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1 Executive Summary 

Invasive quagga mussels (Dreissena bugensis) have impacted critical imported water 
systems in Southern California, which restricts the beneficial uses of affected reservoirs, 
rivers, streams, and recharge basins. A study entitled “Restoration of Local Recharge 
Sources from Invasive Dreissenid Mussels” (Study) was conducted to evaluate the 
efficacy of the molluscicide EarthTec QZ™ (active ingredient is copper sulfate 
pentahydrate) in controlling the veliger stage of quagga mussels, which is the larval 
stage when the quagga mussels are mobile. For the remainder of this report, quagga 
mussel veligers will be referred to as veligers. Veliger mortality was evaluated via 
bench-scale testing using veligers collected from three Southern California locations 
identified in Table 1-1 – Lake Piru, Lake Mathews, and Weymouth Water Treatment 
Plant (WTP). Lake Piru is a mix of State Water Project water and local run-off and Lake 
Mathews is Colorado River Aqueduct water. The Weymouth WTP receives untreated 
water from two sources: Colorado River water from Lake Mathews via the Upper Feeder 
and State Water Project (SWP) water from the East Branch of the SWP via the Rialto 
Pipeline or from the Upper Feeder via the Etiwanda Pipeline from the Rialto Pipeline. 
During this study, sampling at the Weymouth WTP was during periods of exclusive 
delivery of Colorado River water from Lake Mathews that had been chlorinated prior to 
entering the Upper Feeder. The travel time from Lake Matthews to the Weymouth WTP 
is approximately 8 hours. The same experimental conditions were used for each of the 
locations: a range of EarthTec QZ concentrations and exposure times at two different 
testing temperatures.   

Table 1-1. Sampling site location and owner 

Sampling Site Location Owner 

Lake Piru Ventura County, CA United Water Conservation District 
Lake Mathews Riverside County, CA Metropolitan Water District of Southern California 
Weymouth WTP La Verne, CA Metropolitan Water District of Southern California 

 

EarthTec QZ was able to produce 100% veliger mortality; however, several variables 
contributed to the efficacy of EarthTec QZ on veliger mortality, including EarthTec QZ 
dose, exposure duration, sampling location, and site-specific water quality. Veliger 
mortality was found to increase with both EarthTec QZ dose and exposure time. The 
veligers collected from Weymouth WTP exhibited the highest response to EarthTec QZ 
at lower concentrations and shorter exposure times, compared to the same conditions 
tested at Lake Mathews and Lake Piru. This is likely due to the cumulative exposure to 
chlorine and EarthTec QZ for the veligers collected from Weymouth WTP.   

The toxicity of EarthTec QZ to veligers from each test location was compared to that of 
non-target indicator organisms (water flea, rainbow trout, or fathead minnow) from all 
locations using a time-dose variable representing total exposure (Figure 1-1), presented 
in terms of hours x mg/L of copper. Non-target organisms were exposed to EarthTec QZ 
for 96 hours, following standard test methods for measuring the acute toxicity of 
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effluents and receiving water to freshwater and marine organisms (EPA-821-R-02-012, 
2002; EPA/600/4-90/027F, 1993). Water fleas and rainbow trout were very sensitive to 
EarthTec QZ and fathead minnows were the least susceptible. Veligers had similar 
sensitivity to EarthTec QZ as the water fleas and rainbow trout.  

The Study results can be applied to other Southern California waterbodies with high 
hardness values and similar alkalinity and DOC levels. Since variations of mortality 
results were observed, which were attributed to water quality parameters, it is 
recommended that site-specific field assessments be conducted to assess the 
appropriate dose and exposure time to achieve the desired mortality. During field 
treatment, veliger mortality should be monitored along with relevant water quality 
parameters – hardness, alkalinity, dissolved organic carbon, pH, dissolved oxygen, 
temperature, and ions. To limit exposure of EarthTec QZ and resulting toxicity to non-
target aquatic organisms, it is ideal to identify treatment configurations that allow for 
long exposure times to veligers with a low dose of EarthTec QZ (e.g., within an 
aqueduct or pipeline) prior to discharge to a lake, river, or stream.  

 

 

Figure 1-1. Mortality with cumulative exposure to EarthTec QZ (hours x mg/L copper) 
For veligers by location, plus water flea, rainbow trout, and fathead minnow (non-target indicator 
results for all locations combined).  
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Key lessons learned from the Study include the following: 

• Although a prior study with veligers exposed to EarthTec QZ in water from Lake 
Mead found 100% mortality at 3 µL/L EarthTec QZ with 30 minutes of exposure 
time, the 3 µL/L EarthTec QZ dose did not result in 100% veliger mortality with 
any of the southern California waters tested as part of this Study, even after 24 
hours of exposure time.  

• No tested concentration of EarthTec QZ achieved 100% veliger mortality with an 
exposure duration of 30 minutes. 

• The use of a 24-hour recovery period, during which veligers were exposed to 
clean water following each tested exposure duration with EarthTec QZ, allowed 
for improved determination of veliger mortality.  

• Lower doses of EarthTec QZ are safer for non-target aquatic organisms but 
require longer contact time to achieve high veliger mortality.     

2 Introduction 

The communities of Southern California rely heavily on water supplied from the 
Colorado River Aqueduct (CRA) and California State Water Project (SWP). These vital 
water supplies are conveyed hundreds of miles from their sources and stored within a 
network of reservoirs. Since 2007, invasive quagga mussels (Dreissena bugensis) have 
spread from Lake Mead in Nevada through the CRA system to many California lakes, 
reservoirs, and watersheds that receive raw water from the CRA. MWD implements 
quagga mussel controls on the CRA system, including chlorination, desiccation, and 
physical removal. Quagga mussels in the SWP system have been more limited, to-date, 
with detections in Pyramid Lake, Castaic Lake, and Lake Piru, as well as downstream 
rivers and streams.   

The presence of quagga mussels in imported water systems threatens the beneficial 
uses of the reservoirs, rivers, streams, and recharge basins. Key uses include providing 
habitat for aquatic species, recharging groundwater with local and imported water, 
storing local runoff, and facilitating flood control. The California Department of Fish and 
Wildlife (CDFW) requires impacted facilities to implement control strategies and 
complete monitoring to prevent the spread of invasive quagga mussels. Desiccation 
(allowing a basin or stream bed to dry) is the primary control method for quagga 
mussels, but this strategy can only be implemented on a small scale. Without a viable 
quagga mussel control strategy for rivers and reservoirs, the use of the imported water 
systems for valuable groundwater replenishment has been restricted. 

This Study, entitled “Restoration of Local Recharge Sources from Invasive Dreissenid 
Mussels” was conducted to evaluate the efficacy of the molluscicide EarthTec QZ 
(active ingredient is copper sulfate pentahydrate) for controlling quagga veligers 
(veligers for the remainder of this report), which are the larval stage of the mussels. Five 
rounds of bench-scale dose-response testing were completed between December 2019 
and July 2021 using veligers collected from three Southern California locations 
impacted by quagga mussels representing distinct water qualities (SWP with local 
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runoff, CRA, and combined impact of CRA water with pipeline chlorine treatment). For 
each round of testing, veligers were exposed to five concentrations of EarthTec QZ at 
two temperatures and mortality was evaluated over a range of hold times. This robust 
testing matrix allowed for comparison of veliger mortality based on EarthTec QZ 
concentration, exposure time, cumulative time-dose exposure, veliger size, and site-
specific water quality.   

In addition to assessing veliger mortality with exposure to EarthTec QZ, the Study also 
measured residual free and total copper for all test conditions along with other water 
quality parameters. Acute toxicity of EarthTec QZ to three non-target aquatic indicator 
species was also evaluated. Limiting the EarthTec QZ dose and residual total copper 
concentration is important if this treatment strategy is going to be viable for use on a 
larger scale. Residual copper levels must be compatible with the United States 
Environmental Protection Agency (USEPA) regulations for copper in drinking water, 
which include an action level of 1.3 mg/L as Cu and a secondary maximum contaminant 
level (sMCL) of 1.0 mg/L as Cu. The toxicity of EarthTec QZ in aquatic organisms is 
also an important consideration, as the imported water systems, associated reservoirs, 
and potential conveyance systems for recharge provide habitat for a variety of aquatic 
organisms.  

This Final Report provides an overview of the Study efforts, summarizes results and key 
findings, and puts these findings in context by identifying lessons learned and potential 
next steps. In addition, this document compares the costs incurred and funds distributed 
to support the Study with the planned budget. Finally, the project schedule is discussed, 
along with adjustments made over the course of the Study, and the tasks accomplished.   

Overall, EarthTec QZ was found to be effective in controlling veligers with exposure 
times of 24 hours or less. The efficacy of this treatment method varied as a function of 
the EarthTec QZ dose concentration, exposure duration, and site-specific water quality. 
Transitioning from the proof-of-concept bench-scale testing approach adopted for the 
Study, it is recommended to complete additional site-specific testing to optimize 
EarthTec QZ dosing and exposure times based on available full-scale treatment 
configurations (e.g., pipeline, basin, tank, lake).   

The Study was conducted by Trussell Technologies (Trussell), KASF Consulting, and 
Orange County Water District (OCWD). Funding was provided by the Metropolitan 
Water District of Southern California (MWD) Future Supply Actions Funding Program, 
along with project partners including OCWD, the Water Replenishment District of 
Southern California (WRD), the United Water Conservation District (UWCD), the Main 
San Gabriel Basin Watermaster, and the Central Basin Municipal Water District 
(CBMWD). Additional technical assistance and support were provided by CDFW and 
the California Department of Water Resources (DWR). As a member agency of MWD, 
the City of Santa Ana was involved as a partner with OCWD and thus the FSA funding 
agreement with MWD was between MWD and the City of Santa Ana.   
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3 Cost Summary  

Cumulative costs and funds disbursed (May 2019 through September 2021) associated 
with the original Study scope of work (testing at 4 locations) are summarized by invoice 
and task in Table 3-1. All project costs that are reported in Table 3-1 were incurred by 
Trussell and project partner KASF Consulting. The FSA funds were dispersed from 
MWD to the City of Santa Ana, then to the project team, and the totals are  summarized 
in Table 3-1. 

The originally planned budget that was funded through the FSA Funding Program with 
additional financial support from the aforementioned project partners included a single 
round of testing at four different locations. Challenges with scheduling in the first half of 
2020 related to Covid-19 restrictions precluded sampling from one of the original test 
locations, OCWD’s OC-28 turnout. The project team met with MWD to identify an 
alternative sampling location with representative water quality (chlorinated water from 
Lake Mathews) and Weymouth WTP was determined to be the most appropriate 
location. Both Weymouth WTP and OC-28 receive water from Lake Matthews with 
nearly the same travel time.  As a result, both locations are essentially equivalent 
having equal contact times with the chlorine dosage.  Since Weymouth WTP was 
already one of the project test locations, it was decided to complete another round of 
testing at both Weymouth WTP and the upstream Lake Mathews location in 2021. This 
resulted in five rounds of testing overall, which would allow for investigation of 
seasonality variability and variability of the quagga veliger size distribution. The fifth 
round of testing was funded separately by OCWD, WRD, Main San Gabriel Basin 
Watermaster and CBMWD, without additional funding from the FSA Funding Program; 
the associated costs from the fifth round of testing are thus not reflected in Table 3-1.    
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Table 3-1. Summary of project costs incurred and FSA funds dispersed 

 

Invoice No. 
18928009
Retention

Total Study 
Cost

Requested 
Metropolitan 

Funding 
Match

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Costs 
Incurred

Funds 
Disbursed

Funds 
Disbursed

Task 1: Evaluation 
of EarthTec QZ 
Veliger Treatment $154,180 $77,090 $71,039.09 $35,519.55 $6,504.82 $3,252.41 $500.00 $250.00 $36,935.93 $18,467.97 $3,747.09 $1,873.55 $9,352.50 $4,676.25 $200.00 $100.00 $25,865.72 $12,932.86 $154,145.15 $77,072.59 $77,072.59
Task 2: Toxicity 
Assessment $62,228 $31,114 $19,364.56 $9,682.28 $1,910.00 $955.00 $0.00 $0.00 $10,509.94 $5,254.97 $12,890.00 $6,445.00 $12,520.00 $6,260.00 $540.00 $270.00 $4,492.50 $2,246.25 $62,227.00 $31,113.50 $31,113.50
Task 3: Project 
Management $29,184 $14,592 $16,062.50 $8,031.25 $4,778.00 $2,389.00 $5,155.00 $2,577.50 $2,910.00 $1,455.00 $0.00 $0.00 $270.00 $135.00 $0.00 $0.00 $0.00 $0.00 $29,175.50 $14,587.75 $14,587.75
Subtotals $245,592 $122,796 $106,466.15 $53,233.08 $13,192.82 $6,596.41 $5,655.00 $2,827.50 $50,355.87 $25,177.94 $16,637.09 $8,318.55 $22,142.50 $11,071.25 $740.00 $370.00 $30,358.22 $15,179.11 $245,547.65 $122,773.84 $122,773.84
Retention @ 25% -$13,308.27 -$1,649.10 -$706.88 -$6,294.48 -$2,079.64 -$2,767.81 -$92.50 -$3,794.78 -$30,693.46 $30,693.46 $0.00
Totals $245,592 $122,796 $106,466.15 $39,924.81 $13,192.82 $4,947.31 $5,655.00 $2,120.62 $50,355.87 $18,883.46 $16,637.09 $6,238.91 $22,142.50 $8,303.44 $740.00 $277.50 $30,358.22 $11,384.33 $245,547.65 $92,080.38 $30,693.46 $122,773.84

Total Funds 
Disbursed 
(Invoice 

Totals plus 
Retention)

Cost Incurred and Funds Disbursed Thoughout the Duration of the Study

Invoice No. 
18928007
(2021 Q2)

Invoice No.
18928008
(2021 Q3)

Invoice Totals 

Note: Reported costs and anticipated disbursement for Invoice Nos. 18928005 through 18928009 have been submitted and are still under review as of the date of this Final Report, but are not anticipated to change.
            Invoice No. 18928002Rev2 Costs Incurred for Task 1 includes a $0.18 deduction due to a prior overcharge in Invoice No. 18928001Rev3.
            Invoice No. 18928005 Costs Incurred for Task 1 includes a $32.91 deduction due to a prior overcharge in Invoice No. 18928004.

Task No.

Cost Estimate
 from FSA Agreement 

between 
City of Santa Ana 
and Metropolitan

Invoice No.
 18928001Rev3

(2019)

Invoice No. 
18928002Rev2 

(2020 Q1)

Invoice No.
18928003
(2020 Q2)

Invoice No.
18928004
(2020 Q3)

Invoice No.
18928005
(2020 Q4)

Invoice No.
18928006
(2021 Q1)
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4 Schedule Summary 

This collaborative Study involved multiple meetings with various stakeholders, planning 
efforts for the veliger and non-target toxicity testing, permitting for collection of invasive 
quagga mussels, field sampling and testing, as well as reporting. A summary of the 
main project efforts and deliverables is provided in Table 4-1.   

Table 4-1. Summary of project efforts by task 

Project Effort Timing 
Task 1 Evaluation of EarthTec QZ Veliger Treatment 

Veliger Dose-Response Test Plan Q2 2019 
CDFW Scientific Collecting Permit Approval Q4 2019 
Lake Piru Testing Q4 2019 
Lake Mathews Testing, Part 1 Q3 2020 
Weymouth WTP Testing, Part 1 Q3 2020 
Draft Technical Memorandum 1 Q4 2020 
Lake Mathews Testing, Part 2 Q3 2021 
Weymouth WTP Testing, Part 2 Q3 2021 
Final Technical Memorandum 1 Q3 2021 

Task 2 Toxicity Assessment 
Non-Target Toxicity Test Plan Q2 2019 
Lake Piru Testing Q4 2019 
Lake Mathews Testing, Part 1 Q3 2020 
Weymouth WTP Testing, Part 1 Q3 2020 
Draft Technical Memorandum 2 Q4 2020 
Lake Mathews Testing, Part 2 Q3 2021 
Weymouth WTP Testing, Part 2 Q3 2021 
Final Technical Memorandum 2 Q3 2021 

Combined Task 1 and 2 Efforts 
Project Kickoff Meeting Q2 2019 
Stakeholder Review Meeting (Internal) Q2 2019 
FSA Funding Agreement Meeting Q1 2020 
Semi Annual Progress Report 2019 No. 1 Q1 2020 
Semi Annual Progress Report 2020 No. 1 Q3 2020 
Semi Annual Progress Report 2020 No. 2 Q1 2021 
Draft Final Report Q3 2021 
Final Report Q4 2021 

Task 3 Project Management 
Webinar Presentation of Final Report Q4 2021 

 

The Study schedule is provided in Table 4-2. Yellow shading represents the original 
schedule established in the Final Agreement between MWD and the City of Santa Ana, 
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and blue shading (or cross hatching where the original and actual schedules coincided) 
represents the actual timing of project activities.  

A Specific Use Scientific Collecting Permit is required by CDFW prior to collecting, 
transporting, or using quagga veligers in any tests. This effort was not anticipated as 
part of the original project planning, and testing was delayed until the permit was 
secured. The project team worked with CDFW to apply for this permit and provide the 
supporting documentation. The permit was finalized in November 2019, and the first 
round of testing at Lake Piru was completed in December 2019.    

As discussed in Section 3, testing planned for Lake Mathews, Weymouth WTP, and 
OCWD’s OC-28 turnout in quarter 2 of 2020 was delayed due to Covid-19 restrictions. 
The OC-28 turnout location was unavailable in fiscal year 2021, and the project team 
worked with MWD to identify Weymouth WTP as the most appropriate surrogate 
location for OC-28. Repeating the testing at Weymouth WTP was expected to also 
introduce some seasonal variability in the veliger size and water quality. Considering the 
benefit of the repeat testing, as well as the desired correlation of the veliger dose-
response for Weymouth WTP with the upstream, unchlorinated water from Lake 
Mathews, OCWD, WRD, Main San Gabriel Basin Watermaster and CBMWD funded 
one additional round of testing at Lake Mathews in July 2021. These additional 2021 
testing efforts delayed the development of the Final Report.   
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Table 4-2. Study schedule 
The original plan is indicated in yellow, with actual timing indicated in blue; where these period 
coincide, the shading is striped. 

Task Task Name 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr- 
Jun 

Jul-
Sep 

Oct-
Dec 

2019 2020 2021 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

1 Collect and compile 
available data                         

1 
Develop Draft Veliger 
Dose Response Test 
Plan 

                        

1 Stakeholder Review 
Meeting 1                         

1 Finalize Veliger Dose 
Response Test Plan                         

1 
Obtain Scientific 
Collecting Permit 
from CDFW 

                  
      

1 
Conduct Field 
Sampling/Dose 
Response Testing 

                        

1 Compile Results                         

1,2 

Semi-Annual Progress 
Report 2019 No. 1 
(May 2019 – 
December 2019) 

                        

1 Conduct Additional 
Sampling (If needed)                         

1,2 

Semi-Annual Progress 
Report 2020 No. 1 
(January 2020 – June 
2020) 

                        

1 Compile Season 2 
Results (If needed)                         

1 Stakeholder Review 
Meeting 2 (If needed)                         

1 
Prepare Draft 
Technical 
Memorandum 1 

                        

1 
Review Draft 
Technical 
Memorandum 1 

                        

1 Submit Final Technical 
Memorandum 1                         

1,2 

Semi-Annual Progress 
Report 2020 No. 2 
(July 2020 – 
December 2020) 

                        

2 Develop Toxicity Test 
Plan                         

2 Stakeholder Review 
Meeting 1                         
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Task Task Name 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr- 
Jun 

Jul-
Sep 

Oct-
Dec 

2019 2020 2021 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

2 Finalize Toxicity Test 
Plan                         

2 Conduct Toxicity 
Testing                         

2 Compile Results                         

2 Conduct Additional 
Testing (If needed)                         

2 Compile Season 2 
Results (If needed)                         

2 Stakeholder Review 
Meeting 2 (If needed)                         

2 
Prepare Draft 
Technical 
Memorandum 2 

                        

2 
Review Draft 
Technical 
Memorandum 2 

                        

2 Submit Final Technical 
Memorandum 2                         

1,2 Draft Final Report                         

1,2 Final Report                         

3 
Symposium 
Presentation of Study 
Findings 

                        

3 Project Management                          

 

5 Study Results and Analysis 

Three locations, indicated in Figure 5-1, were sampled over a two-year period of 
December 2019 to July 2021: Lake Piru, Lake Mathews, and Weymouth WTP. Lake 
Piru is managed by UWCD. This reservoir, located in Ventura County, CA, impounds 
storm flows from the Piru Creek watershed and supplemental imported SWP water 
supplied by DWR via Pyramid Lake. Lake Mathews, a reservoir located in Riverside 
County, CA owned and operated by MWD, is primarily used to store CRA water. Water 
from Lake Mathews is delivered into raw water pipelines that are dosed with chlorine for 
quagga mussel control. One location that receives chlorinated Lake Mathews water is 
MWD’s Weymouth WTP which is connected to the Upper Feeder pipeline (Figure 5-1). 
Testing was completed on samples from a) Lake Piru in December 2019, b) Lake 
Mathews in September 2020 and July 2021, and c) Weymouth WTP in September 2020 
and June-July 2021. 
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Figure 5-1. Map of Study sample locations in Southern California 

5.1 Susceptibility of Quagga Veligers to Earth Tec QZ 

Live quagga veligers and raw water were collected from each aforementioned location. 
Subsets of the collected veligers were placed in beakers with raw water for testing a 
range of EarthTec QZ doses, various exposure times, and two different temperatures 
(15°C and 20°C). The same test conditions were repeated using water from each 
location. The range of EarthTec QZ (ET) doses tested include 0, 3.0, 16.7, 33.4, 50.1 
µL/L (equivalent to 0, 0.18, 1.0, 2.0, and 3.0 mg/L as Cu). Copper ions are the active 
ingredient in EarthTec QZ that cause veliger mortality. Veliger mortality was evaluated 
with the Fast Green method (Stockton-Fiti and Claudi 2017) after 0.5, 2, 5, and 24 hours 
of exposure time (i.e., end mortality) for each EarthTec QZ dose and temperature 
condition. Directly following this count at the end of the exposure time, the veligers were 
placed in a beaker and exposed to raw sample water (without the addition of EarthTec 
QZ) for a 24-hour recovery period. A final mortality assessment was made at the end of 
the recovery time to allow for analysis of delayed mortality. The complete set of quagga 
veliger dose-response results from each location is summarized in a separate Technical 
Memorandum 1 (TM1) in Appendix A. The discussion in this Final Report is focused on 
significant trends and findings from TM1.  

In general, veliger mortality increased with EarthTec QZ dose at all sampling locations. 
Veliger mortality increased with exposure time to EarthTec QZ (see TM1 in Appendix A 
for individual site results). Recovery mortality results for all three locations were greater 
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than the corresponding end mortality assessment for each condition. Considering the 
objective of the study to characterize the impact of EarthTec QZ treatment on the 
quagga veligers, the recovery results are displayed in this Final Report; all data can be 
found in TM1 (Appendix A). Statistical analysis showed that EarthTec QZ concentration, 
exposure duration, and location were significant variables. Recovery mortality results for 
veliger dose-response test conditions are presented in Figure 5-2.   

Weymouth WTP veligers were the most susceptible to EarthTec QZ, exhibiting higher 
mortality in shorter times at lower concentrations (Figure 5-2) when compared with the 
corresponding results from Lake Piru and Lake Mathews. The results for the 16.7 µL/L 
EarthTec QZ dose (1.0 mg/L as Cu) test condition (see Figure 5-2 part B) are the main 
point of reference for assessing the efficacy of EarthTec QZ as a viable treatment 
strategy. This corresponds to the established drinking water limits for copper of 1.0 
mg/L as Cu. In the Weymouth WTP tests, greater than 85% mortality was achieved at 
the 5 hours of exposure at 16.7 µL/L EarthTec QZ. Mortality increased with exposure 
time and concentration beyond this condition. Veligers from Lake Mathews were not as 
susceptible to EarthTec QZ: greater than 70% mortality after 24-hour exposure time at 
16.7 µL/L EarthTec QZ (1.0 mg/L as Cu). Lake Piru only achieved approximately 30% 
mortality at the 24-hour exposure time at 16.7 µL/L EarthTec QZ (1.0 mg/L as Cu). The 
two higher concentrations tested, 33.4 and 50.1 µL/L EarthTec QZ, exhibited higher 
mortality and quicker response (Figure 5-2 parts C and D). 

