nt~)1~J!<llJ!Wmt!.~§;mt1.!i:t:;tr-~,:1l'~~r~t~.rs~:t:tf t.:,: .. ·· , ,,, ""··., '·=•".J"' 
R"=0.871 
Adj R2 = 0.828 
Regression p-value = < 0.001 
Log LC50 = 0.122 + (0.674 *log TOC} - (0.790 *log (H/A}} + (0.663 *log TDS}- (0.0308 *pH}· 

Coefficient Std. Error t p VIF 
Constant 0.122 0.778 0.157 0.878 
logTOC 0.674 0.166 4.051 0.002 1.524 
log (H/A} -0.79 0.233 -3.39 0.005 1.338 
logTDS 0.663 0.242 2.746 0.018 1.083 
pH -0.0308 0.0674 -0.458 0.655 1.202 
4. Input Param~ters: DOC, Hardne'$s/Alkalinity;.J;;QS1.pH . '~:. '·.' ,• -·~ , :'\I'« •• 1. .. ·''"' '. :~·,; ........ 

R"'=0.869 
Adj R2 = 0.826 
Regression p-value = < 0.001 
Log LC50 = -0.254 + (0.664 *log DOC} - (0.411 *log (H/A}} + (0.634 *log TDS} + (0.0256 * pH} 

Coefficient Std. Error t p VIF 
Constant -0.254 0.824 -0.309 0.763 
log DOC 0.664 0.166 4.009 0.002 2.628 
log (H/A} -0.411 0.288 -1.426 0.179 2.021 
log TDS 0.634 0.244 2.598 0.023 1.092 
pH 0.0256 0.0744 0.344 0.736 1.447 

., 

.. · 
~j .. · 

'•; 

. "'· " ·:, 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

ll!§jiJU:"B!.~mJ!~~~:fl;lar. · u-= ~'1-:tm§~ 
R =0.869 
Adj R2 = 0.838 
Regression p-value = < 0.001 
Log LC50 = -0.126 + (0. 700 * log TOC) - (0. 794 * log (H/A)) + (0.650 * Log TDS+ TSS) 

Coefficient Std. Error t P VIF 
Constant -0.126 0.536 -0.235 0.818 
log TOC 0.7 0.149 4.692 <0.001 1.304 
log (H/A) ~.(94 0.226 -3.q17 0.004 1.332 
Log TQS+ TS~ ' 0;65 o.2gi ' 2. 7~E) Q,QH>· ' 1.011 
6 ' 
R =0.867 
Adj R2 = 0.837 
Regression p-value = < 0.001 
Log LC50 = -0.0365 + (0.630 *log DOC) - (0.447 *log (H/A)) + (0.640 *Log TDS+TSS) 

Coefficient Std. Error t i:> VIF 
Constant -0.0365 0.536 -0.0682 0.947 
log DOC 0.63 0.135 4.658 <0.001 1.868 
logJH!Al -0.447 o:i69 -1,662 Q.12 1.e12 
Lc)g Tp~+TSS ,0.64 0.2$4 2.737 · .0;017 1.073 
"' "~-+'fiBE'"='~-~ ·~,,.,..,..--,,..·~~~~., 1r~no; f.t'7:4bm · ,,,,_ ~·,·~-·-. · 
11t !1f!e~~!!L,v1Jl!~~ll!Sl!l:~:."~1!i~!L~!l!§~!Jl~C!dm~~'!V;Jl~1~,m>=-~·1rw~ 
R· =0.815 
Adj R2 = 0.753 
Regression p-value = < 0.001 
Log LC50 = 1.330 + (0.697 * log TOC) - (0.907 * log (H/A)) + (0.176 * Log TSS) - (0.0110 * pH) 

Coefficient Std. Error t P VIF 
Constant 1.33 o.741 1.794 o.098 
log TOC 0.697 0.199 3.5 0.004 
log (H/A) -0.907 0.275 -3.299 0.006 
LQg TSS 0.176 0, 1 :39 1 :i.67 0.229 
PH -Q.011 o.oe94 -0.131 o.89;3 

1.524 
1.295 
1.022 
1.191 

8!ll!t"""at~ .al'.ameters.~1.. . , 00:01
1H.· arl:ln'iisstA11r.a1;n*''il?mS ,~~~~~fil!~li~~~~~iii .,,~__..m,.,,,, ... ,,,, ... -.,.-.."'" 1 ~ ,,,,_,,,,_.,,,..,.,-."f'!:o,,~+..*"""<"":.."'""~-v~;;;."'~~.~~._,.,,~.,,U7.,_..._ ~_, = 

=0.811 
Adj R2= 0.748 
Regression p-value = < 0.001 
Log LC50 = 0.906 + (0.689 * log DOC) - (0.509 *log (H/A)) + (0.137 * Log TSS) + (0.0460 *pH ) 

Constant 
log DOC 
log (H/A) 
LogTSS 
pH 

Coefficient Std. Error t P VIF 
0.906 0.828 1.094 0.296 
0.689 0.201 3.427 0.005 
-0.509 0.348 -1.465 0.169 
0.137 0.142 0.97 0.351 
0.046 0.0889 0.518 0.614 

2.672 
2.027 
1.047 
1.427 
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R =0.814 
Adj R2 = 0.772 
Regression p-value = < 0.001 
Log LC50 = 1.232 + (0.707 *log TOC) -(0.905 *log (H/A}) + (0.176 *Log TSS) 

Coefficient Std. Error t P 
Constant 1.232 0.186 6.631 <0.001 
log TOC 0.707 0.178 3.975 0.002 
log (H/A) -0.905 0.264 -3.428 0.004 
Log TSS 0.176 0.133 1.321 0.209 

R =0.807 
Adj R2 = 0.762 
Regression p-value = < 0.001 
Log LC50 = 1.325 + (0.634 * log DOC} - (0.560 * log (H/A}) + (0.141 * Log TSS) 

Coefficient Std. Error t P 
Constant 1.325 0.172 7.715 <0.001 
log DOC 0.634 0.166 3.825 0.002 
log (H/A) -0.56 0.324 -1.73 0.107 
Log TSS 0.141 0.138 1.025 0.324 

R =0.844 
Adj R2 = 0.792 
Regression p-value = < 0.001 

VIF 

1.315 
1.293 
1.021 

VIF 

1.925 
1.864 
1.045 

Log LC50 = 0.705 + (0.730 *log TOC)- (0.549 *log Hardness}+ (0.837 *log Alkalinity}+ (0.102 *Log TSS) 
Coefficient Std. Error t P VIF 

Constant 0.705 0.39 1.807 0.096 
log TOC 0.73 0.17 4.286 0.001 
log Hardness -0.549 0.344 -1.596 0.136 
log Alkalinity 0.837 0.256 3.271 0.007 
Log TSS 0.102 0.136 0.752 0.467 

R =0.855 
Adj R2 = 0.807 
Regression p-value = < 0.001 

1.325 
3.899 
4.052 
1.171 

Log LC50 = 0.621 + (0.690 *log DOC} -(0.0456 *log Hardness)+ (0.417 *log Alkalinity}+ (0.0393 *Log TSS) 

Constant 
log DOC 
log Hardness 
log Alkalinity 
log TSS 

Coefficient Std. Error t P VIF 
0.621 0.383 1.621 0.131 
0.69 0.152 4.545 <0.001 

-0.0456 0.388 -0.117 0.908 
0.417 0.3 1.39 0.19 
0.0393 0.134 0.294 0.774 

1.992 
5.334 
5.998 
1.22 
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R =0.847 
Adj R2= 0.778 
Regression p-value = < 0.001 
Log LC50 = 0.993 + (0.698 * log TOC)- (0.530 *log Hardness)+ (0.838 *log Alkalinity)+ (0.0960 *Log TSS) - (0.0365 * pH) 

Coefficient Std. Error t P VIF 
Constant 0.993 0.736 1.348 0.205 
log TOC 0.698 0.189 3.695 0.004 
lag Hardness -0'.53 0.358 -1.481 0.167 
log Alkalinity 0.838 0.265 3.167 0.009 
log TSS 0.096 0.141 0.68 0.511 
Pl:i -0.0365 0.078 -0.468 0.649 

I · · Jm.fli!ll'l'll!~~' 
'=0.856 

Adj R2 = 0.191 
Regression p-value = < 0.001 

1.524 
3.949 
4.053 
1.181 
1.247 

L9Q LC50 = 0.437 + (0'715 *log DOC)- (0.0328 *log Hardness)+ (0.396 *log Alkalinity)+ (0.0399 *Log TSS) + (0.0219 *pH) 
Coefficient Std. Error t P VIF 

Ccinstant 0.437 0.795 0.55 0.593 
l~g DOC 0.715 0.184 iS94 0.003 
l~g Hardness -0.0328 0.407 -0.0806 0.937 
ldg Alkalinity 0.396 0.322 1.229 0.245 
log TSS 0.0399 0.139 0.286 0.78 
pH ~~~~0.0219 0.082 0.~.67 0.795 

=.!i!lli!tLi!fe 
R =0.810 
A.dj R2 = 0.766 
Regression p-value = < 0.001 
Lc;>g LC50 = 0.0802 + (9.846 * log TOq) + (0.471 * log Alkalinity) + (0.0904 * log TDS) 

2.687 
5.41 

6.381 
1.22 

1.463 

Coefficient Std. Error t P VIF 
. ··< . . . . ~ 

Constant 0.0802 0.724 0.111 0.914 
logTOC 0.846 0.166 5.107 <0.001 1.114 
log Alkalinity 0.471 0.225 2.096 0.056 2. 775 
IC19 TDS 0.0904 0.4:3,7. 0.207 0.839 2,605 
)f:A~ ":~• .. 1earame1i ~!.11"':".G:'"'~llffi ftiR:i·,, :Si"~ ~~~i] ~ ,~>'n\i.ir"1•••'"'·~-~-J~~~j:',-!',~;'*-""-""'"'··-.~!:J;!!.,,t~P9<~'(j'.0-,, ·~•·.:: 5 

' =0.861 
Adj R2 = 0.829 
Regression p-value = <0.001 
Log LC50 = 0.134 + (0.718 *log DOC)+ (0.273 *log Alkalinity)+ (0.296 *log TDS) 

Coefficient Std. Error t P VIF 
Constant 0.134 0.618 0.217 0.832 
log DOC 0.718 0.113 6.347 <0.001 1.246 
log Alkalinity 0.273 0.202 1.353 0.199 3.046 
log TDS 0.296 0.378 0. 783 0.448 2.659 



R =0.810 
Adj R2 = 0.782 

TABLE3 
Statistical Summaries of Step-Wise Multiple Linear Regression Analysis 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Regression p-value = < 0.001 
Log LCSO = 0.220 + (0.843 * logTOC) + (0.507 * log Alkalinity) 

Coefficient Std. Error t P VIF 
Constant 0.22 0.248 0.888 0.389 
logTOC 0.843 0.159 5.292 <0.001 1.105 
log Alkalinity 0.507 0.137 3.704 0.002 1.105 

R =0.854 
Adj R2 = 0.833 
Regression p-value = < 0.001 
Log LC50 = 0.588 + (0.703 *log DOC)+ (0.395 *log Alkalinity) 

Coefficient Std. Error t P VIF 
Constant 0.588 0.209 2.811 0.014 
log DOC 0.703 0.11 6.393 <0.001 1.212 
log Alkalinity 0.395 0.125 3.152 0.007 1.212 

R =0.816 
Adj R2 = 0.773 
Regression p-value = < 0.001 
Log LC50 = 0.646 + (0.793 *log TOC) + (0.523 *log Alkalinity)- (0.0511 *pH) 

Coefficient Std. Error t P VIF 
Constant 0.646 0.7 0.924 0.373 
log TOC 0.793 0.18 4.403 <0.001 1.354 
log Alkalinity 0.523 0.142 3.685 0.003 1.141 
pH -0.0511 0.0782 -0.653 0.525 1.226 

R =0.855 
Adj R2 = 0.822 
Regression p-value = < 0.001 
Log LC50 = 0.418 + (0.725 *log DOC)+ (0.384 *log Alkalinity)+ (0.0214 *pH) 

Coefficient Std. Error t P VIF 
Constant 0.418 0.632 0.662 0.52 
log DOC 0.725 0.136 5.312 <0.001 1.742 
log Alkalinity 0.384 0.136 2.824 0.014 1.329 
pH 0.0214 0.0751 0.285 0.78 1.439 



TABLE4 
INSTRUCTIONS AND A STEP-BY-STEP EXAMPLE FOR USING THE PROPOSED WER MODEL TO DERIVE AND APPLY SSC TO 

STSIU SURFACE WATERS 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Proposed MLR Model: Log EC50 = 0.588 + (0.703 * log DOC)+ (0.395 * logAlkalinity) 

Sample WER-1-1 water chemistry (select parameters required for MLR-model application): 
DOC= 10.7 
Alkalinity = 7 4 
Hardness = 90 

Log EC50 = 0.588 + (0.703 * log DOC)+ (0.395 * logAlkalinity) 

Predicted EC50 = l0(0.588+{0.703 xlog 10.7)+{0.395 x log 74) 

Predicted EC50 = 112.203 

EC50 EC50 x (standardHardness) 
hardness nonnaUzed = at sample hardness Sample Hardness 

(
100)0.9422 

EC50hardnessnonnaUnd = 112.203 X 9(} 

EC50hardnessnonnallzed = 123.91 

Site Water EC50hardnessnonnallzed 
Sample WER = -----------­

D. magna SMAVhardness nonnaUzed 

123.91 
Sample WER = 

19
.
31 

Sample WER = 6.417 

0.9422 

Sample site specfic Cu CMC = WER x Hardness Based Standard 

Sample site specfic Cu CMC = 6.417 x 12.169 

Sample site specfic Cu CMC = 78.088 µ: dissolved Cu 
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APPENDIX A: TABLE 1 
SUMMARY OF ALL SURFACE WATER SAMPLING LOCATIONS 

FREEPORT-llCllORAN CHINO !llHES COMPANY 
VAHADIUll, HEW llEXICO • 

SllELTER/TAIUNOS SOILS IU SfTE.SPECIRC COPP,EIH°'!'CITY llOOEL REPORT 

-108.093141. 
WER-1~ -108.101'616 32i69il746 4" 0.24 .31.67 0.205 
WER-1-6 · -108.0899 • '"32:7227 8.5 ''1.5 0.24 •23.13 0.158 :-'"""· 6:42 • 
WER,1,7 ,108.06822 32.6879 .. 2.5 1.6 0.55 20.94 0.256 '. - . 7.18, 
WER-1-9 Lower Martin. -108.0479 32.6992 65 -7 0.52 21.29 0.197 7.5 
WER-1~10 Mid Martin -108.056804 32.728667 '15 3.9 0.18 21.84 0.552 7.38 
WER·1-11 G-Draina -108.026981 32.7'3o613 9.4 4.4 0:61 25.47 0.337 6.37 
WER-1-12 Rustier -108.012367 32.742963 32.8 5 0.82 22.17 0.215 6.09. 

· WER-1--RCS-1 ·-108.026718 32:74311 10 10 4.5 .-22.85 0.127 8.67 
WER;1-D1·2"' ~108:116935 32;745954 5.5 2.5 0.49 17.92 0.182 .7.41 
WER,1-02-t ·108.112792 32.·719935 3 3 0.73' '22.1 0.164 6.62 

WER-1:.01 -108.10912 32.7514 8.7 ·4.6 O:o9 17.04 0.129 7.7 
WER-02-2; ;. '. -108.11544' 32.7185 2 :1. 0.15 19.89 0.206 7.01 .. 
WER-1-SO e-ora1na -108.-09444 ·32.6939 2 0.5 0.40 . 29.72 0.174 7.42 
WER-MC-1 

., 
·Martin Can 

... 
-108.05569 32!7085" 30 _3· i>.15 28.69 0.247 7.'47 

WER·1-RCS2 RustterCan -108.02677 32.7429 7.5 2.5 0.30· 21.52 0.117 7.34 . 
WER-1-R~. - Rustler Can . ,108:01934. 32]456 . 10. 2.5. 0.46_ 21.22- -.0.194 6.15 ' 

WER-2"1 -108.09669 "32.76198 10 . 8.5 .0.61 20.48 0.291 8.75. 7.54 
WER-2-6 -- -108.-0899 .. 32.7227 •8· 1.5 0.25 16.76 0.144 5 6.94 
WER-2-9 -108.0479 32.6992 21.88 4.75 0.67 20.58 0.232 7.61 8.45 
WER-2-11 -108.026981 32.730613 7.5 3.5 0.76 20.49 0.282 7.48 . 1:61 
WER·2-12 -108.012367 32.742963 6.37 1.82 0.30 13.98 0.226 8.03 7.29 
WER-2-01-2 -108.116935 32.748954 3 4.4 0.43 13.81 0.205 7.63 7.47 -· 1. Sample ID nomenclalurt1: Sample type· Sample round ·Sample#. 

2. Poskalibrrion of DO for fir.t round of oamplirq cfid ncl meet calibration periormance c:<fforia. 

m ""metono. 

'C. degrMS oobU.. 

mS/cm • milliaiemens pee cm. 

mgll.. = mlligram• per liter. 



APPENDIX A: TABLE 2 
SUMMARY OF ANALYTICAL CHEMISTRY METHODS 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Aluminum, dissolved M 200.8 ICP-MS 0.001 180-d 

Cadmium, dissolved M 200.8 ICP-MS 0.0001 180-d 

Calcium, dissolved M200.7 ICP 0.2 180-d 

Copper, dissolved M 200.8 ICP-MS 0.0005 180-d 

Iron, dissolved M200.71CP 0.02 180-d 

Lead, dissolved M 200.8 ICP-MS 0.0001 180-d 

Magnesium, dissolved M200.7 ICP 0.2 180-d 

Manganese, dissolved M 200. 7 ICP-MS 0.0005 180-d 

Potassium, dissolved M200.71CP o:3 180-d 

Sodium, dissolved M200.71CP 0.3 180-d 

Zinc, dissolved M 200.8 ICP-MS 0.002 180-d 

Aluminum, total M 200.8 ICP-MS 0.001 180-d 

Cadmium, total M 200.8 ICP-MS 0.0001 180-d 

Calcium, total M200.71CP 0.2 180-d 

Copper, total M 200.8 ICP-MS 0.0005 180-d 

Iron, total M200.71CP 0.02 180-d 

Lead, total M 200.8 ICP-MS 0.0001 180-d 

Magnesium, total M200.71CP 0.2 180-d 

Manganese, total M 200.8 ICP-MS 0.0005 180-d 

Zinc, total M 200.8 ICP-MS 0.002 180-d 

SM5310B 28-d 

SM5310B 28-d 

Cation-Anion balance Calculation Calculation 

Chloride SM4500CL-E 1 28-d 

SM2340B-Calculation Calculation 

Residue, Filterable 180 c SM2540C 10 

Sulfate 0516-02 -Turbidimetric 5 28-d 

TDS calculated Calculation Calculation 

TDS ratio-measured/calculated Calculation Calculation 

H YSI data sonde 

Tern erature YSI data sonde 

Dissolved O en YSI data sonde 

Conductivity YSI data sonde 

Notes: 

•extended sample hold time may be required for some WER samples. 

TDS = Total dissolved solids. 

- Not pertinent to this fiekl. 

mg/L = miHigrams per llter. 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03 to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03 to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03to pH <2 

HN03 to pH <3 

HN03to pH <2 

HN03to pH <2 

HN03to pH <3 

HN03 to pH <2 

~6degreeC 
Sulfuric acid, cool 

(4 degree C) 
Sulfuric acid, cool 

(4 degree C) 

:5.6degreeC 

:5.6degreeC 

:5.6degreeC 



APPENDIX A: TABLE 3 
EXPERIMENTAL CONDITIONS USED IN WER TOXICITY TESTS CONDUCTED WITH DAPHNIA MAGNA AND PIMEPHALES 

PROMELAS 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Method EPA-821-R-02-012 EPA-821-R-02-012 

Test Duration 48 hours 96 hours 

Sample Collection Procedure Grab Grab 

Dilution Water N/A 

Acclimation Cultured in moderately hard reconstitued water Cultured in moderately hard reconstitued water 

Age of Organisms at Start <24 .hr. old . 7 day old 

Feeding None Before 48 hr. solution renewal 

En_dpoint Morti:ility · Mortality 

f~ 'of EXposure Chamber 30 ml dispo~fil6·p1astic cup 9 oz disposable plastic cup 

Vol~.riie of Ei(posed Cll!iinber . 2s'mi. .. 2so ml . 

Number of Animals ExpoSed/Chamber' · 5 . 10 

Number of Replicates/Treatment 2 in round.1; 4 in round 2 

Test Temperature 20.0 i:leg C +/- 1 ;0 deg C 20.0 deg C +/-1:0 deg C 



WER1·2 8129/11 14:45 
WER1·5 813111112:55 911/119:30 

WER 1-6 9/1/1113:00 912/11 9:30 

WER1·7 8131/1110:15 9/1/119:30 

WER1·9 8/30l11 9:45 8131/11 9:25 

WER 1-10 8/30/1110:55 8131111 9:25 

WER1·11 8/30l1111:40 8131/11 9:25 

WER 1-12 912/11 9:05 913/11 8:45 

WER1-RCS 912/1111:00 913111 8:45 

WERD1·2 911/119:05 912/11 9:30 

WERD2·1 911/1110:30 912/11 9:30 

WER2·1 9119111 13:20 9/20/11 9:30 

WER2·1 9119/1113:20 9120/11 9:30 

WER2-6 9/19/119:45 9120/11 9:30 

WER2·9 9120/1112:00 9/21/11 9:30 

WER2-11 9/20/11 12:45 9121/11 9:30 

WER2·12 9/20/11 9:15 9121/11 9:30 

WER2-01-2 9/19/1111:40 9120/11 9:30 

APPENDIX A: TABLE 4 
TIMELINE OF SURFACE WATER SAMPLES USED IN WER TOXICITY TESTS 

FREEPORT-MCllORAN CHINO lltHES COMPANY 
VANADIUM, NEW MEXICO 

SMELTERITAIUNGS SOILS tu SfTE..gp£ClflC COPPER TOXICITY MODEL REPORT 

8131/1110:00 911/1110:00 912/1111:35 

912/1111:20 91311111:20 914/11 13:30 

91311110:35 914/11 10:35 91511114:45 

912/1111:25 91311111:25 9/4111 13:45 
9/1/1110:30 912/1110:30 913/1111:50 
9/1/11 10:45 912/1110:45 91311111:40 

9/1/1111:00 912/1111:00 91311112:10 
914/1110:15 9/511110:15 9/611115:00 

914/11 10:20 91511110:20 916/1115:15 

91311110:20 914/11 10:20 915111 14:15 

91311110:25 914/11 10:25 9/511114:30 

9/21/1110:35 9122/11 10:15 9123/11 9:50 

9/2111111:25 9122/1111:25 9123/1110:15 

9/21/1111:05 9122/1110:50 9/23/11 16:45 
9122/11 10:45 9123/1111:00 9124/1112:40 

9122/1110:50 9123/11 11:10 9/24/1112:15 

9122/1111:00 9123/1111:15 9124/11 11 :55 
9121/11 10:50 9122/1110:35 9/23/1117:00 

914/1111:20 

9/6/1113:05 
9nt1114:50 

916/1113:25 
91511112:40 
9/511111:50 
915111 12:50 

918/1115:40 

918/1116:15 
9nt1114:10 
9nt1114:30 

9125111 9:30 

9127/11 9:45 
9125111 16:15 
9/26/1111:45 
9126/1111:25 

9126/1111:10 
9/2511116:25 

92.8 
96.5 
97.7 

99.5 

98 
96.8 

96.5 

102 
100 
101 
100 

92.5 

93 

103 
96.7 

95.5 
98.7 
101 



APPENDIX A; TABLE 5 
WATER-CHEMISTRY PARAMETERS IN LABORATORY DILUTION WATERS USED IN WER TOXICITY TESTS, MEASURED BY GEi LABORATORY 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE.SPECIFIC COPPER TOXICITY MODEL REPORT 

B-80 2Q 78 8.24 22 
B-150 2Q 168 8.57 112 0.547 
C-50 20 50 7.98 36 0.187 
C-100 20 98 8.31 66 01343 
D-44 20 46 7.87 32 

42 

82-75 20 7.65 52 
82-110 20 100 8.02 72 Q.409 

Notes: 

1. Due to a GEi Technician error, TOC results from round 1 laboratory dilution water tests~ hold limes. 

•c = degrees ce1s1us. 

7.2 143 
7.2. 268 
7.1 92 
7.2 168· 
7.1 . 85 

82 

7.3 200 

3.81 
<5 1.16 
<5 3.11 
<5 2.62 
<5 1.86 
<5 1.86 

0.85 

< values - the material was analyzed for, but was not detected above the level of the associated value. The associated value is either the sample quantification limit or the sample detection iimlt. 

mg eaco,n.. = mffligrams calcium carbonate per Iller. 

mS/cm = mfflislemens per centimeter. 

mg/L = milligrams per titer. 



APPENDIX A: TABLE 6 
WATER-CHEMISTRY PARAMETERS IN LABORATORY DILUTION WATERS USED IN WER TOXICITY 

TESTS, MEASURED BY AN EXTERNAL ANALYTICAL LABORATORY (ACZ) 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTERFTAILINGS SOILS IU SlTE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Calcium, total 27.7 
11.5 22.9 6.8 13 6.2 

24.4 
Potassium, dissolved 1.3 2.3 1.2 2.2 1 
Sodium, dissolved 26.3 51.5 15.9 30.1 14.1 

Aluminum, total 
Cadmium, dissolved <0.1 

Cadmium, total <0.1 

Co r, dissolved <0.5 <0.5 <0.5 <0.5 <0.5 

Co r, total <0.5 <0.5 <0.5 <1 <0.5 
Iron, dissolved <20 

Iron, total <20 
Lead, dissolved <0.1 
Lead, total <0.1 

Ma anese, dissolved <0.5 <0.5 <0.5 <0.5 0.7 
Ma anese, total <0.5 

Zinc, dissolved 3 
Zinc, total 4 

10~. 
Bicarbonate as CaC03 (mg/L) 

Dissolved inorganic carbon 
(mg/L) 

Dissolved organic carbon 
(DOC) (mg/L) 

Total inorganic carbon (mg/L) 

Total organic carbon (TOC) 
(mg/L) 
Carbonate as CaC03 (mg/L) 2 4 <2 <2 <2 
Cation-Anion Balance % 0 0.9 -3 -3.1 -6.3 
Chloride (mg/L) <1 2 1 2 1 
Hardness as CaC03 (mg/L) 80 160 47 91 43 
Hydroxide as CaC03 (mg/L) <2 <2 <2 <2 <2 
pH 

Total dissolved solids (TDS) 
(mg/L) 180 340 100 200 100 
Total suspended solids (TSS) 
(mg/L) <5 <5 <5 <5 <5 
Sulfate (mg/L) 76 151 48 95 53 
Sum of Anions (meq/L) 2.7 5.4 1.7 3.3 1.7 
Sum of Cations (rneq/L) 2.7 5.5 1.6 3.1 1.5 
TDS (calculated) (mg/L) 163 324 101 197 102 
TDS (ratio-
measured/calculated) 1.1 1.05 0.99 1.02 0.98 
Total Alkalinity (mg/L) 57 111 34 66 32 
Notes: 

6.9 

5.8 
6 

1.1 
13 

7 
<0.1 

<0.1 
<0.5 

<0.5 
<20 

<20 

<0.1 
<0.1 

<0.5 
<0.5 

59 
<2 

<2 

0 
<1 

40 
<2 

90 

<5 

39 
1.4 
1.4 

83 

1.08 
29 

Balded values- analyle concentration detected at a value between MDL and POL. The associated value Is an estimated quantity. 

9.6 

1.6 
21.7 

<0.5 

<0.5 

<0.5 

<2 

0 
<1 

67 

<2 

150 

<5 

65 
2.3 
2.3 
137 

1.09 
47 

< values - the material was analyzed for, but was not detected above the level of the associated value. The associated value Is either the 
sample quantification limit or the sample detection timll. 

mglL = mHllgrams per llter. 

µg/L = micrograms per Ider. 

meq/L = mHliequivalents per liter. 



-A:TABLE7 
WA'l"ER-CHEMISTRY PARAMETERS IN STSIU WATER USED IN ALL WER TOXICllY TESTS, MEASURED BY GB LABORATORY UPON SAMPLE COl.l.ECTION AND TOJClcnYTEST INITIATION 

WER1·2 
0l2/201f 

·011J20'11 
WER,1-6 

"0/4/2011 
·0/2/2011 · 

WER1·7 
-0/1/2011 

WER1-0 
0/3/2011 

8/31l2011. 

WERMO 8.131/2011 

8131/2011 
WERM1 

"G/3/2011 

Gl'T/2011 
0/3/2011 

WERM2 

·20 ·02 
20 ... .. 

l'R£Efl0ftt-llCMORMCHllO MINES COMPANY 
YANADUl. IEWJM~JQCO 

llE.lERITAIUNOl IOU IU IO'E4PECft:l COPPU: TOJCICITY llOOEL REPORT 

·1 ,.~--~-44 - 0.157- n - 12 -
7.57 42 0.150 . ;; 78 7.0· 

112 20 7.47- • ea: o.204 ·' . 144 e.e 
20 • 100 7.03 OC1 - 0.277. 130- 7.2 
20 ~ ecs 1.1s. 04 ·. 0.221 . 111 e.1 
20 88. 8.04 go . ! 0.22~L.. 110 7.2 
20 250 7.03 244 :.'0.001 '. 204 5.2 
20 ··-m e.31 250 -o.eo 28G 1.a 
20 -1e8 7.02 100 . 0.371 182 6.e 
20 154 8.22 170 0.370 184 7.3 
20 72 tl.03 30 0.210 100 7.1 
-20 ·70 Q.35 104 0.224 110. 7.G 

.C(f,02"' 0.14 

<<0.10 0.00 

0.05 <0.10 . <0.02 0.05 

<0.01 <0.10 0.05 0.1 

0.01 <0.10 0.02 0.1CI 

0.11 <0.10 o ... 

