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Introduction 

De Beers Canada Inc.’s (De Beers’) Snap Lake diamond mine is located in the Snap Lake property 
approximately 220 km northeast of Yellowknife. The site is remote with year-round access available 
by aircraft from Yellowknife. A 35 kilometer winter access road also connects the site to kilometer 
222 of the Tibbitt-Contwoyto winter road. Snap Lake is a completely underground mine and mining 
operations began in 2008 to access kimberlite deposits under Snap Lake. 

The 2013 Snap Lake Water License Amendment Application proposes to change the allowable levels 
of some components within the water that is released to Snap Lake from the mine. The amount of 
these components which can be released into the aquatic environment are called “Effluent Quality 
Criteria” or EQC. The Canadian federal government has set guidelines for some EQCs, but most do 
not apply well to the northern aquatic environment of Snap Lake.  

The primary component addressed in the amendment application is called “Total Dissolved Solids” 
(TDS). TDS refers to the amount of different types of salts in the water. These include chloride, 
calcium and sodium, with smaller amounts of sulfate, silica, fluoride, ammonia and nitrate, among 
others. The water at Snap Lake Mine contains TDS because underground mining activities release 
ancient water from underground, called “connate water.” As mining continues into new areas, 
connate water that is trapped within the rock is released. It is important to note that there is not 
currently an EQC for TDS. At present, an in-lake limit has been set based upon predictions made 
during the Environmental Assessment of the mine. De Beers was required to do studies of the 
aquatic life in Snap Lake in order to recommend the amount of TDS that the water could contain 
while still making sure that that would fish and the food they depend on will stay healthy. 

TDS is a focus of this application because:  

• High levels of TDS can be harmful to the animals and plants that live in Snap Lake, including 
fish. 

• The amount of TDS that is currently allowed to be within Snap Lake may be overprotective. 
• TDS in Snap Lake is increasing, and studies at Snap Lake show that increasing the allowable 

levels to a point will not be harmful to the aquatic community. 
 

Groundwater and Site Models 

Snap Lake Mine has to pump very large amounts of water out of the underground mine every day. 
The amount of water pumped from underground will continue to increase over the next 20 years of 
mine operations. One of the ways De Beers plans operations at Snap Lake Mine, including 
understanding water volume and water quality, is through the development of models. These are 
predictions made by geologists and engineers of the rock structure, water flow and water quality 
using the most current information available. For example, the information gathered prior to mine 
production was used to design the infrastructure and systems used to collect, treat and release 
water from the mine. This information is continuously reviewed using actual data for water flow and 
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quality gathered during operations. De Beers has updated underground and surface water models 
using our understanding of water volume gained since mining at Snap Lake began.  

Underground Simulation 

The underground model uses current and past measured water flows into the underground mine as 
well as information about the rock, permafrost and future mine plans to develop predictions of water 
flows in the future. The current model predicts that up to 60,000 cubic metres of water (the same 
volume as 24 Olympic swimming pools) could be collected in the underground mine each day.  

Site Simulation  

Understanding the site water balance helps De Beers understand how water needs to be collected, 
stored, and managed at surface. This includes water that is collected through rainfall and snow melt 
and water from the North Pile, where processed kimberlite is stored.  

All water collected at Snap Lake from the underground and surface is piped to the Water Treatment 
Plant. There, sediment from the water is removed and the water is tested before it is released. This is 
to make sure that water meets license criteria before it enters Snap Lake. This effluent from the 
mine site is discharged through pipes, called diffusers, with special fittings that slowly release the 
treated water into Snap Lake allowing the two waters to mix together.  

Site Model Water Quality 

The Site Water Quality Model helps us to understand the quality of the water coming from different 
areas of the mine. Water quality data from various facilities on the mine site are used with the Site 
model to understand both quality and quantity of water.  This helps us understand and predict the 
water that will be released into Snap Lake now and into the future, when the mine is closed. 

These predictions suggest that TDS in the managed site water will be highest between now and 
2018. After that the increases will be slower. This model shows us that the connate water entering 
the mine is the main reason for changes in water quality. 

Lake Model 

The lake model uses the information from both surface and underground models. The lake model 
predicts how water that interacts with the mine affects Snap Lake. This model focuses on TDS 
(including nutrients), and metals predicted to enter the lake now and in the future. The models 
shows that without reducing the amount of TDS and nutrients in the mine effluent, the amount of 
these components will increase in Snap Lake beyond the proposed limits, indicating that 
management action will be required.  