Control condition veliger mortality was usually less than 20% with two exceptions for 24-
hour recovery (Figure 5-2, part A): Lake Piru at 20°C and Lake Mathews 2020 at 20°C. 
The control showed that there is a baseline mortality, which can increase with time for 
batch tests. Holding the veligers in beakers for 48 hours contributes to mortality 
regardless of EarthTec QZ dosing, so longer duration studies are not advisable without 
flowing water. The lowest dose tested was 3 µL/L EarthTec QZ. Although this condition 
achieved high mortality (>85%) in the Weymouth WTP samples at 24 hours of 
exposure, the Lake Mathews and Lake Piru samples did not exhibit significant 
increased mortality when compared with the control. For this reason, the 3 µL/L 
EarthTec QZ results are not presented in Figure 5-2. Additional discussion of the 3 µL/L 
EarthTec QZ experimental results is provided in Section 6 (Figure 6-1). 
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Figure 5-2. Veliger dose-response mortality  
Standard deviation bars for the 24-hour recovery (Recov) measurement for each test condition from Lake Piru (LP), Lake Mathews (LM) in 
2020 and 2021, and Weymouth WTP (WW) in 2020 and 2021 at the two test temperatures (15 & 20℃). (A) 0 µL/L control mortality; (B) 
16.7 µL/L EarthTec QZ; (C) 33.4 µL/L EarthTec QZ; (D) 50.1 µL/L EarthTec QZ. 

A. A
 

C
 

B. 

D. 
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The water quality while testing was suitable for veliger survival. As expected, the pH 
decreased with increasing EarthTec QZ concentration. The free and total copper 
concentrations increased with increased EarthTec QZ concentration. Over the 24-hour 
exposure time for each experimental condition (EarthTec QZ dose and temperature), 
copper concentrations decreased but were still within 20% of the initial dosed 
concentration for all sampling locations. The water at Weymouth WTP represents CRA 
water from Lake Mathews that had been exposed to free chlorine during the 
approximate 8 hours of travel time within the Upper Feeder pipeline (chlorine is dosed 
at the pipeline inlet, as the water leaves Lake Mathews). The measured residual 
chlorine levels in the Weymouth WTP influent samples were very low (0.07 mg/L), 
consistent with levels measured from Lake Mathews samples (0.06 mg/L); these levels, 
which approach the method detection limit (0.02 mg/L), are expected to be related to 
interferences from other ions in the water and not residual oxidant.   

Further analysis was completed on the veliger mortality data to look for significant 
trends. The recovery mortality data was used to perform linear regression modeling. In 
order to get the data to fit normality assumptions, the recovery mortality was 
transformed with a square root of the arcsine value of the recovery mortality. Linear 
regression modeling showed that concentration, duration, and location were significant 
variables. For simplicity, the copper concentration of each dose was multiplied by the 
testing duration to get a time-dose variable (Table 5-1). Testing temperature (15 or 
20°C) and year conducted were not significant variables in mortality results, therefore 
results were combined for each location to get a simplified model with a good fit (linear 
regression fit of r2=0.91) (Figure 5-3).  

Veligers collected from Weymouth WTP had the highest mortality and quickest 
response. Veligers from Lake Mathews were not as susceptible to the copper: longer 
times and higher concentration required to achieve close to 100% mortality. Similarly, 
Lake Piru water veligers were less susceptible to copper.  

 

Table 5-1. Time-Dose variable calculation  
Units are hours of exposure duration multiplied by concentration of EarthTec QZ as Cu (h*mg/L 
Cu) 

Concentration as EarthTec QZ (as Cu) 
Duration (hours) 

0.5 2 5 24 
3 µL/L (0.18 mg/L) 0.09 0.36 0.9 4.32 
16.7 µL/L (1 mg/L) 0.5 2 5 24 
33.4 µL/L (2 mg/L) 1 4 10 48 
50.1 µL/L (3 mg/L) 1.5 6 15 72 
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Figure 5-3. Veliger mortality for cumulative exposure to EarthTec QZ  
Standard deviation bars for each sample location combine all temperatures and years tested.  

5.2 Susceptibility of Non-targets to EarthTec QZ 

Large volumes of water were collected from each test location and delivered to Aquatic 
Bioassay and Consulting Laboratories (ABC Labs) in Ventura, CA to conduct acute 
toxicity testing on three non-targeted indicator species: water flea (Ceriodaphnia dubia), 
rainbow trout (Oncorhynchus mykiss), and fathead minnow (Pimephales promelas).  

ABC Labs completed acute toxicity tests using guidelines prescribed in Methods for 
Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and 
Marine Organisms (EPA-821-R-02-012, 2002; EPA/600/4-90/027F, 1993), where the 
indicator species are exposed to the test water (sample water collected a given test 
location and spiked with the selected dose of EarthTec QZ) and evaluated over a 96-
hour exposure period. This testing was completed in parallel with the dose-response 
veliger testing. Each round of toxicity testing utilized the same site-specific water and 
EarthTec QZ stock that was used during the veliger dose-response testing and results 
are presented in Technical Memorandum 2 (TM2) in Appendix B. The selected 
EarthTec QZ doses used for the acute toxicity testing were determined based on the 
most effective dose identified from the preliminary veliger dose-response results for 
each location. 

For all sampling locations, the water flea was the most susceptible to EarthTec QZ 
(Figure 5-4). One round of testing with the Weymouth WTP influent water reported 0% 
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mortality for the 8.35 and 16.7 µL/L EarthTec QZ (0.5 and 1.0 mg/L as Cu), but test 
condition repeats demonstrated 100% mortality which caused the large standard 
deviation bars. The reason for the discrepancy between the two tests is unknown: 
possible hypotheses include different size classes of test subjects used, laboratory error 
(though ABC Labs provided quality assurance/quality control (QA/QC) review and did 
not identify any deviation from their protocol), or water quality differences. The chlorine 
for the 2021 testing at Weymouth WTP was higher than in 2020 and the water flea test 
subjects are very sensitive to chlorine exposures (the lethal concentration for 50% of the 
sample population (LC50) for free chlorine species hypochlorous acid and hypochlorite 
ion are 0.14 mg/L and 0.08 mg/L, respectively (Taylor 1993)). The repeated test results 
with 100% mortality were used to provide conservative estimates for evaluating 
EarthTec QZ toxicity for the non-target indicator species.  

Rainbow trout were very sensitive to Earth Tec QZ concentrations (Figure 5-4). All 
sample locations had the same mortality curves. Fathead minnows were not as 
sensitive to copper as EarthTec QZ (Figure 5-4). In Lake Mathews and Weymouth WTP 
water, there was little to no mortality observed even at 16.7 µL/L EarthTec QZ or 1.0 
mg/L as Cu. In Lake Piru water 42.5% mortality was observed at 16.7 µL/L EarthTec QZ 
(1.0 mg/L as Cu). However, it should be noted that Lake Piru water had an initial copper 
concentration of 0.15 mg/L (Table 5-2) whereas Lake Mathews and Weymouth had an 
initial copper concentration of 0.01 mg/L. This could have increased the dose of copper 
to 1.15 mg/L, which could be a tipping point in the toxicity to fathead minnows given the 
Lake Piru water quality. 

The difference in acute toxicity response observed between the two different waters can 
potentially be further explained by the differences in water quality that affect the 
bioavailability of metals in water as well as competitive ions. Copper toxicity in fish can 
be predicted using the biotic ligand model which uses a wide array of water quality to 
predict bioavailability and toxicity: pH, dissolved organic carbon (DOC), ions, alkalinity, 
and temperature (USEPA 2016). As discussed in Section 5.3, these water quality 
parameters affect the chemical composition of copper in the water and determine the 
bioavailability. For example, alkalinity, pH, hardness, and anions affect the saturation 
indices for copper and the percentage of total copper existing in dissolved form. It has 
been demonstrated that copper toxicity decreases when pH and hardness increase 
(Welsh et al. 1995). Meanwhile, other cations, especially sodium, can compete with free 
copper ions for binding sites in the gills of fish (Nelson et al., 1986; Welsh et al. 1995, 
Parametrix and HydroQual 2006; USEPA 2016). In other studies conducted by KASF 
Consulting, sodium levels in Lake Piru in 2019 were lower (65 mg/L) than those 
measured in Colorado River water (100 mg/L) in 2015. While sodium measurements 
were not included in this study, the higher sodium concentration for Lake Mathews and 
Weymouth WTP should have provided more protection from the copper toxicity. The 
suite of water quality for predicting toxicity with the biotic ligand model was not 
measured for the tests; however, the water quality clearly affects copper toxicity and 
could be the reason for the difference in Lake Piru fathead minnow mortality.   
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Figure 5-4. Average acute toxicity for (A)water flea; (B)rainbow trout; and (C)fathead 
minnow with EarthTec QZ following 96=hour exposure durations  
Standard deviation bars for each sample location combine all acute toxicity results.  

A. 

B. 

C. 
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The acute toxicity tests were 96-hour exposure durations for the water flea, rainbow 
trout, and the fathead minnow. To obtain a similar metric to compare the veliger 
mortality, the exposure time was multiplied by the EarthTec QZ concentration as mg/L 
of copper tested to obtain a time-dose variable. Mortality is correlated with cumulative 
EarthTec QZ exposure in Figure 5-5 for veligers from each test location (data from each 
temperature condition is combined) and for all non-target indicator species (combined 
data from all locations) for exposures of up to 100 h*mg/L. 

 
Figure 5-5. Mortality with cumulative exposure to EarthTec QZ 
For veligers by location, plus water flea, rainbow trout, and fathead minnow (non-target indicator 
results for all locations combined).  

Higher veliger mortality was observed in Weymouth WTP water with lower cumulative 
exposure (e.g., shorter time exposure, lower EarthTecQZ dose, or both) to EarthTec QZ 
relative to the exposure required for similar mortality levels in the water flea, rainbow 
trout, or fathead minnow (Figure 5-5). In Lake Mathews water, the veligers had 
approximately the same mortality rate as the water flea and died with lower EarthTec 
QZ exposure relative to the rainbow trout and the fathead minnow. Veligers in Lake Piru 
survived at a higher rate relative to the water flea and rainbow trout (above 24 h*mg/L 
exposure), but had higher mortality with lower exposure compared to the fathead 
minnow. This time-dose assessment allowed for a broad comparison of the impact of 
EarthTec QZ exposure on both the veligers and non-target indicators, given the 
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differences in experimental setup; the veliger exposure times were limited to 24 hours, 
while the non-target indicators were all tested using a 96-hour exposure time. Further 
testing of co-mortalities of veligers and the non-target indicators is recommended using 
a wider range of EarthTec QZ exposures with field-based test methods, such as a 
mesocosm (e.g., pilot-scale water enclosure system adjacent to treatment site), to 
better replicate expected full-scale conditions.   

5.3 Raw Water Quality 

Raw water quality was measured for each veliger collection and acute toxicity sampling 
event. Many of the water quality parameters were the same for Lake Mathews and 
Weymouth WTP, which was expected since Weymouth WTP influent water is the 
chlorinated water downstream of Lake Mathews (Table 5-2). Background copper levels 
were higher at Lake Piru compared to Lake Mathews and Weymouth WTP. Chlorine 
levels were also higher in Lake Piru water, but this could have been due to interferences 
in testing or residual levels from washing the test vials with tap water. Copper and 
chlorine levels did not impact veliger results but in some instances were high enough to 
impact the acute toxicity results. Dissolved oxygen, conductivity, and pH were at levels 
suitable for organism growth and survival. Oxidation reduction potential (ORP) was 
consistent for all samples.  

The alkalinity of Lake Piru (mean=171 mg/L as CaCO3) was higher than Lake Mathews 
and Weymouth WTP (mean=126 mg/L as CaCO3), which indicated that Lake Piru water 
was able to buffer more of the effects of the addition of EarthTec QZ (a very acidic 
compound). Hardness measurements were also highest for Lake Piru (mean=315 mg/L 
as CaCO3). Tests conducted in June 2021 for Lake Mathews and Weymouth WTP had 
higher hardness measurements (mean=278 mg/L as CaCO3) than sampling 2 weeks 
later in 2021 (mean=182 mg/L as CaCO3). Water from the 2020 sampling events had 
the lowest hardness (mean=143 mg/L as CaCO3). Calcium competes with copper for 
binding sites in low hardness waters but is not a factor in waters that are considered 
hard like both Lake Piru and Lake Mathews waters (Parametrix and HydroQual 2006). 
DOC levels were different by location, with the highest levels measured at Lake Piru 
(Table 5-2). Chemical oxygen demand (COD) varied widely, and no trend was apparent.  

Researchers have shown that along with calcium, other competing cations such as 
magnesium, sodium, and hydrogen, as well as complexing ligands (DOC, OH-, Cl- and 
CO32-) decrease the toxicity of copper as their concentrations increase in natural waters 
(Parametrix and HydroQual 2006). Alkalinity can affect copper by changing which 
complex is bioavailable (Parametrix and HydroQual 2006). When the water quality 
parameters were put into the veliger logistic regression model, alkalinity, DOC, and 
COD were important variables, but hardness was not a significant factor in the model. 
Water quality was an important factor in determining the toxicity of EarthTec QZ to 
veligers. Lake Piru water quality was different from Lake Mathews water, especially the 
alkalinity and DOC measurements.  
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Table 5-2. Raw water quality  
Readings from each sample location at the time of veliger testing.  
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Location Year Temperature 
Condition mg/L mg/L mg/L mV mg/L μS/ 

cm 
pH 
unit 

mg/L as 
CaCO3 mg/L mg/L 

Lake  
Piru 

Raw Water Quality 

2019 15ºC Tests 0.15 0.14 0.08 210.4 10.45 927 8.43 187 314 5.33 10.00 

20ºC Tests* 0.16 0.16 0.12 191.9 8.88 913 8.25 154 316 5.05 5.65 

Lake 
Mathews 

Raw Water Quality 

2020 15ºC Tests 0.02 0.02 0.02 212.5 7.57 946 8.18 115 138 3.01 4.67 
19ºC Tests 0.01 0.01 0.02 245 8.08 937 8.20 115 142 2.95 5.69 

2021 15ºC Tests 0.00 0.00 0.01 185.6 8.46 950 8.24 138 281 2.98 4.65 

20ºC Tests 0.00 0.00 0.00 208.2 8.34 957 8.29 135 178 2.91 3.30 

Weymouth 
WTP 

Raw Water Quality 

2020 

15ºC Tests 0.01 0.01 0.04 214 8.27 944 8.02 119 150 4.09 8.50 
20ºC Tests 0.00 0.00 0.07 223.5 8.14 941 8.13 121 139 4.19 8.24 

Additional Sampling 
** 0.02 0.02 0.05 211 8.19 955 8.12 119 145 4.05 7.88 

2021 15ºC Tests 0.02 0.03 0.10 195.6 8.69 969 8.18 137 275 3.01 4.46 

20ºC Tests 0.00 0.00 0.02 218.2 8.34 961 8.28 135 186 3.12 4.86 
*Some parameters may be different from normal as it was raining during the sampling and testing period. 
** Re-sample of Weymouth WTP influent for acute toxicity testing with 3 µL/L EarthTec QZ. This water was not used for veliger testing. 
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While working with the samples, we observed that the larger sized veligers were taking 
longer to succumb to the toxic effects of copper and many of these larger sized veligers 
were still alive during the final readings. Each sample collection was evaluated to 
determine the proportion of the four veliger size classes (i.e., D-shaped, small umbonal, 
large umbonal, and pediveliger) present, as indicated in Table 5-3. Samples taken 
during the same week from a given location were combined. The size distributions from 
all of the sample collections were then ranked by size class to compare the overall 
veliger sizes among the different sample collections. The ranking system assigned 
lower numerical values to a sample collection with higher proportions of larger sized 
veligers. The two larger size classes (i.e., pediveliger and large umbonal) were ranked 
from the location where they were most abundant to least (1 to 8). The opposite 
approach was used for the smaller two size classes (i.e., small umbonal and D-shaped), 
where the ranking values indicated least abundance to most (1 to 8). The scores for 
each sample collection were added and then ranked from A (lowest value) to H (highest 
value). This showed which samples had a relatively higher proportion of large veligers 
compared to those containing small veligers (Table 5-3).  

Table 5-3. Size class distribution of veligers used in testing  
Each sample site was ranked by density of large veligers to small veligers.  

Sample Site 

Size Class 
Rank 

(score wt) D-shaped  
(50-150 µm) 

Small 
umbonal 

 (150-250 µm) 

Large 
umbonal 

 (200-350 µm) 

Pediveliger 
(350-500 µm) 

2021 Lake Mathews 
(20°C) 32% 18% 38% 11% A (8) 

Lake Piru  
(15 & 20°C) 45% 15% 20% 20% B (9) 

2021 Lake Mathews 
(15°C) 52% 22% 23% 3% C (16) 

2021 Weymouth 
WTP (15°C) 74% 8% 17% 2% D (17) 

2020 Lake Mathews 
(20°C) 50% 30% 15% 5% E (20) 

2021 Weymouth 
WTP (20ºC) 53% 25% 22% 1% F (22) 

2020 Weymouth 
WTP (15 & 20°C) 80% 15% 3% 2% G (23) 

2020 Lake Mathews 
(15°C) 75% 20% 4% 1% H (26) 

 

Veligers in Lake Mathews during the 2021 sampling event for the 20ºC test conditions 
had the most abundant amount of the largest size classes and had a very similar veliger 
size class distribution to Lake Piru. The veliger mortality for this sampling event was 
lower than the other Lake Mathews events, and more consistent with the low mortality 
achieved in the Lake Piru testing (Figure 5-6). This trend was also observed with the 



Final Report: Quagga Mussel Evaluation 

Trussell Technologies, Inc. | KASF Consulting      Page 26 of 35 

test sites containing mostly small veligers, where the smallest veligers utilized during 
testing were from the 2020 Lake Mathews sampling event for the 15ºC test conditions 
and the mortality was similar to the Weymouth WTP results (Figure 5-6).  

 
Figure 5-6. Veliger mortality with exposure to EarthTec QZ 
Standard deviation bars combine all temperatures and years tested for Lake Piru and Weymouth 
WTP. Lake Mathews veliger mortality with standard deviation bars was not combined by 
temperature or sampling year.  

The simplest and best fitting model showed that mortality was a function of location, 
concentration, and exposure duration. The location variable could be replaced with the 
alkalinity and DOC. Additionally, adding in veliger size class helped explain some of the 
variation in the model, but increased the complexity of the model.  

5.4 Study goals and objectives 

The study goals and objectives were to evaluate the effectiveness of EarthTec QZ, an 
EPA–registered molluscicide for prevention and control of quagga and zebra mussels, 
in Southern California water. 

EarthTec QZ was effective in reducing the number of live veligers in all systems treated. 
Veliger mortality increased with increased concentration of EarthTec QZ and with 
increased duration of exposure. The water that had the highest mortality was the 
chlorinated Lake Mathews water sampled at Weymouth WTP. The lowest mortality per 
concentration and duration was observed in veligers from Lake Piru. Alkalinity and 
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dissolved organic carbon were significant water quality factors in influencing the toxicity 
of EarthTec QZ in the hard waters of Southern California.   

5.5 Major problems in achieving study goals and objectives 

There were two major problems that were encountered while conducting this study. The 
first was the impact of Covid-19 on the sampling schedule and the second was 
obtaining enough veligers at Lake Mathews in 2020.  

Covid-19 stay at home orders and associated restrictions delayed sampling events at 
Lake Mathews, Weymouth WTP, and OCWD’s OC-28 turnout (original location) from 
May or June 2020 to September 2020. Testing was completed at the original study 
testing locations, with the exception of OC-28 turnout. The study was designed with the 
intention of correlating the dose-response efficacy of EarthTec QZ at Lake Mathews 
with that of two downstream locations. Water from Lake Mathews is chlorinated prior to 
entering pipelines supplying both OC-28 and Weymouth WTP. Considering the 
connection of these water supplies, the Study aimed to correlate testing from Lake 
Mathews with the two downstream locations – OC-28 turnout and Weymouth WTP 
influent. Testing these three locations in a series would have allowed for comparison of 
the effects of EarthTec QZ with and without chlorine exposure. However, due to prior 
budgeting, OCWD only had access to Lake Mathews water at the OC-28 turnout 
through June 2020, and not during the 2021 fiscal year (July 2020 – June 2021). Given 
the similarity in travel time from Lake Matthews to Weymouth WTP and Lake Mathews 
to OC-28, the Weymouth WTP results would be expected to be the same at OC-28.   

Samples of quagga veligers were initially collected at Lake Mathews on September 3, 
2020 for the 20°C dose-response testing with EarthTec QZ. However, veliger densities 
were too low to provide greater than 50 veligers per testing replicate and the control 
mortality was greater than 50% for all exposure durations. An additional sampling and 
subsequent testing event was conducted on September 18, 2020 at deeper depths 
which yielded a higher veliger density acceptable for dose-response testing. These 
results were originally labeled as 19°C to avoid confusion with the initial 20°C results 
that had high mortality in the control group. In the summary of the data, the initial 20°C 
results were removed from the analysis and discussion; the complete results are 
available in TM1 in Appendix A. 

5.6 Application of study to other areas of the region 

EarthTec QZ was effective in reducing the number of live veligers in all systems treated. 
This copper treatment was most effective after the veligers had been exposed to 
chlorine between Lake Mathews and Weymouth WTP. EarthTec QZ treatments were 
less effective on veligers collected in Lake Piru, which had higher alkalinity and DOC 
measurements, and a large variety of veliger size classes present.  
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These results can be applied to other waterbodies within Southern California that have 
high hardness values and similar alkalinity and DOC levels, but site-specific testing 
would be required to assess the appropriate dose and exposure time to achieve the 
desired mortality. Some deviations from the results are expected if applied in other 
waterbodies because copper toxicity is influenced by high alkalinity levels and dissolved 
organic carbon levels. These parameters also change with seasons, as we observed 
different values among different sampling events at the same location with seasonally 
variable mortality curves. Though we did see seasonal variation in mortality results, the 
variability was only about 15%.  

This Study evaluated veliger toxicity at a bench-scale level that has its own limitations 
when comparing it to a field application. Veligers collected from each study location 
were filtered to remove large non-target organisms and represent a size range of 50-
500 micrometers. Likewise, the sample waters used for the beaker tests were filtered to 
remove particles above 10 micrometers. If the organisms that were between 10 and 40 
micrometers or larger than 500 micrometers were present, then the efficacy of the 
EarthTec QZ on the veligers may be lower because these organisms could uptake 
copper, making it less bioavailable. This would be monitored by measuring and 
comparing the residual copper at the end of the exposure duration, which if true would 
be less than found in these study results. As discussed in conjunction with the results 
from the control conditions, natural veliger mortality increased with residence time in the 
test beakers, which will obscure the results for test conditions after approximately 48 
hours. Utilizing a mesocosm set up or a flow-through apparatus to test site-specific 
conditions (dose and exposure time) is recommended to optimize the potential use of 
EarthTec QZ for controlling veligers at each candidate location.  

Copper is regulated by the State Water Resources Control Board Division of Drinking 
Water in California and has a secondary maximum containment level of 1.0 mg/L (State 
of California 2018). This will regulate the maximum dose of copper to be used in 
treatments of imported water supplies. If locations around Southern California were to 
use EarthTec QZ, they could expect similar results to this study (Table 5-4). For 
example, if EarthTec QZ was applied to the water at OC-28 at a dosage of 16.7 µL/L 
EarthTec QZ dosage (1.0 mg/L as Cu), then we would expect mortality results similar to 
what we observed in the Weymouth WTP testing. This would be applicable when OC-28 
is receiving MWD’s CRA water.  
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Table 5-4. Average percent veliger mortality observed at each location 
Data presented for 16.7 µL/L EarthTec QZ dosage (1.0 mg/L as Cu) with standard deviation.  

Location 
Exposure Duration (hours) 

2 5 24 

Lake Piru Not Assessed 1.7 (±0.6)% 32.4(±10.9)% 

Lake Mathews 37.0(±14.5)% 49.4(±16.0)% 91.2(±6.8)% 

Weymouth WTP 65.6(±10.0)% 93.6(±6.0)% 99.8(±0.5)% 

6 Conclusion 

EarthTec QZ is an effective tool to use in Southern California waters to achieve high 
mortality of quagga mussel veligers. EarthTec QZ effectiveness is driven by bioavailable 
copper ions in the water which is affected by hardness, alkalinity, and DOC. EarthTec 
QZ was more toxic to veligers in water that had previously been exposed to a chlorine 
treatment. EarthTec QZ is also toxic to non-target species, including water fleas and 
rainbow trout. This study showed that fathead minnows are impacted less by the toxicity 
of EarthTec QZ.  

The design of this Study allowed for comparison of multiple variables expected to 
potentially influence the toxicity of EarthTec QZ. Temperature was not an explanatory 
factor in determining mortality, however, using a broader range of temperatures could 
be considered if a treatment were to be applied at temperatures outside of the range 
included in the study, such as at 25 to 30°C. COD did not correlate to mortality of 
veligers and was not found to be a parameter of interest. The size distribution of the 
veligers correlated with mortality differences for an individual sampling location (Lake 
Mathews). Small veligers succumbed quickly to the toxic effects of EarthTec QZ, but the 
larger veligers (pediveligers) were still alive at the end of both the treatment duration 
and the recovery period.  

6.1 Lessons Learned 

We found that it was important to add in a recovery period after the exposure duration to 
determine final mortality. During the Study, we observed veligers that were moving 
slowly and bloated, but were not stained green with the Fast Green dye used to 
determine veliger mortality. With the additional 24 hours of exposure to clean water, the 
veligers succumbed to the toxicity and were confirmed dead.  