0.01 <0.10 . <0.02 0.05 

wER1~cs~oa~0/3/20~'/2fJ==-'"~~'-+~....;:;::~~+-~·~~:;.;..,,:.~;,....+•:~~1;'+-~~:;.;...~-1-~•-.:-~~~1-:_,~·-:~,'::::;:..._,1---~~!~,~1--,.....;o~.02::....~1--~<0~~~:10'--_,l--_<0_.02;;:;...--1~~-•oe;;:;...~-1 
.52..- 1.eo ·M o.1es 

WEROM! 
~D12J2011 -

20 ... 8.00 ·78 -0.100 
111 .. . .... .. 
93· 8.0<. 

0:2 

42 8.10 .82 ., .. ·:.6.a WER02:1 .0l2/2011 20 ·..a · •. e.87 81 --4.7- o ... 
<20. .28 0.100 

WER2-1 
7.4' 20 102 8.0Q 00 G.280 143 

20 104 9:10 oo o.204 144 .8.1 
0.03 

WERM 
~ 50 7,o; 38 0.154 .75 5.0 

Gf.l3l2011 20 50 7;.14 40 .0.145 71 7.4' 
0.02 

WER2-o 
0/21/2011 20 88 8.58 102 0.240 122 7.5 0.02 

20 82 8.44 102 0.242 110 7.2 
V/21/.2011 

WER2·11 
0/W2011 

20 11e 1.n 100 0.200 142 0.1 
20 102 7.W 100 0.287" 141 7.2 

0.07 

W2fl2011 20. 80 7.17 32 0.235 110 0.1 
·0/24/2011 20 80 7.4 34 0.234 115 7.2 _, 

cv,...111em..--etlllymdror,but-notdaecMdtlbot•U.~of1M~v..._. Tht~M11111iselttl9flMMll!pleqventic:atlonlimltotttlt_,...dNctionlrnlt. 
1 Ba«lonthehflt*- ..... 111--.dupon-pleCClhdion9fldt.dinlCatlonthkMM-.dllMfinlt/ Ylkl9isll,lfJllCL 

.,.......,5mlnlltMtobring0.0.to8.4mOIL 

<0.10 . <0.02 <0.05 

-<0,10 <0.02 0.01 

<0.10 0.02 <0.05 

<0.10 0.00 

<0.10 0.1 <0.0S 

<0.10 <0.02 0.01 

<0.10 <0.02 0.08 



APPENDIX A: TABLE 8 
WATER.CHEMISTRY PARAMETERS IN STSIU WATER USED IN THE FIRST ROUND Of WER TOXICITY TESTS, MEASURED BY AN EXTERNAL ANALYTICAL CHEMISTRY LABORATORY {ACZ) 

FREEPORT-llCMORANCHlfOlllNEICOMPANY 
YANADIJM, NEW llEXJCO 

8MELTERITM.»fOS IOl..&IJ ln'E4PECFtC COPPER TOXJCnY MODEL REPORT 

Calcium.- 23.7 
Calcium, total 24.5 
U.....,..aium, dissotved 7.7 .. ~ .. ~.- 8.1 
Potauium, dissolved 3 
Sodium, dsaolved 18.7 

Aluminum.- 4 
Aluminum, Iota! 32 
Cadmium, cioaolved <0.1 
Cadmium.total <0.1 
r ............ ,diaaol ... ed 5.0 

"~·.- 7.1 
Iron, diaaoWed 00 
Iron, lotal 230 

Lead. cioaolved <0.1 

Lead.- 0.1 
M ........ -.daaolved 21.6 
MannJar'IAlla,total 38.0 
zmc. dluolved • -·- 4 

Blcmbonale .. C.COS (m IL) 88 
Dissolved ...,....._ cafbon rx:t{ma/L} 10.7 
Total or•umlc carbon CTOC fmnll\ 10.2 
Cmbonale as C.C03 (m~ ) <2 
Cation-Mon Balance% 3.8 
Chlorido Cma/L.) 7 
Hardness as C.C03 (mall) 01 
Hydroxide as eacos cman...l <2 
pH 8.2 
Tolalcioaolvedoclids(TDSl!moll.l 200 
Tolal-aolKls(TSS)(mgll.) <5 
Sutfate(mgll) 46 
Sum of Anions lm"""'l 2.5 
Sum of Cations (meqll.) 2.7 
Tola!Alkolnty(mgll.) 08 

"""' 
1 Anatpit~l'Mlhodholdtime.pHk•WdtMt.W.noholdlm•. 

20 
20.7 
7.5 
7.0 
2.5 

17.6 

8 
33 

<0.1 
<0.1 
8.5 
8 

<20 

80 
<0.1 
0.1 

46.8 
71.1 

• 
2 

56 
7.8 
8 

<2 

2.1 
7 
81 
<2 

7.8 
200 

<5 
46 
2.3 
2.4 
58 

17.2 '12.3 26.3 
17.4 12.7 27.1 
6.2 5.7 10.3· 

5.5 5.0 10.7 
3.8 3.7 5.2 

14.5 7.2 8.8 

7 12 7 
263 87 260 
0.2 <0.1 0.1 
0.3 <0.1 0.2 
32.3 57.4 43 

53.1 133 88.8 
40 60 <20 

330 410 300 

0.3 ... 0.2 
0.3 0.3 0.2 
72.7 18.2 52.1 
137.2 74.0 171.4 

8 4 3 
10 • 4 

24 41 03 
3.5 12.5 7.8 
2.7 14.0 0.8 
<2 <2 <2 

2.8 3.4 ·1.0 
4 4 4 

14 54 108 
<2 <2 <2 

7.5 7.5 8.0 
160 130 210 

• <5 0 
85 23 14 
1.0 1.4 2.7 
2.0 1.5 2.• 
24 41 83 

BoW..t nklM· ....... concenntbn ~et • .t&Mo ~.KM. and PQl. Thlt ..ocWed .tu.ii 9" dn!Nd .. nlity. 

<----ttM,.,...,_..tyudf«.bul-notdlltededitbowllwl.wloffMi~ ...... Tu.u.ooiMldWll11eil.._IMi 
...,P.~tmkorfMi-11pkt~lrnk. 

m{ll\."mlt;;19n'!•J*'lil«. 

~·mb'~perlhr. 

~·mlliequHalenbperlhr. 

10.1 5U 34.0 
10.5 57.7 35.0 
0.3 28.2 1s.e 
0.5 28.7 10.2 
3.5 • 8.0 
0.4 32.2 10.5 

4 2 21 
87 32 741 

<0.1 <0.1 <0.1 
<0.1 <0.1 <0.1 
7.1 5.4 4.3 
8.8 7.1 5.8 
<20 <20 <20 

80 <20 460 

<0.1 <0.1 <0.1 
<0.1 <0.1 0.3 
16.3 11U 186.6 

03 28.8 258 

3 3 3 
<2 2 • 
87 232 153 
2.5 4.7 15.7 

3.2 ... 14.3 
<2 • 3 
2.3 3.1 4 
2 15 • 
81 257 114 
<2 <2 <2 

8.2 8.3 8.3 
150 300 240 
<5 • 10 
17 53 1• 
2.1 8.2 3.8 
2.2 0.8 3.0 
87 238 156 

17.4 0.0 13.0 1UI 
18.5 10.5 14.2 11.8 

7.4 4.8 4.2 3.7 
7.0 5.1 4.2 3.0 
3.1 2.3 3.0 3.3 
8.3 5.2 17.8 12.1 

• <1 42 18 
85 14 712 1800 

<0.1 <0.1 <0.1 <0.1 
<0.1 <0.1 <0.1 <0.1 
2.1 5 32.3 32.8 
3 6 111.3 102.2 

<20 <20 150 40 

40 <20 500 1320 
<0.1 <0.1 0.5 DA 
<0.1 <0.1 0.7 o.o 
12.2 • 10.3 182.3 
14.7 17.7 46.7 108.5 

3 <2 3 8 
4 4 • 7 

27 26 74 24 
1.2 3.2 10.0 5.8 

• 4.3 o.o e.o 
<2 3 <2 <2 
2.7 0 5.6 7.1 
3 <1 • 3 
74 45 52 44 
<2 <2 <2 <2 
7.2 8.6 7.0 7.0 
150 00 150 180 
<5 <5 <5 • 
58 25 0 37 
1.8 1.1 1.7 1.3 
1.0 1.1 1.0 1.5 
27 30 74 24 



APPENDIX A: TABLI;: 9 
WATER-CHEMISTRY PARAMETERS IN STSIU WATER·USED IN THE SECOND ROUND OF WER TOXICITY TESTS, 

MEASURED BY AN EXTERNAL ANALYTICAL LABORATORY (ACZ) 

FREEPORT-MCMORAN CHINO MINES COMPANY 
vAt4AI>Jull, NEW ME)(lco 

SMELTER/TAIUt,4GS SOILS IU sm:~PECIFIC COPPER TOXICITY MODEL REPORT 

26.3 11 26.7 

Ma nesium, dissOlved 8.2 5.1 9'.3 13.3 
Ma nesium, total 8:6 5.4 '10 14.1 

Pota$sium, dis$olved 2.6 8.4 5.2 

Aluminum, tofi;ii · · 282 307 1260 

Cadmium, dissolved <0;1 <0.1 <0,1 <0.1 

Cadmium, total <0.1 <0.1 <0.1 <0.1 

Co r;:dissolved 3.4, 30.2 13.7 7.9 

Co r, total 4.2 48.5 20.7 10.7 

Iron, dissolved <20 40 30 <20 

Iron, total 130 400 430' 890 

Lead, dissolved <0.1 <0';1 0.2 0.2 
Lead; total <!).1 0.3 0.5 0.3 
Man anese, dissolved 3.2 17.6 ~3,1 30.8 

Man anese, total 55.4 70.9 261 113.6 

. 2 3 .5 

36.2 7.2 26:5 28~6' 
Dissolvedo nic, carbon DOC m 11 11:4 12.3 . 12.3 
Total inorganic cartWii(mQ/L) 23.7 11.4 24.6 27.5 
Total organic .Carbon (TOC) (mg/L) 11.2 10.2 15.1 13.5 
Carbonate asCaC03 (mg/L) <2 <2 5 <2 

Catio~Anion Balance % 0 4 2.2- 3.7 
Chloride (mg/L) 8 2 5 6 
Hardness as GaC03 (mg/L} 97 47 s6 119 
Hydroxide as CaC03 (mg/L) <2 <2 .; <2 <2 
pH1 8.2 7.5 8.5 8.1 
Total dissolved solids (TDS) (mg/L) 210 130 200 100 
Total suspended solids (TSS) (mg/L) <5 <5 10 6 
Sulfate (mg/L) 40.7 23.3 8.7 22.5 
Sum of Anions (meq/L) ·2.8 1.2 2.2 2.6 
Sum of Cations (rneq/L) 2.8 1.3 2;3 2.8 
Total Alkalinity' (mg/L) 89 36 95 102 

Notes: 
1 Analysis exceeded method hold time. pH is a field test with no hold time. 

19.7 

7 

8.6 

2.8 

123 

<0.1 

<0.1 

3.6 

4.9 

<20 

70 

0.2 
<0.1 

18.1 

24.7 

4 

. '.3.1 

8.4 

6.5 

<2 
.-8;1 

3 
69 

<2 

7.7 

1'70 

12 

64.4 
2 

1.7 
31 

Bolded values- analyt!I concentration detected at a value between a MDL and PQL. The associated value is an estimated quantity. 

t5:7 
4:·8. 

5.1 

2.6 

<0.1' 

. <0.1 

17.9 
_, 43 

20 
870 

<0.1 
. o_.8 , __ 

11 

38.1 
2 .. 

22.7 

10.5 

17 

6.4 

<2 

0 

2 
57' 

<2'-· 

8 

170 
9 

31.8 

·1.9 

1.9 

60 

< values - the material was analyzed for, but was not detected above the level of the associated value. The associated value is either the Sample 
quantification limit or the sample detection limit. 

mg/L = milligrams per liter. 

IJg/L = micrograms per liter. 

meq/L = milliequivalents per liter. 

.-, 



APPENDIX A: TABLE 10 
WATER.CHEMISTRY PARAMETERS IN STSIU WATERS NOT USED IN WER TOXICITY TESTS, MEASURED BY AN 

EXTERNAL ANALYTICAL LABORATORY (ACZ) 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTERfTAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Calcium, total 7. 14.3 18.3 25.4 

Magnesium, dissolved 2.3 4.6 5.2 11.3 

Ma nesium, total 2 4.6 5.4 12.1 

Potassium, dissolved 2.5 4.7 6.0 3.1 

Sodium, dissolved 6.7 12.6 7.7 12.5 

Aluminum, dissolved 26 49 13 2 

Aluminum, total 114 582 211 40 

Cadmium, dissolved <0.1 <0.1 <0.1 <0.1 

Cadmium, total 0.2 <0.1 <0.1 <0.1 

Co , dissolved 21.1 18.8 94.1 8.1 

Copper, total 27.3 30.1 131.2 8.5 

Iron, dissolved 50 70 <20 <20 

Iron, total 290 400 240 <20 

Lead, dissolved 0.3 0.4 0.3 <0.1 

Lead, total 0.6 0.3 0.2 <0.1 

Man anese, dissolved 8.6 18.1 12.5 16.6 

Man anese, total 118.7 46.1 79.4 37.6 

Zinc, dissolved 10 3 2 <2 

Zinc, total 5 4 3 3 

Dissolved or anic carbon DOC m 13.1 7.5 16.9 3.9 
Total inorganic carbon (mg/L) 

Total organic carbon (TOC) (mg/L) 12.4 10.~ 18.5 4.8 
Carbonate as CaC03 (mg/L) <2 <2 <2 <2 

Cation-Anion Balance o/o 12.5 6.3 2.9 1.9 
Chloride (mg/L) <2 4 4 4 
Hardness as CaC03 (mg/L) 27 55 66 105 
Hydroxide as CaC03 (mg/L) <2 <2 <2 <2 
pH, 7.9 7.2 7.9 8.3 
Total dissolved solids (TDS) (mg/L) 100 180 160 180 
Total suspended solids (TSS) (mg/L) <5 6 6 5 

Sulfate (mg/L) 10 56 38 20 
Sum of Anions (meq/L) 0.7 1.5 1.7 2.6 
Sum of Cations (meq/L) 0.9 1.7 1.8 2.7 
Total Alkalinity (mg/L) 29 15 42 108 

Notes: 
1 Analysis exceeded method hold time. pH is a field test withno hold time. 

9.5 

4.3 

4.5 

2.2 

4.9 

2 
21 

<0.1 

<0.1 

5.3 

6.5 

<20 

<20 

<0.1 

<0.1 

4.4 

7.3 

<2 

4 

2.5 

2.4 

<2 

0 

<1 

40 

<2 

7.5 

80 

<5 

24 

1 

1 

28 

Bolded values- analyte concentration detected at a value between a MDL and POL. The associated value is an estimated quantity. 

< values - the m~terial was analyzed for, but was not detected above the level of the associated value. The associated value is either the sample 
quantiflC!ltion limit or the sam pie detection limit. 

mg/L = miligrams per liter. 

µg/L = micrograms per Hter. 

meq/L = mnliequivalents per liter. 

16.8 

6.6 

7 

3 

7.2 

2 

50 

<0.1 

<0.1 

·2.2 

3.4 

<20 

<20 

<0.1 

<0.1 

10.4 

10.8 

2 

9 

1.7 

1.2 

<2 

3 

3 

67 

<2 

7.1 

130 

<5 

46 

1.6 

1.7 

28 



APPENDIX A: TABLE 11 
TOTAL AND DISSOLVED COPPER EXPOSURE CONCENTRATIONS·AND DAPHNIA MAGNA SURVIVORSHIP RESULTS MEASURED IN THE FIRST ROUND 

OF LABORATORY WATER TOXICITY TESTS 

FREEPORT-llCMORAN CHlHO MINES COMPANY 
vANAD.UM; NliW'uExico 

SMEL'!"ERIT AIUNGS SOLS 1U sITE..si>ECIFIC COPPEi:i TOXICITY MOOEL REPORT 

6 
9 8.5 6.9 

A-80. 13 _12.2 10.4 
M!O 18 17.8. 15.9 

0 <().5 <0.5 
.4 - 4.1 - .3.6 
6 5.8 . 52 
9 8.5 - 7.5 
13 12.1 9.8· 
18 19 16.9 

B-150 0 <0:5 0.7 
B-150 8 8 7.3 
B-150 12 12.6 - 9.7 
8-15o 17 14.2 
B-150 24 23.4 19.8. 
Ei-15o 35 33;8 32.9 

0 <().5 o.6 
3 3.4 3.1 

C-50 4 4.7 4.3 
C-50 6 6.6 5.7 
C-50 9 9.2 7.4 
C-50 12 13.4 11.6 

C-100 0 <0.5 <0.5 
C-100 6 6.5 4.7 
C-100 8 8.9 6.5 
C-100 12 12.8 10.5 
C-100 17 18.4 13.3 
C-100 24 25.9 19.4 

0-44 0 <0.5 <1 
0-44 2 2.3 2 
0-44 4 3.4 3 
0-44 5 4.8 4.2 
0-44 7 6.9 5.9 
0-44 10 9.9 8.5 

0 <0.5 0.6 
E-40 2 2.6 2.3 
E-40 4 4 4 
E-40 5 5.4 4.8 
E-40 7 8.1 7.3 
E-40 10 11.5 10.7 

E-70 0 <0.5 <0.5 
E-70 4 4 3.4 
E-70 6 5.5 4.6 

E-70 8 7.7 6.1 
E-70 11 11.4 9 
E-70 16 16.5 14.9 

Notes: 

In Water= water sampled just belon! Initiation of the toxicitytesl 

Out Watar =water sampled at tho completion of the loxiclly lesl 

5.35 5.3. 6.8 
- .7.7. - 9.9 7.2 8.55 
,.11.3 12.6 .9.2 .10.9 
16.85 17.2 - .14.4. 

~.5 3.3 0.7 2 
. 3.85 3.8 - 3.7 . 3.75 

5.5 5 5,1 5.05 
8 72. 7.6 7.4 

10.95 <5 10.3 <7.65-
17.95 : 16.6 16.9 ·- 16.75 
<0.6' 2.7 1.5 2.1 
7.65.- 6.6 7.1 6.85 
11.15 9.3 8.9 9.1 
15.25 13.8. . 13.6 13.7 

21 15 18 
33.35 29.7 30.3 30 

<0.55 5.6 1.7 
3'..25 3.3 3.3 3~3 

4.5 <5 4 <4.5 
6.15 6.1 5.1 5.6 
8.3 7.6 6.8 1.2 

12.5 10.5 10.5 10.5 

<0.5 6.3 2.2 4.25 
5.6 6.1 4.5 5.3 
7.7 7.5 6.4 6.95 

11.65 10.1 9.4 9.75 
15.85 14.1 12.3 13.2 
22.65 20.1 17.9 19 

<0.75 4.6 2.8 3.7 
2.15 3.9 3.7 3.8 
3.2 3.3 4 3.65 
4.5 4.4 5 4.7 
6.4 5.6 6.1 5.85 
92. 8 8.3 8.15 

<0.55 <0.5 <5 <2.75 
2.45 3 2.5 2.75 

4 2.9 3 2.95 
5.1 4.3 4.1 4.2 
7.7 6 5.7 5.85 

11.1 8.8 8.3 8.55 

<0.5 <0.5 1.6 <1.05 
3.7 3.3 3.5 3.4 
5.05 <5 4.1 4.55 
6.9 5.9 7.2 6.55 

10.2 9.4 9 9.2 
15.7 13.3 11.6 12.45 

95% 
18/20 

35% 

0/20 _0% 

20120 _100% 
~1/20 55% 

;{()"/.o .. 
7/20 35% 
8/20 40% 
1/20 5% 

20/20 100% 
18/20 00% 
19/20 95% 
16/20 Bo% 
11/20 55% 
6/20 30% 

20/20 100% 
20/20 100% 
20/20 100%. 
18/20 
7120 35% 
10/20 50% 
20/20 100% 
20/20 100% 
17/20 85% 
18/20 90% 
13/20 65% 
2/20 10% 
18/20 
20/20 100% 
9/20 45% 
13120 65% 
11/20 55% 
5/20 25% 
17/18 94% 
18/19 95% 
11/20 55% 
2/20 10% 
2/19 11% 
0/20 0% 
19/19 100% 
19/20 95% 
17/19 89% 
18/20 90% 
7/20 35% 
4/20 20% 

< values - the material was analyzed for, but was not detected above the level of the associated value. The associaled value is either the sample quantification limit or the sample deleotlon limit. 

IJll/L = micrograms per liter. 

10%. 

_65% 

10.0% 
0% _; 

45% 

65%. 
6()o,{, 

95% 

0% 
10% 

45% 
70% 

0%-

0% 
0% 

10% 
65% 
50% 

0% 
0% 

15% 
10% 
35% 
90% 

10% 
0% 

55% 
35% 
45% 
75% 

6% 
5% 

45% 
90% 

89% 
100% 

0% 
5% 

11% 
10% 
65% 

80% 



APPENDIX A: TABLE 12 
TOTAL AND DISSOLVED COPPER EXPOSURE CONCENTRATIONS AND DAPHNIA MAGNA SURVIVORSHIP RESULTS MEASURED IN THE SECOND 

ROUND OF LABORATORY WATER TOXICITY TESTS 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMEL TER/T Al LINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

A2-45 4 3.2 2.8 3 3.4 3.4 

A2-45 5 4.8 4.4 4.6 4.3 6 5.15 
A2-45 7 7 6.1 6.55 <5 6.1 <5.55 

A2-45 10 10 8.5 9.25 8.1 7.6 7.85 

A2-100 0 <0.5 <0.5 <0.5 0.8 1.9 1.35 

A2·100 12 10.6 10.3 10.45 8.1 8.6 8.35 

A2·100 17 15.4 15.3 15.35 11.5 12 11.75 
A2-100 24 22.9 21.8 22.35 17.5 17.2 17.35 

82-75 0 <0.5 <0.5 <0.5 1 <0.5 <0.75 

82-75 4 3.8 3 3.4 <5 3.3 4.15 
82-75 6 5.5 4.7 5.1 4.2 4.4 4.3 

82-75 9 7.7 6.9 7.3 6 6.4 6.2 

82-75 13 12.1 9.9 11 8.7 8.8 8.75 
82-75 18 17.3 17.7 17.5 12.4 14.2 13.3 

82-110 0 2.2 <0.5 <1.35 <0.5 <0.5 <0.5 

82-110 13 11.4 11 11.2 9.8 11.1 10.45 

82-110 19 16.2 14.9 15.55 13.8 7.5 10.65 

82-110 27 23.6 22.3 22.95 20.4 16.6 18.5 

Notes: 

In Water = water sampled just before Initiation of the toxlclly test 

Out Water= water sampled at the corrc>letion of the toxicity tesL 

20120 100% 0% 
16/20 80% 20% 
10120 50% 50% 
2120 10% 90% 

20/20 100% 0%. 
20/20 100% 0% 
18/20 90% 10% 
6/20 30% 70% 

20/20 100% 0% 
14120 70% 30% 
15/20 75% 25% 
11/20 55% 45% 
7120 35% 65% 
0/20 0% 100% 

20/20 100% 0% 
20120 100% 0% 
18120 90% 10% 
5/20 25% 75% 

< values • the material was analyzed for, but was not detected above the level of the associated value. The associated value Is either the sample quantification Nmit or the sample detection limit. 

µglL =micrograms per Nier. 



APPENDIX A: TABLE 13 
TOTAL AND DISSOLVED COPPER EXPOSURE COllCEHTRA TIONS AND DAl'HNIA MAGNA SURVIVORSHIP RESULTS MEASURED IN THE FIRST ROUND 

OF STSIU WATER TOXICITY TESTS 

FREEPORT-llCllORAN at1NO MNEa COllPMY 
YMADIUM. NEWllEXICO 

SllEl..TERITMJNGS 80ILS IU ll1&9PECFJCCOPPER ~ llOOB. REPORT 

-1-1 " 6o 88.6 67 67.8 76:4 '55 •. 85.7 :·20ii0 . 1oo%;·.' :·· °" 
1-1 ea 92.3 ·.92.3 92.3·.·· .82.9 77.4 80.15 1il/20'. 90%· · " · 10%. 

1-1 123 126 '131.7 128.85 111.9 115.6 113.76 12/20 80% 40% 
176 172.6 173.7.• 158.1 154.3 
251 227.1 24HI 237.35 210.1 224.4 

1-2 0. 8.00 7.40 . 1.10· 6.60. 6.60 
1-2 54 ii9.7 83.5 61.6 59 58 
1-2 . 77 ··80 71.4 BO 
1-2 ·1-10. 109· 100.2 102.8 

156 158.9 138.6 147:75 137.6 133.7 

HI 0 133.00 .. '127.20 '130.10 57.40 57.40 
48 182:2 182.3 172:25' 139 147.2 

HI 89 200.8 ·180.9 190.85 154.5 158.4 
98 225.3 212.3. 218.8 188 189.6 
140 283.9 243.2 188.5 207 
. 0 66.60 83.60 85.10 '43.00 43.ob 

1-7 .21 lltl.7 . 88.7 92.7 78.1 80 '· 
1-7 39· 110.8 93.3 102.05 85 81.3 
1-7 55 123.6 113.2 118.4 97.3 
1-7 79 . 147.6 125.9 138.75 112.9 108 
1-7 112 177.1 161.9. 189.5 137.8 139.1 

1·9 0 8.80 7.80 8.30 7.10 7.10 
1-9 34 41.1 31.9 38.5 29.9 312·· 

1-9 60.75 39.50 
1,9' 89· . 77.2 58.6. .. 67;9 54.6 53.4 
1-9 99 106.7 . 84.9. 95.8' 75.4 75.9 

0 5.70 5.80. 5.75 5.40 5.40 
1-10 85 60.5 55.3 57.9 53.4 

93. 90.7 82 .88.35 79.2 79.8 
1-10 132 128.1 113.4 120.75· 119 118.2 
1-10 189 177.7 167 172.35 '157.8 188.8 
1-10 270· 275 229.7· ·252.35 221.6 224.8· 

1-11 o· 5.80 5.60 5.70 4.30 4.30 
1-11 60.4 53.6. 57 45.9 54.1 
1-11 135 ·a1.1 12.1 79.6 63.7 
1-11 193 117.6 117.2· 117.4 101.5 99.4 
1-11 275·. 188.7 160.5. 134.2 142 

393 . 230.5 . 232.9 . 231.7 188.8 187. 
1-11 582 . 339"'. 322 260.4 

1-12 0 2.60 . •" 2.40 2.45 2.10 2.10 
1-12 8 9.2 8 8.6 7.6 9 
1-12 11 i2.3 10.1 11.2 9.9 9.7 
1-12 16 Ui:S ·14. 15.25 13.1 13.5 
1-12 ·22' 25.3. 19.3 22.3 17.7 16.7 
1-12 32 38.3 26.4 31.35 25.2 26 
1-RCS 0 6.00 6.00 6.00 5.00 5.00 
1-RCS 17 22.3 22.2 22.25 18.7 16.3 
1-RCS 24 26.7 25.2 25.95 21.6 22.3 
1-RCS 35 37.3 36.4 38.85 31.1 30.2 
1-RCS 50 60.4 54.9 52.85 45 
1-RCS 71 71.2 68.5 89.85 59.5 57.3 
D1-2 0 111.30 109.20 110.25 32.30 32.30 
D1-2 89 178 180.4 189.2 114.6 119.2 
D1-2 98 205.7 184 194.85 118.2 139.2 
D1-2 140 241.3 273.9 257.6 114 231 
D1-2 200 287.8 284.3 276.05 180.1 194.2 

D2·1 0 102.20 102.20 102.20 32.80 32.80 
02-1 57 183.8 144.5 154.15 51.6 98 
D2-1 82 180.4 161.1 170.75 107 110.8 
02·1 117 215.1 207 211.05 74.4 130.5 -· 1 NIM'lilel'..,. niportod•20..8 ug/lhh GEi Whole EtluentTacicityTesting Report but Is fllC)Clrtodccmdfyas 50.76 k'I ht above lllt:ile. 

1n w-.• ..... sarrc:todJustbefcftlnllillic:ndhbddl)'tast. 

OUtW._*Wlllerumpiedar.~dlhe b:k:ltytnl 

............................. 

155.2 
217.25 0/20 

6.60 20/20 
57.5 19/20 95%. 5% 

75.85 75% . 25% 
101.5 6/20. 
135.85 . 0/20 100% 

57.40 95% 5% 

143.1 '"'16/20 '20% 
158.45 
178.8 2/20. 