How Site Specific Limits are set  

The Canadian Council of Ministers of the Environment (CCME) determine the level of effluent 
components that can be released without impacting the aquatic environment and the animals and 
plants that live in it. The CCME allows specific limits to be developed for effluent components to take 
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into account the conditions that exist at a specific site, such as the temperature and hardness of the 
water. These “modifying factors” are developed through benchmark studies that are explained 
below. 

TDS, including Fluoride and Nitrate Benchmark Studies 
 
For TDS, including fluoride and nitrate, De Beers completed laboratory tests on fish and small 
animals and plants that live in Snap Lake. The laboratory tests used water and organisms similar to 
Snap Lake. Water was spiked with ions that copy the proportions of TDS in the water at Snap Lake.  
This was used to determine how much of these ions in the water would cause an effect to the 
various organisms tested. De Beers tested different species of animals and plants, including fish. 
These animals and plants included lab species that are commonly used for this type of testing as 
well as species that exist in Snap Lake. The testing has allowed experts to recommend the amount 
of TDS and its constituents that can be released into Snap Lake without having effects on the plants 
and animals that live in the Lake. For chloride, De Beers used information from similar studies 
completed at the EKATI Diamond Mine.  

The results of the benchmark studies were used to determine what levels should be set at the Water 
Treatment Plant (SNP 02-17B) for discharge into the Lake, based on the volumes and water quality 
experienced at Snap Lake.  

 
TDS Response Plan 
 
The amount of TDS in Snap Lake is increasing, and will exceed allowable limits if additional 
mitigation is not applied The TDS response plan has identified where TDS in mine water comes from, 
and identifies some options for how it can be managed. The main source of TDS (including chloride 
and fluoride) is the underground mine water. 
 
Management efforts to reduce the amount of TDS in mine effluent being released into Snap Lake are 
focused on studies De Beers started in 2012 on water treatment options. In the first stage of the 
studies, De Beers looked at different technologies that could be used to remove TDS from all of the 
mine water. The studies concluded that there are technologies available that are effective at 
removing TDS, however treatment of all water collected on site is uneconomical. De Beers is now 
studying options to remove TDS and other components from smaller volumes of mine water.  

Nitrogen Response Plan 
 
Two nutrients, nitrate and ammonia, are discussed in this plan. Nitrate and ammonia in effluent 
water come from the use of explosives during mining. Explosive residue containing nitrate and 
ammonia enters the water management system in two ways: from underground mine workings, and 
through seepage from the North Pile. The Nitrogen Response Plan discusses the work that De Beers 
has completed to understand how these nutrients are increasing in Snap Lake, and what can be 
done to reduce them. De Beers has identified options for improving blasting practices and efficiency, 
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diluting nutrient-rich water, improving explosives storage and transport, and updating model 
predictions. 

 

EQC Report 

The EQC report takes into consideration the results of the benchmark studies, and makes 
recommendations for limits of the different water quality components and where these limits should 
be applied. The proposed EQCs are included in the water licence application, and are summarized 
below: 
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Attachment 1: Additional Information as referenced in Excel Comment Table 

 

MVLWB 2   

Topic: Effectiveness of proposed water management measures to achieve compliance 
with the proposed SSWQO for TDS in Snap Lake 

Figure MVLWB 2-1, panels a to c, presents predicted total dissolved solids (TDS) concentrations 
in the diffu ser area, mai n basin, and outlet of Snap Lake, re spectively, assuming that effl uent 
discharged to Snap Lake from the Snap Lake Mine will be treated such that TDS concentrations 
in the effluent will not exceed the proposed average monthly limit (AML) of 684 milligrams per litre 
(mg/L) from January 1, 2015 to January 1, 2029. For the simulation, if the concentration of TDS in 
the effluent was predicted to be greater than 684 mg/L in De Beers (2013a), the concentration of 
TDS was reduced to 684 mg/L. If the concentratio n of TDS in th e effluent was predicted to be 
less than 684 mg/L in De Beers (2013a), the concentration of TDS was not changed. Effluent was 
discharged to Snap Lake at the lower and upper bound discharge rates predicted in De Beers 
(2013b). 

Figure MVLWB 2-1 Predicted Depth Averaged Total Dissolved Solids Concentrations in 
Snap Lake (with Mitigation)  
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(b) Main Basin 

(c) Near Outlet 

 
Note: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-
20e, SNAP09, and SNAP08, respectively. 

mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective. 