An example of how a recovery period would work in a field application would be as 
follows. OC-28 could be treated with EarthTec QZ at the inlet area for a 5-hour 
exposure duration, and then the treated water could be mixed with either reclaimed 
water or Santa Ana River water (which is veliger and copper free water), and the 
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expected mortality of veliger would be around 94% (Table 5-4) instead of 58% mortality 
without a recovery period. This post-treatment dilution is also expected to be beneficial 
for reducing the impact of EarthTec QZ on non-target aquatic species present in natural 
systems (e.g., Santa Ana River) and reducing the residual copper concentration.  

One of the initial EarthTec QZ studies found that 100% veliger mortality occurred in 30 
min at 3 µL/L EarthTec QZ (Watters et al. 2013). This Study did not achieve these 
results in any of the waters tested. The water used in the Watters study was Colorado 
River water at Lake Mead fish hatchery. Lake Mathews receives the same water 
downstream of this location. Our results did not obtain 100% mortality with a dosage of 
3 µL/L EarthTec QZ even after a 24-hour exposure duration (Figure 6-1). Additionally, 
no tested concentration of EarthTec QZ achieved 100% morality with an exposure 
duration of 30 min (Figure 5-2).  

 
Figure 6-1. Mortality of quagga mussel veligers for 3 µL/L EarthTec QZ. 
Data presented for mortality measured at the end (End) of each exposure time and after a 24-hour 
recovery (Recov) period with no additional exposure to EarthTec QZ. 

6.2 Next Steps of the Study 

The data from this Study can be used as a baseline to conduct full scale field 
treatments, but site-specific assessments would be required to assess the appropriate 
dose and exposure time to achieve the desired mortality for each particular site. Utilizing 
a mesocosm set-up or a flow-through apparatus to test site-specific conditions to 
determine dose and exposure time is recommended to optimize the potential use of 



Final Report: Quagga Mussel Evaluation 

Trussell Technologies, Inc. | KASF Consulting      Page 31 of 35 

EarthTec QZ for controlling veligers at each candidate location. Site-specific testing 
should also evaluate potential effects on non-target organisms related to full-scale 
treatment, in coordination with CDFW and other regulators. During field treatment, 
veliger mortality should be monitored along with relevant water quality parameters – 
hardness, alkalinity, dissolved organic carbon, pH, dissolved oxygen, temperature, and 
ions. Data from a field study will be useful for more broadly assessing full-scale 
implementation of a chemical control method for quagga, such as EarthTec QZ.  

Since this Study did not include all the organisms present in the water from each test 
location, site-specific testing prior to large scale testing is recommended. In this study 
the organisms between 10 and 50 micrometers and those larger than 500 micrometers 
were excluded in the veliger testing. Additionally, the acute toxicity data did not show 
the full impact of an EarthTec QZ treatment because testing water was filtered and 
represented only organisms less than 10 micrometers, in addition to the indicator 
species. Moreover, the treatment duration was 96 hours at full copper dosage. As such 
the results may not be representative of full-scale field treatment for these locations. 
The organisms that were not present in our study could have the potential of reducing 
the bioavailability of copper and decreasing the effectiveness of EarthTec QZ; and to 
make it as effective as our Study results, longer exposure durations or higher 
concentrations at the point of dosing may be required.  

Additional studies that evaluate the extent of copper decay with a wide range of 
organisms present and/or similar to prospective treatment locations is recommended to 
fully understand EarthTec QZ’s effect in the environment. This data would then be used 
to determine what type of remediation could be needed after EarthTec QZ treatment in 
locations with short exposure durations. If there are organisms that reduce the 
bioavailability of copper in the environment, then a high dose, short duration use of 
EarthTec QZ could be considered and not be toxic to other more sensitive organisms. 
For example, dosing EarthTec QZ in an aqueduct or pipeline may be acceptable, as 
long as the residual copper and toxicity to sensitive aquatic species no longer remains 
once the water is discharged into a downstream lake or river. 

In a site-specific study, the toxicity to non-target aquatic organisms of concern would 
need to be evaluated. Part of the evaluation should include consideration of the size 
class of non-target organisms, as the small size classes are used in acute toxicity 
testing and are the most susceptible to a toxicant. In Hammond and Ferris (2019) no 
non-target mortality was observed, and zooplankton densities returned to high densities 
after treatment.  

Finally, the data showed that low doses of EarthTec QZ work as well as higher doses, 
but longer exposure times are needed to obtain the same mortality. The field results and 
current practices of using EarthTec QZ in the Midwest show that low doses of 0.5 mg/L 
as Cu are effective at reducing and removing quagga mussels in lotic systems, but the 
treatment duration is weeks to a month (Hammond and Ferris 2019). Further site-
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specific evaluation of the use of lower EarthTec QZ is recommended, with correlation of 
water quality.  
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1 Introduction 
1.1 Background 

Since their discovery in the Colorado River system in January 2007, Quagga mussels 
(Dreissena bugensis) have rapidly spread through the Metropolitan Water District of 
Southern California’s (MWD’s) Colorado River Aqueduct (CRA) and have been detected 
at many sites in California. The presence of this invasive species presents a barrier to 
the use of imported water and storm water for groundwater replenishment. Considering 
these challenges, the City of Santa Ana proposed a study entitled “Restoration of Local 
Recharge Sources from Invasive Dreissenid Mussels” to MWD’s Future Supply Actions 
Funding Program. The Study was conducted by Trussell Technologies (Trussell), KASF 
Consulting, and Orange County Water District (OCWD), with support from project 
partners including the Water Replenishment District of Southern California (WRD), the 
United Water Conservation District (UWCD), the Main San Gabriel Basin Watermaster, 
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and the Central Basin Municipal Water District (CBMWD). Although not directly 
contributing financially to the study, the California Department of Fish and Wildlife 
(CDFW) and California Department of Water Resources are supporting the Study by 
providing technical review and assistance. 
 
1.2 Study Description 

The purpose of the Study was to evaluate a potential treatment method, other than 
desiccation, for use in eradicating quagga mussel infestations as well as preventing the 
spread of this invasive species.  
 
Trussell led the Study in partnership with KASF Consulting, a firm specializing in 
quagga mussel sampling, identification, and testing. The Study evaluated the 
effectiveness of EarthTec QZ™1 for control of quagga mussel veligers (the mussel’s 
final larval stage). A fourth location, OCWD’s OC-28 turnout at Anaheim Lake, was 
originally planned but later eliminated based on scheduling issues and identification of a 
surrogate location. The Study included testing with samples collected from multiple 
locations, to allow the project team to evaluate the impact of site-specific water quality 
on the performance of EarthTec QZ.  
 
The following objectives were evaluated at each testing location: 

1. Quagga veliger dose-response testing with EarthTec QZ 
2. Toxicity assessment of EarthTec QZ with non-target species 

 
The purpose of this technical memorandum ™ is to describe the results of Objective 
#1. 
 
2 Schedule Summary 

The status of veliger dose-response tests completed at each testing location is 
summarized in Table 2.1. 
 
 
 
 
 
 
 
 
 
 

 
1 EarthTec QZ® is registered with the United States Environmental Protection Agency (USEPA) as a 
molluscicide for the control of quagga and zebra mussels. It is also registered with the California 
Department of Pesticide Regulation as a molluscicide for use in lakes, streams, rivers, waterways, canals, 
ponds, reservoirs, irrigation systems, and catch basins. 
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Table 2.1. Study status at each sampling location 

Location Study Status Testing Date 
Lake Piru Completed December 2 – 6, 2019 

Lake Mathews Completed September 9 – 11, 2020 
September 18 – 20, 2020 

Weymouth WTP Influent Completed September 14 – 18, 2020 
OC-28 Turnout N/A2  
Weymouth WTP Influent 
2021 Completed June 28 – 30, 2021 

July 12 – 14, 2021 

Lake Mathews 2021 Completed June 30 – July 2, 2021 
July 14 – 16, 2021 

 
Testing was completed for each of the study testing locations (Table 2.1), with the 
exception of the OC-28 turnout. The study was designed with the intention of correlating 
the dose-response efficacy of EarthTec QZ at Lake Mathews with that of two 
downstream locations. Water delivered from Lake Mathews is chlorinated prior to 
entering transmission pipelines supplying both OC-28 and Weymouth WTP. 
Considering the connection of these water supplies, the Study aimed to correlate testing 
from Lake Mathews with the two downstream locations – OC-28 turnout and Weymouth 
WTP influent. Testing these three locations in a series would allow for comparison of 
the effects of EarthTec QZ with and without chlorine exposure. However, due to prior 
budgeting, OCWD only had access to Lake Mathews water at the OC-28 turnout 
through June 2020, and not during the 2021 fiscal year (July 2020 – June 2021). Covid-
19 restrictions precluded the project team from sampling at Lake Mathews until 
September 2020. For these reasons, it was not possible to complete sampling from the 
OC-28 turnout in conjunction with the sampling and testing at Lake Mathews and 
Weymouth WTP influent.  
 
The project team met with MWD staff in August 2020 to discuss alternative sampling 
locations for the OC-28 turnout. Although already included as a sampling location for 
the Study, Weymouth WTP was identified as the most appropriate surrogate monitoring 
location for the OC-28 turnout, as both sites can receive water from Lake Mathews that 
is chlorinated and transmitted within a pipeline for a similar travel time and therefore, 
similar exposure time to chlorine. For this reason, sampling at OC-28 is no longer being 
considered for this Project. The project team proceeded with testing at Lake Mathews 
and Weymouth WTP during September 2020 and completed follow up testing at both of 
these locations in 2021, as well.  

3 Study Results  
Objective #1 of the Study, to conduct quagga veliger dose-response tests with EarthTec 
QZ, was completed at three locations: (1) Lake Piru, (2) Lake Mathews and (3) MWD’s 

 
2 Sampling at OC-28 is no longer applicable given the similarity of this location with that of Weymouth 
WTP, as is later discussed. 
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Weymouth WTP influent. The Project Team developed a Test Plan for the study, 
providing details for the expected methods, materials, and test conditions related to 
collecting quagga mussel veligers and establishing a dose-response relationship to 
EarthTec QZ (Trussell 2019b). 
 
The results from the completed three testing locations are presented in the following 
subsections. As discussed in Section 2, it was not possible to complete testing with 
samples collected from the OC-28 turnout due to restrictions from COVID-19, as well as 
water purchasing agreements between OCWD and MWD. The project team met with 
MWD staff in August 2020 to discuss alternative sampling locations for the OC-28 
turnout. Although already included as a sampling location for the Study, Weymouth 
WTP was identified as the most appropriate surrogate monitoring location for the OC-28 
turnout, as both sites can receive water from Lake Mathews that is chlorinated and 
transmitted within a pipeline for a similar travel time and therefore, similar contact time 
with chlorine. Thus, sampling at OC-28 was eliminated as a sampling location for the 
Study. The project team proceeded with testing at Lake Mathews and Weymouth WTP 
during September 2020 and completed follow up testing at both of these locations in 
2021, as well. 
 
Trussell worked with KASF Consulting to complete and submit an application for a 
Specific Use Scientific Collecting Permit to CDFW (Trussell 2019a). The permit was 
approved on November 6, 2019.  
 
Live veligers were collected from each location, and subsets of the collected veligers 
were tested at two different temperatures (15°C and 20°C). Each temperature condition 
included veliger exposure to five concentrations of EarthTec QZ (ET) doses (0, 3.0, 
16.7, 33.4, 50.1 µL/L). Copper is the active ingredient in EarthTec QZ molluscicide, thus 
the equivalent copper doses are also provided (0, 0.18, 1.0, 2.0, and 3.0 mg/L as Cu). 
Veliger mortality was evaluated at the end of each exposure time. Directly following this 
count at the end of the exposure time, the veligers were placed in a beaker and 
exposed to raw sample water (without the addition of EarthTec QZ) for a 24-hour 
recovery period. A final mortality assessment was made at the end of the recovery time 
to allow for analysis of delayed mortality. 
 
The raw water quality of the sample water for each round of testing was measured 
during each round of testing, and can be found in Appendix A. 
 
3.1 Lake Piru 

The first round of dose-response quagga veliger testing was completed at UWCD’s 
Lake Piru. This reservoir, located in Ventura County, CA, impounds storm flows from 
the Piru Creek watershed and supplemental imported State Project Water supplied by 
the Department of Water Resources (DWR) via Pyramid Lake. It is used both for 
recreation and storage of water used to recharge downstream groundwater basins 
between Lake Piru and the coastal Oxnard Plain. Quagga mussel infestation of Lake 
Piru was first discovered in late 2014.  
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Veligers and water samples were collected on December 2nd and 4th, 2019 for dose-
response testing from December 2nd through the 6th, 2019. KASF Consulting led the 
quagga veliger collection and testing efforts, while Trussell supported veliger collection, 
dose-response testing, and provided water quality assessment. UWCD staff supported 
veliger collection efforts with plankton tow nets from a research-use boat. Veligers were 
collected on the first and third day of testing; both days resulted in a sufficient count of 
quagga mussel veligers for testing.  
 
The veliger mortality results for Lake Piru are summarized in Table 3.1 and plotted for 
each temperature condition in Appendix B. 
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Table 3.1. Average mortality with standard deviation (n=3) of veligers at Lake Piru as a 
function of EarthTec QZ dose, temperature, and exposure time 

  0.5 hr. 2 hr. 5 hr. 24 hr. 
Control 

15º C End* 0.8±0.5% 0.2±0.3% 0.3±0.3% 0.2±0.4% 
Recovery** NA 3.0±2.7% 0.7±0.6% 0.6±0.7% 

20º C 
End 0.0±0.0% 0.5±0.6% 1.2±0.2% 2.9±2.8% 
Recovery NA 2.2±0.4% 1.5±1.3% 33.4±13.2% 

3 µL/L as EarthTec  (0.18 mg/L as Cu) 
15º C End 0.7±0.2% 0.7±0.7% 0.0±0.0% 0.1±0.2% 
20º C End 0.2±0.3% 0.7±0.4% 1.4±1.2% 4.1±3.2% 

16.7 µL/L as EarthTec  (1.0 mg/L as Cu) 

15º C 
End 1.0±0.9% 1.3±0.7% 2.1±2.1% 42.4±3.0% 
Recovery NA NA 1.7±0.7% 41. 9±1.3% 

20º C 
End 6.0±5.9% 2.1±1.3% 7.9±6.3% 23.5±12.3%  
Recovery NA NA NA 22.9±9.2% 

33.4 µL/L as EarthTec  (2.0 mg/L as Cu) 

15º C 
End 2.1±1.8% 4.7±0.3% 19.3±2.8% 74.2±4.4% 
Recovery NA 4.3±2.0% 11.2±2.1% 79.9±5.8% 

20º C 
End 2.6±0.8% 8.6±2.1% 28.0±4.3% 51.0±17.0% 
Recovery NA NA 23.8±13.7% 53.0±23.3% 

50.1 µL/L as EarthTec  (3.0 mg/L as Cu) 

15º C 
End 1.8±1.1% 5.1±0.2% 37.4±10.0% 99.0±0.8% 
Recovery NA 7.5±3.6% 19.9±5.4% NA 

20º C 
End NA NA NA 97.7±1.8% 
Recovery 3.6±0.9% 15.9±4.7% 41.8±4.1% 85.0±4.3% 

 * End is the end of the exposure period 
** Recovery is at the end of the 24-hour recovery period following the exposure period.  
NA=Not Assessed 
 
As shown in Table 3.1, veliger mortality occurred at 16.7(1.0), 33.4(2.0), and 50.1(3.0) 
µL/L as EarthTec QZ (as Cu in mg/L) at both temperatures. Mortality of the veligers at 
16.7 µL/L EarthTec QZ was similar to the control. At 5 hours of exposure, the veligers 
exposed to the two highest concentrations (33.4 and 50.1 µL/L EarthTec QZ) began to 
demonstrate mortality. It took 24 hours for the veligers exposed to 50.1 µL/L EarthTec 
QZ to reach mortality of 85% or greater. Higher veliger mortality was observed at the 
lower temperature of 15ºC, compared with the 20ºC test conditions; however, using 
linear regression modeling temperature was not a significant variable in predicting 
mortality.  
 
The recovery procedure did not show a significant difference statistically or 
observationally in mortality results compared with the mortality measured at the end of 
the exposure period. The main exception to this trend was observed in the 20ºC control 
after the recovery period, with mortality greater than 33% compared to approximately 
3% mortality measured at the end of the 24-hour exposure. Natural mortality was 
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observed when veligers were held in static conditions; mortality was increased with time 
and was amplified by higher temperatures.   
 
Water quality parameters that were measured throughout testing included temperature, 
dissolved oxygen, pH, specific conductance, free copper, and total copper. The average 
temperatures of the 15°C and 20°C test conditions were 15.1°C and 19.7°C, 
respectively. Varying the dose of EarthTec QZ did not produce notable changes in 
either the dissolved oxygen or the specific conductance in any of the test conditions. A 
decrease in pH was observed with increasing EarthTec QZ concentrations, however the 
pH for each individual test condition remained mostly consistent over time. The full 
range of tested conditions resulted in pH values that were consistent with those under 
which veligers can thrive. Free and total copper readings were very similar for each 
tested condition. Over time the copper concentrations decreased slightly but was not 
significantly different for a given dose of EarthTec QZ. After 24 hours of exposure, the 
measured copper concentration was similar to the original treatment concentration. 
Copper concentrations in the recovery were near zero. A table of detailed water quality 
measurements from Round 1 Lake Piru testing are included in Appendix C. 
 
3.2 Lake Mathews 2020 

The second round of dose-response veliger testing was completed at Lake Mathews, a 
reservoir located in Riverside County, CA that is owned and operated by MWD. Lake 
Mathews is primarily used to store CRA water. Water from Lake Mathews is delivered 
into raw water pipelines that are dosed with chlorine for quagga control.  
 
Samples of quagga veligers were initially collected at Lake Mathews on September 3rd, 
2020 for the 20°C dose-response testing with EarthTec QZ. However, veliger densities 
were too low to provide greater than 50 veligers per testing replicate and the control 
mortality was greater than 50% for all exposure durations. The low veliger counts can 
be attributed to an insufficient depth at which the veligers were collected. During 
additional sampling at Lake Mathews, the towing depth was increased from 50 feet to 
100 feet from the top of the intake tower. This increase in collection depth yielded a 
higher veliger density acceptable for dose-response testing. 
 
Additional veligers were collected on September 18th, 2020 to repeat the testing of the 
20°C conditions (September 18-20); these results are recorded in Table 3 as 19°C to 
avoid confusion with the initial 20°C results that had high mortality in the control group. 
Testing at 15°C was completed September 9th through 11th, 2020 using veligers and 
water samples collected from Lake Mathews on September 9th. KASF Consulting led 
the quagga veliger collection and testing efforts while Trussell and OCWD supported 
veliger collection, dose-response testing, and water facility and towing/collection 
locations. 
 
The veliger mortality results for the 2020 Lake Mathews are summarized in Table 3.2 
and graphed by temperature condition in Appendix D.   
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Table 3.2. Average mortality and standard deviation (n=3) of veligers from Lake 
Mathews in 2020 as a function of EarthTec QZ dose, temperature, and exposure time 
(results labeled as 20ºC are not considered representative due to low veliger counts in 

the sample collection and high mortality of the control; these test conditions were 
repeated and labeled as 19ºC) 

  0.5 hr. 2 hr. 5 hr. 24 hr. 
Control 

15°C End* 3.4±0.8% 5.7±1.7% 4.1±1.6% 3.8±2.3% 
Recovery** NA 7.5±2.9% 7.8±2.2% 15.5±5.0% 

19°C End 5.5±0.7% 5.2±3.1% 8.2±1.3% 19.6±9.0% 
Recovery NA 12.9±2.2% 18.6±3.0% 50.3±1.3% 

20°C End 50.7±9.6% 63.1±4.0% 60.9±3.7% 60.5±8.6% 
Recovery NA  66.4±2.6% 87.1±3.8% 72.9±4.2% 

3 µL/L as EarthTec (0.18 mg/L as Cu) 

15°C End 2.4±1.1% 4.9±0.7% 14.7±2.5% 64.1±7.7% 
Recovery NA NA NA 79.8±4.6% 

19°C End 9.7±1.2% 9.1±2.9% 16.3±0.6% 48.3±6.7% 
Recovery NA NA NA 51.8±5.6% 

20°C End 65.0±9.6% 64.6±10.3% 67.4±5.4% 68.0±8.4% 
Recovery NA   NA NA  NA  

16.7 µL/L as EarthTec (1.0 mg/L as Cu) 

15°C End 6.8±3.2% 32.0±9.9% 37.7±9.4% 95.6±1.7% 
Recovery NA 37.0±14.5% 65.1±2.0% 99.1±0.7% 

19°C End 8.5±3.3% 16.9±4.2% 23.8±6.8% 90.2±3.4% 
Recovery NA NA 54.2±6.0% 91.6±1.3% 

20°C 
End 53.7±15.0% 64.2±8.8% 52.3±7.0% 97.8±1.8% 

Recovery  NA  NA NA 98.2±1.6% 
33.4 µL/L as EarthTec (2.0 mg/L as Cu) 

15°C End 7.2±1.4% 55.7±15.8% 60.1±7.8% 99.0±0.8% 
Recovery NA 50.4±3.9% 79.3±1.2% 99.5±0.4% 

19°C End 11.5±4.9% 22.7±3.4% 40.5±0.6% 97.9±1.3% 
Recovery NA 57.8±4.1% 83.6±4.6% 97.8±1.0% 

20°C 
End 69.7±6.0% 73.2±4.2% 94.2±2.3% 100±0.0% 

Recovery  NA  NA 100±0.0%  NA 
50.1 µL/L as EarthTec (3.0 mg/L as Cu) 

15°C End 7.9±2.7% 60.5±6.1% 66.6±8.2% 100.0±0.0% 
Recovery NA 80.2±2.0% 96.7±2.1% NA 

19°C End 18.2±1.5% 25.3±3.6% 43.9±2.0% 98.4±0.4% 
Recovery NA 84.4±5.7% 94.5±1.7% 98.9±0.8% 

20°C 
End 66.4±3.7% 89.6±7.5% 77.5±29.6% 100±0.0% 

Recovery  NA 98.5±1.2% 98.2±2.5% NA  
* End is the end of the exposure period. 
** Recovery is at the end of the 24-hour recovery period following the exposure period. 
NA=Not Assessed 
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In the Lake Mathews samples, significant quagga veliger mortality was observed initially 
with the 16.7(1.0), 33.4(2.0), and 50.1(3.0) µL/L as EarthTec QZ (mg/L as Cu) test 
conditions at both temperatures after 24 hours of exposure. Mortality of the 3 µL/L 
EarthTec QZ was greater than the control at 15 and 19°C, and mortality at 3 µL/L 
EarthTec QZ after 24 h was around 50%. At 5 hours of exposure, the veligers exposed 
to the two highest concentrations (33.4 and 50.1 µL/L EarthTec QZ) began to 
demonstrate mortality greater than 50% mortality. It took 24 hours for the veligers 
exposed to 16.7, 33.4 and 50.1 mg/L µL/L EarthTec QZ to reach mortality of 85% or 
greater. Higher veliger mortality was observed at the lower temperature of 15ºC, 
compared with the 19ºC test conditions. Temperature was not a significant variable in 
the linear regression model.  

Only the end mortality results greater than 20% were checked for additional recovery 
mortality after 24 hours. The recovery procedure did show a significant increase in 
mortality results both observationally and was statistically significant. Increased 
mortality in the recovery was due to veligers showing signs of stress at the initial 
reading but were not quite dead enough to be stained by the fast green and counted as 
dead. With the additional recovery time, the stressed veligers were dead and stained. 
The recovery mortality was high with greater than 90% mortality being achieved in the 
three highest concentrations. Interestingly, the 2 h 50.1 µL/L EarthTec QZ reached high 
mortality (greater than 80%). At the 24-hour exposure in the 19ºC study, the control 
mortality was over 50%. Natural mortality was observed when veligers were held in 
static conditions; mortality increased with time and was amplified by higher 
temperatures. Laboratory conditions in the OCWD laboratory were hotter than at the 
Lake Piru laboratory, which could have contributed to additional stress on the veligers. 
Steps were minimized to limit the time veligers were out of the water bath.  
 