197.75 . 0/20 100% 

43.oo . 20/20"' 100% 
• 78.05 -~16/20 10% 
. 83.15 

98.85 11/20 55% 45% 
110.45 1/20 5% 95% 
138.45. .0/20 100% 
·1.10 "20/20 

. 30.55 16/20 
. 41.75 75% 

54 .ili20 . 
·75.85 

5.40 20/20 100% 
59.7 
79.5 18120 .. 10% 

118.6 75% 25% 
183.3 

·223.2 · 100% 

4.30 . 20/20 
60 20/20 

88.05 20/20 100% 
100.45 
138.1 ·18/20 10% 
188.9 7/20 85% 

'250.95'" 

2.10 20/20 
8.3 
9.8 1W20 5% 
13.3 1:mo 

.11.2 25% 75% 
25.6 0/20 100% 

5.00 19/20 95% 5% 
18.5 19/20 95% 5% 

21.95 11/io 85% 15% 
30.85 6119 32% 
44.5 6/20 
58.4 0/19 100% 

32.30 20/20 
116.9 20/20 
128.7 12/20 
172.5 3/20 15% 85% 

187.15 0/20 100% 

32.80 20/20 
74.8 7/20 35% 85% 
108.9 4/20 

102.45 0/20 100% 



APPENDIX A: TABLE 14 
TOTAL AND DISSOLVED COPPER EXPOSURE CONCENTRATIONS AND DAPHN/A MAGNA SURVIVORSHIP RESULTS MEASURED IN THE SECOUND 

ROUND OF STSIU WATER TOXICITY TESTS 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS Ill SITE·SPECFIC COPPER TOXICITY MODEL REPORT 

2-1 48 42.00 44.25 42 36.6 39.3 
2-1 69 65.70 60.30 63.00 53.5 48.4 50.95 
2-1 98 90.70 68.70 79.70 75.5 53.1 64.3 
2-1 140 135.8 126.9 131.4 102.1 99.5 100.8 
2-1 200 189.2 181.6 185.4 153 140 146.5 
2-1 286 265.7 262.3 264.0 211 218.7 214.85 

2-6 0 48.50 46.90 47.70 30.20 30.20 30.20 
2-6 51 95.3 94.5 94.9 78.2 74.2 76.2 
2-6 73 116 116.8 116.4 89.5 92 90.75 
2-6 104 147.4 145 146.2 114.8 107 110.9 

2-9 0 18.60 20.70 19.65 13;70 13.70 13.70 
2-9 42 55.9 55.4 55.7 50.3 43.6 46.95 
2-9 122 128.7 138.8 133.8 97.5 104.9 101.2 
2-9 174 177 188.8 182.9 148 131.8 142.9 
2-9 249 241 265.8 253.4 187.6 181.8 184.7 

2-11 0 9.80 9.80 9.80 7.90 7.90 7.90 
2-11 87 84.5 78.3 81.4 69.5 50.8 60.15 
2-11 124 119.5 115.2 117.4 91.7 74.2 82.95 
2-11 178 167.1 155 161.1 128.5 101.9 115.2 
2-11 254 234.4 228.7 231.6 171.7 145.2 158.45 
2·11 363 325.3 306.2 315.8 241.6 192 216.8 

2-12 0 4.70 4.00 4.35 3.60 3.60 3.60 
2-12 29 30.1 27.7 28.9 29.2 23.1 26.15 
2-12 41 40.9 36.8 38.9 40 29.4 34.7 
2-12 58 55.7 52 53.9 50.1 40 45.05 
2-12 83 77.8 71.6 74.7 68 59 63.5 

01-2 0 41.10 27.00 34.05 17.90 17.90 17.90 
01-2 57 89.7 78.2 84.0 60 56.7 58.35 
01-2 82 112.5 95.5 104.0 78.2 66.3 72.25 
01·2 117 142.1 127.5 134.8 95.2 82.2 88.7 

Notes: 

In Waler= water sampled just before Initiation of the toxicity test. 

Out Water= water sampled at the completion of the toxicity test. 

IJ9/I. = micrograms per titer. 

19/20 95% 5% 
17/20 85% 15% 
1/20 5% 95% 
1/20 5% 95% 
0/20 0% 100% 

20/20 100% 0% 
3120 15% 85% 
3/20 15% 85% 
0/20 0% 100% 

20/20 100% 0% 
19/20 95% 5% 
20/20 100% 0% 
14/20 70% 30% 
12120 60% 40% 

20/20 100% 0% 
19/20 95% 5% 
19/20 95% 5% 
15120 75% 25% 
8/20 40% 60% 
0/20 0% 100% 

19/20 95% 5% 
18/20 90% 10% 
9120 45% 55% 
3/20 15% 85% 
0/20 0% 100% 
18/20 90% 10% 
17/20 85% 15% 
5/20 25% 75% 
0/20 0% 100% 



APPENDIX A: TABLE 15 
TOTAL AND DISSOLVED COPPER MEOIAN EFFECT CONCENTRATIONS (EC50s) CALCULATED FOR 

ALL DAPHNIA MAGNA LABORATORY WATER TOXICITY TESTS 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

B-80* 78 4.552 5~753 4.370. '.·· . 5.522: 
S:-150 168 25.45 15.61 24.43. .. 14.98. 

e::oo 50 10.10. 19.40 9.6939 18.63 
C,100 98 16.23 16.54 15.57~: 15~88 

o-44 46 6.284; ,13.00 6.ci33 12.54 
44 4 .. 142. ' 9. .. Q94. 

Notes: 

µg/L = micrograms per liter. 

Normalized EC50 = Normalized to a hardness of 100 mg CaC03/L using hardness slope of 0.9422. 

Prob it 
Prob it 
Pro bit 
Prob it 
Prob it 

• = unacceptable for use in interpreting WER results because alkalinity was less than the appropriate range for the sample hardness. 



APPENDIX A: TABLE 16 
TOTAL AND DISSOLVED COPPER MEDIAN EFFECT CONCENTRATIONS (EC50s) CALCULATED FOR ALL DAPHNIA MAGNA STSIU 

WATER TOXICITY TESTS 

WER 1-2 A-80 
WER 1-58 C-50 62 
WER 1-6 D-44 54 
WER 1-7 C-100 106 
WER1-9 A-801 88 
WER 1-10 B-150 262 
WER 1-11 C-1001 154 
WER 1-12 E-70 76 

WER 1-RCS E-40 48 
WERD1-2 54 

WER2-6 50 
WER24 ,82-75 82 
WER2-11 82-110 102 
WER2-12 82-75 80 
WER2-D1-2 A2-45 60 

Notes: 

STSIU = Smelter!Talling Soil Investigation Unit. 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMEL TER/TAIUNGS SOILS IU SITE.SPECIFIC COPPER TOXICITY MODEL REPORT 

91.49 107.8 87.4 
<53.1 <32.3 
189.3 338.2 155.7 
118.0 111.7 96.2 
45.78 51.64 37.8 
141.3 57.01 134.2 
212.3 141.4 172.8 

17.8 23.08 14.7 
37.8 75.39 31.7 
211.3 377.6 

81.14 155.9 61.82 

>253.4 >305.4 >184.7 
194.1 190.5 135.5 
40.02 49.39 35.23 
98.19 158.9 68.31 

103.0 

278.2 
91.09 
42.61 
54.15 
115.0 
19.09 
63.21 
253.0 

118.8 
>222.7 
133.0 
43.48 
110.5 

a. No exposure treatment adversely affected less than 50% of test organisms; therefore the EC50 concentration is less than the lowest Cu concentration. 

b. No exposure treatment adversely affected more than 50% of test organisms therefore the EC50 concentration is greater than the highest Cu concentration. 

1. To satify testing requirements, the matched laboratory control was switched. 

mg CaCO,tl. = milligrams calcium carbonate per llter. 

µg Cull= micrograms copper per 1ner. 

Normalized EC50 =Normalized to a hardness of 100 mg CaC031L using hardness slope of 0.9422. 

Pro bit 

Prob it 
Pro bit 
Prob it 
Prob it 
Pro bit 
Pro bit 
Pro bit 
Pro bit 

Prob it 
Pro bit 
Prob it 



APPENDIX A: TABLE t7 
TOTAL COPPER WERs FOR DAPHNIA MAGNA, CALCULATED USllG FOUR DFFERENT DENOMINATORS Ill THEWER CALCULATION 

FREEPORTollc:ilolwl CltllO llillEs CIM'ANY 
vAlwlluM.-llElOCO 

SllELTERITMJNGS SCXLa tu .-re::.eCFIC COPPER TOXlaTV llODEL REPORT 

189.3 338.2 48 8.284 . 13.08 . 16.81 
108 t18.0 ·111.7' . 98 16.23' 16.54 8.755 5:552 
88 45.78 51.114 80 10.57' 13.04 3.980 2.566 

262 141.3 57.01 188 25.45 15.61 3.853 2.833' 
154 212.3 141.4 98 t6.23 16.54' 8.548 7.026' 
78 17.82 23.08". 72 9.854 13.43 1.719 1.147 
48 37.75 75.39 42 4.142 • 9.379 8.038 3.747 
54· 211.3 ·3n:6 46 8.284 13.08 28.91 t8.n 
42 ,148.8" 338.9· 48 6.284· t3.08 25.79 '18.74 

" ·1114 102.8· '119.08 98 20:05 20:ea· ... '4.758 ''4.924 

A2-45 50 81.14 "155.9 42 6.440 14.58 10.89' 7.749 
82-75 82 >253.4 ">305.4 72 6.871 9.383 >32.82 >15:18 

82-1t0 102 194.1 190.5 100 20.08 20.08 9.485 9.488 
82-75 80 40.02 49.39 72 6.871 9.383 5.275 2.455 

WER2·D12 A2-45 80 98.19 158.9 42 6.440 14.58 10.90 7.897 ,....., 
STSIU • Smelierfr.aing Soil lnveatigation Unit 

a. Noexposwo~.twneiydoctedless '*'50%oftnt~ lhenlfcrethe EC50conoentraliontslecshnhlowestCl.I~ 

b. Oht' than h conll'OI, no exposure lreldment~llr-*d ten ht SO%oftnt orpnlsms: Mtimatrld EC50s .. bnod on Probit~. 
c. No eKpos&n hnnent Mfvenoly llfredlclmcn hn 50% of mt orgenisms; '*9fore h Ees:> oonoenb1on II greMerhn h highnl Cu concenhion and '1o WER lscak:ulllled using h > ECSO vlllue. 

Normfllizod ecso • Norm.az.d to. t.a.. o1100 mo c.c0:3IL uang Mdrlocs s1ope ofo.9422. 
WER~ Normllliz.edSKeWnrECSO/-=hof .. followln;brdenominob's. 

I. MH:hodl.tiorabywaterECSO~to1DOmglL~ 

U. 20.12 •SMAVreportod byUSEPA (2001)br total cqlpllf 111: 100 hwm.., lnduding nomkW *'II mNand v--. 
111. 17.19 • SMAV celctlad using Myhn-..-ndECSO v-..a1: 100 mg.\. twdnet:s r9pOltld by USEPA (2001). 

rv. 14.54 • GeorMtric:moan oflhe 11 nc:mwb:a:l lliboratorywaklf oopper ECSO Wliunc:onductld slde-b)t-9ide:wtfl • watertc:ixic:lytiests. 

3:004 
3.318 
8.223 ' 
1.343 
4.385 
21.97 

:-;19.80 

5.784 .. 

9:010 
>11.n 
11.08· 

2.873 
9.244 

.23.26 ... 

»7.882 

3.551' 
3:921 
9.722 
1.587 
5.185" 
25:W 

''23.17 

"6.814 
10.72 

>2t.011 
.13.10 
3.397 
10.93' 



APPENDIX A: TABLE 18 
DISSOLVED COPPER WERs FOR DAPHNIA MAGNA, CALCULATE> USING FOUR DIFFERENT DENOMINATORS IN THE WER CALCULATION 

WER1·2 A-llO 84 87.39 
WER 1-5' ~ 62 <32.3 
WER 1-6 D-44 54 155.7 
WER1-7 C.100 106 96.23 
WER1-9 A-llO 88 37.76 

WER 1-10 B-150 262 134.2 
WER1-11 C.100 154 172.8 
WER 1-12 E-70 76 14.74 

R 1-RCS E-40 46 31.65 
WERD1-2 D-44 54 141.6 
WERD2·1 D-44 42 68.45 

WER2·1 A2-100 104 81.06 
WER2.ff' A2-45 50 61.82 
WER2-'if 82-75 82 >184.7 
WER2-11 82-110 102 135.5 

WER2-12 82-75 eo 35.23 
WER2-D12 A2-45 60 68.31 

""'"' STSIU • Smeherlfallng Soll kwostigdon Unll 

278.2 
91.09 
42.61 
54.15 
115.0 
19.09 
83.21 
253.0 
155.0 

78.12 
118.8 

>222.7 
133.0 

43.48 
110.5 

FREEPORToMCllORAH OffNO MINES COllPANV 
VAIWMUll,. NEW IEDCO 

SllELTER/TAIUNOS 80tl..S RI 8IT&SPEQFIC COPPER TOxtaTY llODEl.. REPORT 

10.14 12.52 
50 9.694 18.83 
·45 6.033 12.54 22.19 
98 15.58 15.88 5.738 
eo 10.14 12.52 3.404 
168 24.43 14.96 3.614 
98 15.58 15.88 7.245 
72 9.460 12.69 1.481 
42 3.976 9.004 7.020 
46 6.033 12.54 20.18 
46 6.033 12.54 12.36 

96 19.24 20.00 3.907 

42 6.183 14.00 8.484 
72 6.596 8.969 >24.77 
100 19.28 19.28 6.900 
72 6.596 8.969 4.837 
42 6.183 14.00 7.805 

•· No exposure trutment llCfwwlely .tfeded 1u$ han 60% or test org.nlcms; e.rof«e lhe EC50 concenlration is t.ss fWl the lowest OJ c:onc:entrnon. 

b. Other lwl lw control, no .xposure Qmlmenl adY«toly affected Mes hit !50% of tHt organisms; MtimMDd ECSOs .. blsed on Problt Analysis. 

14.41 
4.717 
2.207 
2.604 
5.956 
0.969 
3.273 
13.10 
8.027 

4.046 
6.151 

>11.53 

6.869 
2.251 
5.724 

c. No •PQU'9 trutment actwwsety .rf«ted men htn 50% cftHt organisms: IMtnlfore the EC50 conc:ennton ls greater tt.n hi highest Cu c:oncennion llt'ld h WER is~ using lhe > ECSO v81uo. 

NonnaliiedECSO • NonNdized to a t.dnus d 100 mg c.coM. using hm'dMss sklpe of0.D422. 

WER c.tculdons: NonMfized Stto Water Easo 1..a.. ofhfdlowlng fcu ~. 

I. MM:::hedi.tiomoryw•ECSOl'IOfTNllil.::lto100mglLhlrdnosa. 

II. tD.31•SMAVr.portlldbyUSEPA(2001}for~copptlf-100twc:fne&s,kadngl'IOl'Nnlllendmenuredv.tun. 

Ill. 115.50 • SMAV c:ab.Q9d using only the meaandEC50 wdun at 100 mgll. hardnnc ropc:rted byUSEPA (2001). 

IV.13.$18• Geomo!rtc:meendlhe 11 normalized lllbornoryw...,.copperECSO valuesconductod ~wtth litewm k>xlcitytom. 

16.86 
5.521 
2.562 
3.262 
6.971 
1.157 
3.831 
15.34 
9.394 

4.735 
7.199 

>13.49 

8.063 
2.635 
6.699 

19.93 
6.525 
3.052 
3.879 
8.239 
1.368 
4.528 
18.13 
1.1.10 

5.596 

8.506 
>15.05 
9.530 
3.114 
7.918 



APPENDIX A: TABLE 1ti 
VERIFICATION CALCULATIONS OF DISSOLVED COFPER WERs THAT WERE CALCULAlED FOR DAPHNIA MAGNA USING THE MATCHED LABORATORYWAlER EC50 IN THE WER DENOMINATOR 

FREEPORT-llCMORAHCHWOlltNEBCOllPANY 
VANADIUM, NEW MEXICO 

8MELTERITAIUNGSSOtl.8RJan£~COPPERTOXICITYMODELREPORT 

278.2 82.25% :1a)J6' "'95.97% 25;59 22:111 

91.09 81.55% :.16:54 .15.87 95.97% 6.755 5.738 

42.61 82:52% ·'l3.04 ·.12.51 95.97% 3:Q60 • 3.404' 

54.15 04.99% 15.61 . 14.98 115.97% 3.653 3.614 

·.115.0 81.36% ·16.54 . 15.87 95.97% 'ff.548 7.245 

19.09 82.73%' 13.43 12.89 95.97% 1.719 1.481 
'63.21 63.85% ·.9.379 "9:00 95.97% 8.038 7.o2o 

3n.6 253.0 67.01% ·13.06 .12.53' 95.97% 28.91 20.18 

155.0 46.01% !\13.06 .12:53 95.97% 25.79 12.36 

WER2-1 ... 99;05 '" 78.12· 78.85% i2o:63" " 19.99 95.97%' '4.756 3.907 
WER2-6 155.9 118.8 76.16% "14:584 14.00 95.97%· 10.69 8.Ml4 

WER2-9' · >305A '>222..7 ·72.92% '9.363 . 8.99 . 95.97% >32.82 ·>24.n 

WER2-11 190.5 133.0 69.84% 20.08· 19.27 95.97% 9.485 6.900 

WER2-12 49.39 43.48 88.03% ·9.363 8.99 95.97% 5.275 4.837 

WER2-012 158.9 110.5 69.56% 14.584 14.00 95.97% 10.90 7.895 ..... , 
a, No eXpO«n hHMntadV«Mlyatrect.d-... than S0% of tut organflms; '*-fen h EC50 ~lion It..._ hn h ao-.1 CU concenntion. 

b. Olher lhlln hetn'o! noupoan n.tm.nt ~atr.dod an. hat GO%oftntOf'glNJlarm; .. tirnat9d ECSO. .. baMd on ProbitAMfr*. 

c. No upoaure hatn.nlad,,.,..ry affKtld men hln 60% or ... torganlwna; ........... EC50QCXICef'1hlkln ii o:-tsr"hn .. highut Cu~and .. WER i1cab.....ci ueing ... > Eao value. 

d. DiMcfwd ECSOvaka1 _,. calcuRld utlng ta O.Ndinofwd to toea! ~fadot'at0,08 from USEPA 2001 and 2007 

Norrnail»d EC50 • Nonnabed toa hardnna of100 mo Cl.COM. Uling twdnlm 9bpe dO.o.22. 

wt.·~perhlr. 

22.19 

5.74li' 

.S:4ll5 
3.li.15 

7.247 
"1.481 

7.022 

20.19 
12.37 

"·3.906. 

8.487. 

>24.79 
6.9o2 

4.836 
1.898 



APPENDIXA:TABLE20 
VERIFICATION CALCULATIONS OF DISSOLVED COPPER WERe TllAT WERE CALCULATED USING THE DAPHNIA MAGNA SPECIES MEAN ACUTE VALUE IN THE WER DENOMINATOR 

FREEPORT-MCllORAN QINO lllNE8 COMPANY 
VANADIUM. NEW llElOOO 

SllELTERTrAUNGS SOIL8 KJ SITE.&PECIAC COPPER ToxtaTY llOOEL REPORT 

20.12 19.31 95.97% 

338.2 278.2 82.25% 20.12 19.31 95.97% 16.81 14.41 

111.7 91.09 81.55% 20.12 19.31 95.97% 5.552 4.717 

WER1·9 51.84 42.61 82.52% 20.12 19.31 95.97% 2.586 2.207 

WER 1-10 57.01 54.15 94.99% 20.12 19.31 95.97% 2.833 2.804 

WER1-11 141.4 115.0 81.38% 20.12 19.31 95.97% 7.028 5.956 

WER1-12 23.08 19.09 82.73% 20.12 19.31 95.97% 1.147 0.9887 

WER1-RCS 75.39 83.21 83.85% 20.12 19.31 95.97% 3.747 3.273 

an.a 253.0 67.01% 20.12 19.31 95.97% 18.n 13.10 

338.9 155.0 48.01% 20.12 19.31 95.97% 16.74 8.027 

99.08 78.12 78.85% 20.12 19.31 95.97% 4.924 4.048 
WER2 155.9 118.8 76.18% 20.12 19.31 95.97% 7.749 6.151 

WER2·9' >305.4 >'122.7 72.92% 20.12 19.31 95.97% >15.18 .>11.53 

WER2·11 190.5 133.0 69.84% 20.12 19.31 95.97% 9.468 6.689 

WER2-12 49.39 43.48 88.03% 20.12 19.31 95.97% 2.455 2.251 

WER2-D12 158.9 110.5 69.58% 20.12 19.31 95.97% 7.897 5.724 

-.: 
a. No exposure treatment ad¥efwly affect9d Jo11 lhan 50% oftnt oroanbms; lhef9fore lhe EC50 oonoontratlon ls less than tho kJwest OJ conoenration. 

b. Olher lhlin tM cont'Ot no exposure nHMnl .Svwsely .rfected klss thlt 50% d lest organisms; esimllt.d ECSOs.,. blMd on Probit Anafysls. 

c. No Cllq)Osure lrNm.nt ltd'tWMfy doctld more~ !50% oft.st orpenisms; therefore the ECSO conc:onlratlon Is VfUklt f\an lhe hlghut OJ concentniticn and lhe WER Is~ using the ,. EC$0 value. 

d. Dtuolved EC50 values w.re Q91cue;led using: Iha O.Dl5 dluoMtd to totll conY«Slon factor al O.Sla from USEPA 2001 and 2007 

Nonn.tb:ec1EC50•NonMlb»dtoah•dl'IH&of100 mg caco3ll.. using h8rdnNs Mope of0.8422. 

SMAV • Spedes mun acuto valuofrom UEPA2001. 

~·mlctogr#ll&pWIW. 

14.41 
4.717 
2.207 

2.804 
5.956 

0.989 
3.273 

13.10 
8.027 

4.048 

6.151 
>11.54 

6.689 

2.251 
5.724 



APPENDIX k TABLE 21 
VERFICATIONCALCULATIONSOFDISSOLYEDCDPPERWERaTHATWERECALCULATEDFORDAPHNIAllAGNAUSINGTHERECALCULATEDSPECESMEANACUTEVALUEINTHEWER~INATOR 

. 17.111. 1.6.50 115.1111% 
WER1-6 3382 '2782 .8225% :17-111 16.50 115.1111% 111.86 

WERl·7 .111.7. 111.0ll 81.55% .·17.111 18.50 .115.1111% 6.498 

WER1-ll 51.64 42.61 82.52% .17.111 16.50 115.1111% 3.004 

WER.MO 57.01 54.15 114.1111% 11.111. 16.50 115.1111%. 3.316 

WER.1-11 141.4 115.0 81.311% 17.111 ·'16.50 115.1111% .8223 

WER 1-12 23.08 19.0ll. 82.73% 17.111 111.50 115.1111% 1.343 

WER.1-RCS 75.311 .. . 11321 83.85% 17.111 111.50 115.1111% 4.385 

3n.6 253.0 67.01% .17.111 16.50 115.1111% 21.117 

3311.11 155.0 46.01% .17.111 .16.50 115.1111% 111.86 

1111.08 78.12 78.85% '.17.111 16.50 115.1111% 5.764 

155.11 118.8 711.18% '\17.111 16.50 115.1111% 11.070 

>305.4 >222.7 72.112% .17.111 ·.16.50 115.1111% '11 >11.n 

WER2·11 100.5 133.0 69.84% 17.19 111.50 115.1111% 
WER2·12 411.311 43.48 88.03% 17.111 111.50 115.1111% 
WER2-012 158.9 110.5 69.58% 17.111 111.50 115.1111% 
._, 
.. No9XJIC*lrlthnnenl:id¥erMly.rr.c:tedlesclwleo% oftntot;.wsms~t.r.fcrelheECSO~il--fwab lownl:Cu~. 

b, ot. hn lho con1ro1 noexpouw n.tmemmv.r.tyllfecledlea MSK oftntorv-Qma; ectimad eesos .. bu9d on Problt~. 

11.08 
2.873 
11244 

16.86 
5.521 
2.582 

. 3282 
·:6.1111 

.1.157 
'3.831 

15.34 
11.3114 

,, 4,735 

7.11111 
>13.49 
8.083 
2.1135 
11.1199 

c. No expoan .......,.,9dvenoly~ men hn SO% oftnt crganisms; hNfofe he ECSO conoenhtion • ..,.._ hn hi h!QhntCu ~and h WER i&~ using h > EOISO nlue. 

d. Dlaolvtd EC50 VIit.Jes were ailcuatld uq h 0.116cbsCllv«l lo lotlll" corMRicn r.c:toc' at0.00 from USEPA 2001 and 2007 

NonnllzedE~•NatmaiDdlo•'*diessd100mgCllCOlll..Ullng~slopoofO.D422. 

SMAV • Speoios rnMrl*'* valuo-cnlyh ITINSWed ECSO vMles from USEPA2001. 

pgll•~perhw, 

16.86 

5.521 
2.582 . 

. '.3282 

,8.1171. 
1.157 

"3.831 
15.34· 
11.3114 

4.735 
7.199 
>13.50 

8.083 
2.1135 
11.699 



APPENDIX A: TABLE 22 
VERIFICATION CALCULATIONS OF DISSOLVED COPPER WERo THAT WERE CALCULATED FOR DAPHNIA MAGNA USING THE GEOMETRIC MEAN OF LABORATORY WATER ECl!Os IN THE WER DENOMINATOR 

FREEPORT-MCMORAN ctlNO MlfES COMPANY 
VANADIUM. NEW MEXICO 

SMELTER/TAUJHQS SOK.8 IU BrTE.aPECIAC COPPER TOXICITY llOOEL REPORT 

WER1;2 107.8 103.0 95.52% 14.54 13.116 116.01% 7.416 7.378 
WER 1-5' 14.54 13.116 116.01% 

WER 1-6 338.2 278.2 82.25% 14.54 13.116 116.01% 23.28 19.93 

WER1-7 111.7 91.09 81.55% 14.54 13.116 116.01% 7.882 6.525 

WER1-9 51.64 42.61 82.52% 14.54 13.116 116.01% 3.551 3.052 

WER 1-10 57.01 54.15 94.119% 14.54 13.116 116.01% 3.921 3.879 

WER1-11 141.4 115.0 81.36% 14.54 13.116 116.01% 9.722 8.239 

WER1-12 23.08 19.09 82.73% 14.54 13.116 116.01% 1.587 1.368 

WER 1-RCS 75.39 63.21 83.85% 14.54 13.116 116.01% 5.185 4.528 

377.6 253.0 67.01% 14.54 13.116 116.01% 25.97 18.13 

338.9 155.0 48.01% 14.54 13.116 116.01% 23.17 11.10 

99.08 78.12 78.85% 14.54 13.116 96.01% 6.814 5.5116 

155.9 118.8 76.18% 14.54 13.116 116.01% 10.72 8.508 

>305.4 >222.7 72.92% 14.54 13.116 116.01% >21.01 >15.95 

WER2-11 100.5 133.0 69.84% 14.54 13.116 116.01% 13.10 9.530 

WER2-12 49.39 43.48 88.03% 14.54 13.116 116.01% 3.397 3.114 

WER2-D12 158.9 110.5 69.58% 14.54 13.116 116.01% 10.93 7.918 ...... , 
e. No eirpo:ure natment adversely .trectod leu han 50% oftest organisms; flwefore h ECSO ~ k km. than the lownt Cu conc.ntration. 

b. Other then tho c:onRI no U.posur9 n.n.nt 9dwnely dected IHs that 50% of lest orgM!sms; estim.'9d ECSOs are btlsod on Problt Analysls. 

c. Noexposunttrutmentadwnely.rr.cted mors twn 50% of tut~•: '*9fofe the ECSO c:oncientration lsgrMt.than tile highest Cu corantnition and h WERis~uling the >ECSOvalue. 

d. Dtnotved ECSO vllluu Wttre cafcuatod using the 0.516 dis.solved to total conversion factor Ill O.SIO from USEPA 2001 and 2007 

NonnaHzed ECSO a Normalz:od to a hardness of 100 mg CeC03Jt using twn:lnnl dope of0.9422. 

G9omebic Mun• Geometric: mean of the 11 normaKacl labotatorywat.rcopper LCSO values ex>nducted lidH>y.cido with th water toxk:tty. 

~·mlcrogramspefitef. 

7.378 

19.93 

6.525 
3.052 

3.879 

8.239 

1.368 

4.528 

18.13 

11.10 

5.508 

8.508 

>15.116 

9.530 

3.114 
7.918 



APPENDIX A: TABLE 23 
SUMMARY QA/QC FIELD SAMPLES COLLECTED DURING THE WER SAMPLING PROGRAM 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-5PECIFIC COPPER TOXICITY MOOEL REPORT 

calcium, dissolved 23.5 23.9 <0.2 <0.2 25.6 

calcium, total 25.4 25.4 <0.2 <0.2 26.7 

Ma nesium, dissolved 11.3 11.5 <0.2 <0.2 13.3 

Ma nesium, total 12.1 12 <0.2 14.1 

Potassium, dissolved 3.1 3.2 <0.3 5.2 

40 1260 

cadmium, dissolved <0.1 <0.1 <0.1 <0.1 

Cadmium, total <0.1 <0.1 <0.1 <0.1 <0.1 

Co r, dissolved 8.1 8.1 <0.5 <0.5 7.9 

Co r, total 8.5 8.4 <0.5 <0.5 10.7 

Iron, dissolved <20 <20 <20 <20 <20 
Iron, tOtal · <20 <20 <20 <20 890 

Lead, dlSsolved <0.1 <0.1 <0.1 <0.1 0.2 

Lead, total <0.1 <0.1 <0.1 <0.1 0.3 

Ma nese, dissolved 16.6 19.6 <0.5 <0.5 30.8 

Ma anese, total 37.6 37.4 <0.5 <0.5 113.6 

Zinc, dissolved 5 5 

Dissolved inorganic carbon 
(m ) 28.6 

Dissolved organic carbon 
(DOC) (mg/L) 3.9 5.3 <1 <1 12.3 

Total inorganic carbon (mg/L) 27.5 
Total organic carbon (TOC) 
(m 4.8 5.1 <1 <1 13.5 

carbonate as CaC03 ( <2 2 <2 <2 <2 

Cation-Anion Balance % 1.9 1.9 0 0 3.7 

Chloride m 4 4 <1 <1 6 

105 107 <1 <1 119 

<2 <2 <2 <2 <2 

8.3 8.3 6.1 5.7 8.1 

180 180 <10 <10 190 

5 <5 <5 <5 6 

Sulfate (mg/L) 20 19 1 <1 22.5 

Sum of Anions (meq/L) 2.6 2.6 <0.1 0 2.6 
Sum of cations (meq/L) 2.7 2.7 <0.1 <0.1 2.8 

TDS calculated m ) 138 140 <10 <10 142 
TDS (ratio-
measured/calculated) 1.3 1.29 0 0 1.34 
Total Alkalinity (mg/L) 108 108 <2 <2 102 

Notes: 

' Analysis exceeded method hold time. pH Is a field test with no hold time. 