In the Uppe r Bound Sce nario, TDS co ncentrations are predicted to exceed the pro posed site-
specific water quality objective (SSWQO) of 684 mg/L from 2023 to 2028. The Upper and Lower 
Bound Scenarios represent the rang e of po ssible effluent discharge rates to  Snap Lake. De 
Beers expects that actual discharge rates to Snap Lake will be intermediate between the two 
scenarios. The Lower Bound Scenario was used to calculate an AML for TDS because, even at 
the lower end of expected flows, mitigation will be required to meet the proposed AML over the 
life of the mine. Effluent discharge rates to Snap Lake will be compared to the predicted Upper 
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and Lower Bound discharge rates. If a ctual discharge rates begin to follo w the Uppe r Bound 
Scenario, effluent quality criteria (EQC) will be revised. 

References 

De Beers (De Bee rs Canada Inc.). 2013a. Sna p Lake Site Model Wat er Quality Report.  
Submitted to the Ma ckenzie Valley Land and Water Board. Yellowknife, NWT, 
Canada. 

De Beers. 2013b. Snap Lake Site Model Water Balance Report. Submitted to the Macke nzie 
Valley Land and Water Board. Yellowknife, NWT, Canada. 

 

MVLWB 8 

Topic: Effectiveness of proposed water management measures to achieve compliance 
with the proposed SSWQO for Chloride in Snap Lake 

Figure MVLWB 8-1, panels a to c, presents predicted chloride concentrations in the diffuser area, 
main basin, and outlet of Snap Lake, respectively, assuming that the  predicted chloride 
concentrations make up 46 percent (%) of t he predicted TDS concentrations in Snap Lake. 
Predicted chloride concentrations were generated by taki ng 46% of th e predicted TDS 
concentrations that were presented in De Beers’ response to MVLWB 2. 

Figure MVLWB 8-1 Predicted Depth Averaged Chloride Concentrations in Snap Lake 
(with Treatment)  

(a) Near Diffuser 

0

50

100

150

200

250

300

350

400

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028

C
hl

or
id

e 
(m

g/
L)

Year

Lower Bound Upper Bound Proposed SSWQO Monitored Data



De Beers Canada Inc. - 4 - Snap Lake Mine 
Water Licence Amendment and  April 2014 
EA Scoping Document Reviewer Comments 
 

(b) Main Basin 

(c) Near Outlet 

 
Note: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-
20e, SNAP09, and SNAP08, respectively. 

mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective. 

 

MVLWB 11 

Topic:  Effectiveness of proposed mitigations 

Please see De Beers’ response to MVLWB 2 and MVLWB 8. 
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1 INTRODUCTION 

1.1 Background 

On December 20, 2013, De Beers Canada Inc. (De Beers) made an application to the Mackenzie 
Valley Land and Water Board (MVLWB) to amend its existing water licence for the Snap Lake Mine 
(MV2011L2-0004). De Beers requested 17 amendments to existing water licence conditions. On 
January 22, 2014 this application was referred by the MVLWB to the Mackenzie Valley Review Board 
(the Review Board) for environmental assessment (EA; EA1314-02). The water licence amendment 
application was referred based on jurisdictional questions, and concerns raised by parties, regarding 
proposed amendments that exceed a limit for one water quality parameter (total dissolved solids or 
“TDS”). On March 28, 2014, the Review Board determined that the components of the proposed 
water licence amendment application that will be assessed in the EA process include TDS and its 
constituents including, but not limited to: nitrite, nitrate, chloride, fluoride, and sulphate (MVRB 
2014). 

The Review Board reviewed De Beers’ water licence amendment application and decided that it 
provided sufficient information to commence an assessment on items the Review Board decided are 
within the scope of this EA. Because sufficient information was provided in the amendment 
application, the Review Board did not issue a Terms of Reference and, hence, no Developer’s 
Assessment Report was required. The Review Board, in conducting an EA of a development proposal 
must, however, consider the factors listed in section 117.(2) of the Mackenzie Valley Resource 
Management Act. In its application of December 19, 2013, De Beers provided information regarding 
the potential impact on the environment of the proposed amendment to TDS. In this submission,  De 
Beers is providing supplemental information to enable the Review Board to specifically consider, in 
regards to the proposal, the cumulative impact and impact of accidents and malfunctions on the 
environment, as well as alternative means of carrying out the proposal.     