Water quality parameters that were measured throughout testing included temperature, 
dissolved oxygen, pH, specific conductance, free and total copper, and chlorine. The 
average temperatures recorded for the 15°C and 19°C test conditions were 14.8°C and 
21.3°C, respectively. Varying the dose of EarthTec QZ did not produce notable changes 
in either the dissolved oxygen or the specific conductance in any of the test conditions. 
The pH decreased with increased concentration and each concentrations pH was 
significantly different from each other during testing. The pH for each individual test 
condition remained mostly consistent over time. The full range of tested conditions 
resulted in pH values that are consistent with those under which veligers can thrive. 
Free and total copper readings were very similar for each tested condition. Over time 
the copper concentrations decreased slightly for a given dose of EarthTec QZ, but after 
24 hours of exposure, the measured copper concentration was not significantly different 
from the original treatment concentration. Copper concentrations in the recovery were 
near zero. The measured chlorine concentrations were negligible. A table of detailed 
water quality measurements from the 2020 Lake Mathews testing is included in 
Appendix E.  
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3.3 Weymouth Water Treatment Plant Influent 2020 

The Weymouth WTP receives untreated water from two sources: Colorado River water 
from Lake Mathews via the Upper Feeder and State Project Water (SWP) from the East 
Branch of the SWP via the Rialto Pipeline or from the Upper Feeder via the Etiwanda 
Pipeline from the Rialto Pipeline. The WRD historically had access to this same source 
water through the Upper Feeder pipeline at CenB-28 for use in groundwater recharge 
via spreading. Detections of quagga in the nearby San Gabriel River in October 2017 
were linked to deliveries of imported water. Since these detections, imported water has 
not been approved for use in groundwater recharge, due to the potential for quagga 
mussel infestations.  
 
For the purpose of this study, the influent water sampling location at Weymouth WTP 
provides an access point for understanding the condition of the quagga veligers present 
in the pipeline downstream of Lake Mathews, following exposure to chlorine, and the 
cumulative impacts of exposure to both chlorine and EarthTec QZ. This location is of 
interest to the study when MWD is supplying only imported water from CRA via Lake 
Mathews. Water from Lake Mathews is dosed with chlorine as it enters the downstream 
water supply pipelines, as a control measure for quagga. The pipeline travel time from 
Lake Mathews to the Weymouth WTP is approximately 8 hours via the Upper Feeder. 
Another branch of pipeline downstream of the chlorine dosing station supplies raw water 
from Lake Mathews to the OC-28 turnout and MWD’s Diemer WTP. The travel time 
from Lake Mathews to the Diemer WTP is approximately 11 hours, with the OC-28 
turnout located upstream, but nearby the Diemer WTP. The approximate pipeline travel 
times were provided per personal communication with project partner Paul Rochelle of 
MWD. As such, the study aimed to complete parallel dose-response EarthTec QZ 
testing with quagga veligers collected from both Lake Mathews (no chlorine exposure) 
and Weymouth WTP (exposed to chlorine through pipeline) as a surrogate location for 
expected veliger populations at WRD’s CenB-28 (Upper Feeder) or OCWD’s OC-28 
turnout. The Upper Feeder pipeline supply in late 2019 was from SWP, but changed to 
CRA via Lake Mathews in 2020.   
 
The third round of dose-response veliger testing was completed from September 14th 
through 18th, 2020 using veligers and raw water collected from the influent water to 
MWD’s Weymouth WTP. Collection of veligers and water samples were taken 
September 14th and 16th, 2020; both days resulted in a sufficient count of quagga 
mussel veligers for testing. KASF Consulting led the quagga veliger collection and 
testing efforts while Trussell and OCWD supported veliger collection, dose-response 
testing, and water quality assessment. MWD staff supported veliger collection efforts 
with access to the facility and towing/collection locations. 
 
The veliger mortality results for the 2020 Weymouth WTP influent are summarized in 
Table 3.3 and presented graphically by temperature condition in Appendix F. 
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Table 3.3. Average mortality with standard deviation (n=3) of veligers from Weymouth 
Water Treatment Plant in 2020 as a function of EarthTec QZ dose, temperature, and 

exposure time 

 0.5 hr. 2 hr. 5 hr. 24 hr. 
Control 

15°C 
End* 2.2±1.6% 1.2±1.7% 6.1±5.1% 2.7±2.0% 

Recovery** 13.7±9.7% 18.6±4.0% 16.2±13.0% 14.3±2.0% 

20°C 
End 3.4±2.4% 1.9±1.4% 4.3±1.7% 0.8±1.2% 

Recovery 3.1±1.3% 13.2±2.4% 11.8±6.9% 0.9±1.2% 
3 µL/L as EarthTec  (0.18 mg/L as Cu) 

15°C 
End 4.7±3.5% 2.0±0.5% 20.0±3.6% 78.8±9.6% 

Recovery NA NA 52±14.7% 90.4±4.7% 

20°C 
End 4.3±2.4% 7.8±2.4% 18.4±1.9% 88.7±1.3% 

Recovery NA NA 38.8±8.0% 94.8±1.4% 
16.7 µL/L as EarthTec  (1.0 mg/L as Cu) 

15°C 
End 3.1±2.2% 27.4±10.9% 39.7±3.2% 100±0.0% 

Recovery NA 62.0±12.6% 87.5±9.1% NA 

20°C 
End 4.1±2.9% 22.5±2.8% 36.1±4.4% 100±0.0% 

Recovery NA 56.1±3.0% 95±1.8% NA 
33.4 µL/L as EarthTec  (2.0 mg/L as Cu) 

15°C 
End 27.9±9.4% 27.9±0.7% 68.6±10.2% 100±0.0% 

Recovery 53.5±9.2% 77.1±8.1% 93.1±5.2% NA 

20°C 
End 20.1±7.7% 44.7±7.4% 57.6±10.1% 100±0.0% 

Recovery 61.1±11.1% 71.3±3.1% 97.6±1.7% NA 
50.1 µL/L as EarthTec  (3.0 mg/L as Cu) 

15°C 
End 15.4±8.4% 38.1±9.5% 59.7±4.5% 100.0±0.0% 

Recovery 47.7±5.2% 80.8±12.1% 98.3±2.4% NA 

20°C 
End 18.3±6.8% 34.7±8.7% 75.9±0.6% 99.7±0.5% 

Recovery 60.7±3.7% 96.1±1.7% 99.8±0.3% 99.9±0.1% 
* End is the end of the exposure period. 
** Recovery is at the end of the 24-hour recovery period following the exposure period. 
NA=Not Assessed 
 
In the Weymouth WTP influent samples, significant veliger mortality was observed at 3 
(0.18), 16.7(1.0), 33.4(2.0), and 50.1(3.0) µL/L as EarthTec QZ (mg/L as Cu) at both 
temperatures, following 24 hours of exposure time. Mortality of the 3 µL/L EarthTec QZ 
was much higher than control at 5 and 24 hours of exposure. At 5 hours of exposure, 
the veligers exposed to all concentrations tested (3, 16.7, 33.4 and 50.1 µL/L EarthTec 
QZ ) began to demonstrate mortality greater than the control mortality. It took 24 hours 
for the veligers exposed to 16.7, 33.4 and 50.1 µL/L EarthTec QZ to reach mortality of 
100%. Higher veliger mortality was observed at the lower temperature of 15ºC, 
compared with the 20ºC test conditions; however, temperature was not a significant 
variable in the probit regression model to predict mortality.  
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End mortality results greater than 15% were checked for additional recovery mortality. 
The recovery procedure did show a significant increase in mortality results, both 
observationally and statistically.  

Increased mortality in the recovery was due to veligers that showed signs of stress at 
the initial reading but were not quite dead enough to be stained by the fast green and 
counted as dead. With the additional recovery time, the stressed veligers were dead 
and stained. With this set of test subjects, the control mortality was less than 20% for all 
exposure durations and temperatures. The recovery mortality was generally higher than 
the initial end mortality. After the recovery period in the 5-hour treatments greater than 
90% mortality was achieved in the three highest doses (16.7, 33.4, and 50.1 µL/L 
EarthTec QZ). The 2-hour treatments reached greater than 70% mortality in the two 
highest concentrations (33.4 and 50.1 µL/L EarthTec QZ). 
 
Water quality parameters that were measured throughout testing included temperature, 
dissolved oxygen, pH, specific conductance, free and total copper, and chlorine. The 
average temperatures measured for the 15°C and 20°C test conditions were 15.3°C and 
20.3°C, respectively. Varying the dose of EarthTec QZ did not produce notable changes 
in either the dissolved oxygen or the specific conductance in any of the test conditions. 
A statistically significant decrease in pH was observed with increasing EarthTec QZ 
concentrations, however the pH for each individual test condition remained mostly 
consistent over time. The full range of tested conditions resulted in pH values that were 
consistent with those under which veligers can thrive. Consistent with the findings from 
Lake Piru and Lake Mathews, free and total copper readings were very similar for each 
tested condition. As with the other test locations, the copper concentrations decreased 
slightly over time for a given dose of EarthTec QZ, but after 24 hours of exposure, the 
measured copper concentration was not significantly different from the original 
treatment concentration. Copper concentrations in the recovery were near zero. The 
measured chlorine concentrations were negligible. A table of detailed water quality 
measurements from the 2020 Weymouth WTP testing is included in Appendix G. 
 
3.4 Lake Mathews 2021 

For the fourth round of dose-response veliger testing was completed at Lake Mathews, 
a reservoir located in Riverside County, CA that is owned and operated by MWD. 
Samples of quagga veligers were collected at Lake Mathews on June 30, 2021 for the 
15°C dose-response testing with EarthTec QZ with testing occurring June 30 to July 2. 
The 20°C dose-response testing with EarthTec QZ occurred July 14 to 16 with veligers 
and raw water collection occurring on the morning of July 14. Both sampling events 
resulted in a sufficient count of quagga mussel veligers for testing. KASF Consulting led 
the quagga veliger collection and testing efforts while Trussell and OCWD supported 
veliger collection, dose-response testing, and water quality assessment. MWD staff 
supported veliger collection efforts with access to the facility and towing/collection 
locations. 
 
The veliger mortality results for the 2021 Lake Mathews testing are summarized in 
Table 3.4 and graphed by temperature condition in Appendix H.  
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Table 3.4. Average mortality and standard deviation (n=3) of veligers from Lake 

Mathews in 2021 as a function of EarthTec QZ dose, temperature, and exposure time  
  0.5 hr. 2 hr. 5 hr. 24 hr. 

Control 

15°C End* 0.0±0.0% 0.5±0.7% 0.0±0.0% 0.7±1.0% 
Recovery** NA 4.7±4.1% 12.3±10.9% 1.2±1.2% 

20°C End 1.8±0.9% 0.0±0.0% 0.0±0.0% 1.0±0.8% 
Recovery NA 2.3±1.4% 2.2±0.3% 18.1±5.3% 

3 µL/L as EarthTec (0.18 mg/L as Cu) 

15°C End 0.8±0.6% 0.0±0.0% 0.9±1.0% 12.1±3.3% 
Recovery NA NA NA 25.5±4.1% 

20°C End 0.8±0.6% 2.6±0.9% 0.0±0.0% 7.4±0.9% 
Recovery NA NA NA NA 

16.7 µL/L as EarthTec (1.0 mg/L as Cu) 

15°C End 0.8±0.2% 2.4±1.7% 8.7±3.0% 85.6±1.0% 
Recovery NA NA NA 93.3±0.8% 

20°C End 1.2±0.6% 0.3±0.4% 19.5±8.3% 68.5±2.1% 
Recovery NA NA 29.1±6.6% 80.7±2.1% 

33.4 µL/L as EarthTec (2.0 mg/L as Cu) 

15°C End 1.3±1.0% 3.3±2.4% 31.5±8.9% 96.7±1.0% 
Recovery NA 15.6±5.5% 65.8±3.5% 97.2±1.4% 

20°C End 5.3±2.0% 11.2±6.2% 48.5±3.6% 87.3±8.6% 
Recovery NA NA 64.0±4.3% 94.7±1.2% 

50.1 µL/L as EarthTec (3.0 mg/L as Cu) 

15°C End 1.9±0.7% 1.8±0.6% 40.0±9.2% 99.5±0.7% 
Recovery NA 40.9±4.3% 89.0±0.8% 98.9±0.8% 

20°C End 7.3±1.0% 20.7±5.6% 48.0±2.0% 94.4±0.8% 
Recovery NA 43.4±3.1% 83.3±3.5% 97.8±0.8% 

* End is the end of the exposure period. 
** Recovery is at the end of the 24-hour recovery period following the exposure period. 
NA=Not Assessed 
 
In the Lake Mathews samples, significant quagga veliger mortality was observed with 
the 16.7(1.0), 33.4(2.0), and 50.1(3.0) µL/L as EarthTec QZ (mg/L as Cu) test 
conditions at both temperatures after 24 hours of exposure. Mortality of the 3 µL/L 
EarthTec QZ was greater than the control at 15 and 20°C, but was not greater than 
20%. At 5 hours of exposure, the veligers exposed to the two highest concentrations 
(33.4 and 50.1 µL/L EarthTec QZ) began to demonstrate mortality greater than 30%, but 
50% mortality was not achieved. It took 24 hours for the veligers exposed to 16.7, 33.4 
and 50.1 mg/L µL/L EarthTec QZ to reach mortality of 85% or greater, except in the 24 
h 16.7 µL/L EarthTec QZ tests. Higher veliger mortality was observed at the lower 
temperature of 15ºC, compared with the 19ºC test conditions. Temperature was not a 
significant variable in the probit regression model.  
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Only the end mortality results greater than 12% were checked for additional recovery 
mortality after 24 hours. Additionally, there were two testing concentrations at 2 hours 
(33.4 and 50.1 µL/L EarthTec QZ) that had low initial mortality that were checked for 
additional mortality to ensure that the results were less than 50%. These two 
concentrations at 15°C resulted in increased mortality but was less than 50%. The 
recovery procedure did show a significant increase in mortality results both 
observationally and was statistically significant. Increased mortality in the recovery was 
due to veligers showing signs of stress at the initial reading but were not quite dead 
enough to be stained by the fast green and counted as dead. With the additional 
recovery time, the stressed veligers were dead and stained. The recovery mortality was 
high with greater than 80% mortality being achieved in the three highest concentrations. 
The 5 h 50.1 µL/L EarthTec QZ reached high mortality (greater than 80%).  
 
Water quality parameters that were measured throughout testing included temperature, 
dissolved oxygen, pH, specific conductance, free and total copper, and chlorine. The 
average temperatures recorded for the 15°C and 20°C test conditions were 15.0°C and 
20.9°C, respectively. Varying the dose of EarthTec QZ did not produce notable changes 
in either the dissolved oxygen or the specific conductance in any of the test conditions. 
The pH decreased with increased concentration and each concentrations pH was 
significantly different from each other during testing. The pH for each individual test 
condition remained mostly consistent over time. The full range of tested conditions 
resulted in pH values that were consistent with those under which veligers can thrive. 
Free and total copper readings were very similar for each tested condition. Over time 
the copper concentrations decreased slightly for a given dose of EarthTec QZ, but after 
24 hours of exposure, the measured copper concentration was not significantly different 
from the original treatment concentration. Copper concentrations in the recovery were 
near zero. The measured chlorine concentrations were negligible. A table of detailed 
water quality measurements from the 2021 Lake Mathews testing is included in 
Appendix I.  
 
3.5 Weymouth Water Treatment Plant Influent 2021 

The fifth round of dose-response veliger testing was completed on June 28th through 
30th, 2021 and July 12th through 14th, 2021 using veligers and raw water collected from 
the influent water to MWD’s Weymouth WTP. Collection of veligers and water samples 
were taken June 30th and July 12th, 2021; both days resulted in a sufficient count of 
quagga mussel veligers for testing. KASF Consulting led the quagga veliger collection 
and testing efforts while Trussell and OCWD supported veliger collection, dose-
response testing, and water quality assessment. MWD staff supported veliger collection 
efforts with access to the facility and towing/collection locations. 
 
The veliger mortality results for the Weymouth WTP influent are summarized in Table 
3.5 and presented graphically by temperature condition in Appendix J. 
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Table 3.5. Average mortality with standard deviation (n=3) of veligers from Weymouth 
Water Treatment Plant in 2021 as a function of EarthTec QZ dose, temperature, and 

exposure time 

 0.5 hr. 2 hr. 5 hr. 24 hr. 
Control 

15°C 
End* 1.8±0.8% 3.4±1.2% 4.3±0.4% 5.2±5.8% 

Recovery** NA 6.7±1.8% 13.4±2.3% 11.3±7.8% 

20°C 
End 2.5±0.3% 5.0±1.7% 4.2±2.6% 5.6±2.3% 

Recovery 18.9±2.2% 13.5±4.0% 17.0±4.3% 5.5±1.5% 
3 µL/L as EarthTec  (0.18 mg/L as Cu) 

15°C 
End 4.0±1.8% 5.0±1.3% 7.4±2.5% 81.0±7.0% 

Recovery NA NA NA 88.4±1.4% 

20°C 
End 2.9±0.9% 8.8±0.9% 26.2±4.8% 90.4±3.8% 

Recovery NA NA 56.3±8.9% 91.0±1.5% 
16.7 µL/L as EarthTec  (1.0 mg/L as Cu) 

15°C 
End 4.7±0.3% 32.7±10.1% 77.4±10.5% 98.8±0.9% 

Recovery NA 68.6±4.0% 96.7±1.0% 99.2±0.6% 

20°C 
End 11.1±1.9% 43.2±3.5% 79.4±2.5% 99.8±0.3% 

Recovery NA 75.7±1.7% 95.4±1.8% 100±0.0% 
33.4 µL/L as EarthTec  (2.0 mg/L as Cu) 

15°C 
End 11.5±4.5% 66.1±9.4% 96.9±2.6% 100±0.0% 

Recovery NA 90.0±7.2% 100±0.0% NA 

20°C 
End 17.7±1.4% 53.2±12.1% 94.3±2.1% 99.7±0.4% 

Recovery 69.7±8.0% 98.2±0.7% 99.0±0.8% 100±0.0% 
50.1 µL/L as EarthTec  (3.0 mg/L as Cu) 

15°C 
End 12.3±5.6% 94.2±1.8% 98.4±2.2% 100.0±0.0% 

Recovery NA NA 100±0.0% NA 

20°C 
End 36.0±14.1% 57.2±9.0% 97.7±1.0% 100±0.0% 

Recovery 84.6±4.0% 98.2±0.3% 100±0.0% NA 
* End is the end of the exposure period. 
** Recovery is at the end of the 24-hour recovery period following the exposure period. 
NA=Not Assessed 
 
In the 2021 Weymouth WTP influent samples, significant veliger mortality was observed 
at 3 (0.18), 16.7(1.0), 33.4(2.0), and 50.1(3.0) µL/L as EarthTec QZ (mg/L as Cu) at 
both temperatures, following 24 hours of exposure time. Mortality of the 3 µL/L EarthTec 
QZ was much higher than control at 5 (20 ºC) and 24 hours of exposure. At 5 hours of 
exposure, the veligers exposed to all concentrations tested (3, 16.7, 33.4 and 50.1 µL/L 
EarthTec QZ ) began to demonstrate mortality greater than the control mortality. It took 
24 hours for the veligers exposed to 50.1 µL/L EarthTec QZ to reach mortality of 100%. 
Higher veliger mortality was observed at the lower temperature of 15ºC, compared with 
the 20ºC test conditions; however, temperature was not a significant variable in the 
probit regression model to predict mortality.  
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End mortality results greater than 15% were checked for additional recovery mortality. 
The recovery procedure did show a significant increase in mortality results, both 
observationally and statistically. The recovery mortality was higher than the initial end 
mortality. After the recovery period in the 5-hour treatments greater than 95% mortality 
was achieved in the three highest doses (16.7, 33.4, and 50.1 µL/L EarthTec QZ). The 
2-hour treatments reached greater than 65% mortality in the three highest 
concentrations (16.7, 33.4 and 50.1 µL/L EarthTec QZ). An error in testing occurred 
where the 15°C 50.1 µL/L EarthTec QZ 2 hour was not read for recovery, but the initial 
end mortality showed that high veliger mortality was achieved. Increased mortality in the 
recovery was due to veligers that showed signs of stress at the initial reading but were 
not quite dead enough to be stained by the fast green and counted as dead. With the 
additional recovery time, the stressed veligers were dead and stained. With this set of 
test subjects, the control mortality was less than 20% for all exposure durations and 
temperatures.  
 
Water quality parameters that were measured throughout testing included temperature, 
dissolved oxygen, pH, specific conductance, free and total copper, and chlorine. The 
average temperatures measured for the 15°C and 20°C test conditions were 14.2°C and 
20.9°C, respectively. Varying the dose of EarthTec QZ did not produce notable changes 
in either the dissolved oxygen or the specific conductance in any of the test conditions. 
A statistically significant decrease in pH was observed with increasing EarthTec QZ 
concentrations, however the pH for each individual test condition remained mostly 
consistent over time. The full range of tested conditions resulted in pH values that were 
consistent with those under which veligers can thrive. Consistent with the findings from 
Lake Piru and Lake Mathews, free and total copper readings were very similar for each 
tested condition. As with the other test locations, the copper concentrations decreased 
slightly over time for a given dose of EarthTec QZ, but after 24 hours of exposure, the 
measured copper concentration was not significantly different from the original 
treatment concentration. Copper concentrations in the recovery were near zero. The 
measured chlorine concentrations were negligible. A table of detailed water quality 
measurements from Weymouth WTP testing is included in Appendix K. 
 

4 Analysis 
The following is a high-level analysis of the results shown in Section 3. Further 
discussion, correlations, statistical analysis, integrated analyses and recommendations 
will be provided in the Final Report.  
 
To begin comparing dose-response results at the three sites, veliger mortality of all 
tested locations were grouped by EarthTec QZ concentration in Appendix L. As 
previously mentioned, a more comprehensive analysis of these results will be included 
in the Final Report. 
 
Mortality of veligers was achieved using EarthTec QZ at the three sample locations over 
the three years. Weymouth WTP veligers in both 2020 and 2021 had the highest 
mortality (>75% mortality) using the lowest dose of EarthTec QZ (3 µL/L EarthTec QZ) 
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after 24 hours exposure time. The higher concentrations tested on Weymouth WTP 
veligers resulted in 100% mortality at both temperatures. Mortality of veligers from the 
2020 Lake Mathews testing was greater than 90% at 16.7, 33.4, and 50.1 µL/L 
EarthTec QZ for both temperatures tested at 24 hours of exposure time, but mortality in 
2021 was lower for 16.7 µL/L EarthTec QZ achieving 86 and 69% mortality for the 15 
and 20°C tests. Veligers from Lake Piru had the lowest mortality after 24 hours of 
exposure, but >85% mortality was achieved at the highest concentration tested (50.1 
µL/L EarthTec QZ). In all test locations, the 15°C tests had higher mortality than the 
20°C tests. 
 
This study design used the fast green stain method to quickly analyze the health status 
of the veligers. In the Lake Piru samples, the end mortality was similar to the recovery 
mortality. The stain easily identified the veligers that were dead and additional mortality 
was not observed. In both the Lake Piru and Weymouth WTP samples, the recovery 
mortality was much higher than the end mortality, indicating that there was additional 
mortality after being evaluated with the fast green stain. Mortality in the 2- and 5-hour 
exposure times in the Weymouth WTP and Lake Mathews water increased at least 30% 
with the additional recovery time. Control mortality for the same exposure time 
increased about 10%. The fast green stain was working well, but stressed individuals 
did not stain. Their tissue did look abnormal and swollen, but there was still movement 
in some individuals with this condition. With the additional time of recovery, the fast 
green stain adhered to the dead tissue showing that mortality increased. If fast green 
stain is used and veligers are observed with abnormal and swollen tissue, the use of a 
recovery period is recommended.  
 
The water quality parameters measured during testing did not show any variances 
around the potential differences in mortalities seen. The temperature, dissolved oxygen, 
pH, and conductivity were within ranges that veligers survive and flourish. Chlorine 
concentrations were low, showing that the test results were not confounded by the 
presence of chlorine. The free and total copper concentrations were consistently similar, 
indicating that the free copper ion (i.e., Cu2+) was dominant, rather than copper in the 
particulate or complexed form. In the recovery step, the copper concentrations were 
minimal in all testing water, suggesting that any copper absorption by the veligers with 
exposure to EarthTec QZ was not released once the veligers were returned to source 
water without EarthTec QZ. 
 
Differences in source water quality were observed (Appendix A), which likely factored 
into the efficacy of EarthTec QZ on the veligers. Lake Piru is a reservoir that is filled 
mainly with local runoff with some SWP, whereas Lake Mathews is supplied by the CRA 
system. The Weymouth WTP influent at the time of the sampling was supplied from 
Lake Mathews, but is chlorinated as it enters the pipeline. The differences in water 
quality include the following: 

• Alkalinity and hardness were significantly higher at Lake Piru compared with 
the other locations; average values of 171 and 315 mg/L as CaCO3, 
respectively, were measured at Lake Piru. The alkalinity and hardness of the 
2020 Lake Mathews testing waters were the same as Weymouth WTP 
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influent samples (average values of 118 and 142 mg/L as CaCO3, 
respectively. The 2021 alkalinity for Lake Mathews and Weymouth WTP 
(average 136 mg/L as CaCO3) were similar to each other and higher than the 
2020 levels. Hardness for 2021 did vary significantly between the two 
sampling events, but Lake Mathews and Weymouth WTP values were similar. 
During the first week of testing at 15ºC the hardness mean value was 275 
mg/L as CaCO3 and the second week of testing at 20 ºC the hardness mean 
value was 182 mg/L as CaCO3. 