Boldod valuaa· analyte concentration detected at a value between a MDL and PQL. The associated value Is an estimated quantity. 

25.5 

27.2 

13.3 

14.4 

5.2 

1240 

<0.1 

<0.1 

7.5 

10.6 

<20 

930 

<0.1 

0.3 
35.2 

107.1 

28.9 

12.8 

28.1 

14.3 

<2 

3.7 

6 
118 

<2 

8.1 

190 

7 
22.5 

2.6 

2.8 

141 

1.35 
102 

<0.2 

<0.2 

<0.2 

<0.2 

<0.1 

<0.1 

<0.5 

<0.5 

<20 

<20 

<0.1 

<0.1 

<0.5 

<0.5 

<2 

<1 

<1 

<1 

<1 

<2 

0 

2 
<1 

<2 

6.9 

<10 

<5 
<0.5 

0.1 
0.1 
<10 

0 
3 

< values • the material was analyzed for, but was not detected abova the lave! of the associated value. The associated value Is either the aample quantifation fimtt or the sample detection 
limit. 

mg/L = miligmns per Iller. 

IJg/l. = micrograms per Iller. 

meq/I. = mllllequivalants per ltter. 

<0.2 

<0.2 

<0.2 

<0.2 

<0.1 

<0.5 

<0.5 

<20 

<20 

<0.1 

<0.1 

<0.5 

<0.5 

<1 

<1 

<1 

<1 

<2 

0 

2 
<1 

<2 

6.7 

<10 

<5 

<0.5 
<0.1 

0.1 
<10 

0 
<2 
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APPENDIX B 
PEARSON PRODUCT MOMENT CORRELATION SUMMARY 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Pearson Product Moment Correlation 

Data source: Interim Giteria AdjusttrentReport ARCADIS 2013 (all inputvariableslog-transformedexcept pH) 

Cell Contents: 
Correlation Coefficient 
P Value 
Number ofSa111>les 

Log LC50 
logTOC 
0.789 
0.000165 

17 

logTOC 

log DOC 

log (H/A) 

pH 

LogTDS+TSS 

log DOC log(ll/A) 
0.866 -0.734 
0.00000685 0.000787 

17 17 

0.895 -0.476 
0.00000120 0.0536 

17 17 

-0.678 
0.00281 

17 

pH LogTDS+TSS logTDS 
-0.314 0.494 0.495 
0.220 0.0440 0.0433 

17 17 17 

-0.398 0.194 0.191 
0.114 0.456 0.463 

17 17 17 

-0.488 0.236 0.234 
0.0471 0.361 0.366 

17 17 17 

0.150 -0.241 -0.248 
0.564 0.352 0.338 

17 17 17 

0.00996 0.0183 
0.970 0.945 

17 17 

0.999 
1.535E-020 

17 



APPENDIX B 
PEARSON PRODUCT MOMENT CORRELATION SUMMARY 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

LogTSS log Hardness log Alkalinity Log Ca LogMg LogK 
Log LC50 0.266 0.320 0.655 0.399 0.342 0.567 

0.301 0.211 0.00436 0.112 0.179 0.0175 
17 17 17 17 17 17 

logTOC 0.144 0.0491 0.309 0.112 0.0844 0.415 
0.580 0.852 0.228 0.668 0.747 0.0978 

17 17 17 17 17 17 

log DOC 0.187 0.0404 0.418 0.121 0.0569 0.370 
0.472 0.878 0.0948 0.643 0.828 0.144 

17 17 17 17 17 17 

log (H/A) -0.0608 -0.166 -0.695 -0.224 -0.183 -0.365 
0.817 0.524 0.00196 0.388 0.482 0.150 

17 17 17 17 17 17 

pH -0.0738 0.162 0.0316 0.180 0.177 0.151 
0.778 0.535 0.904 0.489 0.496 0.562 

17 17 17 17 17 17 

LogTDS+TSS 0.496 0.875 0.776 0.916 0.795 0.443 
0.0429 0.00000429 0.000249 0.000000251 0.000137 0.0750 

17 17 17 17 17 17 

logTDS 0.450 0.879 0.783 0.922 0.797 0.426 
0.0697 0.00000339 0.000201 0.000000143 0.000127 0.0879 

17 17 17 17 17 17 

LogTSS 0.354 0.293 0.347 0.378 0.580 
0.163 0.254 0.172 0.135 0.0147 

17 17 17 17 17 

log Hardness 0.825 0.980 0.965 0.430 
0.0000467 6.028E-012 0.000000000380 0.0848 

17 17 17 17 

log Alkalinity 0.843 0.809 0.523 
0.0000214 0.0000841 0.0312 

17 17 17 

Log Ca 0.931 0.447 
0. 00000005 84 0.0721 

17 17 

Log Mg 0.572 
0.0164 

17 



APPENDIX B 
PEARSON PRODUCT MOMENT CORRELA llON SUMMARY 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Log Na LogS04 Log Fe Log TR Fe Log AI Log TR AI 
Log LC50 0.392 -0.423 0.392 0.524 0.356 0.303 

0.120 0.0909 0.120 0.0310 0.161 0.238 
17 17 17 17 17 17 

logTOC 0.0857 -0.344 0.450 0.600 0.301 0.250 
0.744 0.177 0.0700 0.0109 0.241 0.332 

17 17 17 17 17 17 

log DOC 0.218 -0.400 0.418 0.698 0.189 0.389 
0.401 0.112 0.0954 0.00183 0.468 0.123 

17 17 17 17 17 17 

log(H/A) -0.396 0.744 -0.328 -0.431 -0.0769 -0.308 
0.115 0.000613 0.199 0.0843 0.769 0.229 

17 17 17 17 17 17 

pH 0.0322 -0.0325 -0.240 -0.323 -0.174 -0.150 
0.902 0.902 0.354 0.205 0.505 0.565 

17 17 17 17 17 17 

LogTDS+TSS 0.701 0.249 -0.269 -0.0306 0.0632 0.0496 
0.00173 0.335 0.296 0.907 0.810 0.850 

17 17 17 17 17 17 

logTDS 0.719 0.250 -0.258 -0.0450 0.0600 0.0251 
0.00114 0.333 0.317 0.864 0.819 0.924 

17 17 17 17 17 17 

LogTSS -0.00711 0.0384 -0.311 0.286 0.126 0.509 
0.978 0.884 0.224 0.266 0.631 0.0367 

17 17 17 17 17 17 

log Hardness 0.486 0.234 -0.500 -0.342 -0.0640 -0.216 
0.0479 0.366 0.0408 0.180 0.807 0.405 

17 17 17 17 17 17 

log Alkalinity 0.582 -0.256 -0.177 -0.00191 -0.00253 0.0194 
0.0143 0.320 0.498 0.994 0.992 0.941 

17 17 17 17 17 17 

Log Ca 0.577 0.231 -0.420 -0.217 -0.0163 -0.128 
0.0154 0.372 0.0936 0.403 0.951 0.624 

17 17 17 17 17 17 

Log Mg 0.300 0.118 -0.521 -0.294 0.0148 -0.147 
0.243 0.651 0.0320 0.252 0.955 0.575 

17 17 17 17 17 17 

LogK -0.109 -0.420 -0.0676 0.360 0.454 0.431 
0.678 0.0930 0.797 0.156 0.0675 0.0839 

17 17 17 17 17 17 
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FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

LogS04 Log Fe LogTRFe Log AI 

Log Na 0.149 0.120 -0.0407 -0.144 
0.569 0.647 0.877 0.580 

17 17 17 17 

Log S04 -0.410 -0.402 -0.329 
0.103 0.109 0.197 

17 17 17 

Log Fe 0.523 0.409 
0.0313 0.103 

17 17 

Log TR Fe 0.443 
0.0748 

17 

Log Al 

Log TR Al 

Log TR Al 

-0.109 
0.676 

17 

-0.375 
0.138 

17 

0.238 
0.357 

17 

0.852 
0.0000142 

17 

0.517 
0.0337 

17 

The pair(s) of variables with positive correlation coefficients and P values below 0.050 tend to increase together. For 
the pairs with negative correlation coefficients and P values below 0.050, one variable tends to decrease while the 
other increases. For pairs with P values greater than 0.050, there is no significant relationship between the two 
variables. 
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APPENDIX C 
STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Linear Regression 

Data source: Interim Oiteria Adjustment Report ARCADIS 2013 (all variables log transfonned) 

Log LC50 = 0.965 + (0.489 * log Hardness) 

N = 17 

R= 0.320 Rsqr =0.102 Adj Rsqr = 0.0423 

Standard Frror of Fstimate = 0.298 

Constant 
log Hardness 

Coefficient 
0.965 
0.489 

Analysis ofVariance: 

Regression 
Residual 
Total 

DF 
1 

15 
16 

SS 
0.151 
1.331 
1.482 

Std. Error 
0.717 
0.374 

MS 
0.151 
0.0887 
0.0926 

F 
1.707 

t 
1.345 
1.307 

p 

0.211 

Nonnality Test (Shapiro-Wilk) Passed (P = 0.160) 

Constant Variance Test: Passed (P = 0.393) 

Power of perfonned test with alpha= 0.050: 0.236 

p 

0.198 
0.211 

The power of the perfonned test (0.236) is below the desired power of 0.800. 
Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative resuhs should be interpreted cautiously. 
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Linear Regression 

Data source: Interim Oiteria Adjustrrent Report ARCADIS 2013 (all variables log transfonned) 

Log LC50 = 0.571 + (0.730 *log Alkalinity) 

N = 17 

R= 0.655 Rsqr=0.428 Adj Rsqr = 0.390 

Standard Frror of Estimate = 0.238 

C.Onstant 
log Alkalinity 

Coefficient 
0.571 
0.730 

Analysis ofVariance: 
DF SS 

Regression I 0.635 
Residual 15 0.847 
Total 16 1.482 

Std. Error 
0.400 
0.218 

MS F 
0.635 11.243 
0.0565 
0.0926 

t 
1.427 
3.353 

p 
0.004 

Nonnality Test (Shapiro-Wilk) Passed (P = 0.661) 

" C.Onstant Variance Test: Passed (P = 0.341) 

Power of performed test with alpha= 0.050: 0.834 

p 
0.174 
0.004 
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FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Linear Regression 

Data source: Interim Giteria Adjustment Report ARCADIS 2013 (all variables log transfonred) 

Log LC50 = 2.026 - (1.428 * log (HI A)) 

N = 17 

R= 0.734 Rsqr =0.539 Adj Rsqr = 0.509 

Standard Error of Fstimate = 0.213 

Coefficient 
2.026 

-1.428 

Std. Error 
0.0602 
0.341 

t p 
Constant 
log (HIA) 

Analysis of Variance: 
DF 

Regression 1 
Residual 15 
Total 16 

SS 
0.799 
0.683 
1.482 

Nonnality Test (Shapiro-Wilk) 

33.685 <0.001 
-4.191 <0.001 

~ F p 
0.799 17.565 <0.001 
0.0455 
0.0926 

Passed (P = 0.476) 

Constant Variance Test: Passed (P = 0.824) 

Power of perfonred test with alpha= 0.050: 0.940 
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FREEPORT-MCMORAN CHINO MINES COMPANY 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC CGPPER TOXICITY MODEL REPORT 

Linear Regression 

Data source: Interim Giteria Adjustment Report ARCADIS 2013 

I.ab Hardness= 22.494 + (0.850 * Alkalinity) 

N = 17 

R=0.929 Rsqr=0.864 Adj Rsqr = 0.855 

Standard Frror of&timate = 19.945 

Omstant 
Alkalinity 

Coefficient 
22.494 

0.850 

Analysis ofVariance: 

Std. Error 
8.472 
0.0871 

t 
2.655 
9.756 

p 
0.018 

<0.001 

Regression 
Residual 
Total 

DF 
1 

15 
16 

SS 
37866.751 

5967.132 
43833.882 

MS 
37866.751 

397.809 
2739.618 

F 
95.188 

p 
<O.ocil 

Normality Test (Shapiro-Wilk) Passed (P = 0.242) 

Constant Variance Test: Passed (P = 0.646) 

Power of perfonned test with alpha= 0.050: 1.000 
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Linear Regression 

Data source: Interim Giteria Adjustirent Report ARCADIS 2013 (all variables log transfonred) 

Log lCSO = 1.183 + (0.848 * log DOC) 

N = 17 

R=0.866 Rsqr =0.751 Adj Rsqr = 0.734 

Standard Frror of Estimate = 0.157 

Constant 
log DOC 

Coefficient 
1.183 
0.848 

Analysis of Variance: 
DF SS 

Regression 1 1.113 
Residual 15 0.369 
Total 16 1.482 

Std. Error 
0.113 
0.126 

MS 
1.113 
0.0246 
0.0926 

Nonnality Test (Shapiro-Wilk) Passed 

t 
10.485 
6.721 

F 
45.172 

(P = 0.604) 

Constant Variance Test: Passed (P = 0.928) 

Power of perforired test with alpha = 0.050: 0.999 

p 
<0.001 
<0.001 

p 
<0.001 
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Linear Regression 

Data source: Interim Qiteria Adjustment Report ARCADIS 2013 (all variables log transfonred) 

Log 1C50 = 0.977 + (1.025 * log TOC) 

N = 17 

R=0.789 Rsqr=0.623 Adj Rsqr = 0.598 

Standard Frror of&timate = 0.193 

Coefficient Std. Error t p 
Constant 0.977 0.191 5.126 <0.001 
JogTOC 1.025 0.206 4.978 <0.001 

Analysis of Variance: 
DF SS MS F p 

Regression 1 0.923 0.923 24.777 <0.001 
Residual 15 0.559 0.0373 
Total 16 1.482 0.0926 

Nonnality Test (Shapiro-Wille) Passed (P = 0.342) 

Constant Variance Test: Passed (P = 0.234) 

Power of perfonned test with alpha= 0.050: 0.979 
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Linear Regression 

Data source: Interim Giteria Adjustment Report ARCADIS 2013 

Log LC50 = 3.394 - (0.186 *pH) 

N = 17 

R= 0.314 Rsqr = 0.0985 Adj Rsqr = 0.0385 

Standard Error of Estimate = 0.298 

Constant 
pH 

Coefficient 
3.394 

-0.186 

Analysis of Variance: 

Regression 
Residual 
Total 

DF 
l 

15 
16 

SS 
0.146 
1.336 
1.482 

Std. Error 
1.171 
0.145 

MS 
0.146 
0.0891 
0.0926 

t 
2.899 

-1.281 

F 
1.640 

p 
0.011 
0.220 

p 
0.220 

Nonnality Test(Shapiro-Wilk) Passed (P = 0.496) 

Constant Variance Test: Passed (P = 0.179) 

Power of performed test with alpha = 0.050: 0.228 

The power of the performed test (0.228) is below the desired power of 0.800. 
Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Mui liple linear Regression 

Data source: Interim Criteria Acljustment Report ARCADIS 2013 (a II input variables log transformed) 

LogLC50=-0.128+(0.703 * logTOC)-(0.787* log(H/A))+(0.653 * logTDS) 

N = 17 

R=0.932 Rsqr=0.869 Aclj Rsqr =0.838 

Standard Error of Estimate= 0.122 

Coeffident Std. Error t p 
Constant -0.128 0.536 -0238 0.815 
logTOC 0.703 0.149 4.718 <0.001 
log(H/A) -0.787 0226 -3.485 0.004 
logTDS 0.653 0233 2.800 O.Ql5 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1288 0.429 28.669 <0.001 
Residual 13 0.195 0.0150 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
logTOC 0.923 0.333 
log(H/A) 0247 0.182 
logTDS 0.117 0.117 

VIF 

1.302 
1.336 
1.073 

The dependent variable LogLC50 can be predicted from a linear combination of the independent variables: 
p 

logTOC 
log(H/A) 
logTDS 

<0.001 
0.004 
O.Ql5 

All independent variables appear to contribute to predictingLogLC50(P <0.05). 

Normality Test (Shapiro-Wilk) Passed (P =0.614) 

Constant Variance Test: Passed (P =0.246) 

Powerofperfonnedtestwith alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFl'IS 
1 0.0448 0104 -0.418 
2 0.00392 0.0853 0.121 
3 0.0430 0270 0.406 
4 0.0227 0.0841 0.301 
5 0324 0234 1.334 
6 0.0855 0.130 0.619 
7 0.124 0.416 -0.694 
8 0.683 0.608 1.709 
9 0.00499 0.177 -0.136 
10 0144 0.429 -1.001 
II 0.0368 0387 0.372 
12 0.0714 0.0976 -0.575 
13 0.0291 0.146 -0.336 
14 0.0219 0.143 -0.290 
15 0.000491 0.179 -0.0426 
16 0.00325 0.124 -0.110 
17 0.0334 0286 -0.356 



APPENDIX D 
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES 

FREEPORT-MCMORAN CHINO MINES COMPANY 
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SMEL lER/TAILINGS SOILS IU SllE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Multiple linear Regression 

Data source: Interim Criteria A<!justment Report ARCADIS2013 (a II input variables log transformed) 

LogLC50=-0.0439+(0.633* logDOC)-(0.438* log(H/A))+(0.645 * logTDS) 

N = 17 

R =0.932 Rsqr = 0.868 A<!i Rsqr =0.838 

StandardErrorofEstimate=0.123 

Coefficient Std. Error t p 
Constant -0.0439 0534 -0.0822 0936 
log DOC 0.633 0.135 4.701 <0.001 
log(H/A) -0.438 0268 -1.631 0.127 
logTDS 0.645 0234 2.759 0.016 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1287 0.429 28.522 <0.001 
Residual 13 0.195 0.0150 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
log DOC 1.113 0.332 
log(H/A) 0.0595 0.0400 
logTDS 0.114 0.114 

VIF 

1.865 
1.878 
1.075 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 

log DOC 
log(H/A) 
logTDS 

p 
<0.001 

0.127 
0.016 

Not all of the independent variables appear n6:essary (or the multiple linear model may be wderspecified). 
The following appear to accOIDlt fortheability topredictLogLC50 (P <0.05): log DOC, logTDS 

Normality Test (S!apiro-Wille) Passed (P=0.338) 

Constant Variance Test: Passed (P =0.387) 

Powerofperfonnedtestwithalpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lewrage DFRTS 
l 0.000278 0.105 0.0321 
2 0.00000149 0.0991 0.00235 
3 0.0796 0281 0.560 
4 0.00431 0.0816 0.127 
5 0325 0228 l.348 
6 0.0128 0.173 0.220 
7 0.0479 0.497 -0.424 
8 0.404 0586 l.279 
9 0.00364 0.175 -0.116 
10 0.0590 0.483 -0.471 
11 0.0288 0383 0.329 
12 0.0709 0.0976 -0.573 
13 0.117 0.192 -0.714 
14 0.0994 0.101 -0.710 
15 0.0304 0.147 0.345 
16 0.000182 0.101 0.0259 
17 0.000142 0269 0.0229 
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Multiple linear Regression 

Data source: Interim Criteria Adjustment ReportARCADIS2013 (all input variableslogtransformed) 

LogLC50 =0.122 +(0.674* logTOC)-(0.790 * log(H/A))+(0.663 * logTDS) - (0.0308 *pH) 

N =17 

R =0.933 Rsqr = 0.871 Adj Rsqr =0.828 

Standard Error of Estimate= 0 .126 

Coeffident Std. Error t p VIF 
Co mt ant 0.122 0.778 0.157 0.878 
logTOC 0.674 0.166 4.051 0.002 1.524 
log(H/A) -0.790 0233 -3390 0.005 1.338 
logTDS 0.663 0242 2.746 O.oJ8 1.083 
pH -0.0308 0.0674 -0.458 0.655 1.202 
Analysis of Variance: 

OF SS MS F p 
Regressioo 4 1291 0323 20.246 <0.001 
Residual 12 0.191 0.0159 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
logTOC 0923 0.262 
log (H/A) 0247 0.183 
logTDS 0.117 0.120 
pH 0.00334 0.00334 
The dependent variable Log LC50 can be predicted from a linearcombinatioo of the independent variables: 

logTOC 
log(H/A) 
logTDS 
pH 

p 
0.002 
0.005 
0.018 
0.655 

Not all of the independent variables appear nroessary (or the multiple linear model may be lUlderspecified). 
The following appear to accOlUlt for theabilitytopredict Log LCSO (P < 0 .05): log TOC, log (HI A) , logTDS 

Normality Test (Shapiro-Wilk) Passed (P =0.659) 

Constant Variance Test: Passed (P=0.316) 

Powerofperformedtestwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFITS 
I 0.0319 0219 -0.392 
2 0.00307 0.182 0.119 
3 0.0346 0272 0.406 
4 0.0174 0.0843 0.294 
5 0248 0244 1.292 
6 0.0663 0.141 0.605 
7 0.150 0.453 -0.863 
8 0.497 0.609 1.621 
9 0.00225 0214 -0.102 
IO 0525 0.692 -1.632 
II 0.0720 0.454 0.585 
12 0.0612 0.116 -0.590 
13 0.109 0308 -0.746 
14 0.0265 0.172 -0.358 
15 0.000541 0289 0.0498 
16 0.00198 0.130 -0.0955 
17 0.104 0.422 -0.711 
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Multiple linear Regression 

Data source: Interim Criteria AdjustmentReportARCADIS2013 (a II input variables log transformed) 

LogLC50 =-0.254+(0.664* logDOC)-(0.411 * log(H/A))+(0.634* logTDS)+(0.0256* pH) 

N = 17 

R=0.932 Rsqr=0.869 Adj Rsqr = 0.826 

Standard Error ofEstimate = 0 .12 7 

Con!t1mt 
log DOC 
log(H/A) 
logTDS 
pH 

Coeffident 
-0254 
0.664 

-0.411 
0.634 
0.0256 

Analysis of Variance: 

Regression 
Residual 
Total 
Colwnn 
log DOC 
log(H/A) 
logTDS 
pH 

DF SS 
4 1289 

12 0.194 
16 1.482 

SS In tr 
1.113 
0.0595 
0.114 
0.00191 

Std. &ror 
0.824 
0.166 
0288 
0244 
0.0744 

MS 
0322 
0.0161 
0.0926 

SS Marg 
0.259 
0.0328 
0.109 
0.00191 

F 
19.971 

t p VIF 
-0.309 0.763 
4.009 0.002 2.628 

-1.426 0.179 2.021 
2598 0.023 1.092 
0344 0.736 1.447 

p 
<0.001 

ThedependentvariableLogLC50canbepredictedfromalinearcombinationoftheindependentvariables: 

log DOC 
log(H/A) 
logTDS 
pH 

p 
0.002 
0.179 
0.023 
0.736 

Not all of the independent variables appear na:essary (or the multiple linear model may be wderspecified). 
The following appear to acc01D1tfortheabilitytopredict Log LC50 (P <0.05): log DOC, logTDS 

Normality Test (Siapiro-Wilk) Passed (P=0.363) 

Constant Variance Test: Passed (P=0.566) 

Powerofperformedtestwith alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lele rage DFFl'IS 
l 0.0000973 0.113 0.0211 
2 0.000564 0.178 0.0509 
3 0.0597 0281 0.541 
4 0.00305 0.0872 0.119 
5 0253 0231 1.337 
6 0.00930 0.174 0.208 
7 0.0283 0.625 -0.361 
8 0348 0594 1.331 
9 0.00764 0231 -0.188 
10 0374 0.692 -1.357 
11 0.0168 0.447 0.279 
12 0.0801 0.128 -0.690 
13 0.157 0309 -0.918 
14 0.0767 0.106 -0.693 
15 0.0321 0226 0.393 
16 0.0000653 0.106 0.0173 
17 0.0118 0.471 0.234 
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FREEPORT-MCMORAN CHINO MINES COMPANY 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Multiple linear Regression 

Data source: Interim Criteria A<ljustmentReportARCADIS2013 (all input variables log transformed) 

LogLC50 = -0.126+(0.700 * logTOC)-(0.794* log(H/A))+(0.650* LogTDs+T~ 

N = 17 

R=0.932 Rsqr=0.869 A<lj Rsqr =0.838 

StandardErrorofEstimate=0.122 

Coefficient Std. Error t p 
Constant -0.126 0536 -0235 0.818 
logTOC 0.700 0.149 4.692 <0.001 
log(H/A) -0.794 0226 -3517 0.004 
LogTDs+TSS 0.650 0232 2.796 0.015 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1287 0.429 28.629 <0.001 
Residual 13 0.195 0.0150 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
logTOC 0.923 0.330 
log(H/A) 0247 0.185 
LogTDs+TSS 0.117 0.117 

VIF 

1.304 
1.332 
1.071 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 

logTOC 
log(H/A) 
LogTDs+TSS 

p 
<0.001 

0.004 
0.015 

All independent variables appear to contribute to predicting Log LC50 (P < 0 .05 ). 

Normality Test (Shapiro-Wilk) Passed (P =0.444) 

Constant Variance Test: Passed (P =0.271) 

Powerofperformedtestwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Le\erage DFFilS 
l 0.0389 0202 -0.388 
2 0.00455 0.0819 0.131 
3 0.0459 0273 0.419 
4 0.0224 0.0840 0.299 
5 0345 0239 1.387 
6 0.0854 0.134 0.616 
7 0.120 0.417 -0.683 
8 0.672 0595 1.699 
9 0.00617 0.181 -0.152 
10 0224 0.429 -0.955 
11 0.0350 0385 0.363 
12 0.0651 0.0946 -0.545 
13 0.0285 0.150 -0.333 
14 0.0256 0.141 -0.315 
15 0.00121 0.180 -0.0670 
16 0.00338 0.124 -0.112 
17 0.0466 0291 -0.422 
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MuUi .. e linear Regression 

Data source: Interim CriteriaA<ljustmentReportARCADIS2013 (allinputvariableslogtransformed) 

LogLC50 =-0.0365+(0.630 * logDOC)-(0.447* log(H/A))+(0.640 * LogTDs+TSS) 

N = 17 

R=0.931 Rsqr=0.867 A<!j Rsqr =0.837 

Standard Error of Estimate= 0 .123 

Coeffident Std • .&ror t p 
Con!tant -0.0365 0536 -0.0682 0.947 
log DOC 0.630 0.135 4.658 <0.001 
log(H/A) -0.447 0269 -1.662 0.120 
LogTDs+TSS 0.640 0134 2.737 0.017 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1286 0.429 28.332 <0.001 
Residual 13 0.197 0.0151 
Total 16 1.482 0.0926 

Column SS Ina SS Marg 
log DOC 1.113 0.328 
log(H/A) 0.0595 0.0418 
LogTDs+TSS 0.113 0.113 

VIF 

l.868 
l.872 
l.073 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 

log DOC 
log(H/A) 
LogTDs+TSS 

p 
<0.001 

0.120 
0.017 

Not all of the independent variables appear necessary (or the multiple linear model may be Wlderspecified). 
The following appear to acc0W1tfortheabilitytopredict LogLC50 (P <0.05): log DOC, LogTDs+TSS 

Normality Test (~apiro-Wille) Passed (P =0.366) 

Constant Variance Tesl;: Passed (P =0.307) 

Powerofperfonnedtestwith alpha=0.050: l.000 

Influence Diagnostics: 

Row Cook's Dist. Lewrage DFFTIS 
l 0.000579 0.103 0.0463 
2 0.0000751 0.0958 0.0167 
3 0.0823 0283 0.570 
4 0.00422 0.0815 0.126 
5 0345 0233 l.398 
6 0.0120 0.176 0.212 
7 0.0466 0.497 -o.418 
8 0.409 0574 l.291 
9 0.00448 0.178 -0.129 
10 0.0492 0.483 -0.430 
11 0.0261 0381 0.313 
12 0.0642 0.0945 -0.541 
13 0.117 0.197 -0.712 
14 0.102 0.0983 -0.726 
15 0.0268 0.148 0.322 
16 0.000153 0.101 0.0238 
17 0.000276 0275 -0.0320 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Multiple linear Regression 

Data source: Interim Criteria A<ljustment Report ARCADIS2013 (all input variables log transformed) 

LogLC50 = l.330 +(0.697* logTOC)- (0.907 * log(H/A)) +(0.176 * LogT~ - (0.0110* pH) 

N = 17 

R=0.903 Rsqr=0.815 A<ljRsqr=0.753 

Standard Error of Estimate= 0 .151 

Con!iant 
logTOC 
log(H/A) 
LogT~ 

pH 

Coeffident 
1330 
0.697 

-0.907 
0.176 

-0.0110 

Std. Error 
0.741 
0.199 
0275 
0.139 
0.0804 

Analysis of Variance: 

Regression 
Residual 
Total 
Column 
logTOC 
log(H/A) 
LogT~ 
pH 

DF 
4 

12 
16 

ssm.a 
0.923 
0247 
0.0369 
0.000428 

SS MS 
1208 0302 
0275 0.0229 
1.482 0.0926 

SS Marg 
0.280 
0.249 
0.0368 
0.000428 

t p VIF 
1.794 0.098 
3500 0.004 1.524 

-3299 0.006 l.295 
1267 0229 l.022 

-0.137 0.893 1.191 

F p 
13.189 <0.001 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 

logTOC 
log(H/A) 
LogT~ 
pH 

p 
0.004 
0.006 
0.229 
0.893 

Not all of the independent variables appear n«:essary (or the multiple linear model may be underspecified). 
The following appear to accountfortheabilitytopredictLogLC50 (P <0.05): logTOC, log(H/A) 

Normality Test (Shapiro-Wilk) Passed (P =0.13 l) 

Constant Variance Test: Passed (P=0.182) 

Powerofperformedtestwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFITS 
I 0.000782 0286 -0.0599 
2 0.0469 0209 0.482 
3 0.00715 0273 0.182 
4 0.00745 0.0884 0.188 
5 0.116 0245 0.790 
6 0.0805 0.189 0.657 
7 0.130 0.467 -0.797 
8 0246 0204 1.371 
9 0.00226 0275 -0.102 
10 0218 0.714 -l.019 
II 0.0222 0213 -0.325 
12 0.0209 0.164 -0.317 
13 0.128 0319 -0.812 
14 0.114 0263 -0.778 
15 O.o251 0377 -0.342 
16 0.00409 0.139 -0.138 
17 0.409 0576 -l.465 
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Mui tiple linear Regression 

Data source: Interim Criteria A<!justmentReportARCADIS2013 (all input variables log transformed) 

LogLC50 =0.906+(0.689* log DOC) -(0.509* log(WA)) +(0.137* LogTSS) +(0.0460 *pH) 

N = 17 

R =0.900 Rsqr = 0.811 A<!jRsqr=0.748 

StandardErrorofEstimate=0.153 

Con!iaot 
log DOC 
log(WA) 
LogTSS 
pH 

Coeffi dent 
0.906 
0.689 

-0.509 
0.137 
0.0460 

Std. Frror 
0.828 
0201 
0348 
0.142 
0.0889 

Analysis of Variance: 

Regression 
Residual 
Total 
Column 
log DOC 
log(WA) 
LogTSS 
pH 

DF 
4 

12 
16 

SS.Iner 
l.113 
0.0595 
0.0232 
0.00627 

SS MS 
1202 0300 
0281 0.0234 
1.482 0.0926 

SS Marg 
0.275 
0.0502 
0.0220 
0.00627 

t p VIF 
l.094 0296 
3.427 0.005 2.672 

-l.465 0.169 2.027 
0.970 0351 l.047 
0518 0.614 1.427 

F p 
12.852 <0.001 

The dependent variable LogLC50can be predicted from a linearcombinationof the independent variables: 

log DOC 
log(WA) 
LogTSS 
pH 

p 
0.005 
0.169 
0.351 
0.614 

Not all of the independent variables appear n«:essary (or the multiple linear model may be wderspecified). 
The following appear to acc01U1tfortheabilitytopredict LogLC50 (P <0.05): log DOC 

Normality Test (~apiro-Willc) Passed (P=0.962) 

Constant Variance Test: Passed (P=0.694) 

Powerofperformedtestwithalpha=0.050: l.000 

Influence Diagnostics: 

Row Cook's Dist. Lewrage DFFl'IS 
l 0.0115 0.179 0.232 
2 0.0269 0209 0.359 
3 0.0141 0280 0.256 
4 0.000422 0.0870 0.0440 
5 0.119 0239 0.803 
6 0.0150 0212 0.265 
7 0.0406 0.628 -0.433 
8 0.191 0.188 l.155 
9 0.00412 0282 -0.138 
IO 0.168 0.713 -0.889 
11 0.0372 0201 -0.426 
12 0.0405 0.189 -0.447 
13 0.187 0322 -l.014 
14 0.181 0.181 -l.123 
15 0.00755 0319 0.187 
16 0.0000720 0.115 -0.0182 
17 0.000421 0.657 0.0439 
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Multi .. e linear Regression 

Data source: Interim Criteria Adjustment Report ARCADIS2013 (all input variables log transformed) 

LogLC50 = l.232 +(0.707* logTOC)-(0.905 * log(H/A))+(0.176 * LogT~ 

N = 17 

R=0.902 Rsqr = 0.814 AcljRsqr=0.772 

StandardErrorofEstimate=0.145 

Co mt ant 
logTOC 
log(H/A) 
LogTSS 

Coeffident 
1232 
0.707 

-0.905 
0.176 

Analysis of Variance: 

Regression 
Residual 
Total 

Column 
logTOC 
log(H/A) 
LogTSS 

DF 
3 

13 
16 

SS Iner 
0.923 
0247 
0.0369 

SS 
1207 
0275 
1.482 

SS Marg 
0.334 
0.249 
0.0369 

Std. Error 
0.186 
0.178 
0164 
0.133 

MS 
0.402 
0.0212 
0.0926 

t p 
6.631 <0.001 
3.975 0.002 

-3.428 0.004 
1321 0109 

F p 
19.014 <0.001 

VIF 

l.315 
1.293 
1.021 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 

logTOC 
log (H/A) 
LogTSS 

p 
0.002 
0.004 
0.209 

Not all of the independent variables appear necessary (or the multiple linear model may be underspecified). 
The following appear to accountfortheabilitytopredictLogLC50 (P <0.05): logTOC, log(H/A) 

Normality Test (Shapiro-Wilk) Passed (P=0.077) 

Constant Variance Test: Passed (P =0.126) 

Power of performed test with alpha=0.050: l.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFITS 
l 0.00139 0271 -0.0717 
2 0.0318 0.118 0.356 
3 0.00955 0273 0.189 
4 0.0100 0.0883 0.195 
5 0.143 0228 0.788 
6 0.106 0.183 0.676 
7 0.125 0.424 -0.698 
8 0329 0203 1.419 
9 0.00325 0229 -0.110 
10 0.0735 0.453 -0.528 
11 0.0238 0.170 -0.302 
12 0.0250 0.144 -0.311 
13 0.0397 0.135 -0.399 
14 0.123 0134 -0.718 
15 0.0216 0263 -0.285 
16 0.00556 0.133 -0.144 
17 0230 0.452 -0.963 
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Multiple linear Regression 

Data source: Interim CriteriaAqjustmentReportARCADIS2013 (allinputvariableslogtransformed) 

LogLC50=1.325 +(0.634* log DOC) - (0.560* Jog(WA))+(0.141 * LogTSS) 

N =17 

R =0.898 Rsqr = 0.807 A<!i Rsqr = 0. 762 

StandardErrorofEstimate=0.149 

Con!tant 
log DOC 
log(WA) 
LogTSS 

Coefficient 
1325 
0.634 

-0560 
0.141 

Analysis of Variance: 

Regression 
Residual 
Total 

Column 
log DOC 
log(WA) 
LogTSS 

DF 
3 

13 
16 

SS Iner 
1.113 
0.0595 
0.0232 

SS 
1.195 
0287 
1.482 

SSMarg 
0.323 
0.0660 
0.0232 

Std. .&ror 
0.172 
0.166 
0324 
0.138 

MS 
0398 
0.0221 
0.0926 

t p 
7.715 <0.001 
3.825 0.002 

-1.730 0.107 
1.025 0324 

F p 
18.063 <0.001 

VIF 

1.925 
1.864 
1.045 

The dependent variable LogLC50 can be predicted from a linearcombinaticm of the independent variables: 

log DOC 
log(WA) 
LogTSS 

p 
0.002 
0.107 
0.324 

Not all of the independent variables appear na:essary (or the multiple linear model may be underspecified). 
The following appear to account for theabilitytopredict Log LC50 (P<0.05): log DOC 

Normality Test ( Slapiro-Wille) Passed (P =0.838) 

Constant Variance Test: Passed (P=0.981) 

Powerofperformedtestwith alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFITS 
1 0.0174 0.166 0.257 
2 0.0134 0.145 0.225 
3 0.0174 0279 0.255 
4 0.000808 0.0827 0.0547 
5 0.141 0233 0.780 
6 0.0211 0211 0.282 
7 0.0823 0.495 -0.559 
8 0250 0.188 1.178 
9 0.000425 0221 -0.0396 
JO 0.00256 0.497 -0.0973 
II 0.0273 0.163 -0.325 
12 0.0297 0.150 -0.340 
13 0.140 0.192 -0.796 
14 0235 0.172 -1.155 
15 0.0161 0247 0.245 
16 0.00000892 0.1 JO -0.00574 
17 0.0184 0.448 -0.261 
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VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Mui tiple linear Regression 

Data source: Interim Criteria Adjustment ReportARCADIS2013 (all input variables log transformed) 

LogLC50 =0.705 +(0.730 * logTOC)-(0.549 *Jog Hardness) +(0.837 * logAlkalinity)+(0.102 * LogT~ 

N = 17 

R=0.919 Rsqr = 0.844 Adj Rsqr =0.792 

StandardErrorofEstimate=0.139 

Coeffident Std. Error t p VIF 
CoMant 0.705 0390 1.807 0.096 
JogTOC 0.730 0.170 4286 0.001 1.325 
Jog Hardness -0549 0344 -1596 0.136 3.899 
log Akalitl:y 0.837 0256 3271 0.007 4.052 
LogTSS 0.102 0.136 0.752 0.467 1.171 

Warning: Multicollinearity is present among the independent variables. The variables with the largest values ofVIF are causing the problem. 
Consider gettingmoredata oreliminating one ormore variables from theequation. Tbe likely candidates for elimination are: log Alkalinity 

Analysis of Variance: 
DF SS MS F p 

Regression 4 1251 0313 16.270 <0.001 
Residnal 12 0231 0.0192 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
logTOC 0.923 0.353 
log Hardness 0.117 0.0490 
Jog Alcalitl:y 0290 0.206 
LogTSS 0.0109 0.0109 

The dependent variable Log LC50 can be predicted from a linear combination of the iodependent variables: 

JogTOC 
Jog Hardness 
log Alcalitl:y 
LogTSS 

p 
0.001 
0.136 
0.007 
0.467 

Not all of the independent variables appear necessary (or the multiple linear model may be llllderspecified). 
The following appear to accOllllt for theability to predict LogLC50 (P < 0.05): JogTOC, Jog Alkalinity 

Normality Test (Siapiro-Wilk) Failed (P =0.008) 

Constant Variance Test: Passed (P=0.222) 

Power of performed test with alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lewnge DFFl1S 
I 0.0181 0303 -0.291 
2 0.02Jl 0.134 0.320 
3 0.0564 0324 0.521 
4 0.131 0244 0.852 
5 0.183 0243 1.049 
6 0.0804 0.189 0.656 
7 0.146 0.428 -0.853 
8 0.884 0565 2.377 < 
9 0.0347 0286 -0.406 
IO 0.137 0.467 -0.819 
JI 0.00696 0220 -0.180 
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0.0743 0.197 -0.624 
0.0242 0.169 -0.342 
0.0692 0347 -0.579 
0.00524 0285 -0.155 
0.00906 0.139 -0.206 
0.154 0.458 -0.872 
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SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

Multiple linear Regression 

Data source: Interim Criteria Aqjustment Report ARCADIS2013 (all input variables log transformed) 

LogLC50 =0.621 +(0.690* logDOC)-(0.0456* logHan:hless) +(0.417* logAlkalinity)+(0.0393 * LogTSS) 

N =17 

R=0.925 Rsqr=0.855 Aqj Rsqr =0.807 

Standard Error of Estimate= 0 .134 

Coefficient Std. Error t p VIF 
Comtant 0.621 0383 l.621 0.131 
log DOC 0.690 0.152 4545 <0.001 1.992 
log Hardness -0.0456 0388 -0.117 0.908 5.334 
logAkafuity 0.417 0300 1390 0.190 5.998 
LogTSS 0.0393 0.134 0294 0.774 1.220 

Warning: Multioollinearity is present among the independent variables. The variables with the largest values ofVIF are causing the problem. 
Consider gettingmoredata or eliminating one ormore variables from theequation. The likdy candidates for elimination are: log Hardness, log 
Alkalinity 

Analysis of Variance: 

DF SS MS F p 
Regression 4 1268 0317 17.722 <0.001 
Residual 12 0215 0.0179 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
log DOC I.I 13 0.369 
log Hardness 0.120 0.000247 
log Akalinity 0.0331 0.0346 
LogTSS 0.00154 0.00154 

The dependent variable Log LC50 can be predicted from a linearcombioation of the independent variables: 

log DOC 
log Hardness 
logAkafuity 
LogTSS 

p 
<0.001 

0.908 
0.190 
0.774 

Not all of the independent variables appear necessary (or the multiple linear model may be underspecified). 
The following appear to accOWlt for the ability to predict Log LC50 (P < 0 .05): log DOC 

NormalityTest(Siapiro-Wilk) Passed (P =0.685) 

Constant Variance Test: Passed (P =0.280) 

Powerofperformedtt:Stwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row 
l 
2 
3 
4 
5 
6 
7 
8 
9 

Cook's Dist. 
0.00291 
0.00349 
0.124 
0.0757 
0.189 
0.00775 
0.0786 
0392 
0.0382 

Lew rage 
0203 
0.169 
0339 
0233 
0241 
0224 
0.495 
0525 
0285 

DFFITS 
O.ll6 
0.127 
0.794 
0.622 
1.074 
0.190 

-0.610 
1.452 

-0.427 
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0.0262 0504 -0.348 
0.00526 0224 -0.156 
0.127 0215 -0.851 
0.106 0214 -0.760 
0238 0277 -1.215 
0.0645 0278 0.564 
0.000989 0.117 -0.0674 
0.000901 0.457 -0.0643 
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Multiple linear Regression 

Data source: Interim Criteria Acljustment Report ARCADIS 2013 (a II input variables log transformed) 

LogLC50 =0.993 +(0.698 * logTOC)-(0.530 * logHardness)+(0.838* logAlkalinity)+(0.0960 * LogTSS)-(0.0365 *pH) 

N = 17 

R=0.921 Rsqr=0.847 A<lj Rsqr =0.778 

StandardErrorofEstimate=0.143 

Coefficient Std. Error t p VIF 
Con it ant 0.993 0.736 1348 0105 
logTOC 0.698 0.189 3.695 0.004 1.524 
log Hardness -0530 0358 -1.481 0.167 3.949 
log Akalinily 0.838 0165 3.167 0.009 4.053 
LogTSS 0.0%0 0.141 0.680 0511 1.181 
pH -0.0365 0.0780 -0.468 0.649 1.247 

Warning: Multicollinearity is present among the independent variables. The variables with the largest values ofVIF are causing the problem. 
Consider getting more data oreliminatingoneormore variables from the equation. The likdy candidates for elimination are: log Alkalinity 

Analysis of Variance: 
DF SS MS F p 

Regression 5 1156 0151 12.212 <0.001 
Residual II 0226 0.0206 
Total 16 1.482 0.0926 

Column SS Jn er SS Marg 
logTOC 0.923 0.281 
log Hardness 0.117 0.0451 
log Akalinily 0200 0.206 
LogTSS 0.0109 0.00950 
pH 0.00450 0.00450 

The dependent variable Log LC50 can be predicted from a linearcombinationofthe independent variables: 

logTOC 
log Hardness 
log Akalinity 
LogTSS 
pH 

p 
0.004 
0.167 
0.009 
0.511 

Not all of the independentvariablesappear necessary (or the multiple linear model may be underspecified). 
The following appear to account fortheabilitytopredictLogLC50 (P<0.05): logTOC, log Alkalinity 

NormalityTest(9Japiro-Wilk) Failed (P =0.035) 

Constant Variance Test: Passed (P=0.415) 

Powerofperformedtestwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFTIS 
1 0.0117 0311 -0.254 
2 0.0248 0247 0.376 
3 0.0492 0328 0.533 
4 0.118 0253 0.890 
5 0.144 0255 1.008 
6 0.0621 0.199 0.626 
7 0200 0.478 -1.114 
8 0.676 0.575 2.252< 
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0.0235 0314 -0.363 
0222 0.714 -1.128 
0.00299 0289 -0.128 
0.0569 0206 -0.593 
0.0911 0329 -0.744 
0.0659 0357 -0.620 
0.000235 0.428 -0.0358 
0.00645 0.143 -0.190 
0376 0576 -1.553 
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Multiple linear Regression 

Data source: Interim Criteria AcljustmentReportARCADIS2013 (all input variables log transformed) 

LogLC50 =0.437 +(0.715 *log DOC) -(0.0328 * logHardness)+(0396* logAlkalinity)+(0.0399 * LogTSS) +(0.0219* pH) 

N = 17 

R=0.925 Rsqr = 0.856 Adj Rsqr =0.791 

Standard Error of Estimate= 0 .13 9 

Coeffident Std. Error t p VIF 
Conitant 0.437 0.795 0550 0593 
log DOC 0.715 0.184 3.894 0.003 2.687 
log Hardness -0.0328 0.407 -0.0806 0.937 5.410 
log Al<alinity 0396 0322 1229 0145 6.381 
LogTSS 0.0399 0.139 0186 0.780 l.220 
pH 0.0219 0.0820 0267 0.795 l.463 

W aming: Multicollinearity is present among the independent variables. The variables with the largest values ofVIF are causing the problem. 
Consider getting more data or eliminating one or more variables from the equation. The likely candidates for elimination are: log Hardness, log 
Alkalinity 

Analysis of Variance: 
DF SS MS F p 

Regression 5 1169 0154 13.094 <0.001 
Residual 11 0213 0.0194 
Total 16 1.482 0.0926 

Column SS Iner SS Marg 
log DOC l .l 13 0.294 
log Hardness 0.120 0.000126 
log Akalinity 0.0331 0.0293 
LogTSS 0.00154 0.00159 
pH 0.00138 0.00138 

The dependent variable LogLC50can be predicted from a linear combination of the independent variables: 

log DOC 
log Hardness 
log Al<alinity 
LogTSS 
pH 

p 
0.003 
0.937 
0.245 
0.780 
0.795 

Not all of the independent variables appear nc:cessary (or the multiple linear model may be underspecified). 
The following appear to account fortheabilitytopredict LogLC50 (P<0.05): log DOC 

NormalityTest(Shapiro-Wilk) Passed (P =0.774) 

Constant Variance Test: Passed (P =0.326) 

Powerofperformedtestwithalpha=0.050: l.000 

Influence Diagnostics: 

Row Cook's Dist. Le-wrage DFFITS 
I 0.00187 0210 0.101 
2 0.00800 0247 0.210 
3 0.0944 0340 0.757 
4 O.Oti04 0149 0.605 
5 0.153 0145 1.059 
6 0.00585 0224 0.180 
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0.0861 0.631 -0.695 
0345 0537 1.500 
0.0464 0329 -0.517 
0.192 0.713 -1.047 
0.00918 0280 -0.225 
0.125 0240 -0.932 
0.148 0331 -0.981 
0.183 0279 -1.158 
0.0682 0367 0.630 
0.000918 0.120 -0.0709 
0.00424 0.657 0.152 
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Mui tiple linear Regression 

Data source: Interim Criteria Aqjustment Report ARCADIS2013 (all input variables I cg transformed) 

LogLC50 =0.0802+(0.846 * logTOC) +(0.471 * logAlkalinity)+(0.0904 * logTDS) 

N = 17 

R=0.900 Rsqr=0.810 Ac!j Rsqr = 0. 766 

StandardErrorofEstimate=0.147 

Coeffident Std. Error t p 
Constant 0.0802 0.724 0.111 0.914 
logTOC 0.846 0.166 5.107 <0.001 
logAkamity 0.471 0225 2.096 0.056 
logTDS 0.0904 0.437 0207 0.839 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1201 o.400 18.491 <0.001 
Residual 13 0281 0.0216 
Total 16 1.482 0.0926 

Column SSJna- SS Marg 
logTOC 0.923 0.565 
log Akalinity 0277 0.0951 
logTDS 0.000927 0.000927 

VIF 

1.114 
2.775 
2.605 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 

logTOC 
log Akalinity 
logTDS 

p 
<0.001 

0.056 
0.839 

Not all of the independent variables appear nix:essary (or the multiple linear model may be IDlderspecified). 
The following appear to accOlllltfortheabilitytopredictLogLC50 (P <0.05): logTOC 

Normality Test (Siapiro-Wilk) Passed (P =0.544) 

Constant Variance Test: Passed (P =0.787) 

Powerofperformedtestwithalpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFITS 
I 0.0527 0.191 -0.457 
2 0.00422 0.105 0.125 
3 0.0725 0.140 0.557 
4 0269 0267 1.134 
5 0.149 0222 0.811 
6 0.0290 0.112 0.339 
7 0.0421 0.471 -0.397 
8 0567 0.615 1.533 
9 0.0330 0234 -0.355 
10 0340 0355 -1.244 
II 0.00000381 0.453 -0.00375 
12 0.0568 0.0985 -0.500 
13 0.0180 0.149 -0.262 
14 0.000410 0.0704 0.0389 
15 0.00330 0.158 0.111 
16 0.00961 0.150 -0.190 
17 0.0790 0209 -0.567 
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Multipe linear Regression 

Data source: Interim Criteria A<!justment~Ol1ARCADIS2013 (all input variables log transformed) 

LogLC50=0.134 +(0.718 *log DOC) +(0.273 * logAlkalinity)+(0.296* logTDS(ACZ)) 

N = 17 

R=0.928 Rsqr=0.861 A<!j Rsqr =0.829 

StandardErrorofEstimate=0.126 

Coeffiaent Std. F.rror t p VIF 
Co mt ant 0.134 0.618 0217 0.832 
log DOC 0.718 0.113 6347 <0.001 1.246 
log Alcalml:y 0273 0202 1353 0.199 3.046 
logTDS (ACZ) 0296 0378 0.783 0.448 2.659 

Analysis ofVariaoce: 
DF SS MS F p 

Regression 3 1276 0.425 26.783 <0.001 
Residual 13 0206 0.0159 
Total 16 1.482 OD926 

Column SSlntt SSMarg 
log DOC 1.113 0.640 
log Alcalmity 0.153 0.0291 
logTDS(ACZ) 0.00973 0.00973 

The dependent variable Log LC50can be predicted from a linear combination of the independent variables: 

log DOC 
logAkaimity 
logTDS(ACZ) 

p 
<0.001 

0.199 
0.448 

Not all of the independent variables appear na:essary (or the multiple linear model may be wderspecified). 
The following appear to accountfortheabilitytopredict LogLCSO (P <0.05): log DOC 

Normality Test (9Iapiro-Wille) Passed (P=0.595) 

Constant Variance Test: Passed (P=0.331) 

Powerofperformedtestwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFl'IS 
I 0.0000151 0.0987 0.00746 
2 0.0000102 0.113 0.00615 
3 OD637 0.144 0.516 
4 0.102 0286 0.638 
5 0201 0.198 0.995 
6 0.00163 0.116 0.0777 
7 0.00928 0.475 -0.185 
8 0.441 0583 1.343 
9 0.0262 0225 -0.315 
IO OD826 0.471 -0.560 
11 0.00606 0.456 0.150 
12 0.0738 0.0961 -0.589 
13 0.118 0.186 -0.718 
14 0.0548 0.0856 -0.497 
15 0.0327 0.110 0.362 
16 0.000267 0.127 -0.0314 
17 0.00169 0230 -0.0790 
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Multipe linear Regression 

Data source: Interim Criteria AcljustmentReportARCADIS2013 (all input variables log transformed) 

LogLC50 =0.220 +(0.843 * logTOC) +(0.507 * logAJkalinty) 

N = 17 

R =0.900 Rsqr = 0.810 Adj Rsqr =0.782 

StandardErrorofEstimate=0.142 

Coefficient Std. Error t p VIF 
Con it ant 0220 0248 0.888 0389 
logTOC 0.843 0.159 5292 <0.001 1.105 
log Alcalinity 0.507 0.137 3.704 0.002 1.105 

Analysis of Variance: 
DF SS MS F p 

Regression 2 1200 0.600 29.749 <0.001 
Residual 14 0282 0.0202 
Total 16 1.482 0.0926 

Column SS Iner SSMarg 
logTOC 0.923 0.565 
log Akalinity 0277 0.277 

The dependent variable Log LC50 can be predicted from a linear combination of the independent variables: 
p 

logTOC <0.001 
log Akalility 0.002 

All independent variables appear to contribute to predictingLogLC50(P < 0.05). 

Normality Test (Siapiro-Wilk) Passed (P =0.503) 

Constant Variance Test: Passed (P=0.802) 

Power of performed test with alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage Dm'IS 
1 0.0613 0.173 -0.427 
2 0.00396 0.0604 0.106 
3 0.0365 0.0642 0.339 
4 0216 0.174 0.878 
5 0.178 0203 0.765 
6 0.0236 0.0643 0.267 
7 0.0365 0306 -0.322 
8 0.506 0.515 1.253 
9 0.0481 0230 -0.372 
10 0348 0311 -1.077 
11 0.00120 0.182 -0.0578 
12 0.0780 0.0963 -0.508 
13 0.0242 0.133 -0.264 
14 0.000506 0.0688 0.0376 
15 0.00441 0.156 0.111 
16 0.0134 0.135 -0.195 
17 0.0500 0.127 -0.388 
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Multiple linear Regression 

Data source: Interim Criteria Aqjustment Report ARCADIS2013 (a II input variables log transformed) 

LogLC50 =0.588 +(0.703 *log DOC) +(0.395 * logAlkalinity) 

N = 17 

R =0.924 Rsqr = 0.854 Aqj Rsqr =0.833 

StandardErrorofEstimate=0.124 

Coeffident Std Error t 
Constant 0588 0209 2.811 
log DOC 0.703 0.110 6393 
logAkami'.y 0395 0.125 3.152 

Analysis of Variance: 
DF SS MS F p 

Regression 2 1266 0.633 41.003 <0.001 
Residual 14 0216 0.0154 
Total 16 1.482 0.0926 

Column SS Iner SSMarg 
log DOC 1.113 0.631 
logAkami'.y 0.153 0.153 

p VIF 
0.014 

<0.001 1.212 
0.007 1.212 

ThedependentvariableLogLC50canbepredictedfromalinearcombinationpftheindependentvilriables: 
p 

log DOC <0.001 
logAkalini'.y 0.007 

All independent variables appear to contribute to predicting Log LC50 (P < 0 .05). 

Normality Test (~apiro-Willc) Passed {P=0.467) 

Constant Variance Test: Passed (P =0.321) 

Powerofperformedtestwith alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lew rage DFFDS 
I 0.000511 0.0818 0.0378 
2 0.000911 0.0638 0.0504 
3 0.0260 0.0750 0.279 
4 0.113 0.181 0.595 
5 0222 0.185 0.883 
6 0.00365 0.0607 0.101 
7 0.0446 0218 -0.357 
8 0.617 OA98 1.409 
9 0.0412 0221 -0.344 
IO 0.0510 0.446 -0.379 
11 0.00721 0.168 -0.142 
12 0.0922 0.0931 -0.564 
13 0.168 0.177 -0.749 
14 0.0754 0.0856 -0.504 
15 0.0418 0.109 0.355 
16 0.00150 0.112 -0.0647 
17 0.000386 0.163 0.0328 
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Multiple linear Regression 

Data source: Interim Criteria Acljustment Report ARCADIS20 l3 (a II input variables log transformed) 

LogLC50 =0.646 +(0.793 * logTOC)+(0.523 * logAlkalinity)-(0.0511 *pH} 

N =17 

R=0.903 Rsqr=0.816 A<lj Rsqr =0.773 

StandardErrorofEstimate=0.145 

Coeffiaent Std. Error t p 
Con!tant 0.646 0.700 0.924 0373 
logTOC 0.793 0.180 4.403 <0.001 
logAkafuity 0523 0.142 3.685 0.003 
pH -0.05ll 0.0782 -0.653 0.525 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1109 0.403 19.163 <0.001 
Residual l3 0273 0.0210 
Total 16 1.482 0.0926 

Column SSllur SS Marg 
logTOC 0.923 o.408 
logAkafuity 0277 0.286 
pH 0.00897 0.00897 

VIF 

1.354 
1.141 
1.226 

ThedependentvariableLogLCSOcanbepredictedfromalinearcombinationoftheindependentvariables: 
p 

logTOC 
log Akalility 
pH 

<0.001 
0.003 
0.525 

Not all of the independent variables appear nix:essary (or the multiple linear model may be 1D1derspecified). 
The following appear to accOIDlt fortheabilitytopredict LogLC50 (P<0.05): logTOC, log Alkalinity 

NormalityTest(~apiro-Wilk) Passed (P =0.411) 

Constant Variance Test: Passed (P =0.795) 

Powerofperformedtestwith alpha=0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Le-wrage DFFITS 
I 0.0408 0.190 -0.399 
2 0.00234 0.150 0.0931 
3 0.0274 0.0650 0.339 
4 0.169 0.178 0.906 
5 0.124 0212 0.730 
6 0.0173 0.0736 0.262 
7 0.0692 0361 -0.515 
8 0333 0520 1.166 
9 0.0280 0155 -0.326 
10 0.751 o.605 -l.807 
II 0.000283 0145 0.0323 
12 0.0604 0.113 -0.5ll 
l3 0.109 0286 -0.664 
14 0.0000199 0.0969 0.00858 
15 0.0255 0165 0.310 
16 0.00836 0.138 -0.177 
17 0.142 0145 -0.780 
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Multipe linear Regression 

Data source: Interim Criteria A<!justment ReportARCADIS2013 (a II input variables lq: transformed) 

LogLC50 = 0.418 +(0.725 *log DOC) +(0.384 * logAlkalinity)+(0.0214* pH) 

N = 17 

R=0.925 Rsqr=0.855 A<!j Rsqr = 0 .822 

StandardErrorofEstimate=0.129 

Coeffident Std.&ror t p 
Constant 0.418 0.632 0.662 0520 
log DOC 0.725 0.136 5312 <0.001 
log Akalili'.y 0384 0.136 2.824 0.014 
pH 0.0214 0.0751 0285 0.780 

Analysis of Variance: 
DF SS MS F p 

Regression 3 1267 0.422 25.569 <0.001 
Residual 13 0215 0.0165 
Total 16 1.482 OD926 

COiumn SS ii er SSMarg 
log DOC 1.113 0.466 
log Akalili'.y 0.153 0.132 
pH 0.00134 0.00134 

VIF 

1.742 
1.329 
1.439 

The dependent variable LogLC50 can be predicted from a linear combination of the independent variables: 

log DOC 
log Akalility 
pH 

p 
<0.001 

0.014 
0.780 

Not all of the independent variables appear necessary (or the multiple linear model may be underspecified). 
The following appear to account fortheabilitytopredictLog LC50 (P<0.05): log DOC, log Alkalinity 

Normality Test (~apiro-Wille) Passed (P=0.674) 

Constant Variance Test: Passed (P=0.454) 

Powerofperfonnedtcst with alpha =0.050: 1.000 

Influence Diagnostics: 

Row Cook's Dist. Lewrage DFFTIS 
l 0.000271 0.0864 0.0316 
2 0.00381 0.150 0.119 
3 OD191 0.0817 0.275 
4 0.0852 0200 0.593 
5 0.165 0.189 0.882 
6 0.00278 0.0622 0.102 
7 0.0371 0371 -0.374 
8 0514 0514 1.493 
9 0.0429 0254 -0.406 
10 0223 0.632 -0.925 
ll 0.0137 0239 -0.226 
12 0.0892 0.116 -0.646 
13 0222 0289 -0.993 
14 0.0528 OD86l -0.485 
15 0.0581 0209 0.480 
16 0.00126 0.115 -0.0683 
17 0.0124 0.405 0.215' 
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Based on available surface-water data, this Appendix presents an evaluation of chemistry ranges measured 

in STSIU surface waters. The purpose of this evaluation is to assess whether the chemistry range used to 
develop the WER model sufficiently represents the range of water chemistries in the STSIU study area. 