• Water temperatures at Lake Piru (average 13.4ºC) were significantly lower 
compared to those measured from samples collected from Lake Mathews 
(average 23ºC) or Weymouth WTP influent (average 26.5ºC). These 
temperature differences account for seasonal changes in the surface water. 
Lake Piru testing was completed in December 2019, whereas the testing 
associated with the Lake Mathews and Weymouth WTP influent samples 
were completed in September 2020 and July 2021. The higher water 
temperatures in September 2020 and July 2021 at Lake Mathews and post-
pipeline at the downstream Weymouth WTP influent increases veliger 
metabolism, which could contribute to the sensitivity to EarthTec QZ.   

• Lake Piru had a slightly higher average pH (8.34) compared to that of the 
2020 Lake Mathews and Weymouth WTP influent (8.19 and 8.08, 
respectively). The 2021 pH of Lake Mathews and Weymouth WTP influent 
(8.27 and 8.23, respectively) were higher than 2020, but still lower than Lake 
Piru. 

• The turbidity values at Lake Piru (average 7.94 NTU) were also elevated, 
compared to the 2020 and 2021 Lake Mathews and Weymouth WTP influent 
(0.74 and 0.67 NTU, respectively). 
 

The size distribution of the veligers collected from Lake Piru had a large number of each 
size class present (Table 4.1). The veligers from the 2020 Lake Mathews and 
Weymouth WTP were mostly comprised of the smaller size class of D-shaped veligers. 
In the 2021 Lake Mathews samples the veligers were larger with less D-shaped veligers 
present. The 2021 Weymouth WTP had many small veligers present and only a few 
larger veligers, but the distribution of larger veligers increased in the 20°C tests. The 
veligers that were observed to survive EarthTec QZ addition tended to be pediveliger to 
large umbonal in size in all treatment waters. Therefore, the toxicity of EarthTec QZ for 
larger sized veligers may be lower in these two locations. Collection of veligers was 
completed within 2 days for the Lake Piru and 2020 Weymouth WTP testing and 
resulted in the same distribution of size classes. The 2020 and 2021 Lake Mathews and 
2021 Weymouth WTP collections were taken 2 weeks apart and the distribution of size 
class was different with the later sampling event (20°C) having larger veligers, as 
reflected in Table 4.1.  
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Table 4.1. Size class distribution of veligers used in testing at each sample site 
  Size Class 

Sample Site D-shaped 
(50-150 µm) 

Small umbonal 
(150-250 µm) 

Large umbonal 
(200-350 µm) 

Pediveliger 
(350-500 µm) 

Lake Piru 
(15 & 20°C) 45% 15% 20% 20% 

2020 Lake Mathews 
(15ºC) 75% 20% 4% 1% 

2020 Lake Mathews 
(19ºC) 50% 30% 15% 5% 

2020 Weymouth 
WTP (15 & 20°C) 80% 15% 3% 2% 

2021 Lake Mathews 
(15ºC) 52% 22% 23% 3% 

2021 Lake Mathews 
(20ºC) 32% 18% 38% 11% 

2021 Weymouth 
WTP (15ºC) 74% 8% 17% 2% 

2021 Weymouth 
WTP (20ºC) 53% 25% 22% 1% 
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Appendix A 
Raw Water Quality of Lake Piru, Lake Mathews and Weymouth WTP Influent 
 
Table A1. Individual raw water quality measurements for Lake Piru, Lake Mathews, and Weymouth WTP 
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Location   
 mg/L mg/L mg/L mV mg/L μS/ 

cm 
pH 
unit °C mg/L as 

CaCO3 NTU mg/L mg/L 

Lake Piru 

Raw Water Quality 

2019 
15ºC Tests 0.15 0.14 0.08 210.4 10.45 927 8.43 12.0 187 314 9.29 5.33 10.00 

20ºC Tests 0.16 0.16 0.12 191.9 8.88 913 8.25 14.8 154 316 6.59 5.05 5.65 

Lake Mathews 

Raw Water Quality  

2020 

15ºC Tests 0.02 0.02 0.02 212.5 7.57 946 8.18 25.1 115 138 0.61 3.01 4.67 

19ºC Tests 0.01 0.01 0.02 245 8.08 937 8.20 18.9 115 142 0.89 2.95 5.69 
20ºC Tests 

* 0.02 0.02 0.10 244.3 7.86 948 8.21 25.8 116 144 0.92 2.91 7.83 

2021 
15ºC Tests 0.00 0.00 0.01 185.6 8.46 950 8.24 24.6 138 281 0.56 2.98 4.65 

20ºC Tests 0.00 0.00 0.00 208.2 8.34 957 8.29 23.5 135 178 0.92 2.91 3.30 

Weymouth 
WTP 

Raw Water Quality  

2020 

15ºC Tests 0.01 0.01 0.04 214 8.27 944 8.02 25.6 119 150 0.76 4.09 8.50 

20ºC Tests 0.00 0.00 0.07 223.5 8.14 941 8.13 27.1 121 139 0.69 4.19 8.24 
Additional 

Sampling ** 0.02 0.02 0.05 211 8.19 955 8.12 26.8 119 145 0.64 4.05 7.88 

2021 
15ºC Tests 0.02 0.03 0.10 195.6 8.69 969 8.18 21.9 137 275 0.61 3.01 4.46 

20ºC Tests 0.00 0.00 0.02 218.2 8.34 961 8.28 23.9 135 186 0.61 3.12 4.86 
* During Round #2 testing, the Lake Mathews 20ºC sample water was recollected due to insufficient veliger counts in the original collection. The Lake Mathews 19ºC sample water 
represents the recollected sample water used for successful veliger testing. 
** Re-sample of Weymouth Water Treatment Plant influent during Round #2 of testing for additional acute toxicity testing. This water was NOT used for veliger testing. 
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Appendix B 
Lake Piru Veliger Dose Response Figures 
 

 

 
Figure B1. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 15°C for Lake Piru trials 
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Figure B2. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 15°C for Lake Piru trials 

 

 
Figure B3. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 20°C for Lake Piru trials 
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Figure B4. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 20°C for Lake Piru trials 
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Appendix C 
Lake Piru Dose-Response Veliger Testing – Water Quality Data 
 
Table C1. Average with standard deviation of water quality data for each Lake Piru 
dose-response test condition  

  15ºC Test Conditions 20ºC Test Conditions 

 
Earth 

Tec QZ 
(µL/L) 

0 h 0.5 h 2 h 5 h 24 h Reco
very 0 h 0.5 h 2 h 5 h 24 h Reco

very 

Temp. 
(°C) 

0.0 14.3 
±0.5 

14.9 
±0.0 

15.2 
±0.0 

15.3 
±0.0 

15.1 
±0.0 

14.8 
±0.3 

17.2 
±1.4 

20.7 
±0.1 

20.1 
±0.0 

20.4 
±0.0 

20.3 
±0.0 

20.0 
±0.3 

3.0 14.5 
±0.4 

14.9 
±0.0 

15.4 
±0.2 

15.4 
±0.0 

15.1 
±0.0 

14.8 
±0.2 

16.7 
±1.4 

21.1 
±0.0 

20.0 
±0.0 

20.3 
±0.0 

20.3 
±0.0 NM 

16.7 14.5 
±0.6 

16.1 
±0.0 

15.7 
±0.0 

15.5 
±0.0 

15.0 
±0.0 

14.8 
±0.4 

17.4 
±1.4 

20.4 
±0.0 

20.6 
±0.0 

19.8 
±0.0 

20.2 
±0.0 

20.1 
±0.0 

33.4 14.9 
±0.6 

15.9 
±0.0 

15.5 
±0.0 

15.5 
±0.0 

15.0 
±0.0 

14.8 
±0.2 

17.5 
±1.4 

20.6 
±0.0 

20.6 
±0.0 

19.9 
±0.0 

20.2 
±0.0 

19.9 
±0.3 

50.1 14.6 
±0.6 

15.9 
±0.0 

15.5 
±0.0 

15.6 
±0.0 

15.2 
±0.0 

15.1 
±0.1 

17.1 
±1.5 

20.7 
±0.0 

20.3 
±0.0 

20.1 
±0.0 

20.0 
±0.0 

20.2 
±0.3 

DO 
(mg/L) 

0.0 9.07 
±0.03 

8.96 
±0.03 

8.80 
±0.04 

8.56 
±0.04 

9.21 
±0.11 

9.07 
±0.25 

9.40 
±0.13 

9.13 
±0.05 

9.16 
±0.52 

8.20 
±0.19 

5.65 
±0.45 

7.11 
±0.44 

3.0 9.05 
±0.05 

8.97 
±0.01 

8.84 
±0.03 

8.55 
±0.06 

9.19 
±0.05 

9.14 
±0.13 

9.60 
±0.12 

9.16 
±0.09 

9.09 
±0.04 

8.28 
±0.18 

5.15 
±0.31 NM 

16.7 8.96 
±0.08 

8.75 
±0.03 

8.82 
±0.02 

8.58 
±0.01 

9.26 
±0.04 

9.24 
±0.08 

9.47 
±0.16 

8.25 
±0.06 

9.07 
±0.06 

8.37 
±0.26 

6.78 
±0.34 

7.06 
±0.36 

33.4 8.98 
±0.12 

8.77 
±0.01 

8.78 
±0.02 

8.60 
±0.02 

9.26 
±0.05 

9.33 
±0.07 

9.54 
±0.12 

9.12 
±0.02 

8.88 
±0.09 

8.21 
±0.13 

7.61 
±0.46 

7.23 
±0.66 

50.1 8.69 
±0.09 

8.75 
±0.02 

8.85 
±0.10 

8.62 
±0.06 

9.71 
±0.00 

9.40 
±0.10 

9.53 
±0.15 

8.17 
±0.07 

8.71 
±0.19 

8.26 
±0.17 

8.09 
±0.02 

7.47 
±0.35 

pH 

0.0 8.50 
±0.10 

8.47 
±0.06 

8.45 
±0.03 

8.49 
±0.02 

8.47 
±0.02 

8.46 
±0.05 

8.31 
±0.03 

8.22 
±0.02 

8.21 
±0.03 

8.15 
±0.03 

8.16 
±0.04 

8.35 
±0.07 

3.0 8.53 
±0.05 

8.47 
±0.04 

8.45 
±0.05 

8.46 
±0.03 

8.5 
±0.01 

8.52 
±0.02 

8.33 
±0.01 

8.22 
±0.01 

8.24 
±0.00 

8.02 
±0.15 

8.12 
±0.02 NM 

16.7 8.46 
±0.09 

8.40 
±0.05 

8.36 
±0.04 

8.32 
±0.07 

8.46 
±0.00 

8.51 
±0.03 

8.19 
±0.03 

8.09 
±0.05 

8.12 
±0.02 

8.06 
±0.00 

8.22 
±0.02 

8.44 
±0.04 

33.4 8.26 
±0.03 

8.35 
±0.02 

8.21 
±0.03 

8.31 
±0.00 

8.40 
±0.01 

8.53 
±0.02 

8.09 
±0.04 

8.02 
±0.01 

8.03 
±0.01 

7.98 
±0.01 

8.24 
±0.04 

8.44 
±0.07 

50.1 8.20 
±0.40 

8.25 
±0.01 

8.16 
±0.01 

8.24 
±0.01 

8.36 
±0.01 

8.53 
±0.02 

7.99 
±0.03 

7.95 
±0.01 

7.94 
±0.01 

7.92 
±0.01 

8.23 
±0.01 

8.41 
±0.09 

Specific 
Conduct

ance 
(µS/cm) 

0.0 950 
±23 

938 
±1 

936 
±9 

940 
±1 

949 
±1 

946 
±2 

930 
±5 

938 
±2 

944 
±1 

947 
±0 

966 
±2 

965 
±6 

3.0 936 
±1 

938 
±1 

940 
±1 

940 
±1 

948 
±1 

945 
±2 

940 
±2 

944 
±1 

944 
±1 

947 
±1 

966 
±1 NM 

16.7 939 
±3 

942 
±1 

944 
±3 

942 
±1 

949 
±1 

944 
±3 

943 
±2 

946 
±0 

947 
±1 

948 
±1 

965 
±1 

964 
±2 

33.4 941 
±1 

943 
±0 

944 
±2 

943 
±1 

950 
±1 

944 
±3 

943 
±2 

948 
±2 

949 
±1 

951 
±1 

964 
±2 

962 
±3 

50.1 951 
±6 

944 
±1 

946 
±2 

945 
±0 

951 
±0 

947 
±1 

943 
±4 

950 
±0 

950 
±1 

953 
±0 

958 
±1 

958 
±3 

Free 
Copper 
(mg/L) 

0.0 0.19 
±0.04 

0.21 
±0.03 

0.17 
±0.01 

0.13 
±0.03 

0.13 
±0.01 

0.15 
±0.04 

0.18 
±0.05 

0.23 
±0.02 

0.12 
±0.01 

0.13 
±0.02 

0.18 
±0.04 NM 

3.0 0.32 
±0.04 

0.29 
±0.00 

0.27 
±0.03 

0.32 
±0.06 

0.25 
±0.01 

0.19 
±0.04 

0.31 
±0.04 

0.29 
±0.03 

0.28 
±0.01 

0.28 
±0.00 

0.33 
±0.02 NM 

16.7 1.05 
±0.03 

1.02 
±0.01 

0.89 
±0.04 

0.95 
±0.02 

1.00 
±0.09 

0.21 
±0.04 

1.10 
±0.04 

1.05 
±0.01 

1.06 
±0.05 

1.04 
±0.01 

1.08 
±0.01 NM 

33.4 1.96 
±0.02 

1.93 
±0.03 

1.9 
±0.02 

1.86 
±0.02 

2.13 
±0.20 

0.22 
±0.03 

2.05 
±0.05 

1.98 
±0.01 

1.95 
±0.02 

1.93 
±0.01 

1.91 
±0.02 NM 

50.1 2.93 
±0.09 

2.84 
±0.02 

2.77 
±0.03 

2.75 
±0.04 

2.93 
±0.10 

0.24 
±0.04 

2.97 
±0.09 

2.84 
±0.04 

2.84 
±0.04 

2.77 
±0.01 

2.80 
±0.08 NM 
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  15ºC Test Conditions 20ºC Test Conditions 

 
Earth 

Tec QZ 
(µL/L) 

0 h 0.5 h 2 h 5 h 24 h Reco
very 0 h 0.5 h 2 h 5 h 24 h Reco

very 

Total 
Copper 
(mg/L) 

0.0 0.19 
±0.00 

0.14 
±0.02 

0.18 
±0.02 

0.13 
±0.02 

0.10 
±0.02 

0.14 
±0.05 

0.13 
±0.02 

0.13 
±0.00 

0.12 
±0.01 

0.12 
±0.01 

0.12 
±0.02 NM 

3.0 0.29 
±0.02 

0.28 
±0.00 

0.24 
±0.01 

0.29 
±0.03 

0.23 
±0.00 

0.16 
±0.07 

0.32 
±0.02 

0.29 
±0.02 

0.27 
±0.01 

0.30 
±0.01 

0.37 
±0.02 NM 

16.7 1.04 
±0.02 

1.00 
±0.02 

0.98 
±0.02 

0.98 
±0.01 

1.03 
±0.07 

0.17 
±0.08 

1.10 
±0.06 

1.04 
±0.03 

1.07 
±0.06 

1.02 
±0.02 

1.09 
±0.02 NM 

33.4 1.96 
±0.01 

1.93 
±0.05 

1.91 
±0.02 

1.88 
±0.03 

2.14 
±0.18 

0.20 
±0.04 

2.05 
±0.04 

1.96 
±0.01 

1.97 
±0.04 

1.93 
±0.01 

1.93 
±0.02 NM 

50.1 2.91 
±0.07 

2.85 
±0.03 

2.81 
±0.03 

2.78 
±0.05 

2.97 
±0.11 

0.23 
±0.05 

2.96 
±0.09 

2.85 
±0.02 

2.85 
±0.05 

2.80 
±0.00 

2.79 
±0.08 NM 

NM: Not Measured 
Recovery: Follow up measurement at the end of the 24 h recovery period following the exposure period. 
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Appendix D 
2020 Lake Mathews Veliger Dose-Response Figures 
 
 

 
Figure D1. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 15°C for 2020 Lake Mathews (LM) trials 
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Figure D2. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 15°C for 2020 Lake Mathews (LM) trials 

 
Figure D3. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 19°C for 2020 Lake Mathews (LM) trials 
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Figure D4. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 19°C for 2020 Lake Mathews (LM) trials 
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Appendix E 
2020 Lake Mathews Dose-Response Veliger Testing – Water Quality Data 
 
Table E1. Average water quality data for each 2020 Lake Mathews dose-response test 
condition  

  15°C Test Conditions 19°C Test Conditions 

 

Earth 
Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Temp. 
(°C) 

0.0 
17.3 
±0.1 

14.9 
±0.1 

14.2 
±0.0 

14.2 
±0.1 

15.1 
±0.0 

14.5 
±0.2 

21.2 
±0.6 

22.5 
±0.1 

21.0 
±0.0 

21.2 
±0.1 

21.2 
±0.8 

21.0 
±0.1 

3.0 
15.0 
±0.7 

14.8 
±0.0 

14.2 
±0.0 

14.2 
±0.1 

15.1 
±0.0 

14.5 
±0.1 

21.5 
±0.6 

20.9 
±0.1 

20.9 
±0.0 

21.2 
±0.1 

21.3 
±0.0 

21.3 
±0.0 

16.7 
16.9 
±1.2 

14.5 
±0.1 

13.9 
±0.1 

14.4 
±0.0 

15.1 
±0.0 

14.4 
±0.3 

21.7 
±0.5 

20.6 
±0.1 

20.7 
±0.0 

21.2 
±0.0 

21.3 
±0.1 

21.3 
±0.1 

33.4 
15.7 
±2.0 

13.6 
±0.3 

13.5 
±0.1 

15.1 
±0.0 

15.1 
±0.0 

14.4 
±0.3 

22.3 
±0.5 

20.8 
±0.1 

21.0 
±0.0 

21.5 
±0.0 

21.3 
±0.0 

21.3 
±0.1 

50.1 
15.6 
±2.9 

13.2 
±0.1 

13.6 
±0.0 

15.1 
±0.0 

15.0 
±0.0 

14.5 
±0.4 

22.5 
±0.5 

20.6 
±0.0 

21.0 
±0.0 

21.6 
±0.0 

21.3 
±0.1 

21.2 
±0.1 

DO 
(mg/L) 

0.0 
7.63 
±0.16 

8.10 
±0.21 

7.96 
±0.04 

7.94 
±0.06 

8.68 
±0.10 

8.84 
±0.28 

8.01 
±0.07 

8.11 
±0.05 

8.09 
±0.05 

7.93 
±0.01 

7.58 
±0.07 

8.01 
±0.15 

3.0 
8.31 
±0.11 

8.71 
±0.03 

8.59 
±0.06 

8.48 
±0.05 

8.99 
±0.04 

9.11 
±0.07 

8.07 
±0.04 

8.12 
±0.02 

8.02 
±0.02 

8.05 
±0.03 

7.61 
±0.09 

8.09 
±0.04 

16.7 
8.33 
±0.27 

9.02 
±0.04 

8.43 
±0.12 

8.40 
±0.03 

8.98 
±0.03 

8.90 
±0.23 

8.14 
±0.05 

8.13 
±0.02 

8.01 
±0.01 

8.06 
±0.02 

8.11 
±0.06 

8.13 
±0.09 

33.4 
8.45 
±0.38 

9.24 
±0.03 

8.41 
±0.12 

8.35 
±0.06 

8.92 
±0.07 

8.81 
±0.12 

8.10 
±0.07 

8.17 
±0.06 

7.96 
±0.02 

7.98 
±0.01 

8.33 
±0.09 

8.22 
±0.10 

50.1 
8.61 
±0.53 

9.72 
±0.02 

8.44 
±0.09 

8.45 
±0.07 

9.12 
±0.06 

8.73 
±0.13 

8.09 
±0.07 

8.12 
±0.04 

7.99 
±0.01 

8.00 
±0.04 

8.26 
±0.04 

8.49 
±0.14 

pH 

0.0 
8.31 
±0.02 

8.35 
±0.00 

8.34 
±0.01 

8.36 
±0.00 

8.26 
±0.01 

8.26 
±0.03 

8.08 
±0.03 

8.13 
±0.00 

8.13 
±0.00 

8.14 
±0.01 

8.15 
±0.03 

8.24 
±0.03 

3.0 
8.29 
±0.01 

8.32 
±0.01 

8.32 
±0.01 

8.32 
±0.01 

8.22 
±0.00 

8.27 
±0.00 

8.09 
±0.01 

8.14 
±0.00 

8.11 
±0.01 

8.12 
±0.01 

8.08 
±0.01 

8.25 
±0.01 

16.7 
8.20 
±0.03 

8.27 
±0.02 

8.27 
±0.02 

8.23 
±0.02 

8.18 
±0.02 

8.26 
±0.04 

8.06 
±0.02 

8.11 
±0.01 

8.06 
±0.01 

8.09 
±0.02 

8.12 
±0.01 

8.25 
±0.01 

33.4 
8.15 
±0.08 

8.19 
±0.04 

8.21 
±0.06 

8.19 
±0.04 

8.12 
±0.03 

8.25 
±0.05 

7.93 
±0.06 

8.05 
±0.03 

7.92 
±0.03 

7.93 
±0.03 

8.09 
±0.03 

8.27 
±0.01 

50.1 
8.00 
±0.08 

8.08 
±0.03 

8.08 
±0.02 

8.09 
±0.05 

8.08 
±0.03 

8.25 
±0.05 

8.03 
±0.06 

7.90 
±0.04 

7.75 
±0.03 

7.84 
±0.04 

8.00 
±0.03 

8.30 
±0.02 

Specific 
Conduct

ance 
(µS/cm) 

0.0 
939 
±1 

938 
±2 

937 
±1 

936 
±1 

940 
±0 

939 
±4 

947 
±3 

947 
±1 

948 
±1 

948 
±1 

954 
±1 

954 
±1 

3.0 
941 
±0 

938 
±0 

938 
±2 

940 
±0 

943 
±1 

941 
±0 

945 
±2 

946 
±0 

946 
±0 

947 
±0 

955 
±1 

946 
±0 

16.7 
942 
±3 

940 
±1 

939 
±0 

941 
±0 

943 
±0 

941 
±1 

951 
±1 

948 
±0 

949 
±0 

949 
±0 

954 
±1 

954 
±2 

33.4 
945 
±6 

942 
±0 

944 
±0 

946 
±0 

947 
±0 

941 
±1 

955 
±3 

954 
±2 

952 
±0 

954 
±0 

958 
±0 

952 
±1 

50.1 
946 
±4 

945 
±0 

943 
±0 

946 
±0 

948 
±1 

942 
±1 

957 
±1 

955 
±1 

955 
±0 

957 
±0 

957 
±0 

953 
±2 

Free 
Copper 
(mg/L) 

0.0 
0.09 
±0.03 

0.10 
±0.02 

0.08 
±0.04 

0.04 
±0.00 

0.05 
±0.01 

0.05 
±0.02 

0.09 
±0.00 

0.11 
±0.00 

0.10 
±0.02 

0.05 
±0.02 

0.07 
±0.01 

0.04 
±0.03 

3.0 
0.43 
±0.00 

0.41 
±0.00 

0.41 
±0.01 

0.37 
±0.04 

0.36 
±0.2 

0.07 
±0.02 

0.36 
±0.02 

0.35 
±0.01 

0.34 
±0.02 

0.32 
±0.01 

0.32 
±0.02 

0.05 
±0.00 

16.7 
1.25 
±0.02 

1.21 
±0.01 

1.20 
±0.02 

1.18 
±0.05 

1.16 
±0.00 

0.09 
±0.03 

1.03 
±0.01 

1.04 
±0.01 

1.00 
±0.03 

0.95 
±0.01 

0.95 
±0.01 

0.10 
±0.01 

33.4 
2.00 
±0.04 

2.02 
±0.02 

1.96 
±0.02 

1.94 
±0.02 

1.86 
±0.01 

0.11 
±0.05 

1.96 
±0.03 

1.94 
±0.01 

1.90 
±0.01 

1.87 
±0.02 

1.64 
±0.05 

0.18 
±0.04 

50.1 
2.93 
±0.08 

2.98 
±0.04 

2.90 
±0.05 

2.78 
±0.02 

2.56 
±0.02 

0.13 
±0.04 

2.95 
±0.01 

2.91 
±0.05 

2.83 
±0.01 

2.84 
±0.03 

2.27 
±0.04 

0.36 
±0.13 
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  15°C Test Conditions 19°C Test Conditions 

 

Earth 
Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Total 
Copper 
(mg/L) 