Available surface-water data were collected during the monsoon season during three different years: 2010, 
2011, and 2013. The map in Figure E-1 shows locations of samples collected during these sampling efforts. 

A summary of these data is pro..nded below. 

• 2010 Wet Season Survey: This study was performed in September of 2010 to gain a general 

understanding of STSIU water chemistry ranges and whether SSC could be developed in the 

STSIU surface waters. A total of 12 surface-water samples were collected fi"om the current 
STSIU study area and analyzed for a complete set of water chemistries. Most drainage areas 

surwyed were dry during this study, which was performed in a rel~tively dry year. Prior to this 

sampling effort, surface-water chemistry data available for the Site was generally limited to metals 
and hardness concentrations (i.e., parameters necessary for evaluating hardness-based 

compliance). Thus, these surface-water samples pro..nded an initial indication of water chemistry 

characteristics in STSIU. 
• 2011 WER Sampling: As described in the current report and in ARCADIS (2013a), two rounds 

of surface-water sampling were conducted three weeks apart during the 2011 monsoon season 

(in August and September). In total, 18 surface-water samples were collected for WER toxicity 
tests and analyzed for a complete set of water chemistry and six additional samples were 

collected and analyzed for water chemistries. Surface water samples used in the WER toxicity 

tests were collected fi"om ephemeral pools (associated with recent monsoon storrnwater runoff) 
as well as intermittent and perennial pools. Most drainage areas surwyed were dry during this 

study, which was also performed in a relatively dry year. 

• 2013 Wet Season Survey: An additional round of sampling was performed in August 2013 in 
accordance with the current work plan methods (ARCADIS 2011) to support this evaluation of 

chemistry ranges in STSIU surface waters. Relative to conditions fi"om pre..nous wet season 

sampling efforts (in 2010 and 2011 ), drainage areas observed during this surwy generally 
contained more water because of strong monsoonal precipitation in 2013. During the initial 

evaluation of chemistry variability in STSIU surface waters (pro.,,;ded in the draft Criteria 

Adjustment Interim report), it was noted that 2011 samples captured water chemistry variability. 
NMED SWQB comments to the Interim Report (received December 2012) observed that although 

samples represented a spatial and temporal chemistry range, there was no basis to conclude that 

samples account for all the variability. Statements concerning water chemistry variability and the 
range of chemistries observed across STSIU surface waters were subsequently modified in the 

re..nsed Interim Report to better reflect the available data (ARCADIS 2013a). During the 

development of this WER model report, and based on feedback fi"om NMED SWQB regarding the 
representativeness of the model to STSIU chemistry ranges, it was determined that additional 
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surface-water samples could benefit the analysis of model applicability to STSIU surface waters. 

Therefore, a total of 13 additional samples were collected based on available surface water 

located throughout the STSIU study area (Figure E-2}. 

Analytical methods used for chemical analyses of these samples were consistent with methods 
used during the two 2011 WER sampling rounds (refer to Table 2 in Appendix A for a summary 
of these methods). Photo-doc~mentation of all surface-water pools sampled during field effort is 
pro-Aded as an Attachment to this Appendix (Attachment E-1}. Table E-1 lists sample dates, 
coordinates, dimensions, and field water quality parameters from the 13 surface-water pools 
sampled during this effort. Strong monsoonal precipitation occurred intermittently during the 
three days of sampling; as a result, drainage areas generally contained more surface water than 
observed during pre-Aous years as. stated pre-Aously. Howewr, some drainage areas that were 
targeted for sample collection were dry (Figure E-2} during this effort, including drainage areas 
that were originally targeted for WER testing in the study work plan (ARCADIS 2011 }. All 
surface-water samples were collected from pools, generally found in predominately bedrock 
sections of drainage channels. 

In total, 48 distinct surface-water samples haw been collected in the STSIU study area across three 

different years. A summary of complete water chemistries from these samples is presented in Table E-
2 and E-3. These samples represent the extent of available surface-water data that contain the 

parameters evaluated during SSC dewlopment, and specifically the parameters determined to be 

significant predictors of Site-specific copper toxicity that are used in the proposed WER model (i.e., 
DOC and alkalinity). 

The primary focus of this evaluation is to assess whether the range of water chemistry used to dewlop 
the proposed model sufficiently represents the range of water chemistry that occurs in the STSIU study 

area. To accomplish this, Figures E3 to E7 compare the measured chemistry range of select 

parameters from the 17 toxicity tests used to dewlop the WER model to chemistry ranges across the 
sampled STSIU subwatersheds. These water chemistry ranges are compared below for each of the 

selected parameters. 

Figure E-3 Dissolved Organic Carbon: DOC is an input parameter in the proposed WER model, and 

was determined to be the strongest single predictor of Site-specific copper toxicity out of all parameters 

evaluated (Section 3.2.2). Surface waters used to dewlop the proposed WER model (N=17} ranged in 
DOC concentrations from 1.2 mg/L (a Rustler canyon sample} to 15. 7 mg/L (a Subwatershed G 

sample}, representing a total range of more than an order of magnitude. The lowest concentration of 

DOC from the WER toxicity tests (1.2 mg/L} is also the lowest DOC concentration measured in STSIU 
surface waters (Figure E-3}. This indicates the model is calibrated to a sufficiently low DOC range 

based on expected concentrations. As described in this report, DOC concentrations measured across 

most of these subwatersheds are wry high, ranging up to 19.1 mg/Lin a 2013 sample collected just 
downstream of Ash Spring in Subwatershed B (Table E-2}. 

Figure E-4 Total Organic Carbon: Although not an input parameter in the proposed WER model, 
TOC was also determined to be a significant predictor of Site-specific copper toxicity in this study. 
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Similar to DOC, the TOC model range is representative of measured ranges in STSIU surface waters. 

Of the available surface-water data, TOC in one 2011 sample collected in Rustler Canyon (1.2 mg/L) 

was below the low-end of the model range (2. 7 mg/L TOC). As shown on Figure E-4, TOC 
concentrations in several samples collected from different subwatersheds were greater than the 

samples used in the WER toxicity tests, ranging up to 20 mg/L (in a 2010 sample collected in 

Subwatershed D). 

Figure E-5 Alkalinity: Alkalinity is an input parameter in the proposed WER model. Surface-water 

samples used to develop the proposed WER model (N=17) ranged in alkalinity concentrations from 27 
mg/L (a Rustler Canyon sample) to 250 mg/L (a Martin Canyon sample). Figure E-5 shows that this 

model range covers the majority of alkalinity concentrations measured in STSIU surface waters. As 

listed in Table E-2 and shown graphically in Figure 3, five samples were used in Site toxicity tests that 
contained alkalinity concentrations less than or equal to 42 mg/L, indicating the model is well-calibrated 

to lower alkalinity concentrations. Although lower alkalinity concentrations have been measured in 

STSIU waters (Table E-2 and Figure E-5), the sensiti~ty of the model to low alkalinity and margin of 
safety recommendations for model application together pro~de the technical basis to apply the model to 

lower alkalinity concentrations and derive en~ronmentally conservative SSC (Section 4.2.2.2). 

Figure E-6 HardnessfAlkalinity Ratio: Although not an input parameter in the proposed WER model, 

the hardness/alkalinity ratio was also determined to be a marginally significant predictor of Site-specific 

copper toxicity in this study. As shown in Figure E-6, the model range captures the majority of 
measured hardness/alkalinity ratios, and only 3 samples collected in Subwatershed D were greater than 

the upper model range. 

Figure E-7 Total Dissolved Solids: Although not an input parameter in the proposed WER model, 

IDS was also determined as a marginally significant predictor of Site-specific copper toxicity in this 

study. Figure E-7 shows the IDS concentrations used to develop the WER model mostly cover the 
range measured in STSIU surface waters. The lowest concentration of IDS from the WER toxicity test 

samples was 90 mg/L (a Rustler Canyon sample), and only a single 2011 sample collected in Rustler 

Canyon was slightly lower (80 mg/L). One 2013 sample collected in Subwatershed B (downstream of 
Ash Spring) contained a TDS concentration greater than the upper range of the model. 

Conclusions 

Overall, this evaluation shows that the ranges of chemistry parameters used to develop the WER model 

are representative of STSIU surface waters, based on water chemistries observed thus far in STSIU. 
One of the objectives of the WER study, as described in study work plan (ARCADIS 2011 ), was to 

develop a WE R model over a representative range of water chemistries based on the unique hydrologic 

conditions and available aquatic habitats of STSIU. Comparing the range of chemistries used to 
develop the model with the ranges of available STSIU surface-water data clearly shows that the model 

was developed over a broad range relative to Site conditions (i.e., limited water). As described 

pre~ously, applying the model to sample concentrations that are not in the range used to develop the 
model is not expected to introduce uncertainty towards the under-protectiveness of the SSC. 
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Specifically, the highest concentrations of DOC and alkalinity used to dewlop the WER model will be 

used as the default input values when applying the model to samples that contain concentrations of 

either or both of these parameters that are greater than the upper model range. This approach will 
pro\1de conservatiw SSC, because both parameters protect against copper toxicity as their 

concentrations increase; and this approach is consistent with guidelines for applying the current 

hardness-based criteria. Conwrsely, the recommended approach is to apply the model to sample 
alkalinity or DOC concentrations that are less than the low-end of the model range to ensure the deriwd 

SSC are emnronmentally conservatiw. As described in Section 4.2.2.2, although a lower-limit is applied 

in the current hardness-based approach, less protection against copper toxicity is expected at lower 
DOC and alkalinity concentrations. Thus, applying the WER model to concentrations less than the low­

end of the model range will result in more conservatiw criteria (i.e., lower SSC values}. 



TABLEE·1 
SUMMARY OF ALL SURFACE WATER SAMPLING LOCATIONS 

FREEPORT -MC MORAN c:H™O MINES COMPANY 
VANADIUM, NEW MEXICO 

SMELTER/TAILINGS SOILS IU 81.TEoSPECIFJC COPPER TOXICITY MOOEL REPORT 

811212013 32.1113n coritinucius 1.22 0.45 
8112/2013 32.714592 continuous 7.62 0.61 
8/1212013 -108.089900 32.722700 continuous 2.74 0.23 
8/12/2013 -108'.o937s0 32;730294 continuous 3.66 <i.52 
8113/2013 •108.085180 32.708686 ·continuous '1.92 0.18 
8/13/2013 -108.078281 32.715556 'continuous 2.90 ·o.73 
8/13/2013 -108.109901 32.704184 continuous 3.44 0.43 

2013-SW-02 8/13/2013 -108.110698 32.727469 continuous 1.86 0.21 

2013-SW-WER-01-2 8/14/2013 :108.117210 32.748760 7.32 5.18 0.17 

2013-SW-WER.7 8/14/2013 -108.068641 32.687267 continuous 3.11 0.55 

201~W-B-Alf 8/1412013 -1o8.074127 32'.709939 coritinuoos 1.89 0.15 

Notes: 

1. Sample ID nome.nclature: Sample year-Sample type -Sample location 

m•melers. 

CC =degrees cel:sius. 

mS/cm = mmisiomens per em. 

mglL =milligrams per liter. 

' 26.81 0.158 .. 1.18 ' "'l.82 
'29.93 0.147 7.81 '9.12 
'24.5 0.106 2.17 '·6.57 
26.33 Q..126 6,68 ' 6.88 ' 
20.8 0.136 7.14 '7.37 
22:1 0.144 .. 6:62 '• 7.39'. 

26.83 0.175 6.61 5.92 
25.36 0.93 ··6.62 6.85 
19.25 0.15 6.71 i.04 
26.65 0.221 6.62 7.42 
25.78 0.531 5.59 7:63 
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2013-SW-WER-BD: Photograph #1 

Notes: 
Sample ID: 2013-SW-WER-BD 
Drainage Description: Drainage C2 

', Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/12/2013 
Sample Time: 0915 
Maximum Depth: 0.30 m 
Maximum Length: 12.19 m 
Maximum Width: 1.82 m 

2013-SW-WER-BD: Photograph #2 

FREEPORT oMCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 
ATTACHMENT E-1 

SITE-SPECIFIC COPPER TOXICnv MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

2013-SW-WER-BD 



Notes: 
Sample ID: 2013-SW-WER-5 
Drainage Description: Drainage C1 • Lower 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/1212013 
Sample Time: 1026 
Maximum Depth: 0.33 m 
Maximum Length: Continuous run 
Maximum Width: 6.09 m 

2013-SW-WER-5: Photograph #2 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATI'ACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

~ARCADtsl 2013-SW-WER-5 



2013-SW-C~BS: Photograph #1 

Notes: 
Sample ID: 2013-SW-C-BS 
Drainage Description: Drainage C1 - BC 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/12/2013 
Sample Time: 1235 
Maximum Depth: 0.45 m 
Maximum Length: Continuous run 
Maximum Width: 1.22 m 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

AlTACHMENT E·l. 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

fl.ARCADlSj 2013-SW-C-BS 



2013-SW-C-BSD: Photograph #1 

Notes: 
Sample ID: 2013-SW-C-BSD 
Drainage Description: Drainage C1 - BC 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/1212013 
Sample Time: 1312 
Maximum Depth: 0.61 m 
Maximum Length: Continuous run 
Maximum Width: 7.62 m 

2013-SW-C-BSD: PJ'l9tograph #2 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

~ARCADISI 2013-SW-C-BSD 



Notes: 
Sample ID: 2013-SW-WER-6 
Drainage Description: Drainage C1 - Upper 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/1212013 
Sample Time: 1600 
Maximum Depth: 0.23 m 
Maximum Length: Continuous run 
Maximum Width: 2.74 m 

2013-SW-WER-6: Photograph #2 

FREEPORT-M0.10RAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

AlTACHMENT E-1 
SITE-SPECIAC COPPER TOXICOY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

2013-SW-WER-6 



2013-SW-C-BC: Photograph #1 · 

Notes: 
Sample ID: 2013-SW-C-BC 
Drainage Description: Drainage C1 - BC 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/1212013 
Sample Time: 1700 
Maximum Depth: 0.52 m 
Maximum Length: Continuous run 
Maximum Width: 3.66 m 

2013-SW-C-BC: Photograph #2 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COUECT£D DURING THE 2013 WET SEASON 

f.&ARCADISI 2013-SW-C-BC 



Notes: 
Sample ID: 2013-SW-C2-Lower 
Drainage Description: Drainage C2 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/13/2013 
Sample Time: 0915 
Maximum Depth: 0.18 m 
Maximum Length: Continuous run 
Maximum Width: 1.92 m 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW M.EXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICllY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

'1f ARCADtS,j 2013-SW-C2-LOWER 



2013-SW-C2-Upper: Photograph #1 

Notes: 
Sample ID: 2013-SW-C2-Upper 
Drainage Description: Drainage C2 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/13/2013 
Sample Time: 1020 
Maximum Depth: 0.73 m 
Maximum Length: Continuous run 
Maximum Width: 2.90 m 

2013-SW-C2-Upper: Photograph #2 

FREEPORT·MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

{Q ARCADIS I 2013-SW-C2-UPPER 



Notes: 
Sample ID: 2013-SW-BD-Lower 
Drainage Description: Drainage C2 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/13/2013 
SampleTime: 1130 
Dry Drainage - No sample collected 

FREEPORT-MCMORAN GllNO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE·SPEOFIC COPPER TOXICllY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COUECTED DURING THE 2013 WET SEASON 

•. AROOtSI 2013-SW-BD-LOWER 



2013-SW-BD-Upper: Photograph #1 

Notes: 
Sample ID: 2013-SW-BD-Upper 
Drainage Description: Drainage C2 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/13/2013 
Sample Time: 1220 
Max Depth: 2.5 inches 
Residual runoff from storm on 8/12/2013 
Dry Drainage - No sample collected 

2013-SW-BD-Upper: Photograph #2 2013-SW-BD·Upper: Photograph #3 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

~ ARCADIS I 2013-SW-BD-UPPER 



Notes: 
Sample ID: 2013-SW-CDW-1 
Drainage Description: Drainage D3 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/13/2013 
Sample Time: 1430 
Maximum Depth: 0.43 m 
Maximum Length: Continuous run 
Maximum Width: 3.44 m 

FREEPORT-McMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIAC COPPER TOXIOlY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

2013-SW-CDW-1 



2013-SW-02: Photograph #1 

Notes: 
Sample ID: 2013-SW-D2 
Drainage Description: Drainage D2 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/13/2013 
Sample Time: 1620 
Maximum Depth: 0.21 m 
Maximum Length: Continuous run 
Maximum Width: 1.86 m 

2013-SW-02: Photograph #2 

FREEPORT·MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPEaFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

!AARCADISI 2013-SW-02 



Notes: 
Sample ID: 2013-SW-WER-D1-2 
Drainage Description: Drainage .01 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/1412013 
Sample Time: 0820 
Maximum Depth: 0.17 m 
Maximum Length: 7.32 m 
Maximum Width: 5.18 m 

2013-SW-WER-01-2: Photograph #2 

.·: .. 
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SITE-SPEaFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

11 ARcAoisl 2013-sw-weR-01-2 



2013-SW-01-BS: Photograph #1 

Notes: 
Sample ID: 2013-SW-01-BS 
Drainage Description: Drainage D1 

2013-SW-01-BS: Photograph #2 

Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/14/2013 
Dry Drainage - No sample collected 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

llARCADISI 2013-SW-01-BS 



Notes: 
Sample ID: 2013-SW-WER-7 
Drainage Description: Drainage B 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/14/2013 
Sample Time: 1150 
Maximum Depth: 0.55 m 
Maximum Length: Continuous run 
Maximum Width: 3.11 m 

FREEPORT-MCMORAN OllNO MINES COMPANY 
VANADIUM,-NEW MEXICO 
ATTACHMENT E-1 

SITE-SPECIFIC COPPER TOXIOTY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

2013-SW-WER-7 



2013-SW-B: Photograph #1 

Notes: 
Sample ID: 2013-SW-B 
Drainage Description: Drainage B 
Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/14/2013 
Sample Time: 1245 
Maximum Depth: less than 0.5 inches 
Residual runoff from storm on 8/12-8/13/2013 
Dry Drainage - No sample collected 

2013-SW-B: Photograph #2 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

.f.O ARCADIS I 2013-SW-B 



2013-SW·B-AS: Photograph #1 

Notes: 
Sample ID: 2013-SW-B-AS 
Drainage Description: Drainage 8 

2013-SW-B-AS: Photograph #2 

Sample Type: Grab sample for analytical chemistry 
Sample Date: 8/14/2013 
Sample Time: 1320 
Maximum Depth: 0.15 m 
Maximum Length: Continuous run 
Maximum Width: 1.89 m 

FREEPORT-MCMORAN CHINO MINES COMPANY 
VANADIUM, NEW MEXICO 

ATTACHMENT E-1 
SITE-SPECIFIC COPPER TOXICRY MODEL REPORT 

PHOTO-DOCUMENTATION OF SURFACE WATER 
SAMPLES COLLECTED DURING THE 2013 WET SEASON 

2013-SW-B-AS 
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Toxicity Model Report 

Chino Mine Site 

Evaluation of Chiricahua Leopard Frog Toxicity Data (from Little and Calfee 2008) 

This Appendix presents an evaluation of SSC protectiveness to the Chiricahua leopard frog (CLF), which 
can be found in a limited portion of the STSIU study area. Bolton Spring (Subwatershed C) and Ash Spring 

(Subwatershed B) and the associated migration pathway between them (Figure E-1) have been designated 

as critical habitat for the CLF by the USFWS (Federal Register Vol. 77, No. 54, Tuesday, March 20, 2012). 

Copper toxicity to the CLF was reported in a 2008 USGS study by Little and Calfee, submitted to the US 
Fish and Wildlife SeNce (Little and Calfee, July 2008 Administrative Report). In this study, chronic toxicity 

tests were initiated With Stage 25 tadpoles during 60-day static: renewal exposures to copper. Chronic tests 
included a control and four copper treatments, With three replicates of three tadpoles (i.e., a total of 9 

tadpoles) for each treatment. A 96-hour flow-through test was also performed using five copper 

concentrations and one control, With four replicates of five tadpoles in each replicate (i.e., a total of 20 
tadpoles) for each treatment. The exposures were conducted in a 50 percent mixture of well water and 

deionized water. Table F-1 and F-2 present the copper toxicity effect concentrations and mean water quality 

measurements from the acute and chronic toxicity tests. 

Table F-1. Summary of CLF copper toxicity endpoints reported in Little and Calfee (2008). 

Measurement endpoint Copper Effect Concentration Cua/L) 
60-day Length LOEC 47 
60-day Gosner Stage LOEC 47 
60-day Weight LOEC 7 
60-day SuNval LOEC 165 
96-hour LC50 470 

Table F-2. Mean water quality parameters (±standard de\4ation) reported by Little and Calfee (2008) during 

the 60-day chronic copper exposure and during the 96-hr flow-through acute copper exposure. 

Temper- Alkalinity Hardness 
Toxicity DO ature Cond. (mg/Las (mg/Las NH4 

Test (mg/L) (OC) pH (µS/cm2
) CaCOa} CaCOa) (mg/L) 

60-day 6.64 21.28 8.17 252 94.2 102.9 0.374 
static (1.33) (0.61) (0.134) (5.23) (6.70) (8.42) (0.118} 
renewal 
96-hr flow- 6.1 22.0 8.5 252.6 103.3 123.4 0.1 
throuah (0.5) (0) (0.04) (1.2) ' (9.7) (9.7) (0.01) 

Concentrations of total organic carbon (TOC) and dissolved organic carbon (DOC) were not measured or 
reported in this study. Howevar, concentrations of DOC and TOC are assumed to be low (i.e., less than 1 

mg/L) because the laboratory dilution water used by Little and Calfee (2008) was a 50 percent mix of 
groundwater (i.e., well water) and deionized water; and each of these water types are characteristically low 

in particulate and suspended solids and total and dissolved organic carbon. For a similar mixture of well 

water and deionized water that was used during the same time period in the same laboratory, Little et al. 
(2012) assumed {for 2007) and measured (for 2008) DOC concentrations ranging from 0.2 to 0.5 mg/L. 



~ARCADIS Site-Specific Copper 
Toxicity Model Report 

Chino Mine Site 

The exposure waters used in the CLF toxicity testing are considered to represent typical laboratory dilution 
waters and are therefore considered acceptable waters for performing laboratory toxicity tests. However, 
the exposure waters used in the CLF tests do not represent all of the site-specific water chemistries in 
STSIU and are thus expected to over-predict copper toxicity to CLF in Site waters. For example, the mean 
DOC concentration from the 5 surface-water samples that have been collected within and immediately 
adjacent to the CLF critical habitat is approximately 15 mg/L (range= 13 -19 mg/L DOC), which is more 
than an order of magnitude greater than the expected range of DOC concentration in the laboratory water 
used in the CLF toxicity tests. 

The toxicity-modifying properties of the Site water described in this study and incorporated in the proposed 
WER model should be accounted for when interpreting the CLF toxicity values. Mechanistically, the 
mitigating properties of Site water described throughout this report should also apply to the bioavailability 
and toxicity of aqueous copper to other species, including amphibians and thus the CLF, especially the 
tadpole life stages that were tested by Little and Calfee (2008). The site-specific criteria (SSC) derived in the 
proposed model approach represents an adjustment to the current hardness-based criteria, wherein the 
model-predicted water effect ratio (WER) is multiplied by the current hardness-based criteria. Based on 
guidance concerning application of WE Rs to derive SSC, there is no reason to use species that occur at the 
site when determining a WER value (USEPA 1994). Aside from experimental variation, toxicity tests 
conducted with different species that have similar sensitivities are expected to give similarWERs (USEPA 

1994). Because the WER is used to adjust the Criteria Maximum Concentration (CMC; the acute criterion) 
and/or the Criteria Continuous Concentration (CCC; the chronic criterion), selecting a species or test 
endpoint that is close to the CMC and/or CCC to which the WER is to be applied is the most important 
aspect concerning the species, test or endpoint sensitivity used to derive WERs (USEPA 1994; ARCADIS 
2013a). This ensures the criteria-adjustment made with the derived WER is protective and applicable to the 
sensitivity range of the CMC and/or CCC. Use of Daphnia magna as the primary test species in the current 
WER study satisfied this requirement, as described in ARCADIS (2013a). 

The protectiveness and applicability of the proposed WER model to the CLF is evaluated below for the 
acute and chronic toxicity values reported by Little and Calfee (2008). 

Evaluation of Acute Copper Toxicity to the CLF 

Figure F-1 shows the distribution of acute copper toxicity values used to calculate the current hardness­
based copper criteria. This distribution illustrates the range of organism sensitivities to acute copper 
toxicity and also illustrates how available toxicity data are used to derive the current hardness-based 
copper criteria. In short, a Genus Mean Acute Value (GMAV) is calculated by taking the geometric mean 
of all toxicity values available for species within a genus. GMAVs are then ranked from low to high (i.e., 
·1· for the lowest to "N" for the highest) and the cumulative probability for each GMAV is calculated. The 
Final Acute Value (FAV) is calculated using the four GMAVs that have cumulative probabilities closest to 
0.05. If there are less than 59 GMAVs as in the case with copper, these will always be the (our lowest 
GMAVs. As a result, the derived criterion is intended to protect 95% of a group of diverse genera 
(USEPA 1985). 

As shown in Figure F-1, the current FAV for copper (with represents the 51
h percentile of available acute 

toxicity values) is 14.57 µg/L at a water hardness of 50 mg/Las CaC03. Because the acute toxicity values 
are LC50 concentrations (i.e., the concentration that kills or adversely affects 50 percent of the tested 
population), the CMC is equal to one-half the FAV (i.e., CMC = FAV /2). This is done because a 
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concentration that would adversely affect 50 percent of the 5th percentile (i.e., 50 percent of a sensitive 

species) is not considered protective (USEPA 1985). Therefore, the current hardness-based copper CMC 
at a hardness of 50 mg/L as CaC03 is 7.4 µg/L. 

For comparison purposes, the 96-hour CLF LC50 reported by Little and Calfee (2008) is also shown on 
Figure F-1. The reported 96-hr CLF median lethal concentration (LC50) of 470 µg/L was nonnalized to a 
hardness of 50 mg/L as CaC03 by using the copper-criteria hardness slope of 0.9422 in order to compare 
with other reported acute values. At a hardness of 50 mg/L as CaC03, the normalized CLF LC50 is 201 
µg/L, whicf:l is more than 27-fold greater than the hardness-based CMC. The current hardness-based 

copper criteria are thus protective of acute toxicity to the CLF. The proposed SSC will also be protectiw 
of acute toxicity to the CLF because the toxicity-mitigating properties measured in .Site water also apply to 
other organisms and to the interpretation of the reported CLF values (i.e., the reported CLF acute value is 
expected to be greater if exposure occurs in Site water). 

Evaluation of Chronic CopperToxicity to the CLF 

Some additional background information on application of WERs to derive chronic criteria will be useful to 
this discussion. As explained in USEPA (1994 and 2001), a WERderived from acute tests is applied to 
both acute and chronic criteria. The WER value increases as the effect concentration decreases (i.e., WER 
values increase as the sensitivity of the test increases) because of the effects of strong binding agents such 
as DOC. Larger WER values are therefore expected for chronic tests than for acute tests. As a result, the 

. WER derived from acute tests is expected to be protective of chronic effects (USEPA 2001 ). 

Chronic toxicity endpoints measured and reported by Little and Calfee (2008) include the lowest observed 
effect concentrations (LOE C) for ,the following endpoints: length (47 µg/L), weight fl µg/L), and Gosner 
stage (47 µg/L). As described in Calfee and Little (2008), Gosner staging is based on morphological 
changes that occur during development. The rate of development from one stage to the next is dependent 
on a variety of physical and ecological factors (including temperature, water quality, nutrition, acti\Aty levels, 
population density, competition, predation, contaminant expc)sure); therefore, the age of test organisms and 
their Gosner developmental stage can vary considerably. 

The CLF chronic LOECs reported above were determined in exposure water containing a mean hardness of 
102.9 mg/L. For reference, the current hardness-based chronic copper criterion at a hardness of 100 mg/L 
as CaC03 is 9 µg/L. This is approximately equal to the most sensitive CLF weight LOEC, and more than 5-
fold less than the CLF length and Gosner stage LOECs. Therefore, the hardness-based chronic copper 
criterion (without adjustments made to account for Site-specific water chemistry) is expected to be protective 
of CLF developmental stages. 

SSC derived from the proposed WER model approach are also expected to be protective of the CLF 
developmental stages represented by the chronic LOECs reported by Little and Calfee (2008). This 
conclusion is based on: 

Sensitivity of Effect Concentrations: The chronic effect concentrations for CLF length, width and weight 
compare with the current copper criteria and the sensitMty of the toxicity tests used to develop the WE Rs. 
Daphnia magna was selected as the test species for WER toxicity tests because it is sensitive at 
approximately the copper criteria concentrations. Therefore, the proposed WER model is calibrated to 



~ARCADIS Site-Specific Copper 
Toxicity Model Report 

Chino Mine Site 

appropriately adjust the current hardness-based copper criteria concentration, which is also within the range 
and protectiw of the most sensitiw CLF chronic values. 