0.0 
0.09 
±0.02 

0.06 
±0.01 

0.07 
±0.02 

0.04 
±0.02 

0.06 
±0.01 

0.05 
±0.01 

0.09 
±0.01 

0.10 
±0.00 

0.09 
±0.02 

0.07 
±0.05 

0.08 
±0.01 

0.04 
±0.02 

3.0 
0.42 
±0.02 

0.39 
±0.00 

0.40 
±0.01 

0.37 
±0.03 

0.37 
±0.03 

0.07 
±0.02 

0.36 
±0.01 

0.36 
±0.01 

0.33 
±0.04 

0.34 
±0.03 

0.36 
±0.01 

0.05 
±0.00 

16.7 
1.25 
±0.03 

1.21 
±0.02 

1.18 
±0.02 

1.19 
±0.06 

1.20 
±0.01 

0.09 
±0.03 

1.04 
±0.02 

1.01 
±0.03 

0.99 
±0.04 

0.94 
±0.01 

0.98 
±0.02 

0.10 
±0.02 

33.4 
2.00 
±0.05 

2.01 
±0.01 

1.95 
±0.01 

1.91 
±0.02 

1.86 
±0.02 

0.12 
±0.06 

1.94 
±0.03 

1.93 
±0.02 

1.90 
±0.00 

1.88 
±0.00 

1.64 
±0.04 

0.18 
±0.04 

50.1 
2.94 
±0.06 

2.95 
±0.04 

2.87 
±0.05 

2.77 
±0.02 

2.56 
±0.03 

0.14 
±0.05 

2.95 
±0.01 

2.90 
±0.02 

2.84 
±0.02 

2.85 
±0.02 

2.29 
±0.05 

0.36 
±0.15 

Total 
Chlorine 
(mg/L) 

0.0 
0.04 
±0.01 

0.04 
±0.01 

0.03 
±0.01 

0.06 
±0.00 

0.04 
±0.01 NM 

0.07 
±0.00 

0.06 
±0.01 

0.06 
±0.01 

0.05 
±0.02 

0.05 
±0.01 NM 

3.0 
0.05 
±0.01 

0.07 
±0.01 

0.03 
±0.00 

0.04 
±0.01 

0.04 
±0.01 NM 

0.06 
±0.01 

0.06 
±0.00 

0.06 
±0.02 

0.07 
±0.01 

0.04 
±0.00 NM 

16.7 
0.06 
±0.00 

0.05 
±0.02 

0.05 
±0.00 

0.06 
±0.01 

0.04 
±0.01 NM 

0.08 
±0.01 

0.08 
±0.01 

0.06 
±0.02 

0.06 
±0.00 

0.05 
±0.00 NM 

33.4 
0.07 
±0.02 

0.09 
±0.01 

0.07 
±0.00 

0.08 
±0.02 

0.05 
±0.01 NM 

0.07 
±0.02 

0.10 
±0.01 

0.07 
±0.01 

0.10 
±0.00 

0.06 
±0.00 NM 

50.1 
0.08 
±0.02 

0.11 
±0.01 

0.08 
±0.01 

0.10 
±0.01 

0.09 
±0.00 NM 

0.08 
±0.01 

0.11 
±0.01 

0.09 
±0.02 

0.11 
±0.02 

0.08 
±0.01 NM 

NM: Not Measured 
Recovery: Follow up measurement at the end of the 24 h recovery period following the exposure period. 
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Appendix F 
2020 Weymouth Water Treatment Plant Influent Veliger Dose-Response Figures 
 
 

 
Figure F1. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 15°C for the 2020 Weymouth Water Treatment Plant (WW) trials 
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Figure F2. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 15°C for the 2020 Weymouth Water Treatment Plant 
(WW) trials 

 
Figure F3. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 20°C for the 2020 Weymouth Water Treatment Plant (WW) trials 
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Figure F4. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 20°C for the 2020 Weymouth Water Treatment Plant 
(WW) trials 
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Appendix G 
2020 Weymouth WTP Dose-Response Veliger Testing – Water Quality Data 
 
Table G1. Average water quality data for each dose-response test condition using 
Weymouth WTP influent in 2020 

  15°C Test Conditions 20°C Test Conditions 

 
Earth 

Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Temp. 
(°C) 

0.0 16.6 
±0.5 

15.2 
±0.5 

14.8 
±0.5 

14.5 
±0.0 

15.4 
±0.1 

15.4 
±0.3 

22.0 
±0.5 

20.1 
±0.1 

19.7 
±0.1 

20.9 
±0.0 

19.7 
±0.1 

20.0 
±0.3 

3.0 16.6 
±0.8 

14.8 
±0.1 

14.4 
±0.1 

14.4 
±0.0 

15.2 
±0.0 

15.5 
±0.3 

22.0 
±0.4 

19.9 
±0.0 

19.6 
±0.1 

21.1 
±0.3 

19.7 
±0.0 

20.0 
±0.3 

16.7 16.9 
±0.8 

14.6 
±0.0 

14.5 
±0.0 

14.2 
±0.1 

14.9 
±0.1 

15.4 
±0.3 

22.2 
±0.4 

19.7 
±0.1 

19.6 
±0.0 

20.8 
±0.0 

19.7 
±0.1 

19.9 
±0.1 

33.4 16.9 
±1.7 

15.8 
±0.1 

15.0 
±0.1 

15.1 
±0.0 

14.5 
±0.0 

15.2 
±0.3 

22.3 
±0.6 

19.9 
±0.1 

19.9 
±0.1 

19.9 
±0.0 NM 20.0 

±0.2 

50.1 16.8 
±1.7 

15.7 
±0.0 

15.2 
±0.0 

15.2 
±0.1 

14.4 
±0.1 

15.2 
±0.2 

22.4 
±0.4 

19.8 
±0.0 

20.0 
±0.0 

19.6 
±0.0 

20.3 
±0.1 

20.0 
±0.2 

DO 
(mg/L) 

0.0 8.73 
±0.20 

9.22 
±0.03 

8.73 
±0.06 

8.88 
±0.02 

9.35 
±0.10 

9.24 
±0.06 

8.19 
±0.04 

8.37 
±0.07 

8.37 
±0.05 

8.33 
±0.02 

8.63 
±0.04 

8.61 
±0.12 

3.0 8.73 
±0.17 

9.18 
±0.10 

8.76 
±0.04 

8.76 
±0.17 

9.42 
±0.03 

9.13 
±0.06 

8.21 
±0.08 

8.33 
±0.03 

8.32 
±0.02 

8.40 
±0.05 

8.73 
±0.01 

8.68 
±0.09 

16.7 8.72 
±0.17 

9.13 
±0.10 

8.78 
±0.14 

8.97 
±0.09 

9.55 
±0.03 

9.23 
±0.09 

8.22 
±0.04 

8.28 
±0.06 

8.36 
±0.03 

8.39 
±0.06 

8.74 
±0.03 

8.53 
±0.08 

33.4 8.86 
±0.06 

8.88 
±0.05 

8.85 
±0.01 

9.02 
±0.02 

9.55 
±0.08 

9.25 
±0.08 

8.25 
±0.09 

8.22 
±0.07 

8.37 
±0.02 

8.34 
±0.02 NM 8.56 

±0.11 

50.1 8.77 
±0.05 

8.80 
±0.01 

8.89 
±0.12 

8.87 
±0.05 

9.64 
±0.05 

9.12 
±0.10 

8.27 
±0.12 

8.28 
±0.07 

8.34 
±0.08 

8.37 
±0.02 

8.77 
±0.02 

8.64 
±0.14 

pH 

0.0 8.29 
±0.05 

8.31 
±0.00 

8.33 
±0.00 

8.31 
±0.00 

8.31 
±0.00 

8.32 
±0.01 

8.21 
±0.06 

8.28 
±0.00 

8.30 
±0.00 

8.30 
±0.01 

8.27 
±0.00 

8.23 
±0.10 

3.0 8.28 
±0.02 

8.30 
±0.00 

8.31 
±0.00 

8.30 
±0.01 

8.30 
±0.00 

8.32 
±0.01 

8.22 
±0.02 

8.26 
±0.00 

8.28 
±0.01 

8.28 
±0.01 

8.26 
±0.00 

8.31 
±0.01 

16.7 8.18 
±0.01 

8.23 
±0.02 

8.24 
±0.02 

8.23 
±0.03 

8.23 
±0.00 

8.33 
±0.01 

8.18 
±0.05 

8.26 
±0.08 

8.19 
±0.02 

8.21 
±0.02 

8.22 
±0.02 

8.27 
±0.04 

33.4 8.08 
±0.05 

8.10 
±0.02 

8.13 
±0.03 

8.09 
±0.03 

8.13 
±0.03 

8.33 
±0.01 

8.10 
±0.04 

8.18 
±0.06 

8.16 
±0.05 

8.04 
±0.03 NM 8.23 

±0.08 
50.1 7.92 

±0.06 
8.01 
±0.05 

7.97 
±0.09 

7.95 
±0.05 

8.05 
±0.03 

8.34 
±0.01 

8.01 
±0.07 

8.05 
±0.04 

8.02 
±0.04 

7.96 
±0.04 

8.11 
±0.04 

8.26 
±0.06 

Specific 
Conduct

ance 
(µS/cm) 

0.0 937 
±3 

931 
±1 

936 
±1 

936 
±1 

940 
±1 

941 
±2 

937 
±2 

937 
±2 

934 
±1 

937 
±0 

941 
±1 

942 
±1 

3.0 938 
±1 

937 
±0 

936 
±0 

936 
±0 

939 
±0 

941 
±0 

935 
±1 

936 
±0 

935 
±1 

937 
±0 

941 
±0 

944 
±1 

16.7 940 
±0 

938 
±1 

938 
±0 

937 
±1 

939 
±0 

940 
±0 

937 
±1 

937 
±0 

937 
±0 

938 
±0 

942 
±0 

942 
±1 

33.4 943 
±2 

944 
±1 

940 
±1 

940 
±0 

942 
±0 

940 
±1 

945 
±4 

939 
±0 

939 
±0 

941 
±0 NM 942 

±0 

50.1 944 
±1 

945 
±0 

943 
±0 

943 
±1 

942 
±0 

941 
±1 

944 
±3 

944 
±0 

943 
±0 

944 
±0 

945 
±0 

942 
±2 

Free 
Copper 
(mg/L) 

0.0 0.02 
±0.01 

0.05 
±0.01 

0.03 
±0.00 

0.03 
±0.01 

0.03 
±0.00 

0.02 
±0.01 

0.02 
±0.02 

0.04 
±0.01 

0.03 
±0.00 

0.03 
±0.02 

0.03 
±0.01 

0.01 
±0.01 

3.0 0.28 
±0.00 

0.29 
±0.01 

0.28 
±0.01 

0.28 
±0.00 

0.26 
±0.00 

0.02 
±0.01 

0.29 
±0.01 

0.30 
±0.02 

0.27 
±0.00 

0.20 
±0.00 

0.32 
±0.12 

0.03 
±0.09 

16.7 0.95 
±0.02 

0.95 
±0.01 

0.94 
±0.02 

0.92 
±0.02 

0.91 
±0.00 

0.03 
±0.01 

1.08 
±0.01 

1.08 
±0.02 

1.06 
±0.02 

1.03 
±0.01 

0.98 
±0.01 

0.02 
±0.01 

33.4 1.99 
±0.04 

1.92 
±0.01 

1.95 
±0.02 

1.92 
±0.00 

1.87 
±0.01 

0.04 
±0.01 

1.93 
±0.01 

1.91 
±0.02 

1.95 
±0.02 

1.90 
±0.01 NM 0.04 

±0.01 

50.1 2.86 
±0.03 

2.81 
±0.03 

2.85 
±0.04 

2.78 
±0.05 

2.57 
±0.03 

0.05 
±0.02 

2.89 
±0.02 

2.84 
±0.00 

2.86 
±0.04 

2.79 
±0.02 

2.41 
±0.04 

0.10 
±0.07 
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  15°C Test Conditions 20°C Test Conditions 

 
Earth 

Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Total 
Copper 
(mg/L) 

0.0 0.02 
±0.01 

0.05 
±0.01 

0.03 
±0.01 

0.03 
±0.01 

0.03 
±0.01 

0.02 
±0.01 

0.03 
±0.02 

0.04 
±0.02 

0.02 
±0.00 

0.04 
±0.01 

0.02 
±0.00 

0.01 
±0.01 

3.0 0.27 
±0.01 

0.29 
±0.01 

0.28 
±0.00 

0.28 
±0.00 

0.26 
±0.01 

0.02 
±0.01 

0.29 
±0.00 

0.28 
±0.01 

0.27 
±0.01 

0.28 
±0.00 

0.28 
±0.05 

0.03 
±0.01 

16.7 0.95 
±0.01 

0.95 
±0.01 

0.94 
±0.01 

0.93 
±0.01 

0.92 
±0.01 

0.03 
±0.01 

1.08 
±0.01 

1.07 
±0.01 

1.06 
±0.01 

1.03 
±0.02 

0.98 
±0.01 

0.02 
±0.00 

33.4 1.98 
±0.04 

1.91 
±0.02 

1.93 
±0.02 

1.91 
±0.01 

1.88 
±0.03 

0.04 
±0.02 

1.93 
±0.00 

1.90 
±0.02 

1.95 
±0.02 

1.90 
±0.02 NM 0.04 

±0.01 

50.1 2.83 
±0.02 

2.80 
±0.03 

2.83 
±0.04 

2.78 
±0.03 

2.57 
±0.03 

0.06 
±0.02 

2.88 
±0.02 

2.82 
±0.01 

2.83 
±0.02 

2.76 
±0.03 

2.42 
±0.03 

0.10 
±0.07 

Total 
Chlorine 
(mg/L) 

0.0 0.06 
±0.02 

0.06 
±0.00 

0.06 
±0.00 

0.06 
±0.00 

0.03 
±0.00 NM 0.08 

±0.01 
0.08 
±0.01 

0.06 
±0.01 

0.05 
±0.00 

0.05 
±0.00 NM 

3.0 0.05 
±0.01 

0.06 
±0.00 

0.05 
±0.00 

0.06 
±0.00 

0.03 
±0.00 NM 0.05 

±0.00 
0.06 
±0.00 

0.05 
±0.00 

0.05 
±0.00 

0.04 
±0.01 NM 

16.7 0.05 
±0.00 

0.06 
±0.01 

0.05 
±0.01 

0.06 
±0.01 

0.04 
±0.01 NM 0.05 

±0.01 
0.07 
±0.01 

0.05 
±0.01 

0.05 
±0.00 

0.08 
±0.02 NM 

33.4 0.07 
±0.01 

0.07 
±0.00 

0.08 
±0.01 

0.06 
±0.01 

0.04 
±0.00 NM 0.09 

±0.02 
0.06 
±0.01 

0.05 
±0.00 

0.05 
±0.00 NM NM 

50.1 0.06 
±0.01 

0.07 
±0.01 

0.09 
±0.01 

0.08 
±0.00 

0.05 
±0.01 NM 0.10 

±0.02 
0.07 
±0.01 

0.08 
±0.02 

0.08 
±0.02 

0.07 
±0.03 NM 

NM: Not Measured 
Recovery: Follow up measurement at the end of the 24 h recovery period following the exposure period. 
  



Technical Memorandum 1 
 

Trussell Technologies, Inc. | KASF Consulting      Page 37 of 51 

Appendix H 
2021 Lake Mathews Veliger Dose-Response Figures 
 

 
Figure H1. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 15°C for 2021 Lake Mathews (LM) trials 
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Figure H2. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 15°C for 2021 Lake Mathews (LM) trials 

 
Figure H3. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 20°C for 2021 Lake Mathews (LM) trials 
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Figure H4. Veliger mortality with standard deviation bars (n=3) at the end of each 
exposure and recovery period at 20°C for 2021 Lake Mathews (LM) trials 
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Appendix I 
2021 Lake Mathews Dose-Response Veliger Testing – Water Quality Data 
 
Table I1. Average water quality data for each 2021 Lake Mathews dose-response test 
condition  

  15°C Test Conditions 20°C Test Conditions 

 

Earth 
Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Temp. 
(°C) 

0.0 
14.5 
±0.0 

14.9 
±0.5 

15.5 
±0.1 

14.8 
±0.1 

14.9 
±0.0 

15.3 
±0.2 

22.1 
±0.6 

20.0 
±0.1 

20.1 
±0.1 

21.1 
±0.0 

21.1 
±0.0 

21.1 
±0.3 

3.0 
14.2 
±0.1 

14.8 
±0.0 

15.5 
±0.0 

14.8 
±0.0 

14.9 
±0.0 

15.3 
±0.1 

23.2 
±0.9 

20.0 
±0.1 

20.0 
±0.1 

21.1 
±0.1 

21.1 
±0.0 NM 

16.7 
14.5 
±0.1 

14.4 
±0.0 

14.6 
±0.0 

14.4 
±0.1 

14.5 
±0.0 

15.2 
±0.1 

23.3 
±0.4 

19.9 
±0.1 

20.1 
±0.1 

21.1 
±0.0 

20.1 
±0.1 

21.0 
±0.1 

33.4 
14.3 
±0.2 

14.1 
±0.1 

14.5 
±0.2 

14.4 
±0.1 

14.5 
±0.0 

15.0 
±0.0 

21.8 
±0.2 

20.9 
±0.0 

20.0 
±0.1 

20.3 
±0.0 

20.1 
±0.1 

20.1 
±0.1 

50.1 
14.0 
±0.5 

14.4 
±0.1 

15.2 
±0.1 

15.6 
±0.1 

15.6 
±0.1 

15.3 
±0.1 

21.7 
±0.2 

20.9 
±0.0 

20.0 
±0.1 

20.2 
±0.0 

20.0 
±0.0 

20.8 
±0.3 

DO 
(mg/L) 

0.0 
9.59 
±0.20 

9.86 
±0.11 

9.43 
±0.07 

9.36 
±0.08 

9.22 
±0.05 

8.83 
±0.10 

8.04 
±0.21 

8.17 
±0.04 

8.05 
±0.02 

8.01 
±0.02 

7.47 
±0.09 

7.81 
±0.12 

3.0 
9.82 
±0.07 

10.02 
±0.01 

9.83 
±0.01 

9.71 
±0.03 

9359 
±0.02 

8.92 
±0.05 

8.00 
±0.16 

8.19 
±0.04 

7.97 
±0.03 

8.00 
±0.05 

7.85 
±0.04 NM 

16.7 
9.64 
±0.12 

9.79 
±0.06 

9.53 
±0.06 

9.49 
±0.03 

9.40 
±0.03 

9.06 
±0.03 

7.99 
±0.13 

8.18 
±0.11 

8.04 
±0.07 

8.06 
±0.16 

7.95 
±0.01 

8.07 
±0.17 

33.4 
9.87 
±0.19 

10.05 
±0.06 

9.68 
±0.06 

9.54 
±0.03 

9.52 
±0.03 

9.01 
±0.03 

8.16 
±0.14 

8.28 
±0.08 

8.04 
±0.05 

8.02 
±0.06 

8.10 
±0.08 

8.30 
±0.11 

50.1 
9.97 
±0.17 

10.19 
±0.01 

9.70 
±0.05 

9.78 
±0.02 

9.93 
±0.02 

9.23 
±0.07 

8.16 
±0.07 

8.33 
±0.04 

7.99 
±0.05 

8.01 
±0.03 

7.95 
±0.01 

8.24 
±0.24 

pH 

0.0 
8.49 
±0.07 

8.23 
±0.18 

8.36 
±0.00 

8.29 
±0.01 

8.35 
±0.01 

8.38 
±0.03 

8.30 
±0.02 

8.35 
±0.03 

8.33 
±0.03 

8.32 
±0.01 

8.31 
±0.05 

8.31 
±0.03 

3.0 
8.38 
±0.05 

8.34 
±0.00 

8.34 
±0.00 

8.29 
±0.00 

8.24 
±0.01 

8.39 
±0.00 

8.27 
±0.01 

8.32 
±0.00 

8.29 
±0.01 

8.31 
±0.02 

8.26 
±0.00 NM 

16.7 
8.30 
±0.04 

8.27 
±0.02 

8.27 
±0.03 

8.23 
±0.02 

8.26 
±0.01 

8.41 
±0.00 

8.20 
±0.04 

8.17 
±0.04 

8.20 
±0.02 

8.27 
±0.05 

8.23 
±0.01 

8.32 
±0.04 

33.4 
8.18 
±0.04 

8.13 
±0.01 

8.18 
±0.05 

8.16 
±0.05 

8.19 
±0.02 

8.40 
±0.02 

8.15 
±0.10 

8.23 
±0.04 

8.13 
±0.04 

8.17 
±0.05 

8.22 
±0.02 

8.34 
±0.01 

50.1 
8.04 
±0.05 

8.03 
±0.05 

8.04 
±0.05 

8.05 
±0.03 

8.13 
±0.02 

8.42 
±0.02 

8.01 
±0.05 

8.12 
±0.02 

8.00 
±0.05 

8.02 
±0.04 

8.14 
±0.03 

8.34 
±0.03 

Specific 
Conduct

ance 
(µS/cm) 

0.0 
948 
±1 

952 
±0 

950 
±0 

953 
±1 

950 
±0 

952 
±1 

949 
±4 

949 
±1 

949 
±1 

949 
±0 

951 
±0 

955 
±1 

3.0 
950 
±2 

952 
±0 

951 
±0 

952 
±1 

949 
±0 

952 
±0 

945 
±3 

948 
±0 

948 
±0 

949 
±1 

951 
±0 NM 

16.7 
954 
±2 

954 
±0 

953 
±1 

956 
±1 

949 
±0 

952 
±0 

947 
±3 

951 
±0 

951 
±0 

952 
±0 

953 
±0 

951 
±1 

33.4 
954 
±3 

954 
±2 

958 
±2 

954 
±3 

957 
±0 

956 
±1 

953 
±2 

954 
±0 

954 
±0 

954 
±0 

955 
±1 

951 
±1 

50.1 
958 
±1 

959 
±0 

959 
±2 

956 
±1 

958 
±0 

952 
±1 

957 
±1 

956 
±0 

956 
±1 

956 
±0 

957 
±0 

950 
±1 

Free 
Copper 
(mg/L) 

0.0 
0.01 
±0.01 

0.01 
±0.01 

0.01 
±0.01 

0.03 
±0.00 

0.01 
±0.01 

0.01 
±0.01 

0.05 
±0.01 

0.05 
±0.01 

0.03 
±0.02 

0.03 
±0.03 

0.06 
±0.03 

0.02 
±0.02 

3.0 
0.20 
±0.00 

0.20 
±0.01 

0.19 
±0.00 

0.23 
±0.01 

0.24 
±0.03 

0.00 
±0.00 

0.23 
±0.05 

0.24 
±0.02 

0.17 
±0.01 

0.19 
±0.00 

0.21 
±0.01 NM 

16.7 
0.00 
±0.02 

0.94 
±0.01 

0.94 
±0.00 

0.95 
±0.01 

0.94 
±0.03 

0.00 
±0.00 

1.12 
±0.15 

1.04 
±0.02 

1.12 
±0.16 

0.94 
±0.01 

0.98 
±0.01 

0.05 
±0.01 

33.4 
1.93 
±0.05 

1.88 
±0.02 

1.89 
±0.02 

1.83 
±0.01 

1.73 
±0.02 

0.05 
±0.03 

2.02 
±0.01 

1.93 
±0.01 

1.93 
±0.02 

1.88 
±0.01 

1.81 
±0.02 

0.14 
±0.03 

50.1 
2.94 
±0.01 

2.85 
±0.03 

2.87 
±0.01 

2.68 
±0.02 

2.49 
±0.03 

0.12 
±0.07 

2.95 
±0.02 

2.82 
±0.02 

2.77 
±0.02 

2.66 
±0.02 

2.34 
±0.02 

0.18 
±0.07 
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  15°C Test Conditions 20°C Test Conditions 

 

Earth 
Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Total 
Copper 
(mg/L) 

0.0 
0.02 
±0.01 

0.00 
±0.00 

0.01 
±0.01 

0.02 
±0.01 

0.00 
±0.00 

0.01 
±0.01 

0.03 
±0.01 

0.05 
±0.01 

0.04 
±0.02 

0.03 
±0.02 

0.04 
±0.01 

0.03 
±0.03 

3.0 
0.20 
±0.00 

0.20 
±0.01 

0.18 
±0.00 

0.23 
±0.03 

0.22 
±0.01 

0.00 
±0.00 

0.23 
±0.05 

0.24 
±0.02 

0.17 
±0.00 

0.19 
±0.01 

0.19 
±0.01 NM 

16.7 
0.96 
±0.01 

0.94 
±0.01 

0.95 
±0.01 

0.93 
±0.00 

0.92 
±0.01 

0.01 
±0.01 

1.11 
±0.15 

1.03 
±0.02 

1.12 
±0.16 

0.94 
±0.01 

0.98 
±0.03 

0.05 
±0.01 

33.4 
1.93 
±0.02 

1.88 
±0.03 

1.89 
±0.03 

1.83 
±0.01 

1.75 
±0.03 

0.06 
±0.03 

2.02 
±0.01 

1.94 
±0.00 

1.93 
±0.01 

1.88 
±0.00 

1.84 
±0.02 

0.14 
±0.03 

50.1 
2.92 
±0.01 

2.84 
±0.02 

2.85 
±0.02 

2.68 
±0.03 

2.79 
±0.04 

0.12 
±0.07 

2.96 
±0.01 

2.83 
±0.02 

2.75 
±0.02 

2.65 
±0.02 

2.35 
±0.03 

0.19 
±0.07 

Total 
Chlorine 
(mg/L) 