To further illustrate the agreement between the sensiti\1ty of the WER model and the sensitMty of the CLF 
LOE Cs, the WER model can be applied to the water chemistry used in the CLF chronic exposures (Table F -
1) as described below (based on the steps described in Table 4). 

• Using the mean alkalinity of 93 mg/L measured during the 60-day chronic period and an assumed 

DOC concentration of 0.5 mg/L as input parameters to the Predicted EC50 equation shown in step 
1 of Table 3, a predicted D. magna LC50 of 14.31 ug/L dissol\ed Cu is obtained. Although the 

listed equation specifies an EC50, this value simply represents a giwn sensiti\1ty as described 

abow. Worth noting is that the predicted EC50 value is only 2 times the 60-day CLF growth LOEC 
of 7 and is much lower than the length and Gosner stage LOE Cs of 47 ug/L. As described below, 

applying the SMAV as the WER denominator pro\1des a margin of safety and will lower the SSC 

value from this predicted EC50 value. 
• Normalized to a hardness of 100 mg/L, this predicted EC50 equals 13.93 ug/L dissolwd copper 

(because the reported mean hardness concentration from the 60-day chronic exposure is 102.9 

mg/L). 

• The D. magna SMA V, which is the selected WER denominator, at a hardness of 100 mg/L equals 

19.31 ug/L dissol\ed Cu. Thus, the predicted WER for the laboratory water used by Little and 

Calfee (2008) is calculated by di\1ding 13.93 µg/L by 19.31 µg/L (i.e., sample WER = 13.93/19.31 
= 0.7222). 

• Therefore, the SSC for the laboratory water used by Little and Calfee (2008) equals the predicted 

WER(0.722) multiplied by the current copper CCC of9 µg/L (at a hardness of 100 mg/L): 0.722 x 

9 = 6.49 µg/L dissol\ed copper. 

This example demonstrates that the proposed WER model, and recommendations for its application, will 
pro\1de SSC that are protectiw of CLF dewlopmental stages. The most sensitiw CLF chronic effect 
concentration reported by Little and Calfee (2008) is the 60-day weight LOEC of 7 µg/L copper. When the 
model is applied to the water chemistry reported in that study (and assuming a range of potential DOC 
concentration from 0.2 to 0.5 mg/L, as was used for a similar mixture of well water and deionized water in 
Little et al. 2012), the deri\ed SSC of 3.41 to 6.49 µg/L dissolwd copper is protectiw of this sensitiw 
endpoint, and the other 60-day chronic effects. 

Site-Specific Water Chemistry: The mitigating effect of Site-specific water chemistry on copper toxicity has 
been documented in this report. Because laboratory dilution water used in the CLF studies (i.e., a mixture 
of deionized water and well water) differs from Site water chemistry, the reported CLF chronic effect 
concentrations are not expected to reflect Site-specific toxicity values. Instead, based on the strong toxicity­
modifying effects of STSIU water chemistry established in this study, copper toxicity is expected to be 
mitigated significantly relatiw to the reported CLF effect lewls. As stated pre\1ously, the high DOC 
concentrations measured within and adjacent to the CLF critical habitat transect are especially important 
when considering the toxicity-mitigating properties of Site waters, particularly the surface waters where the 
CLF is expected to possibly occur (i.e., the CLF critical habitat transect). From a mechanistic perspectiw, 
DOC has strong copper-binding properties, which results in the formation of copper-organic carbon 
complexes that do not readily bind to the receptor site for biotic uptake. In effect, the formation of DOC-
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organic carbon complexes decreases the amount offi"ee metal ion, which is the major contributor to 

aqueous metal toxicity. The laboratory dilution water used in the Little and Calfee (2008) CLF toxicity study 
is typical of reconstituted water us9d in laboratory toxicity tests, and therefore represents a highly 
conservative estimate of toxicity. This concept that water chemistry can modify copper toxicity is described 

throughout the report, including a summary of the current scientific understanding of copper toxicity 
mechanisms and empirical measurements made in Site water. 

It is also necessary to evaluate the study design and possible uncertainties related to the reported CLF 
effect concentrations to pro\1de additional context to this protectiveness evaluation. This evaluation is 

pro\1ded below. 

Evaluation of Copper Toxicity Test Design and Interpretation of Results 

Evaluating aspects of the stuC:ly design described in Little and Calfee (2008) is important to ensure that any 
interpretation or application of results on a site-specific basis is technically-sound and minimizes possible 

uncertainties. The intent here is not to criticize the quality of this study, but to understand possible 
uncertainties that might be associated with the reported effect concentrations. This i.s necessary in order to 
evaluate the protectiveness of the proposed WER model approach to the sensiti\1ty of the CLF to copper 

toxicity. The current understanding of the CLF sensiti\1ty to copper is based entirely on the Little and Calfee 
Administrative Report (2008) because no other study reports copper toxicity to the CLF. A technical re\1ew 
of this Administrative Report follows. 

Acute Toxicity Test: The acute copper toxicity tests (96-hour flow through exposure) perfonned by Little 
and Calfee (2008) appears to have been conducted in general accordance with American Society for 
Testing and Materials (ASTM) acute toxicity protocol, as described by the study authors. This study design 
pro\1ded sufficient replication of copper treatments, with four replicates of five tadpoles per treatment 
(treatments included five copper concentrations and one control). This pro\1des a total of 20 tadpoles per 
tested concentration, which is consistent with the required minimum for perfonning such tests. However, 
the 96-hour LC50 concentration appears to be based on nominal exposure concentrations, because the 
report does not specify or present measured copper concentrations for this acute test. In general, metal­
toxicity studies that do not report measured concentrations are not considered of high enough quality for 
inclusion in criteria-derivation calculations. 

Chronic Toxicity Test (60-day Static Renewal Exposure) 

The most sensitive CLF copper effect concentrations were derived from the 60-day static renewal exposure 
test. "Static-renewal" refers to a test method in which the exposure solutions are renewed with fresh 
exposure solutions at specific intervals throughotJ!: the duration of the test. In the 60-clay copper CLF study 
conducted by Little and Calfee (2008), exposures were renewed twice weekly over the 60-clay exposure 
period. An evaluation of specific study design components from the 60-clay static renewal exposure tests 
follows. 

Replication and Sample Size: The replication and sample size of the 60-day copJ)er exposure tests was 
limited to only three replicates per concentration with three tadpoles per replicate (for a total of nine tadpoles 
per tested concentration). This level of replication is less than what is typically required for a definitive 
toxicity test and can thereby limit the confidence of derived effect concentrations. However, it is recognized 
here that the CLF is federally-listed as a threatened species and therefore organism availability was likely 
limited for perfonning the toxicity tests. As stated above, a minimum of 20 organisms per tested 
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concentration is usually preferred as the minimum number of organisms when performing definitive toxicity 

tests. 

Analytical Measurements: The 60-day copper exposure test included only a limited number of analytical 
measurements. As described previously, DOC concentrations were not measured in dilution water 

(although measured DOC concentrations are available from the same period of time in the same 

laboratory}. 

An important point to consider when interpreting the 60-day effect concentrations is the frequency of 
analytical copper measurements. Over the course of the 60-day exposure to copper, metals were measured 

in the exposure solutions only twice - following 30 and 60 days of exposures. The average of these two 

values was used to compute the actual copper exposure concentrations. This is important because the 
reported effect concentrations are directly based on the measured copper concentrations. Significant 

uncertainty could therefore be introduced towards the actual effect concentrations, as described in more 
detail below. 

The report states that: exposure solutions were renewed twice weekly; tadpoles were fed 12 hours before 

each water change; and water samples were collected for copper analysis at the end of the 30-day and 60-

day exposure period. Thus, copper concentrations were not measured in the fresh exposure solutions, but 
were instead measured at the end of an exposure period (i.e., following days 30 and 60} after feeding 

occurred. This has important implications for interpreting the reported copper effect concentrations because 

the method used for copper analysis (i.e., the frequency and timing of measurements} likely underestimates 
the actual exposure concentrations. Specifically, the concentration of aqueous copper in solution is 

expected to decrease following feeding because copper adsorbs to food particulate matter (food in this 
study consisted of gelatin cubes of crushed algae discs, fish flakes, cucumber, and calcium powder}, 

thereby decreasing the amount of aqueous copper in solution. Table 14 in Calfee and Little (2008} shows 

the nominal and measured copper concentrations from the 60-day study; measured concentrations were 
always less than nominal. For the reported copper LOEC concentrations (i.e., 7 µg/L for weight, 47 µg/L for 

length and Gosner stage, and 165 µg/L for mortality}, the measured concentrations were only 16 to 25 

percent of the nominal concentrations, which suggests that copper decreased towards the end of an 
exposure period (when copper was measured} and/or the preparation of the copper stock solution or dosing 

of the stock solution to exposure chambers was inaccurate. With static renewals performed twice weekly 
over a 60-day exposure period, this equals about 18 separate renewals of the exposure solution but copper 
was measured only twice during this exposure period. As a result, there is considerable uncertainty 

regarding the range of exposure concentrations (and therefore considerable uncertainty about the accuracy 
of these reported effect concentrations}. Assuming preparation of the stock solutions and copper dosing 

were accurately performed, this would indicate copper concentrations at the beginning of a renewal 

exposure period were approximately 4 to 6 times greater than the copper concentrations measured 
following a renewal exposure period (i.e., when water samples were collected for copper analysis}. As a 

consequence, the toxicity of copper to CLF tadpoles might be approximately 4 to 6 times less than the 

reported effect concentrations indicate. 

Metal Fraction Measured: Although not specifically reported by the study authors, we assume measured 
copper concentrations represent the dissolved fraction. Even if total recoverable copper concentrations 

were measured, it is probably safe to assume that dissolved and total recoverable concentrations were 
approximately equal because these tests were performed using a mixture of groundwater and deionized 
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water (both of which should have contained low concentrations of particles [for groundwater] or no particles 
[for deionized water]). 

Growth-Based Endpoint Measurements: For weight and length measurements, sufficient data are not 
reported to determine weight and length variability of organisms used at test initiation. Those initial weights 
and lengths are needed to understand whether there were any differences in the size of tadpoles at test 
initiation across the treatments. This is likely not a crucial issue, but could influence the results if size 
differences existed between treatments. Additionally, it is unclear whether the weights listed in Table 13 of 
Little and Calfee (2008) represent the mean and standard deviation of the replicates (i.e., total biomass of 
surviving tadpoles) or of individual tadpoles within a tested concentration. 

Another important consideration regarding the interpretation of these effect concentrations is the linkage 
between the types of endpoints measured and the viability of local-pcpulations. From a population 
standpoint, slight reductions in weight or length might not be significant drivers towards maintaining 
locally viable and reproducing populations of CLF. That is, slight growth reductions (represented by the 
reported laboratory exposures) might not impair the reproductive success of an individual, which is likely 
key to the maintenance of local populations. 

CLF Survey Observations: Another point to consider is the populations of CLF documented by the 
USFWS-during delineation of the critical habitat transect. The 'transect Une shown in Figure E-2 was 
delineated as CLF critical habitat by the USFWS based partly on obse!Vations of extended CLF 
occurrence in these drainages. For reference, dissolved copper concentrations measured within and 
immediately adjacent to this critical habitat transect ranged from 34 to 62 J.19/L (based on 5 samples; Table 
E-3). This copper range is greater than all chronic growth-based LOECs reported by Little and Calfee 
(2008). Pro\1ded these are \1able, reproducing extant CLF populations, this suggests that copper 
concentrations in surface waters within the critical habitat drainage areas do not cause adverse reproductive 
or population effects. The findings from this report regarding Site-specific copper toxicity support this 
observation. 

Summary 

In summary, the proposed WER model approach will pro\1de conservative SSC that will be protective of the 
CLF, because STSIU water chemistry parameters should modify the toxicity of copper to CLF in the same 
manner as they modify the toxicity of copper to fish and other aquatic organisms. Beyond that margin of 
safety, the uncertainty about the accuracy of chronic-growth-effect concentrations reported by Little and 
Calfee (2008) possibly contributes additionally to an over-prediction of copper toxicity to CLF. Therefore, the 
CLF chronic-toxicity results reported by Little and Calfee (2008) should be interpreted with caution and 
should not be used to derive site-specific criteria for STSIU waters. 
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~bstrac~ The_wa~er effect.ratio (WER) pro~ure dev~lopecl by the US Environmental Protection Agency is commonly used to derive 
s1te-spec1fic cntena for pomt-source metal discharges mto perennial waters. However, experience is limited with this method in the 
eph<:meral. an? intermittent systems typical of ari~ clirn~tes. The present study presents a regression model to develop WER-based site­
specific cnteria for a network of ephemeral and mterm1ttent streams influenced by nonpoint sources of Cu in the southwestern United 
States. Acute (48-h) Cu toxicity tests were performed concurrently with Daphnia magna in site water samples and hardness-matched 
laboratory waters. Median effect concentrations (EC50s) for Cu in site water samples (n = 17) varied by more than 12-fold; and the range 
of calculated WER values was similar. Statistically significant (a= 0.05) univariate predictors of site-specific Cu toxicity included (in 
sequ~nce of deci:easing significance) dissolved organic carbon (DOC}, hardness/alkalinity ratio, alkalinity, K, and total dissolved solids. A 
multiple-regre~s~on model devel~~ from a combination of DOC and alkalinity explained 85% of the toxicity variability in site water 
samples, proVIding a strong predictive tool that can be used in the WER framework when site-specific criteria values are derived. The 
biotic ligand model (BLM) underpredicted toxicity in site waters by more than 2-fold. Adjustments to the default BLM parameters 
improved the model's performance but did not provide a better predictive tool compared with the regression model developed from DOC 
and alkalinity. Environ Toxicol Chem 2014;33:1865-1873. © 2014 SETAC 
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INTRODUCTION 

The ambient water quality criteria for Cu currently applied by 
all states in the United States are based on a relationship between 
water hardness and metal toxicity to aquatic organisms, as 
determined by toxicity tests conducted in mostly synthetic 
laboratory waters. However, the federal water quality standards 
regulation provides states with the option to calculate site­
specific criteria for Cu based on the well-established principle 
that the exposure-water chemistry (e.g., pH, alkalinity, hardness, 
and dissolved organic carbon [DOC] concentration) modifies the 
toxicity of cationic metals to aquatic organisms [l]. The water 
effect ratio (WER) procedure (see explanation of WER 
calculations below) is a federally approved site-specific criteria 
method [2,3] used to account for the toxicity-modifying 
properties of ambient surface waters. In addition, some states 
allow determination of site-specific criteria using the biotic 
ligand model (BLM; see explanation of the model in the Biotic 
ligand model section). Despite relatively widespread use for 
point-source discharges of Cu into perennial streams and rivers, 
the use of WER studies and BLM calculations to derive site­
specific criteria for nonpoint-source discharges of Cu into 
intermittent and ephemeral surface waters, which are common in 
arid climates, is limited. Therefore, reliable approaches are 
needed to address such nonstandard situations. 

The BLM is a computerized model that predicts the toxicity 
of Cu to several freshwater species of aquatic invertebrates and 
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fish and thus is convenient to use because of time and cost 
savings, compared with the extensive toxicity testing required 
for WER-based site-specific criteria. The BLM is the US 
Environmental Protection Agency's (USEPA's)current recom­
mended method for deriving national water quality criteria for 
Cu [4 ], because it incorporates a wider range of water chemistry 
parameters (pH, alkalinity, and concentrations of major 
inorganic ions and DOC) than only water hardness and thus 
predicts toxicity more accurately. However, none of the states in 
the United States have yet adopted the BLM as the primary 
method to calculate ambient water quality criteria for Cu. 
Instead, hardness-based equations are still used to derive Cu 
criteria, although many of the states have incorporated the BLM 
into their administrative code in some form as an option for 
deriving site-specific criteria. 

Despite the ease of use and the time and cost savings the BLM 
provides, the default calibration of the BLM can leave 
uncertainty about the accuracy of its predictions of Cu toxicity 
for a given strain of invertebrate or fish and/or for a given type of 
DOC. For example, it is unknown whether the affinity and 
binding-site density for Cu by DOC in surface waters in arid 
climates differ from DOC in more mesic climates. Therefore, 
theoretically, a WER test can more accurately determine site­
specific criteria for a given water sample than can the BLM. 
However, WER testing is most amenable for determining site­
specific criteria for point-source discharges instead of for all 
combinations of spatial and temporal variability in a large 
number of water bodies. Furthermore, current WER guide­
lines [2,3] · are based on experience in perennial rather than 
ephemeral systems. 

The WER procedure compares empirical toxicity endpoints, 
such as median lethal effect concentrations (EC50s) measured in 

Exhibit 
c 



1866 Environ Toxicol Chem 33, 2014 

site waters, with the same toxicity endpoint measured in 
hardness-matched laboratory waters [2,3]: 

WER = site-water EC50 
laboratory-water EC50 

(1) 

Because synthetic laboratory waters used in the WER procedure 
are assumed to represent water chemistry and toxicity conditions 
from which the hardness-based ambient water quality criteria were 
calculated (and this assumption is verified in the WER procedure 
by comparisons with other studies [2]), WER values greater than 
1.0 indicate protective effects of site-specific water chemistry on 
metal toxicity (beyond the protective effect of hardness that is 
already accounted for in the hardness-matched laboratory water). 
Using the WER procedure, a site-specific criterion is the product 
of a measured WER value and the corresponding hardness­
matched ambient water quality criterion [2,3]. 

Despite the assumed accuracy of a WER value determined 
for a given water sample, spatial and temporal variability in 
water chemistry can lead to spatial and temporal variability in 
WER values. This presents a challenge for site-specific criteria 
development because of the possible over- or underprotection 
that can result from a WER-adjusted site-specific criteria value, 
particularly when no specific mechanistic or statistical under­
pinning for the variability can be identified based on the WER 
toxicity tests. Many arid landscapes, such as those in parts of the 
western United States, contain intermittent and ephemeral water 
bodies impacted by naturally occurring or anthropogenic 
nonpoint sources. As a consequence, current WER guidance 
might need to be modified for application to arid landscapes 
and ephemeral aquatic systems, because spatial and temporal 
characteristics of water persistence and water chemistry in such 
landscapes can differ from perennial systems. 

In the present study, the WER framework was used to 
develop a regression model to predict site-specific Cu toxicity in 
multiple ephemeral and intermittent surface waters that receive 
nonpoint sources of Cu in an arid landscape in the southwestern 
United States. Empirical measures of Cu toxicity were 
determined in Daphnia magna acute lethality tests and evaluated 
through correlation and step-wise multiple-regression analyses 
to identify the primary chemical predictors of Cu toxicity in the 
site waters. The regression model was then incorporated into an 
equation that can be used to predict the WER value in a variety of 
water chemistries that might occur in the multiple-watershed 
study area, thereby allowing derivation of site-specific criteria 
for any of those receiving waters. Performance of the BLM was 
also evaluated as an additional tool for developing site-specific 
criteria for Cu. 

MATERIALS AND MEIBODS 

Site description 

The study area extends across an approximately 60-km2 arid, 
mountainous region of the southwestern United States. Eleva­
tions range from approximately 1500 m above sea level in the 
lowlands (comprising desert grasslands and shrub lands) to 
2300 m above sea level in the mountainous terrain. There is 
diffuse Cu contamination to the adjacent landscape as a result of 
historical industrial emissions and natural mineralized soil. The 
study area was categorized into a total of 9 sub-watersheds that 
encompassl2 drainages. The surface waters are mostly ephem­
eral, flowing only in direct response to high-intensity precipita­
tion that occurs over short durations, primarily during mid to late 
summer (i.e., southwestern monsoonal precipitation events). 

B.A. Fulton and J.S. Meyer 

Following these precipitation events, surface water can persist in 
isolated pools for short periods of up to several weeks. These 
short-tenn pools are generally located in headwaters, where 
drainage channels are comprised primarily of bedrock and stable 
substrate. Water chemistry varies among the sub-watersheds 
because of localized differences in geology, geomorphology, 
hydrology, and surrounding upland landscapes. 

Sample collection 

Surface-water samples were collected from as many sub­
watersheds as possible, limited by the presence of rainfall pools 
and seeps. A total of 18 surface-water samples were collected for 
chemical analyses and toxicity tests twice during summer 201 l 
(12 locations in August and 6 repeat samples in September from 
locations also sampled in August). No measurable flow was 
observed in these drainages during the 2 rounds of sampling, and 
most of the drainage areas surveyed during each field sampling 
round were dfy. All surface-water samples were collected from 
pool habitats that were relatively isolated in tenns of their 
connectivity to up-gradient or down-gradient drainage areas. 

Samples were collected and processed in accordance with 
USEPA guidelines [2], including the use of clean techniques for 
all phases of field sampling, such as equipment preparation, 
water collection, handling, and storage. Each water sample 
was collected as a grab sample taken at approximately the 
center or the deepest section of the pool, and at mid-depth. 
Before collecting a water sample, the acid-rinsed, low-density 
polyethylene sample container was filled with water and shaken 
to rinse the container; this process was repeated for a total of 3 
rinses for each sample container. The screw caps on the sample 
containers were sealed so no air space remained inside the 
container. Immediately after sample collection, the containers 
were chilled and stored in coolers for transport to the testing 
laboratory. Samples were shipped the same day as collected, and 
all samples arrived at the laboratories within 24 h of collection. 
Samples were maintained at <4 °C in the dark until test 
initiation. 

Laboratory dilution water 

Reconstituted laboratory dilution water was prepared by 
adding reagent-grade salts to 18-MO deionized water according 
to USEPA guidelines [5]. Hardness oflaboratory dilution waters 
was matched in concentrations to water hardness of site samples 
according to WER testing requirements [2]. This included equal 
or lower water hardness in matched laboratory water, unless the 
hardness of a site water sample was less than 50 mg/Las CaC03• 

All laboratory water tests were perfonned at water hardness 
concentrations within the WER guideline-required range of 
40mg/L to 220mg/L as CaC03 [2]. In total, 11 laboratory 
dilution waters were used for the WER toxicity tests, with 
hardness ranging from 42 mg/L to 168 mg/L as CaC03 and 
alkalinity concentrations ranging from 30 mg/L to 112 mg/L as 
CaC03• The laboratory dilution water used for all toxicity tests 
was comparable to waters used to develop the hardness-based 
Cu ambient water quality criteria, including having alkalinity 
similar to hardness, approximately circumneutral pH, and low 
concentrations of total suspended solids ( <5 mg/L) and total 
organic carbon (TOC; < 1 mg C/L; Supplemental Data, Tables 
SI and S2). 

Toxicity testing 

To investigate the influence of site water chemistry on Cu 
toxicity, standard WER tests were conducted [2]. Laboratory 
water toxicity tests were performed concurrent with site water 
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toxicity tests under identical exposure conditions (except tested 
Cu concentrations). Acute toxicity tests were performed with 
neonates ( <24 h old) of the freshwater cladoceran D. magna 
obtained from Aquatic Biosystems, using the USEPA-recom­
mended protocol [5]. Daphnia magna was chosen for these 
toxicity tests because they are a USEP A-recommended species 
for WER testing [2,3) and a substantial database is available to 
compare Cu toxicity in the laboratory waters used in the present 
study with results in other laboratories, as required in the WER 
guidelines [2,3). All cultures and toxicity tests were performed in 
a temperature-controlled growth chamber at 20 ± 1 °C with a 
16:8-h light:dark cycle. Cultures were maintained in moderately 
hard reconstituted water [5] and fed a combination of yeast-trout 
chow (YTC; Cerophyll™) and the green alga Pseudokirchner­
iella subcapitata. 

Neither the D. magna neonates nor their mothers were 
acclimated to the hardness of the water in which the neonates 
were tested, because the water hardness of any given site water 
(and thus ofits required hardness-matched laboratory water) was 
not known a priori. The streamlined Cu guidance for WER tests 
specifies that site water holding time should not exceed 96h 
before a WER test is started [3], thus making it difficult to 
acclimate organisms to an unknown water hardness and still start 
the WER toxicity test in time. Therefore, the WER guidance 
states that "Acclimation to site water is desirable but optional" 
(p 7 in USEPA [3]) and that "The least objectionable approach is 
to acclimate the organisms to a laboratory dilution water with a 
hardness in the range of 50 to 150 mg/L and then use this water 
as the laboratory dilution water when the WER is determined" 
[2), which was done in the present study. The potential influence 
of this lack of acclimation on the toxicity of Cu to D. magna 
(or other aquatic invertebrates) is unknown; and even for fish, 
the influence of acclimation depends on the species and metal 
tested [6]. However, because the hardness of the laboratory 
water was matched to the hardness of the site water for each 
site water and the WER value is the ratio of the EC50 values in 
the site water and the hardness-matched laboratory water, the 
relative effect on the WER of not acclimating the test organisms 
to the site water hardness might have been minimized. 

Test solutions were not renewed and organisms were not fed 
during the 48-h exposure period. Each test treatment consisted of 
4 replicate polyethylene chambers, each containing 25 mL of test 
solution and 5 organisms. Including controls (unspiked site or 
laboratory water), 6 Cu concentrations were tested for each site 
and laboratory water sample. Copper stock solutions used to 
spike test treatments were prepared by dissolving CuC12 · 2H20 
in deionized water. A separate stock solution was prepared for 
each round ofWER testing, but the same stock solution was used 
to spike all laboratory and site waters in each round of testing. 
Copper concentrations were selected for each site water sample 
based on the results of 24-h static range-finding toxicity tests 
performed on receipt of each sample and were a series of 
nominal 0. 7 x dilutions of a high concentration that was 
expected to produce approximately 100% mortality in 48 h. 
Exposure waters were mixed thoroughly and allowed to stand 
for a minimum of 20 h at 4 °C before test initiation to allow 
the metal chemistry to equilibrate, as recommended by the 
USEPA [3) and Ma et al. [7]. Aliquots of exposure water were 
collected from a replicate chamber in each treatment for Cu 
analyses at the beginning and end of each test. The observation 
endpoint was immobilization; thus, toxicity results are reported 
herein as EC50 values instead of median lethal concentrations 
(LC50s). A toxicity test was acceptable if mortality in the 
hardness-matched laboratory water control was ::;10%. 
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Chemical analyses 

Water chemistry parameters measured in all tests included 
dissolved oxygen, pH, conductivity, temperature, hardness, 

. . DO C d . . . . (Ca2+ M 2+ alkalimty, C, u, an ma1or morgan1c 10ns , g , 
Na+, K+, er, SO/). All parameters were measured on samples 
collected at test initiation. Physicochemical parameters (dis­
solved oxygen, pH, conductivity, and temperature) also were 
measured at 24 h in a replicate chamber in each treatment 

Concentrations of Al, Cd, Cu, Fe, Mn, Pb, and Zn in the site 
waters and total recoverable and dissolved Cu concentrations at 
the beginning and end of each site water and laboratory water 
toxicity test were determined by inductively coupled plasma 
mass spectroscopy (ICP-MS), according to USEP A method 
200.8 (Agilent Technologies 7500ce series, with an Octopole 
Reaction System). For dissolved-metal concentrations, samples 
were filtered through a 0.45-µm nylon membrane filter (EMD 
Millipore) following prerinses with ultrapure deionized water 
and then sample water. Samples collected for metals were 
preserved with trace metal-grade nitric acid immediately after 
collection (total recoverable concentrations) or after filtration 
(dissolved concentrations). Internal laboratory blank samples 
and certified standards were analyzed at a rate of 1 per 10 
samples, with acceptance criteria of± 10% of the known 
concentration in the continuing calibration verifications. 
Concentrations of major cations (Ca2+, Mg2+, Na+, and K+) 
were determined by ICP-MS, according to USEPA method 
200.7. Concentrations of the anions er and so/-were 
determined by low-level amperometric titration (Standard 
Methods 4500-E) and the turbidimetric method (0516-07), 
respectively. 

All site waters were analyzed for DOC and TOC concen­
trations, but laboratory water samples inadvertently were 
analyzed only for TOC concentration. Samples for DOC 
analyses were filtered through a 0.45-µm nylon membrane 
filter after a 20-mL rinse with sample water, acidified with nitric 
acid, and stored in amber glass bottles at 4 °C. Dissolved organic 
carbon and TOC concentrations were determined by direct 
combustion/infrared detection using a Leco SC632 sulfur/ 
carbon analyzer calibrated with a certified potassium hydrogen 
phthalate standard (Fisher Scientific); the method detection limit 
was lmgC/L. 

Data treatment 

The 48-h EC50s for immobilization/death and their 95% 
confidence limits were computed by maximum likelihood probit 
analysis using ToxCalc™ statistical software(Ver 5.0; Tidepool 
Scientific). Copper concentrations used to calculate EC50 values 
were the averages of Cu determined at the beginning and end of 
each test. To evaluate the influence of individual water chemistry 
parameters on Cu toxicity, univariate linear-regression analyses 
(a =0.05) were performed using measured dissolved Cu EC50 
values and measured water chemistry parameters. With the 
exception of pH, all data were log-transformed for univariate 
and multivariate regression analyses. Step-wise, multiple linear 
regression analyses were performed to determine the best 
combination of water chemistry parameters for predicting 
measured Cu toxicity. Models were evaluated for predictive 
ability (based on the adjusted R2 [i.e., the percentage of variance 
in the EC50s that is explained by the regression] and p values) 
and by limiting the colinearity of water chemistry parameters 
(evaluated by inspection of the variance inflation factor). All 
regression analyses were performed using SigmaPlot™ soft­
ware (Ver 12.1; SYSTAT Software). 
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Water effect ratios 

Water effect ratios were calculated as the Cu EC50 measured 
in site water divided by an appropriate denominator (e.g., 
Equation 1). For each sample, a set of 4 WER values was 
calculated based on 4 different denominators that potentially 
could be used, including individual hardness-matched laboratory 
water EC50 values, the USEPA-recommended species mean 
acute value (SMA V) for D. magna [3 ], a recalculated D. magna 
SMA V based on excluding nominal Cu concentrations from the 
toxicity dataset listed in the USEPA [3], and the geometric mean 
of the concurrent hardness-matched laboratory water EC50 
values. Based on USEPA guidance [2], laboratory water Cu 
EC50 values were compared with results from other laboratories 
to evaluate the sensitivity range of the laboratory water EC50 
values. In the more recent Cu WER guidance [3] designed for 
point-source discharge of Cu, the WER denominator is the 
greater of the laboratory water EC50 or the SMA V for the test 
species. The USEPA-recommended D. magna SMA V for 
dissolved Cu at a hardness of lOOmg/L as CaC03 is 19.31 µg 
Cu/L (Appendix Bin USEPA [3]). Although the present study 
site does not receive point-source Cu discharges, the D. magna 
SMA V was used as the WER denominator if concurrent 
laboratory water EC50 values normalized to a hardness of 
lOOmg/L were less than 19.3lµg/L dissolved Cu. All EC50-­
hardness normalizations were performed using the hardness­
based Cu criteria slope of 0.9422 [8]. 

Biotic ligand model 

The influence of site-specific water chemistry on acute Cu 
toxicity was also evaluated using the Cu BLM (Ver 2.2.3; http:// 
hydroqual.com/wr_blm.html). Concentrations of f.H, alkalinity, 
DOC, Ca2+, Mg2+, Na+, K+, ci-, and S04 -measured in 
toxicity-test exposure solutions were used as the BLM input 
parameters. Recommended default values for the percentage of 
humic acid ( 10%) and sulfide (0.01 µM) were also used as BLM 
input parameters. The BLM was run in toxicity mode to produce 
BLM-predicted EC50 values, for comparison with measured 
and regression model-predicted EC50 values. Because TOC 
concentrations in the laboratory waters were below the method 
detection limit (1 mgC/L), a DOC concentration of 0.5 mgC/L 
was assumed for BLM calculations with the laboratory waters; 
however, that assumption has uncertainty associated with it 
because the DOC concentration in deionized laboratory waters 
can vary. Therefore, we performed a sensitivity analysis by also 
conducting the BLM calculations for the laboratory waters using 
lower and upper bounds on the assumed DOC concentration of 
0.3mgC/L and 0.7mgC/L. 

RESULTS AND DISCUSSION 

Chemical analyses of the hardness-matched laboratory 
waters and the site waters (except for metals other than Cu) 
are listed in Supplemental Data, Tables S 1 and S2. Measured 
dissolved Cu concentrations ranged from 40% to >99% of 
nominal, and measured total Cu concentrations ranged from 
56% to >99% of nominal. Concentrations of other metals in the 
site waters are listed in Supplemental Data, Table S3. 

With the exception of site water sample 1-5, at least 90% of 
organisms survived in control treatments of all laboratory and 
site water toxicity tests. Only 20% of organisms survived in the 
unspiked control for sample 1-5, which precluded calculation of 
EC50 and WER values for this sample. Therefore, that sample 
was excluded from the subsequent regression analyses that are 
discussed below. 

B.A. Fulton and J.S. Meyer 

Laboratory water tests 

To verify the sensitivity of tested organisms, the Cu EC50 
values from laboratory water tests were compared with the 55 
D. magna EC50 values listed in Appendix B of the streamlined 
WER guidance document [3], which were used to compute the 
SMA V of 19.31 µg/L dissolved Cu (i.e., the recommended 
WER denominator). Of the 55 D. magna EC50 values listed in 
by the USEPA [3], 45 were based on measured Cu concen­
trations and 10 were based on nominal Cu concentrations. 
Laboratory water EC50 values determined in the present study 
were comparable to all EC50s used to calculate the D. magna 
SMA V but were more similar to the measured EC50s 
(Supplemental Data, Figure SI). In addition, the geometric 
mean of hardness-normalized laboratory water toxicity tests 
(13.95 µg/Lat a hardness of lOOmg/Las CaC03)determined in 
the present study was within a factor of 1.4 of the recommended 
D. magna SMA V and within a factor of 1.2 of the geometric 
mean of only the measured EC50 values from the streamlined 
WER guidance document (16.50 µg/L [3]). The slope between 
ln[dissolved Cu EC50] and /n[hardness] for D. magna in the 
present study (1.189 for hardness values ranging from 42mg/L 
to 168 mg/L as CaC03) was slightly greater than the pooled 
slope used in the hardness-based acute Cu criteria (0.9422), but it 
is within 13% of the slope calculated using only the D. magna 
values listed in the historic USEP A hardness-based Cu criteria 
documents (1.044 for hardness values ranging from 45 mg/L to 
226 mg/L as CaC03 [8]). Overall, these results suggest that the 
sensitivity of test organisms used in the present study was 
comparable to previously reported laboratory water results and 
therefore was acceptable for determining WER values. 

Water effect ratios 

All but 1 of the 17 calculated WER values were greater than 
1.0, using the SMA V as the WER denominator (range of WER 
values=0.989-14.41; Table 1). The preponderance of WER 
values greater than 1.0 indicates that site water chemistry 
decreased Cu toxicity relative to standard laboratory dilution 
waters (i.e., waters used to develop the hardness-based Cu 
criteria). The lowest WER values were computed using the 
SMA V as the WER denominator, because the dissolved Cu 
EC50 values in the hardness-matched laboratory water were 
mostly less than the SMA V (the range ofWER values using the 
hardness-matched laboratory water EC50 value as the. WER 
denominator was 1.48-24.8; Supplemental Data, Table S4). 

Because of the range of site water chemistries tested and 
because of the known influence of DOC and inorganic 
parameters (major cations, alkalinity) on aqueous Cu bioavail­
ability [5,9], the wide variability in measured WER values was 
not surprising. However, the variability in WER values presents 
a challenge to implement site-specific criteria, especially in arid 
landscapes that contain ephemeral drainages not influenced by 
point-source discharges of Cu. For this scenario, a final site 
WER could theoretically be computed as the geometric mean of 
the measured WER values. For example, using the hardness­
matched laboratory EC50s as the WER denominator, the 
geometric mean WER =7.35, whereas using the SMAV as the 
WER denominator, the geometric mean WER = 5.00. However, 
it is clear that application of geometric mean WERs to this site 
would result in considerable uncertainty about the level of 
protection of derived site-specific criteria, depending on the 
water chemistry of a sample to which the WER is applied. In 
agreement with USEPA recommendations concerning WERs 
determined for sites not influenced by point sources of metal 
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Table l. Chemistry of site waters in which Daphnia magna toxicity tests were conducted, and corresponding 48-h dissolved Cu median effect concentrations 
(EC50s) and water effect ratio (WER) values• 

pH 

Hardness Alkalinity DOC Dissolved Dissolved Dissolved 
Siteb Test start Test average (mg/L as CaC03) (mg/L as CaC03) (mgC/L) Cu (µ.g/L) (Cu ECSO µ.g/L}° Cu WERd 

1-1 8.00 8.19 90 74 10.7 5.9 116.3 6.651 
1-2 7.47 7.88 84 60 7.8 6.5 87.39 5.334 
1-5 7.54 7.66 62 28 35 32.3 <32.3° NA 
1-6 7.57 7.88 54 42 12.5 57.4 155.7 14.41 
1-7 7.93 8.06 106 66 7.8 43 96.23 4.717 
1-9 8.04 8.29 88 90 2.5 7.1 37.78 2207 
1-10 8.31 8.60 262 250 4.7 5:4 134.2 2.804 
1-11 8.22 8.48 154 170 15.7 4.3 172.8 5.956 
1-12 9.35 8.69 76 27 1.2 2.1 14.74 0.989 
1-RCSl 8.67 8.44 48 32 3.2 5 31.65 3.273 
l-Dl-2 8.06 8.19 54 76 10.0 32.3 141.6 13.10 
1-02-1 8.16 8.02 42 28 5.8 32.8 68.45 8.027 
2-1 8.19 8.27 104 96 11.0 3.4 81.06 4.046 
2-6 7.14 7.60 50 40 11.4 30.2 61.82 6.151 
2-9 8.44 8.49 82 102 12.3 13.7 >184.7f 11.53 
2-11 7.99 8.24 102 106 12.3 7.9 135.5 6.889 
2-12 7.40 7.70 80 34 3.1 3.6 35.23 2.251 
2-Dl-2 7.82 8.03 60 64 10.5 17.9 68.31 5.724 

'Complete water chemistry for each sample is listed in Supplemental Data, Table S2. 
b A "1-" prefix signifies Round 1 samples collected in August 2011; a "2-" prefix signifies Round 2 samples collected in September 2011. 
°Dissolved Cu EC50 at tested hardness before nonnalization to a hardness of 100 mg/L as CaC03 for calculation of WER. 
d All WERs were calculated using the D. magna species mean acute value of 19.31 µ.g/L dissolved Cu from the US Environmental Protection Agency [3] as the 
WER denominator, with the dissolved Cu EC50 normalized to a hardness of lOOmg/L as CaC03 in the numerator. 
°ECSO could not be calculated because >50% mortality occurred in unspiked site water. 
fEC50 is reported as greater than the highest tested Cu concentration because mortality was <50% in that treatment. 
DOC= dissolved organic carbon; NA= not applicable because EC50 could not be calculated. 

contamination [2], subsequent analyses were performed to 
determine whether WER variability could be attributed to the 
variability of measured water chemistry parameters. 

Site water chemistry 

Water chemistry parameters varied considerably in the tested 
site waters, particularly DOC, alkalinity, and major cations 
(Table 1)-parameters that previously have been demonstrated 
to modify Cu toxicity [9]. Concentrations of DOC differed 
among site water samples by more than 1 order of magnitude 
(l.2-15.7mg/L), and 9 of the 17 samples contained DOC 
concentrations greater than or equal to 10 mg/L. Water hardness 
ranged from soft (42mg/L as CaC03) to hard (262mg/L 
as CaC03), with a >9-fold range in alkalinity concentrations 
(27-250mg/L as CaC03). Although hardness and alkalinity 
concentrations in site samples were moderately correlated 
(r=0.82; Supplemental Data, Table S5), the hardness-to­
alkalinity ratio ranged from 0.71 to 2.8 (Supplemental Data, 
Table S2). In most natural waters, alkalinity and hardness 
covary, with alkalinity generally equal to or slightly less than 
corresponding hardness [9]. Total suspended solids (TSS) were 
low (< 13 mg/L, and mostly <5 mg/L), probably because all 
samples were collected from isolated pools without measurable 
flow. 

Copper toxicity in site water 

Similar to the range in WER values, we observed more than a 
12-fold range among D. magna dissolved Cu EC50 values 
(14.7 µg/L to >184.7 µg/L). Hardness concentrations in these 
lowest and highest EC50 samples differed by only 6 mg/L as 
CaC03 (Table 1), and the overall correlation between hardness 
and toxicity in site samples was low (R2 =0.102, p=0.211; 
Table 2). This outcome suggests that Cu toxicity in the site 

waters was controlled more by other water chemistry param­
eters, and that hardness alone was a poor predictor of Cu toxicity. 

Based on the univariate regression analyses (Table 2), the 
bestpredictorofCu toxicity in site waters was DOC (R2 = 0.751; 
p <0.001). This result agrees with numerous other studies that 
evaluated the effects of multiple water chemistry parameters on 
Cu toxicity [10-12] and supports the contention that DOC 
should be incorporated in the derivation of water quality 
criteria [9]. Inorganic parameters determined to be significant 
predictors of Cu toxicity included (in sequence of decreasing 
level of statistical significance) hardness/alkalinity ratio 
(R2 =0.539; p < 0.001), alkalinity (R2 =0.428; p=0.004), K 
(R2 = 0.322; p = 0.018), and total dissolved solids (R2 = 0.245; 
p = 0.043). With the exception of hardness/alkalinity, correla­
tion coefficients from regressions of water chemistry parameters 
and EC50 values were positive, indicating that Cu toxicity 
decreased as concentrations of DOC, alkalinity, K, and total 
dissolved solids increased. This trend is consistent with results 
from other studies [9] and is a manifestation of the protective 
effects of these parameters on Cu bioavailability and toxicity. 
Mechanistically, DOC and alkalinity (i.e., predominantly 
HC03- and col- ions in most fresh waters) can form 
complexes with Cu, thereby decreasing the available fraction 
of Cu for biotic u~take. In contrast, cations such as K+ (and 
others such as Ca+, Mg2+, and Na+) compete with Cu for 
binding sites on the biotic ligand [13], thus explaining the 
positive relationships observed between these cations and 
measured EC50 values. Presumably, the positive relationship 
between total dissolved solids and EC50 values is also at least 
partly reflective of this relationship because total dissolved 
solids, although not ion-specific, is the sum of the concentrations 
of dissolved inorganic and organic constituents. Therefore, 
the observed protective effect of total dissolved solids on Cu 
toxicity might reflect a combination of competition-based 
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Table 2. Results of univariate-regression analysis between Daphnia magna 48-h dissolved Cu median effect concentrations (EC50s) and measured water 
chemistry parameters in site-water toxicity tests 

Independent variable (x) Regression equation R2 p 

pH EC50 = 103.394 - 0.186 x x 0.099 0.220 
Alkalinity (mg/L as CaC03) ECSO = 100.511 + 0.130 x 1og !xJ 0.428 0.004 
Hardness (mg/L as CaC03) ECSO = 10o.965 + o.489 x log cxJ 0.102 0.211 
Hardness/alkalinity ECSO = 102.026 - 1.428 x log [x] 0.539 <0.001 
DOC (mgC/L) EC50 = 101.183 + 0.848 x log [x] 0.751 <0.001 
IDS (mg/L) ECSO = 10-0.591 + 1.108 x log [x] 0.245 0.043 
Ca (mg/L) EC50= 101.111 + 0.617 x log [x] 0.159 0.112 
Mg (mg/L) ECSO= 101.495 + 0.450 x log [x] 0.117 0.179 
K (mg/L) EC50 = 101.298 + 1.085 x log [x] 0.322 0.018 
Na (mg/L) EC50 = 101.312 + 0.555 x log [x] 0.154 0.120 
S04 (mg/L) EC50 = 102.583 + 0.467 x log [x] 0.179 0.091 
Fe (mg/L) EC50 = 101.520 + 0.292 x log [x] 0.153 0.120 
Al (mg/L) ECSO = 101.765 + 0.194 x log [x] 0.126 0.161 

DOC= dissolved organic carbon; IDS =total dissolved solids. 

mechanisms from cations and of complexation mechanisms 
from DOC and alkalinity. 

Although hardness and alkalinity were moderately correlated 
with each other, only alkalinity was significantly correlated with 
Cu EC50s. Therefore, alkalinity is a better predictor of Cu 
toxicity in these site waters than is hardness. Copper toxicity 
increased (i.e., lower EC50 values) when alkalinity was 
proportionally lower than hardness, as shown by the negative 
relationship between EC50 values and the hardness/alkalinity 
ratio. Although pH commonly modifies Cu bioavailability and 
toxicity [9,ll], pH was not significantly correlated with Cu 
toxicity in the present study. This might be the result of the 
relatively narrow range of circumneutral to alkaline waters tested 
(average pH from all site waters ranged from 7.6 to 8.69), 
compared with other studies that identified significant pH­
related effects over a wider range that included slightly acidic 
waters (i.e., pH< 7 [l l,14,15]). In fact, pH should have little 
direct effect on Cu toxicity at pH values above approximately 
6.5 because hydrogen ions do not effectively compete for 
binding to biotic ligands until the pH is below approximately 6.5. 
However, pH can have an important indirect effect on Cu bio­
availability by changing the HC03-/Col- ratio in the exposure 
water, thus leading to higher concentrations of col- (which 
has a higher affinity for Cu than bicarbonate [9]) at higher 
pH values. 

In multiple linear regressions, the combination of DOC 
(p < 0.001) and alkalinity (p = 0.007) was chosen as the best 
model, explaining 85% of the variability in observed Cu toxicity 
(Table 3). Models developed using a combination of DOC, 
hardness/alkalinity, and total dissolved solids or a combination 
of DOC, alkalinity, and K+ marginally improved the fit (based 
on the adjusted R2 value), but the extra parameters were not 
statistically significant (p=0.127 for hardness/alkalinity, and 
p = 0.181 for K; Table 3). Application of the hardness/alkalinity 
value as a predictor of Cu toxicity is also of potential concern 
because it does not account for absolute concentrations of 
alkalinity (i.e., a similar hardness/alkalinity ratio is possible 
at different alkalinity concentrations). In addition, because 
alkalinity was significantly correlated to K+ (p = 0.03, 
Supplemental Data, Table SS), adding K+ to the regression 
model might be duplicative and might result in unstable model 
predictions because of colinearity between alkalinity and K+. 

Predicted EC50 values from the DOC-and-alkalinity model 
were strongly correlated to and generally within a factor of 1.6 of 
the observed EC50 values (r=0.92; Figure l). No bias was 
apparent between model-predicted and observed EC50 values · 

(i.e., no systematic over- or underprediction of toxicity), and the 
deviations in model predictions were not related to water 
chemistry variability (assessed by comparing the predicted 
EC50/observed EC50 ratio across water chemistry ranges; 
Supplemental Data, Figure S2). The strong linear relationship 
and lack of bias in model predictions suggest that Cu toxicity in 
these site waters can be accurately predicted by a combination of 
the DOC and alkalinity concentrations, consistent with the 
current mechanistic understanding of Cu toxicity to aquatic 
organisms. 

Other researchers have developed similar regression-based 
predictive models to describe the effects of multiple water 
chemistry parameters on Cu toxicity [10,11,16] and Pb 
toxicity [l 7]. In the predictive models developed previously 
for Cu, DOC was included as the most significant predictor of Cu 
toxicity, which was also the case in the present study. Through 
stepwise multiple regression of dissolved Cu 48-h EC50s 
for larval fathead minnows (Pimephales promelas) on water 
chemistry parameters, Van Genderen et al. [16] also identified 
DOC and alkalinity as significant variables for predicting 
Cu toxicity in ambient surface waters. De Schamphelaere and 
Janssen [l l] similarly developed a regression model to predict 
chronic toxicity of Cu to D. magna based on DOC and pH, 
although they tested a much wider pH range than in the present 
study. 

Table 3. Results of multiple linear regressions between Daphnia magna 
48-h dissolved Cu median effect concentrations (EC50s) and measured 

water chemistry parameters in site-water toxicity tests (n = 17) 

Independent variables 
R2 AdjustedK (p value in parentheses )0 Regression p 

DOC (<0.001); H/A (0.127); 0.868 0.838 <0.001 
IDS (0.006) 

DOC (0.002); H/A (0.179); 0.869 0.826 <0.001 
IDS (0.023); pH (0.736) 

DOC (<0.001); alkalinity (0.199); 0.861 0.829 <0.001 
IDS (0.448) 

DOC (<0.001); 0.854 0.833 <0.001 
alkalinity (0.007) 

DOC (<0.001); alkalinity (0.014); 0.855 0.822 <0.001 
pH (0.78) 

DOC ( <0.001 ); alkalinity (0.037); 0.874 0.844 <0.001 
K+ (0.181) 

"Except for pH, all variables were log 10-transformed for regression analysis. 
DOC= dissolved organic carbon; HI A= hardness/alkalinity ratio; IDS = 
total dissolved solids. 
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Figure I. Observed, regression model-predicted, and biotic ligand model 
(BLM)-predicted 48-h dissolved Cu median effect concentrations (EC50s) 
in Daphnia magna toxicity tests conducted in site waters. Regression model 
included dissolved organic carbon and alkalinity as predictor variables 
(If= 0.854 ). Biotic ligand model predictions were based on default model 
parameters and using pH measured at test initiation (0 h exposure; 
R2 = 0.686) or the average pH from 0- and 24-h exposure (R2 = 0.855). 
Solid line represents a perfect (!:!) fit; dashed lines are± 2-fold of the 
perfect· fit 

Model implementation 

The primary source of variation in WER values is the site 
water toxicity endpoint (i.e., the ECSO value), which is an 
indicator of the toxicity-modifying properties of site water and, 
thus, the subsequent relationship to the current hardness-based 
ambient water quality criteria that are still used by individual 
states in the United States. The regression model developed in 
the present study provides a site-specific equation to accurately 
predict acute Cu toxicity in site waters and, therefore, an option 
to accurately predict WER values at a much wider variety of 
locations and times than would be economically reasonable 
using toxicity tests. Because the D. magna SMA V was selected 
as the preferred WER denominator in the present study, it can be 
applied uniformly to all regressfon model-predicted site water 
Cu EC50 values to calculate a WER value. This approach also 
eliminates the laboratory water EC50 values as a source ofWER 
variability (e.g., laboratory water EC50 values of 4.0 µg Cu/L 
and 6.0 µg Cu/L at hardness concentrations of 42 mg/L and 
46 mg/L as CaC03 that were determined during WER-testing 
Round 1 in Supplemental Data, Table S4), as suggested by 
others to improve interpretation of WER values [18). A 
predicted WER value can thus be calculated by normalizing 
the regression-predicted ECSO value and the D. magna SMA V 
to the same hardness: 

WER = predicted site-water ECSOhardness-nonnalized 

D. magna SMA V hardness-nonnalized 
(2) 

An advantage of applying the regression model approach to 
the WER procedure is that it provides an option to account for 
water chemistry variability when site-specific criteria are being 
developed. Similar to the current hardness-based ambient water 
quality criteria that are still used by individual states in the 
United States, whereby a Cu criterion is calculated based on the 
water hardness of the sample, a regression-based WER value can 
be calculated for a sample based on water chemistry values. 
However, the current regression model should be applied only to 
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the surface waters from which it was developed (i.e., the present 
study area), because the model is calibrated to the specific 
chemistries of the tested waters, which includes dissolved 
organic matter containing site-specific types and percentages of 
active humic and fulvic acids. Care should also be taken when 
applying the model to site-specific surface waters that have DOC 
and alkalinity concentrations outside the range used to develop 
the model. For this potential scenario, the authors recommend 
that DOC and alkalinity be capped at ~e upper concentrations 
that were used to develop the model (i.e., a DOC concentration 
of 1S.7mg/L and an alkalinity concentration of 2SOmg/L as 
CaC03). In contrast, the model can be applied to DOC and 
alkalinity concentrations lower than the range used to develop 
the model, to ensure that the predicted ECSO and WER values are 
sufficiently protective at low DOC and alkalinity concentrations. 

BIM peiformance in site waters 

The BLM-predicted 48-h dissolved Cu ECSO values in site 
waters always exceeded the corresponding measured ECSO 
values and in most cases were more than 2-fold greater than 
observed values (Figure 1). This result implies that the BLM 
underpredicts Cu toxicity in these site waters. Because Kolts 
et al. [19) concluded that most of the exposure that determines 
acute Cu toxicity to cladocerans occurs during the first few 
hours, we compared the performance of the BLM using pH 
measured at test initiation (0 h exposure) and the average of the 
0-h and 24-h pH values. Using the average pH produced BLM­
predicted ECSO values that correlated better with observed 
values (r = 0.92) than those using the initial pH values 
(r = 0.83), but they still were always at least 2-fold greater 
than observed values. The systematic error in BLM predictions 
(i.e., constant underprediction of toxicity) might suggest: (1) a 
sensitivity difference between tested organisms and those used 
to develop the BL, M and/or (2) a difference in the quality of 
DOC in. site waters compared with those used to develop the 
BLM (i.e., different Cu-binding affinity or different binding-site 
density). 

To explain the discrepancy between BLM-predicted and 
measured toxicity, we also evaluated the performance of the 
default BLM in the concurrent laboratory water toxicity tests. 
Most BLM-predicted EC50 values for laboratory waters were 
within a factor of 2 of observed values; however, a bias was 
still evident because predicted values consistently exceeded 
observed values, although the magnitude of differences for 
laboratory waters generally was less than for the site waters 
(Figure 2A). One option to optimize the BLM performance is to 
adjust the default sensitivity parameter (i.e., the median lethal 
accumulation [LASO]), because the D. magna used in these 
WER tests might have been slightly more sensitive than the 
composite sensitivity of the D. magna that were used to 
parameterize the BLM. This is a reasonable option in the present 
study because the BLM tended to overpredict the ECSO values in 
laboratory waters, which represent the type of water chemistries 
used to develop the BLM (i.e., laboratory type waters with 
approximately equal hardness and alkalinity, low DOC, and 
circumneutral pH). 

To optimize the D. magna LASO for the current laboratory 
water dataset, the default LASO value was adjusted downward 
from 0.119 nmol to O.OS7 nmol Cu/g wet weight so the 
geometric mean of the BLM-predicted ECSO/observed ECSO 
ratio equaled 1.0 among the 11 laboratory waters, based on the 
approach described in Meyer and Adams [20). This adjustment 
provided a reasonable fit between predicted and observed values 
for the laboratory water tests (Figure 2B) and was assumed to 
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Figure 2. Biotic ligand model (BLM) predictions of Daphnia magna 48-h 
dissolved Cu median effect concentrations (EC50s) in laboratory and site 
waters, based on (A) the default BLM parameterization and (B) an optimized 
BLM. The BLM was optimized by first adjusting the sensitivity parameter 
(i.e., the median lethal accumulation of Cu on the biotic ligand) to improve 
the fit between BLM-predicted and observed laboratory water EC50 values 
(adjusted LASO= 0.057 nmol Cu/g wet wt). Then the reparameterized BLM 
was applied to measured site water chemistries after decreasing measured site 
water DOC concentrations by 57%. Solid line represents a perfect (1:1) fit; 
dashed lines are± 2-fold of the perfect fit. 

calibrate the BLM to the sensitivity of the organisms used in the 
WER toxicity tests. As an indication of the sensitivity of the 
LASO to the assumed DOC concentration in the laboratory 
waters, the LASO increased to 0.130 nmol Cu/g wet weight when 
the lower-bound assumed DOC concentration was 0.3 mg C/L 
and decreased to 0.0333 nmol Cu/g wet weight when the upper~ 
bound assumed DOC concentration was 0.7 mg C/L. 

However, that organism-sensitivity adjustment did not 
completely eliminate the bias in BLM-predicted ECSO values 
in the site waters. One possible explanation for this difference is 
the quality of DOC in site waters relative to the DOC used to 
calibrate the default BLM. Because the BLM overpredicted the 
ECSO values in site waters (even after adjusting the LASO value 
to optimize the laboratory water predictions), a way to decrease 
the predicted ECSO values is to proportionally decrease each 
sample's DOC concentration that is inputted into the BLM. In 
effect, this would increase the percentage of free Cu available to 
bind to the biotic ligand site(s), thereby decreasing the ECSO 
values. This approach has been applied previously for 
D. magna toxicity tests [21-23]. A similar approach was 
applied in the present study to determine the percentage of the 
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measured DOC concentration at which the geometric mean of 
the BLM-predicted ECSO/observed ECSO ratio of the site 
waters equaled 1.0. 

After adjusting the LASO downward to O.OS7 nmol Cu/g wet 
weight for an assumed 0.5 mg DOC/L in the laboratory waters 
and applying that LASO to the site water toxicity results, 
decreasing the measured DOC concentrations in the site waters 
by S7% (i.e., assuming only 43% of the DOC interacted with Cu) 
provided the optimized fit (r=0.97) of the BLM-predicted 
ECSO values compared with measured values (Figure 2B ). 
This is similar to the refined BLM model described by De 
Schamphelaere et al. [21,22], in which SO% of the DOC was 
considered to be active fulvic acid and thus the fraction of DOC 
that binds with Cu. As an indication of the sensitivity of that site 
water DOC-adjustment factor to the assumed DOC concentra­
tion in the laboratory waters, decreasing the measured DOC 
concentrations in the site waters by 71 % (i.e., assuming only 
29% of the DOC interacted with Cu) provided the optimized fit 
(r=0.97) of the BLM-predicted ECSO values compared with 
measured values when the DOC concentration in the laboratory 
waters was 0.3 mg C/L; decreasing the measured DOC concen­
trations in the site waters by 42% (i.e., assuming only S8% of the 
DOC interacted with Cu) provided the optimized fit (r = 0.97) of 
the BLM-predicted ECSO values compared with measured 
values when the DOC concentration in the laboratory waters was 
0.7mgC/L. Therefore, when one_is trying to determine how to 
parameterize the DOC in site waters for input into the BLM, 
it is important to determine the sensitivity (i.e., the LASO) of 
the toxicity-test organisms in a laboratory water that is well 
characterized (especially having a detectable DOC concentra­
tion) before adjusting the DOC inputs to the BLM. 

CONCLUSIONS 

The acute toxicity of Cu varied across site-specific water 
chemistries in a manner consistent with the current mechanistic 
understanding of Cu toxicity. Dissolved organic carbon 
concentration was the most significant predictor of Cu toxicity 
in the present study, but other water chemistry parameters were 
also significantly correlated with Cu toxicity, including the 
hardness/alkalinity ratio, alkalinity, total dissolved solids, and 
K+ concentration. A multiple-regression model developed 
from a combination of measured concentrations of DOC and 
alkalinity explained 8S% of the observed toxicity variability, 
thereby providing a strong predictive tool that can be applied to 
the WER procedure framework to address water chemistry and 
toxicity variability. 

Although the multiple regression derived for this site-specific 
scenario predicts D. magna ECSO values more accurately than 
the BLM-predicted ECSO values, the default BLM predictions 
were not excessively biased and were strongly correlated to 
observed toxicity values. After accounting for an approximately 
2-fold adjustment of the LASO needed to compensate for the 
apparent difference in sensitivity between the D. magna used in 
these toxicity tests and the composite D. magna used to calibrate 
the default Cu BLM, another factor of approximately 2 was 
needed to adjust the DOC concentrations of the site water. 
Therefore, the default Cu BLM predicted D. magna EC50 values 
reasonably well in the ambient site waters, but the site-specific 
regression model predicted the ECSO values considerably better 
than did the default BLM. However, because safety margins are 
incorporated into the derivation of criteria concentrations for 
metals (i.e., criteria concentrations are derived in an environ­
mentally conservative manner), these results do not necessarily 
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mean that BLM-based Cu criteria concentrations will not still be 
protective of aquatic life. 

SUPPLEMENTAL DATA 

Tables Sl-SS. 
Figures Sl-S3. (265 KB PDF). 
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