0.0 
0.03 
±0.01 

0.03 
±0.00 

0.00 
±0.00 

0.00 
±0.00 

0.00 
±0.00 NM 0.04 

±0.01 
0.04 
±0.00 

0.03 
±0.00 

0.01 
±0.00 

0.03 
±0.01 NM 

3.0 
0.03 
±0.00 

0.02 
±0.01 

0.01 
±0.00 

0.03 
±0.00 

0.02 
±0.00 NM 0.05 

±0.03 
0.03 
±0.01 

0.04 
±0.02 

0.01 
±0.01 

0.04 
±0.01 NM 

16.7 
0.04 
±0.01 

0.02 
±0.00 

0.03 
±0.01 

0.03 
±0.01 

0.02 
±0.00 NM 0.06 

±0.01 
0.05 
±0.01 

0.04 
±0.01 

0.01 
±0.01 

0.05 
±0.01 NM 

33.4 
0.04 
±0.01 

0.01 
±0.01 

0.04 
±0.01 

0.04 
±0.01 

0.07 
±0.01 NM 0.06 

±0.02 
0.07 
±0.02 

0.06 
±0.03 

0.05 
±0.01 

0.07 
±0.01 NM 

50.1 
0.05 
±0.01 

0.06 
±0.02 

0.05 
±0.00 

0.05 
±0.01 

0.06 
±0.01 NM 0.08 

±0.00 
0.09 
±0.01 

0.05 
±0.01 

0.08 
±0.01 

0.07 
±0.03 NM 

NM: Not Measured 
Recovery: Follow up measurement at the end of the 24 h recovery period following the exposure period. 
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Appendix J 
2021 Weymouth Water Treatment Plant Influent Veliger Dose-Response Figures 
 
 

 
Figure J1. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 15°C for the 2021 Weymouth Water Treatment Plant (WW) trials 
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Figure J2. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 15°C for the 2021 Weymouth Water Treatment Plant 
(WW) trials 

 
Figure J3. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure period at 20°C for the 2021 Weymouth Water Treatment Plant (WW) trials 
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Figure J4. Veliger mortality with standard deviation bars (n=3) at the end of each 

exposure and recovery period at 20°C for the 2021 Weymouth Water Treatment Plant 
(WW) trials 
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Appendix K 
2021 Weymouth WTP Dose-Response Veliger Testing – Water Quality Data 
Table G1. Average water quality data for each dose-response test condition using 
Weymouth WTP influent in 2021 

  15°C Test Conditions 20°C Test Conditions 

 
Earth 

Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Tempera
ture (°C) 

0.0 11.8 
±0.7 

14.0 
±0.1 

14.4 
±0.1 

14.9 
±0.1 

15.7 
±0.1 

14.7 
±0.2 

21.7 
±1.3 

20.1 
±0.2 

20.5 
±0.0 

20.6 
±0.1 

21.0 
±0.1 

20.7 
±0.5 

3.0 10.5 
±0.5 

14.1 
±0.0 

14.8 
±0.1 

14.9 
±0.0 

15.5 
±0.3 

14.5 
±0.0 

21.8 
±1.1 

20.2 
±0.1 

20.6 
±0.1 

20.5 
±0.0 

21.0 
±0.0 

20.7 
±0.6 

16.7 10.6 
±0.4 

14.1 
±0.1 

14.5 
±0.0 

15.0 
±0.1 

15.8 
±0.1 

14.5 
±0.1 

22.0 
±1.1 

20.2 
±0.0 

20.5 
±0.0 

20.6 
±0.0 

21.0 
±0.0 

20.7 
±0.4 

33.4 13.2 
±1.0 

13.6 
±0.1 

14.6 
±0.0 

15.3 
±0.1 

15.2 
±0.1 

15.0 
±0.3 

22.1 
±0.5 

19.9 
±0.1 

20.7 
±0.1 

21.0 
±0.1 

21.3 
±0.0 

20.3 
±0.4 

50.1 11.6 
±0.5 

13.6 
±0.1 

14.6 
±0.1 

15.0 
±0.0 

15.0 
±0.0 

15.2 
±0.3 

22.6 
±0.7 

19.8 
±0.0 

20.9 
±0.1 

21.0 
±0.0 

21.4 
±0.0 

20.7 
±0.2 

DO 
(mg/L) 

0.0 9.85 
±0.25 

10.47 
±0.06 

10.17 
±0.02 

10.13 
±0.01 

10.15 
±0.01 

9.10 
±0.12 

8.24 
±0.09 

8.37 
±0.10 

8.36 
±0.01 

8.36 
±0.06 

8.68 
±0.03 

8.66 
±0.08 

3.0 10.62 
±0.17 

11.17 
±0.01 

10.91 
±0.07 

10.83 
±0.16 

10.46 
±0.20 

9.22 
±0.05 

8.20 
±0.02 

8.34 
±0.04 

8.38 
±0.04 

8.39 
±0.07 

8.64 
±0.01 

8.65 
±0.10 

16.7 11.47 
±0.24 

11.56 
±0.04 

11.45 
±0.07 

11.20 
±0.14 

10.58 
±0.11 

9.33 
±0.08 

8.27 
±0.03 

8.46 
±0.10 

8.38 
±0.01 

8.45 
±0.10 

8.66 
±0.07 

8.61 
±0.11 

33.4 11.82 
±0.20 

11.61 
±0.23 

11.80 
±0.08 

11.67 
±0.08 

10.49 
±0.15 

8.85 
±0.08 

8.27 
±0.05 

8.38 
±0.04 

8.33 
±0.10 

8.35 
±0.00 

8.69 
±0.04 

8.61 
±0.04 

50.1 11.11 
±0.15 

11.49 
±0.20 

11.37 
±0.14 

11.27 
±0.06 

10.52 
±0.03 

9.10 
±0.29 

8.29 
±0.03 

8.36 
±0.04 

8.35 
±0.03 

8.42 
±0.02 

8.66 
±0.03 

8.59 
±0.03 

pH 

0.0 8.33 
±0.08 

8.30 
±0.00 

8.30 
±0.00 

8.28 
±0.01 

8.37 
±0.02 

8.39 
±0.02 

8.32 
±0.05 

8.36 
±0.02 

8.38 
±0.01 

8.37 
±0.01 

8.42 
±0.02 

8.40 
±0.02 

3.0 8.28 
±0.06 

8.28 
±0.00 

8.30 
±0.01 

8.28 
±0.01 

8.37 
±0.01 

8.39 
±0.00 

8.32 
±0.02 

8.33 
±0.01 

8.36 
±0.01 

8.36 
±0.01 

8.38 
±0.00 

8.39 
±0.02 

16.7 8.21 
±0.04 

8.21 
±0.01 

8.24 
±0.02 

8.23 
±0.03 

8.30 
±0.03 

8.38 
±0.03 

8.25 
±0.02 

8.28 
±0.02 

8.31 
±0.04 

8.28 
±0.03 

8.34 
±0.02 

8.40 
±0.02 

33.4 8.19 
±0.06 

8.12 
±0.05 

8.16 
±0.02 

8.12 
±0.03 

8.28 
±0.03 

8.34 
±0.02 

8.18 
±0.04 

8.24 
±0.04 

8.18 
±0.04 

8.18 
±0.02 

8.34 
±0.04 

8.39 
±0.01 

50.1 8.08 
±0.08 

8.01 
±0.05 

8.05 
±0.05 

8.02 
±0.05 

8.18 
±0.03 

8.36 
±0.01 

8.08 
±0.07 

8.03 
±0.06 

8.05 
±0.02 

8.06 
±0.02 

8.21 
±0.05 

8.39 
±0.01 

Specific 
Conduct

ance 
(µS/cm) 

0.0 958 
±1 

961 
±2 

963 
±2 

961 
±0 

963 
±0 

956 
±2 

953 
±4 

951 
±1 

950 
±1 

950 
±0 

953 
±0 

952 
±1 

3.0 949 
±3 

954 
±2 

954 
±0 

954 
±1 

955 
±0 

956 
±0 

949 
±2 

951 
±1 

951 
±1 

951 
±0 

953 
±0 

954 
±1 

16.7 955 
±4 

956 
±0 

955 
±0 

956 
±1 

956 
±0 

955 
±1 

951 
±2 

952 
±0 

953 
±0 

954 
±0 

956 
±0 

953 
±1 

33.4 955 
±6 

957 
±3 

958 
±1 

960 
±1 

959 
±0 

955 
±1 

956 
±4 

957 
±1 

957 
±0 

957 
±0 

958 
±0 

953 
±1 

50.1 953 
±5 

963 
±2 

962 
±0 

962 
±1 

962 
±1 

955 
±1 

958 
±3 

961 
±3 

960 
±0 

959 
±0 

960 
±0 

952 
±1 

Free 
Copper 
(mg/L) 

0.0 0.03 
±0.02 

0.00 
±0.00 

0.02 
±0.01 NM 0.01 

±0.01 
0.00 
±0.01 

0.01 
±0.01 

0.01 
±0.02 

0.00 
±0.00 

0.01 
±0.01 

0.00 
±0.00 

0.00 
±0.00 

3.0 0.23 
±0.01 

0.16 
±0.01 

0.15 
±0.00 NM 0.17 

±0.01 
0.00 
±0.00 

0.22 
±0.01 

0.20 
±0.01 

0.18 
±0.00 

0.19 
±0.01 

0.21 
±0.01 

0.01 
±0.01 

16.7 0.96 
±0.04 

0.94 
±0.02 

0.93 
±0.01 NM 0.92 

±0.04 
0.00 
±0.01 

1.03 
±0.01 

1.04 
±0.01 

1.03 
±0.02 

1.03 
±0.02 

1.02 
±0.02 

0.00 
±0.01 

33.4 1.91 
±0.02 

1.87 
±0.01 

1.86 
±0.01 

1.84 
±0.00 

1.79 
±0.01 

0.02 
±0.01 

1.95 
±0.01 

1.92 
±0.02 

1.89 
±0.01 

1.87 
±0.01 

1.76 
±0.01 

0.04 
±0.03 

50.1 2.93 
±0.03 

2.87 
±0.03 

2.85 
±0.02 

2.74 
±0.01 

2.56 
±0.02 

0.04 
±0.01 

2.89 
±0.03 

2.84 
±0.02 

2.84 
±0.02 

2.76 
±0.01 

2.59 
±0.03 

0.05 
±0.02 

0.0 0.04 
±0.05 

0.01 
±0.01 

0.02 
±0.01 NM 0.01 

±0.01 
0.00 
±0.01 

0.01 
±0.01 

0.01 
±0.01 

0.01 
±0.01 

0.00 
±0.00 

0.00 
±0.00 

0.00 
±0.00 



Technical Memorandum 1 
 

Trussell Technologies, Inc. | KASF Consulting      Page 46 of 51 

  15°C Test Conditions 20°C Test Conditions 

 
Earth 

Tec QZ 
(µL/L) 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 0 h 0.5 h 2 h 5 h 24 h 

Reco
very 

Total 
Copper 
(mg/L) 

3.0 0.17 
±0.01 

0.16 
±0.01 

0.16 
±0.01 NM 0.15 

±0.00 
0.00 
±0.00 

0.21 
±0.00 

0.19 
±0.00 

0.20 
±0.00 

0.20 
±0.01 

0.20 
±0.00 

0.22 
±0.05 

16.7 0.93 
±0.01 

0.93 
±0.01 

0.92 
±0.01 NM 0.91 

±0.01 
0.00 
±0.00 

1.03 
±0.00 

1.02 
±0.01 

1.02 
±0.02 

1.02 
±0.02 

1.02 
±0.01 

0.01 
±0.01 

33.4 1.89 
±0.01 

1.86 
±0.01 

1.85 
±0.00 

1.85 
±0.00 

1.79 
±0.00 

0.02 
±0.02 

1.94 
±0.01 

1.90 
±0.01 

1.89 
±0.01 

1.87 
±0.01 

1.76 
±0.00 

0.04 
±0.03 

50.1 2.90 
±0.02 

2.84 
±0.03 

2.83 
±0.02 

2.75 
±0.02 

2.55 
±0.01 

0.05 
±0.02 

2.88 
±0.03 

2.84 
±0.03 

2.83 
±0.02 

2.75 
±0.01 

2.59 
±0.02 

0.04 
±0.02 

Total 
Chlorine 
(mg/L) 

0.0 0.11 
±0.01 

0.11 
±0.00 

0.10 
±0.02 NM 0.07 

±0.02 NM 0.08 
±0.00 

0.09 
±0.01 

0.06 
±0.03 

0.06 
±0.01 

0.06 
±0.00 NM 

3.0 0.12 
±0.01 

0.06 
±0.04 

0.09 
±0.01 NM 0.06 

±0.02 NM 0.07 
±0.00 

0.08 
±0.01 

0.05 
±0.03 

0.05 
±0.03 

0.05 
±0.01 NM 

16.7 0.11 
±0.02 

0.10 
±0.01 

0.09 
±0.01 NM 0.06 

±0.00 NM 0.07 
±0.00 

0.09 
±0.02 

0.07 
±0.01 

0.05 
±0.00 

0.04 
±0.01 NM 

33.4 0.09 
±0.05 

0.07 
±0.02 

0.09 
±0.01 

0.09 
±0.00 

0.08 
±0.00 NM 0.06 

±0.03 
0.07 
±0.00 

0.08 
±0.01 

0.07 
±0.01 

0.05 
±0.00 NM 

50.1 0.10 
±0.01 

0.06 
±0.02 

0.13 
±0.00 

0.11 
±0.00 

0.12 
±0.01 NM 0.08 

±0.03 
0.08 
±0.01 

0.12 
±0.00 

0.07 
±0.01 

0.09 
±0.02 NM 

NM: Not Measured 
Recovery: Follow up measurement at the end of the 24 h recovery period following the exposure period. 
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Appendix L 
Veliger Dose Response at All Sites Grouped by EarthTec QZ Concentration 
 

 
 

Figure L1. Veliger mortality of the control treatment at the end of each exposure and 
recovery period at 15 & 20°C for Lake Piru (LP), 2020 and 2021 Lake Mathews (LM), 

and 2020 and 2021 Weymouth WTP (WW) trials 
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Figure L2. Veliger mortality of the EarthTec QZ 3 µl/L treatment at the end of each 
exposure and recovery period at 15 & 20°C for Lake Piru (LP), 2020 and 2021 Lake 

Mathews (LM), and 2020 and 2021 Weymouth WTP (WW) trials 
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Figure L3. Veliger mortality of the EarthTec QZ 16.7 µl/L treatment at the end of each 
exposure and recovery period at 15 & 20°C for Lake Piru (LP), 2020 and 2021 Lake 

Mathews (LM), and 2020 and 2021 Weymouth WTP (WW) trials 
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Figure L4. Veliger mortality of the EarthTec QZ 33.4 µl/L treatment at the end of each 
exposure and recovery period at 15 & 20°C for Lake Piru (LP), 2020 and 2021 Lake 

Mathews (LM), and 2020 and 2021 Weymouth WTP (WW) trials 
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Figure L5. Veliger mortality of the EarthTec QZ 50.1 µl/L treatment at the end of each 
exposure and recovery period at 15 & 20°C for Lake Piru (LP), 2020 and 2021 Lake 

Mathews (LM), and 2020 and 2021 Weymouth WTP (WW) trials 
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1 Introduction 
1.1 Background 
Since their discovery in Lake Mead within the Colorado River system in January 2007, 
Quagga mussels (Dreissena bugensis) have rapidly spread through the Metropolitan 
Water District of Southern California’s (MWD’s) Colorado River Aqueduct (CRA) and 
have been detected at many sites in California. The presence of this invasive species 
presents a barrier to the use of imported water and storm water for groundwater 
replenishment. Considering these challenges, the City of Santa Ana proposed a study 
entitled “Restoration of Local Recharge Sources from Invasive Dreissenid Mussels” 
(Study) to MWD’s Future Supply Actions Funding Program. The Study was conducted 
by Trussell Technologies (Trussell), KASF Consulting, and Orange County Water 
District (OCWD), with support from project partners including the Water Replenishment 
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District of Southern California (WRD), the United Water Conservation District (UWCD), 
the Main San Gabriel Basin Watermaster, and the Central Basin Municipal Water 
District. Although not directly contributing financially to the study, the California 
Department of Fish and Wildlife (CDFW) and California Department of Water Resources 
are supporting the Study by providing technical review and assistance. 
 
1.2 Study Description 
The purpose of this Study is to evaluate a potential treatment method, other than 
desiccation, for use in addressing quagga mussel infestations and preventing the 
spread of this invasive species.  
 
Trussell led the study in partnership with KASF Consulting, a firm specializing in quagga 
mussel sampling, identification, and testing. The Study evaluated the effectiveness of 
EarthTec QZ™1 for control of quagga mussel veligers (the mussel’s final larval stage). 
The testing locations included: (1) Lake Piru, (2) Lake Mathews, and (3) MWD’s 
Weymouth Water Treatment Plant (WTP). A fourth location, OCWD’s OC-28 turnout at 
Anaheim Lake, was originally planned but later eliminated based on scheduling issues 
and identification of a surrogate location. Lake Piru contains mostly imported water from 
the State Water Project (SWP), supplemented with local runoff. Lake Mathews is part of 
the CRA system. Water from Lake Mathews is chlorinated at the inlet to a pipeline that 
supplies Weymouth WTP; thus, these two locations represent the same water, with and 
without chlorine treatment. The Study included testing with samples collected from 
multiple locations, to allow the project team to evaluate the impact of site-specific water 
quality on the performance of EarthTec QZ.  
 
 
The following objectives were evaluated at each testing location: 

1. Veliger dose-response testing of EarthTec QZ 
2. Toxicity assessment of non-target aquatic species 

 
The purpose of this technical memorandum (TM) is to summarize the results of 
Objective #2 for the study.  
 
2 Schedule Summary 
Veliger dose-response testing and associated toxicity assessments for non-target 
species were completed according to the schedule summarized in Table 2-1. 
 
 
 
 

                                            
1 EarthTec QZ™ is registered with the United States Environmental Protection Agency (USEPA) as a 
molluscicide for the control of quagga and zebra mussels. It is also registered with the California 
Department of Pesticide Regulation as a molluscicide for use in lakes, streams, rivers, waterways, canals, 
ponds, reservoirs, irrigation systems, and catch basins. 
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Table 2-1. Study status at each sampling location 

Location Study Status Testing Date 
Lake Piru Completed December 2 – 6, 2019 

Lake Mathews 2020 Completed September 9 – 11, 2020 
September 18 – 20, 2020 

Weymouth WTP Influent 2020 Completed September 14 – 18, 2020 
OC-28 Turnout N/A2  

Weymouth WTP Influent 2021 Completed June 28 – 30, 2021 
July 12 – 14, 2021 

Lake Mathews 2021 Completed June 30 – July 2, 2021 
July 14 – 16, 2021 

 
2.1 Exemption of OC-28 Turnout 
Testing was completed for each of the study testing locations (Table 2-1), with the 
exception of the OC-28 turnout. The study was designed with the intention of correlating 
the dose-response efficacy of EarthTec QZ at Lake Mathews with that of two 
downstream locations. Water delivered from Lake Mathews is chlorinated prior to 
entering transmission pipelines supplying both OC-28 and Weymouth WTP. 
Considering the connection of these water supplies, the Study aimed to correlate testing 
from Lake Mathews with the two downstream locations – OC-28 turnout and Weymouth 
WTP influent. Testing these three locations in a series would allow for comparison of 
the effects of EarthTec QZ with and without chlorine exposure. However, due to prior 
budgeting, OCWD only had access to Lake Mathews water at the OC-28 turnout 
through June 2020, and not during the 2021 fiscal year (July 2020 – June 2021). Covid-
19 restrictions precluded the project team from sampling at Lake Mathews until 
September 2020. For these reasons, it was not possible to complete sampling from the 
OC-28 turnout in conjunction with the sampling and testing at Lake Mathews and 
Weymouth WTP influent.  
 
The project team met with MWD staff in August 2020 to discuss alternative sampling 
locations for the OC-28 turnout. Although already included as a sampling location for 
the Study, Weymouth WTP was identified as the most appropriate surrogate monitoring 
location for the OC-28 turnout, as both sites can receive CRA water from Lake Mathews 
that is chlorinated and transmitted within a pipeline for a similar travel time and 
therefore, similar contact time with chlorine. Thus, sampling at OC-28 was eliminated as 
a sampling location for the Study. The project team proceeded with testing at Lake 
Mathews and Weymouth WTP during September 2020 and completed follow up testing 
at both of these locations in 2021. 

                                            
2 Sampling at OC-28 is no longer applicable given the similarity with that of Weymouth WTP, as is later 
discussed.  
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2.2 Repetition of Lake Mathews and Weymouth WTP 
The project team found value in repeating paired veliger and toxicity testing at Lake 
Mathews and Weymouth WTP (2020 and 2021). Advantages of repeating this testing 
included: 

1. Repeating toxicity testing for Weymouth WTP influent water samples after 
inconsistent acute toxicity test results from the 2020 Weymouth WTP samples 
(discussed in Section 3); 

2. Assessing the same acute toxicity doses on all three non-target species with both 
Lake Mathews and Weymouth WTP sample water; 

3. Capturing seasonal variability by testing water samples from these locations 
collected during different months in the year; 

4. Potentially capturing a larger veliger size-distribution and assessing the effects of 
EarthTec QZ on larger quagga mussel veligers; and 

5. Comparing the effect that EarthTec QZ has on veligers with no significant 
exposure to chlorine (Lake Mathews) to those which have been exposed to 
chlorine (Weymouth WTP influent). 

 
The project team proceeded with testing at Weymouth WTP and Lake Mathews in June 
& July 2021.  
 
3 Study Results 
Objective #2 of the Study was to assess acute toxicity of EarthTec QZ for non-target 
aquatic species at the four Study locations. Testing was completed as defined in the 
‘Test Plan for Toxicity Assessment of Non-Target Aquatic Species,’ provided in the 
Semi-Annual Progress Report 2019 No. 1. 
 
Trussell collected large volume samples from each test location and delivered these to 
Aquatic Bioassay and Consulting Laboratories (ABC Labs) in Ventura, CA to conduct 
acute toxicity testing on three non-targeted indicator species: fathead minnow 
(Pimephales promelas), water flea (Ceriodaphnia dubia), and rainbow trout 
(Oncorhynchus mykiss). This testing was completed in parallel with the dose-response 
veliger testing. Each round of toxicity testing utilized the same site-specific water and 
EarthTec QZ stock that was used during the veliger dose-response testing (findings 
from Objective #1 are reported in TM 1). ABC Labs evaluated 96-hour acute toxicity for 
either two or three doses of EarthTec QZ per water sample. The EarthTec QZ doses 
were determined by Trussell and KASF Consulting based on the most effective dose 
identified from preliminary veliger dose-response data from each test location.  
 
The results from the acute toxicity testing for non-target indicators are discussed in the 
following subsections by sampling event: Lake Piru, Lake Mathews 2020, Weymouth 
WTP influent 2020, Lake Mathews 2021, and Weymouth WTP influent 2021. Additional 
plots of the results are provided in Appendix A and the individual test reports for the 
acute toxicity testing from each location are provided in Appendices B-G. 
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3.1 Lake Piru 
In December 2019, toxicity testing was conducted with Lake Piru water. The preliminary 
data from the Lake Piru 15ºC veliger dose-response tests suggested that veligers were 
only experiencing significant mortality (>50%) at the two highest doses of EarthTec QZ: 
33.4 and 50.1 µL/L. Trussell and KASF Consulting selected the EarthTec QZ dose with 
the highest veliger mortality (50.1 µL/L or 3.0 mg/L as Cu), and the lowest dose that 
resulted in mortality greater than control mortality (16.7 µL/L or 1.0 mg/L as Cu) as the 
targets for acute toxicity testing on the three indicator species. The results are shown in 
Table 3-1 and presented graphically in Appendix A. The full toxicity test reports for Lake 
Piru are included as Appendix B. 
 
Table 3-1. 96-hour acute toxicity results of non-target indicator species in Lake Piru 
sample water 

  Fathead Minnow Water Flea Rainbow Trout 

EarthTec 
QZ Dose 

0 16.7 50.1 0 16.7 50.1 0 16.7 50.1 
µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L 

Average  
96-hour 
Survival 

Rate  
100% 57.5% 0% 100% 0% 0% 100% 0% 0% 

TU(a) * - 0.96 >1.00 - >1.00 >1.00 - >1.00 >1.00 

*The acute toxicity unit [TU(a)] is calculated as: log (% mortality)/1.7 
 
As shown in Table 3-1, the average survival rate for the fathead minnow was 57.5% 
after 96 hours of exposure to 16.7 µL/L EarthTec QZ. This same dose and exposure 
time resulted in 0% survival for water fleas and rainbow trout. None of the tested 
species showed survival after 96 hours of exposure to 50.1 µL/L EarthTec QZ. Acute 
toxicity results are typically presented relative to the effective concentration (EC) 
required to reach a biological endpoint (mortality, in this case). One toxic unit (TU) is 
defined for the standard acute toxicity analysis as EC50, or the effective concentration 
at which 50% of the test species reaches mortality by the end of the 96-hour exposure 
time. Both of the EarthTec QZ doses evaluated with the Lake Piru water samples (16.7 
and 50.1 µL/L) yielded acute toxicity values of greater than 1.0 TU(a).   
 
The Test Plan included provisions for evaluating chronic toxicity for the non-target 
aquatic indicator species pending Round 1 acute toxicity testing results. Because 
Round 1 acute toxicity testing results indicated very limited survival rates (i.e., high 
levels of mortality) and chronic toxicity testing would entail longer exposure times, it is 
expected that chronic toxicity testing would not provide additional value to the study. For 
these reasons, toxicity testing focused on acute toxicity response for the non-target 
aquatic indicator species with subsequent rounds of testing at Lake Mathews and 
Weymouth WTP influent.  
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3.2 Lake Mathews 2020 
In September 2020, toxicity testing was conducted with Lake Mathews water. The 
preliminary data from the Lake Mathews 20ºC veliger dose-response testing suggested 
that veligers were more susceptible to lower EarthTec QZ doses when compared to 
Lake Piru. Veliger mortality was higher than 90% at 16.7 µL/L EarthTec QZ (1.0 mg/L as 
Cu) after 24 hours of exposure. Based on these veliger mortality results, Trussell and 
KASF Consulting selected 8.35 µL/L (50% of 16.7 µL/L or 0.5 mg/L as Cu) and 16.7 
µL/L EarthTec QZ as the target test doses for acute toxicity assessment. The results are 
summarized in Table 3-2 and graphed in Appendix A. The full toxicity test reports for the 
Lake Mathews 2020 samples are included as Appendix C. 
 
Table 3-2. 96-hour acute toxicity results of non-target indicator species in Lake Mathews 
2020 water 

  Fathead Minnow Water Flea Rainbow Trout 

EarthTec 
QZ Dose 

0 8.35 16.7 0 8.35 16.7 0 8.35 16.7 
µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L 

Average  
96-hour 
Survival 

Rate  
100% 97.5% 92.5% 100% 0% 0% 100% 0% 0% 

TU(a)  - 0.23 0.51 - >1.00 >1.00 - >1.00 >1.00 
 
As shown in Table 3-2 the average survival rate for fathead minnow was 97.5% (0.23 
TU(a)) and 92.5% (0.51 TU(a)) after 96 hours of exposure to 8.35 µL/L and 16.7 µL/L 
EarthTec QZ, respectively. However, 96-hour exposure to both tested doses resulted in 
0% survival for water fleas and rainbow trout, which translates to acute toxicity values of 
greater than 1.0 TU(a) for both EarthTec QZ doses. 
 
3.3 Weymouth Water Treatment Plant Influent 2020 
In September 2020, toxicity testing was conducted with Weymouth WTP influent. 
Preliminary data from the 20ºC veliger dose-response testing in Weymouth WTP 
influent indicated similar or higher efficacy of EarthTec QZ as was observed with Lake 
Mathews water. After 24 hours of exposure to 16.7 µL/L EarthTec QZ (1.0 mg/L as Cu), 
veliger mortality was 93%. ABC Labs completed the acute toxicity assessment with the 
Weymouth WTP influent using the same doses as those tested with Lake Mathews 
water: 8.35 µL/L and 16.7 µL/L EarthTec QZ.  
 
The final veliger mortality results from the Weymouth WTP influent indicated 
significantly higher mortality (78-89% at 24 hours exposure) at the lowest EarthTec QZ 
dose of 3.0 µL/L (0.18 mg/L as Cu) when compared with the same dose at Lake 
Mathews (48-65% at 24 hours exposure). Therefore, Trussell and KASF Consulting 
requested that ABC Labs analyze acute toxicity for the Weymouth WTP influent with an 
additional dose of 3.0 µL/L EarthTec QZ. This additional test condition required re-
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sampling Weymouth WTP influent water, which took place two weeks after the original 
testing. The results from both rounds of acute toxicity testing with Weymouth WTP 
influent are summarized in Table 3-3 and graphed in Appendix A. The full toxicity test 
reports for the original Weymouth WTP influent 2020 samples are included as Appendix 
D. The full toxicity test reports for the Weymouth WTP 2020 re-sample are included as 
Appendix E. 
 
Table 3-3. 96-hour acute toxicity results of non-target indicator species in Weymouth 
WTP 2020 sample water 

  Fathead Minnow Water Flea Rainbow Trout 

EarthTec 
QZ Dose 

0 3 8.35 16.7 0 3 8.35 16.7 0 3 8.35 16.7 
µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L 

Average  
96-hour 
Survival 

Rate  
97.5% 100% 100% 100% 100% 0% 100% 100% 100% 65% 0% 0% 

TU(a)  0.23 - - - - >1.00 - - - 0.91 >1.00 >1.00 

 
As shown in Table 3-3, the fathead minnow survival rate was 100% after 96 hours of 
exposure to all three tested doses. An average of 65% of the rainbow trout survived 
after 96 hours of exposure to 3.0 µL/L EarthTec QZ, which translates to an acute toxicity 
value of 0.91 TU(a). The same exposure to the two higher doses of 8.35 µL/L and 16.7 
µL/L EarthTec QZ both resulted in 0% survival and acute toxicity values greater than 1.0 
TU(a).  
 
Water fleas survived at a rate of 100% at the two higher doses of 8.35 µL/L and 16.7 
µL/L EarthTec QZ. However, 0% of water fleas survived the lower dose of 3 µL/L 
EarthTec QZ, which translates to an acute toxicity value of 1.0 TU(a).  
 
It is unclear why no water fleas survived at the lowest EarthTec QZ dose, whereas 
100% survival was observed with the two higher doses. As previously mentioned, the 
addition of the third and lower dose condition (3.0 µL/L EarthTec QZ) required a 
separate sampling event two weeks after the initial Weymouth WTP influent sample was 
collected for the higher two doses (8.35 µL/L and 16 µL/L EarthTec QZ). The results 
indicate limited change in the water quality of the two Weymouth WTP samples. A 
slightly higher chlorine residual (0.05 mg/L) was measured in the second sample, used 
for the 3.0 µL/L EarthTec QZ condition, compared to the original water sample (0.02 
mg/L). ABC Labs used the same batch of diluted EarthTec QZ for dosing the tested 
conditions for both rounds of toxicity testing. ABC Labs conducted a quality control audit 
of the results and found no obvious explanation for the inconsistent results.  
 
As previously discussed in Section 2, these inconsistent results were one of the 
motivations to repeat testing at both Lake Mathews and Weymouth WTP.  
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3.4 Weymouth Water Treatment Plant Influent 2021 
In July 2021, a repeat round of toxicity testing was conducted with Weymouth WTP 
water. As discussed in the previous section, the acute toxicity tests with the Weymouth 
WTP 2020 sample water resulted in inconsistent water flea survival data. To provide 
more clarity on the effects that EarthTec QZ has on the water flea, the same three 
doses that were used in the 2020 Weymouth WTP toxicity tests were selected for the 
follow up testing in 2021: 3, 8.35 & 16.7 µL/L as EarthTec QZ, or 0.18, 0.5 and 1.0 mg/L 
as Cu, respectively. The results are presented in Table 3-4 and graphed in Appendix A. 
The full toxicity test reports for Lake Mathews 2021 are included as Appendix F. 
 
Table 3-4. 96-hour acute toxicity results of non-target indicator species in Weymouth 
WTP 2021 sample water 

  Fathead Minnow Water Flea Rainbow Trout 

EarthTec 
QZ Dose 

0 3 8.35 16.7 0 3 8.35 16.7 0 3 8.35 16.7 
µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L 

Average  
96-hour 
Survival 

Rate  
100% 100% 97.5% 97.5% 100% 0% 0% 0% 100% 100% 0% 0% 

TU(a)  - - 0.23 0.23 - >1.00 >1.00 >1.00 - - >1.00 >1.00 

 
 
As shown in Table 3-4, the average survival rate for fathead minnow and rainbow trout 
was 100% after 96 hours of exposure to the lowest tested dose 3 µL/L EarthTec QZ. 
However, the average survival rate for water flea was 0% after 96 hours of exposure to 
this same lowest dose. Furthermore, the average survival rate for fathead minnow was 
97.5% (0.23 TU(a)) after 96 hours of exposure to both 8.35 µL/L and 16.7 µL/L 
EarthTec QZ. However, 96-hour exposure to 8.35 µL/L and 16.7 µL/L EarthTec QZ 
resulted in 0% survival for water fleas and rainbow trout, which translates to acute 
toxicity values of greater than 1.0 TU(a) for both EarthTec QZ doses. 
 
3.5 Lake Mathews 2021 
In July 2021, a repeat round of toxicity testing was conducted with Lake Mathews 
sample water. As discussed in the previous section, the original acute toxicity tests with 
Weymouth WTP sample water resulted in inconsistent water flea survival data. To 
obtain consistent data with the Weymouth WTP, the same three doses that were used 
for the repeated Weymouth WTP toxicity testing (3, 8.35 & 16.7 µL/L as EarthTec QZ, 
or 0.18, 0.5 and 1.0 mg/L as Cu, respectively) were selected for this location as well. 
The results are presented in Table 3-5 and graphed in Appendix A. The full toxicity test 
reports for Lake Mathews are included as Appendix G. 
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Table 3-5. 96-hour acute toxicity results of non-target indicator species in Lake Mathews 
2021 sample water 

  Fathead Minnow Water Flea Rainbow Trout 

EarthTec 
QZ Dose 

0 3 8.35 16.7 0 3 8.35 16.7 0 3 8.35 16.7 
µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L µL/L 

Average  
96-hour 
Survival 

Rate  
100% 100% 100% 97.5% 100% 15% 0% 0% 100% 100% 0% 0% 

TU(a)  - - - 0.23 - >1.00 >1.00 >1.00 - - >1.00 >1.00 

 
As shown in Table 3-5, the average survival rate for fathead minnow and rainbow trout 
was 100% after 96 hours of exposure to the lowest tested dose 3 µL/L EarthTec QZ. 
However, the average survival rate for water flea was only 15% (>1.0 TU(a)) after 96 
hours of exposure to this same lowest dose. The average fathead minnow survival rates 
after 96 hours of exposure to 8.35 µL/L and 16.7 µL/L EarthTec QZ were also high at 
100% and 97.5% (0.23 TU(a)), respectively. However, the same exposure to 8.35 µL/L 
and 16.7 µL/L EarthTec QZ resulted in 0% survival for water fleas and rainbow trout, or 
acute toxicity values of greater than 1.0 TU(a).  
 
4 Analysis 
This section includes a high-level analysis of the results presented in Section 3. Further 
discussion, correlations, statistical analysis, integrated analyses and recommendations 
will be provided in the Final Report.  
 
4.1 Experimental Setup 
The toxicity assessment for non-target organisms was based on the standard acute 
toxicity test method, which exposes each of the three indicator species to the selected 
EarthTec QZ dose for 96 hours. This is 72 hours longer than the longest exposure time 
for the veliger dose-response tests at 24 hours (an additional 24-hour recovery period 
was assessed after exposure to fresh sample water without EarthTec QZ). Therefore, it 
should be noted that the non-target indicator species experienced significantly longer 
exposure times to EarthTec QZ compared to the veligers in the corresponding dose-
response tests. The final report compares the acute toxicity results with the veliger 
mortality on the basis of total exposure to EarthTec QZ, using a time-dose variable (the 
product of the copper concentration and exposure time of each sample).  
 
Another notable difference in the veliger dose-response testing conditions compared 
with the acute toxicity test procedure is the ambient temperature. The veliger dose-
response testing included two temperature conditions, 15 ºC and 20ºC. ABC Labs 
followed the standard method for acute toxicity testing and maintained a temperature of 
approximately 24ºC for the fathead minnow and water flea, and a temperature of 



Technical Memorandum 2 
 

Trussell Technologies, Inc. | KASF Consulting      Page 10 of 16 

approximately 13ºC for rainbow trout. These temperature conditions were selected as 
they provide constant and acceptable temperature conditions for the non-target 
indicator species, so that the control may yield high survival and varying temperature 
does not add an additional factor that could cause non-chemical related mortality.  
 
4.2 Water Quality Comparison 
The water quality associated with acute toxicity testing is shown in Table 4-1. Raw 
water quality values include the sample water that the project team collected and 
analyzed during veliger testing, along with the water quality analysis provided by ABC 
Labs for the same sample water.3 The results in Table 4-1 indicated as being analyzed 
by ABC Labs include both raw water quality and measurements from the sample 
containing EarthTec QZ. While copper was not reported by ABC Labs, it was measured 
to confirm accurate dosing of EarthTec QZ during testing. The full laboratory reports 
provided by ABC Labs for each of the tests are included in Appendices B through G.  
 
The water quality for Lake Mathews and Weymouth WTP was mostly consistent, since 
these two locations represent the same CRA water, with the addition of chlorine in the 
pipeline upstream of Weymouth WTP. Lake Piru represents mostly imported water from 
the SWP and had higher DOC, hardness, and alkalinity, but lower conductivity 
compared with Lake Mathews and Weymouth WTP. Similar pH values were measured 
from all three locations.  

                                            
3 ABC Labs used both the sample raw water and their own lab-made water for the control conditions 
during acute toxicity testing. The control conditions with the sample water served as a quality control 
method to rule out mortality to the indicator species caused by the water sample, and not the EarthTec 
QZ. All the control conditions with sample water yielded 100% survival, confirming that none of the 
mortality was attributed to the sample source. The survival results reported in Section 3 for 0 µL/L 
EarthTec QZ reflect the test results run with the lab-made control water. The water quality titled ‘ABC 
Labs: Raw Water’ in Table 4-1 reflects the sample water quality measured by ABC Labs.  
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Table 4-1. Water Quality of Acute Toxicity Test Samples with and without EarthTec QZ 
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Location Year Analysis Test Condition mg/L μS/ 
cm 

pH 
unit °C mg/L as 

CaCO3 mg/L  mg/L  mg/L  mV mg/L  mg/L 

Lake  
Piru 

Raw Water Quality                           

2019 

Field  20ºC Tests 8.88 913 8.25 14.8 154 316 0.16 0.16 0.12 192 5.65 5.05 

ABC Labs  
Raw Water 7.50 776 7.70 24.0 98 315 - - - - - - 

16.7 µL/L EarthTec (1.0 mg/L as Cu) 8.37 947 8.83 24.1 - - - - - - - - 
50.1 µL/L EarthTec (3.0 mg/L as Cu) 8.25 990 8.10 24.1 160 161 - - - - - - 

Statistical Analysis                           

All Sample Collections Mean 8.19 845 7.98 19.4 126 316 0.16 0.16 0.12 192 5.65 5.05 
Standard Deviation 0.98 97 0.39 6.5 40 0.71 - - - - - - 

Lake 
Mathews 

Raw Water Quality                           

2020 

Field 15ºC Tests 7.57 946 8.18 25.1 115 138 0.02 0.02 0.02 213 4.67 3.01 

ABC Labs 
Raw Water 7.90 788 8.30 23.9 113 288 - - - - - - 

8.35 μL/L EarthTec (0.5 mg/L as Cu) 7.60 1129 7.90 24.1 100 350 - - - - - - 
16.7 µL/L EarthTec (1.0 mg/L as Cu) 7.46 1097 7.87 24.1 - - - - - - - - 

2021 

Field  15ºC Tests 8.46 950 8.24 24.6 138 281 0.00 0.00 0.01 186 4.65 2.98 

ABC Labs 

Raw Water 7.83 1044 7.53 24.1 120 250 - - - - - - 
3 µL/L EarthTec (0.15 mg/L as Cu) 8.00 1013 7.53 24.1 - - - - - - - - 

8.35 μL/L EarthTec (0.5 mg/L as Cu) 7.87 1013 7.53 24.1 - - - - - - - - 
16.7 µL/L EarthTec (1.0 mg/L as Cu) 7.87 1023 7.53 24.1 125 330 - - - - - - 

Statistical Analysis                           

2020 Raw Samples Mean 7.74 867 8.24 24.5 114 213 0.02 0.02 0.02 213 4.67 3.01 
Standard Deviation 0.23 112 0.08 0.8 1 106 - - - - - - 

2021 Raw Samples Mean 8.15 997.0 7.89 24.34 129 266 0.00 0.00 0.01 186 4.65 2.98 
Standard Deviation 0.44 66.47 0.50 0.37 13 22 - - - - - - 

Weymouth 
WTP 

Raw Water Qualty                           

2020 

Field 15ºC Tests 8.27 944 8.02 25.6 119 150 0.01 0.01 0.04 214 8.50 4.09 

ABC Labs 
Raw Water 8.10 1056 8.00 24.1 111 362 - - - - - - 

8.35 μL/L EarthTec (0.5 mg/L as Cu) 7.67 1107 7.90 24.1 108 315 - - - - - - 
16.7 µL/L EarthTec (1.0 mg/L as Cu) 7.50 1101 7.87 24.2 - - - - - - - - 

Field Additional Sampling * 8.19 955 8.12 26.8 119 145 0.02 0.02 0.05 211 7.88 4.05 

ABC Labs Raw Water 8.30 1022 8.10 24.0 103 311 - - - - - - 
3 µL/L EarthTec (0.15 mg/L as Cu) 7.40 1025 7.70 24.0 113 238 - - - - - - 

2021 

Field  15ºC Tests 8.69 969 8.18 21.9 137 275 0.02 0.03 0.10 196 4.46 3.01 

ABC Labs 

Raw Water 7.90 1009 7.67 24.1 123 295 - - - - - - 
3 µL/L EarthTec (0.15 mg/L as Cu) 7.93 1011 7.70 24.1 - - - - - - - - 

8.35 μL/L EarthTec (0.5 mg/L as Cu) 7.90 105 7.63 24.1 - - - - - - - - 
16.7 µL/L EarthTec (1.0 mg/L as Cu) 7.87 1012 7.63 24.1 129 330 - - - - - - 

Statistical Analysis                           

2020 Raw Samples Mean 8.19 1000 8.01 24.9 115 256 0.01 0.01 0.04 214 8.50 4.09 
Standard Deviation 0.12 79 0.01 1.1 6 150 - - - - - - 

2020 Raw Samples  
(Additional Sampling) 

Mean 8.25 989 8.11 25.4 111 228 0.02 0.02 0.05 211 7.88 4.05 
Standard Deviation 0.08 47 0.01 2.0 11 117 - - - - - - 

2021 Raw Samples Mean 8.30 989 7.92 23.0 130 285 0.02 0.03 0.10 196 4.46 3.01 
Standard Deviation 0.56 28 0.36 1.6 10 14 - - - - - - 

* Re-sample of Weymouth WTP influent for acute toxicity testing with 3 µL/L EarthTec QZ. This water was not used for veliger testing.
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4.3 General Trends 
The toxicity response of non-target organisms to EarthTec QZ were tested on three 
species – fathead minnow, water flea, and rainbow trout. The mortality response of the 
tested non-target organisms is summarized in Figure 4-1.  
 
Both water flea and rainbow trout were highly sensitive to EarthTez QZ and exhibited 
acute mortality response at the lower concentrations tested in this Study. Water flea and 
rainbow trout acute mortality was observed to be 100% at a dose greater than or equal 
to 8.35 µL/L EarthTec QZ which corresponds to 0.5 mg/L as copper.  
 
Meanwhile, fathead minnow showed a mixed response to EarthTec QZ. Lake Mathews 
and Weymouth WTP water test conditions showed little to no mortality of fathead 
minnows for all EarthTec QZ doses tested up to 16.7 µL/L which corresponds to 1 mg/L 
as copper. However, the Lake Piru water test conditions had 42.5% mortality at 16.7 
µL/L. The difference in mortality observed for fathead minnows is thought to be the 
result of differences in water quality between the test locations. The discussion on water 
quality and mortality can be found in Section 4.4.  
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Figure 4-1 Average acute toxicity with standard deviations bars 
(A) Water Flea; (B) Rainbow Trout; and (C) Fathead Minnow for each location with EarthTec QZ 

A. 

B. 

C. 
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4.4 Water Quality Impact on EarthTec QZ Performance 
Water quality affects the toxicity of EarthTec QZ. The following information is listed on 
the EarthTec QZ label: 
 

“Certain water conditions including low pH (≤6.5), low dissolved organic carbon 
(DOC) levels (3.0 mg/L or lower) and “soft” waters (i.e., alkalinity less than 50 
mg/L) increases the potential acute toxicity to non-target aquatic organisms. The 
application rates on this label are appropriate for water with alkalinity greater than 
50 mg/L. Do not use these application rates for water with less than 50 ppm 
alkalinity (e.g., soft or acid waters) because trout and other species of fish may 
be killed under such conditions.”  

 
The raw water quality for each test condition is summarized in Table 4-1 and discussed 
briefly in Section 4.2. While the alkalinity, pH, and DOC are within the conditions 
specified by the EarthTec QZ label, it is expected that water quality still plays a role in 
the toxicity response. The influence of water quality on toxicity response can be 
explained using the biotic ligand model as described in Section 4.4.1. 
 

4.4.1 Copper Bioavailability and Oxidants on Mortality  
 
Copper toxicity in fish is a function of bioavailable copper as well as competitive ions in 
the water. Typically, the biotic ligand model is used to predict copper toxicity by 
accounting for bioavailability of copper and ion competition through modeling using a 
multitude of water quality parameters. The water quality parameters used by the model 
are pH, DOC, alkalinity, ions, and temperature (USEPA 2016). These water quality 
parameters affect the chemical composition of copper in the water and determine the 
bioavailability. For example, alkalinity, pH, hardness, and anions affect the saturation 
indices for copper and the percentage of total copper existing in dissolved form. It has 
been demonstrated that copper toxicity decreases when pH and hardness increase 
(Welsh et al. 1995). Additionally, DOC can also form organic complexes with copper 
that decrease the fraction of bioavailable copper existing in the dissolved fraction. 
Meanwhile, other cations, especially sodium, can compete with free copper ions for 
binding sites in the gills of fish (Nelson et al., 1986; Welsh et al. 1995; Parametrix and 
HydroQual 2006; USEPA 2016 ). Therefore, different waters can exhibit a wide range of 
mortality response at the same given dose of EarthTec QZ due to site-specific water 
quality differences that affect copper toxicity.  
 
The water quality of the three test locations varied for the influential parameters related 
to the biotic ligand model, which likely explained why there was no clear trend in the 
toxicity of EarthTec QZ to the three non-target species based on location. Lake Piru had 
higher DOC, hardness, and alkalinity compared with Lake Mathews and Weymouth 
WTP; these parameters were more correlated with lowering copper toxicity. Similar pH 
values were measured from all three locations. The full suite of water quality for 
predicting toxicity with the biotic ligand model was not measured for these tests. In 
prior studies conducted by KASF Consulting, sodium levels in Lake Piru in 2019 were 
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lower (65 mg/L) than those measured in Colorado River water (100 mg/L) in 
2015. While sodium measurements were not included in this study, the higher sodium 
concentration for Lake Mathews and Weymouth WTP should have provided more 
protection from the copper toxicity for fish species. In general, water quality clearly 
affects copper toxicity and could be the reason for the difference in Lake Piru fathead 
minnow mortality.  
 
In addition to bioavailability of copper, other toxic constituents in water are expected to 
increase overall mortality. While not apparent in the non-target organisms in this Study, 
total chlorine residual is another environmental stressor and is thought to compound  
copper toxicity. An increase in toxicity response is seen in veligers as seen from the 
results of Objective 1 of this Study.   
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Appendix A – 
Plots of Acute Toxicity Results from Lake Piru, Lake Mathews 2020, Weymouth WTP 
2020, Weymouth WTP 2021, and Lake Mathews 2021 
 

 
Figure A1. 96-hour acute toxicity results of non-target indicator species in Lake Piru 

sample water 
 

 
Figure A2. 96-hour acute toxicity results of non-target indicator species in Lake 

Mathews 2020 sample water 
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Figure A3. 96-hour acute toxicity results of non-target indicator species in Weymouth 

WTP influent 2020 sample water 
 

 
Figure A4. 96-hour acute toxicity results of non-target indicator species in Weymouth 

WTP influent 2021 sample water 
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Figure A5. 96-hour acute toxicity results of non-target indicator species in Lake 

Mathews 2021 sample water 
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Appendix B – 
Lake Piru Toxicity Test Report 
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Appendix C – 
Lake Mathews 2020 Toxicity Test Report 
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Appendix D –  
Weymouth WTP Influent 2020 Toxicity Test Report 
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Appendix E –  
Weymouth WTP Influent 2020 (Re-sample) Toxicity Test Report  
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Appendix F –  
Weymouth WTP Influent 2021 Toxicity Test Report 
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Appendix G –  
Lake Mathews 2021 Toxicity Test Report 
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