1.2 Scope of the Development and Supplemental Information 

The development proposal to which this supplemental filing pertains is the discharge of treated 
effluent to Snap Lake with effluent quality criteria (EQCs) (Table 1-1).  
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Table 1-1 Proposed Effluent Quality Criteria for Nitrate, Chloride, Fluoride, Sulphate and Total 
Dissolved Solids 

Parameter Proposed Average Monthly Limit  (AML) 
(mg/L) Proposed Max Grab (MDL) (mg/L) 

Nitrate  14 32 

Chloride 378 607 

Fluoride  2.43 3.73 

Sulphate 427 640 

Total dissolved solids 684 1,003 

Note: Effluent quality criteria are limits that apply at end-of-pipe (i.e., at the last point of discharge to the receiving environment).  

AML = average monthly limit; MDL = maximum daily limit; mg/L = milligrams per litre; max = maximum. 

The supplemental filing includes the following information: 

• updated water quality modeling predictions addressing comments received on the application 
March 14; 

• cumulative effects of TDS in the Lockhart River watershed;  

• accident and malfunctions related to discharge of TDS; and, 

• alternatives to the proposal. 

The supplemental information is focused predicted changes to water quality, and possible impacts to 
aquatic life. No linkage between increased TDS in Snap Lake and socio-economic or cultural factors 
could be determined; thus, these factors were excluded from further review. 
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2 UPDATED WATER QUALITY PREDICTIONS 

2.1 Snap Lake 

2.1.1 Introduction 

Effluent quality criteria are limits that apply at end-of-pipe (i.e., at the last point of discharge to the 
receiving environment).  As part of the Water Licence Amendment Application, EQC were derived 
such that parameter concentrations in Snap Lake would remain below appropriate site-specific water 
quality objectives (SSWQOs) if EQC values were adopted and met for the duration of operations (De 
Beers 2013b). 

The Snap Lake Mine Hydrodynamic and Water Quality Model Report (De Beers 2013a), submitted as 
part of the Water Licence Amendment Application, presents predicted concentrations of TDS, ions, 
nutrients, metals, and metalloids in Snap Lake, assuming potential mitigation would not be in place 
to reduce TDS concentrations below recommended effluent quality criteria (EQC).   Since the 
submission of the Water Licence Amendment Application, further modelling has been completed to 
predict concentrations in Snap Lake assuming that the proposed EQCs for TDS and other 
parameters will be adopted, and not exceeded over mine life. This section describes predictions of 
TDS, chloride, fluoride, sulphate, and nitrate concentrations in Snap Lake assuming thateffluent 
discharged from the Snap Lake Mine (Mine) to Snap Lake will undergo mitigation such that 
parameter concentrations in the effluent will not exceed the proposed average monthly limits as 
presented in  Table 1-1 (De Beers 2013b). 

Set-up and calibration of the hydrodynamic and water quality model for Snap Lake is described in 
Section 2.1.2. Model predictions for Snap Lake are presented in Sections 2.1.3, comparisons to 
SSWQOs and drinking water guidelines are presented in Section 2.1.4.  

2.1.2 Methods 

The Snap Lake model setup and model inputs were identical to those described in De Beers (2013a) 
with the exception of the parameters simulated and concentration of TDS in the effluent discharge to 
Snap Lake (Sections 2.1.2.1 and 2.1.2.2).  

2.1.2.1 Model Parameters 

Concentrations of TDS, chloride, fluoride, sulphate, and nitrate were carried forward in this 
assessment, aligning with those parameters identified in the EA scoping document (MVRB 2014). 
Nitrite was not simulated in either the site model or the Snap Lake model, due to its rapid 
transformation to nitrate. 

2.1.2.2 Model Scenarios 

Two model scenarios were considered for the operational period from 2014 to 2028. The model 
scenarios assumed that mitigation would be in place such that TDS concentrations in the effluent 
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discharge to Snap Lake would not exceed the proposed AML of 684 mg/L. Where the concentration 
of TDS in the effluent discharge to Snap Lake was predicted to be greater than 684 mg/L in De 
Beers (2013c), the concentration of TDS was reduced to 684 mg/L in the model. If the concentration 
of TDS in the effluent discharge to Snap Lake was predicted to be less than 684 mg/L in De Beers 
(2013c), the concentration of TDS in the model was not changed. The model scenarios were based 
on the expected range of groundwater discharge rates from the Mine (Figure 2-1) (Itasca 2013). 

The two model scenarios were: 

• Base Case A:  Lower Bound effluent discharge rate and TDS concentrations in the effluent do not 
exceed 684 mg/L from January 1, 2015 to January 1, 2029; and, 

• Base Case B:  Upper Bound effluent discharge rate and TDS concentrations in the effluent do not 
exceed 684 mg/L from January 1, 2015 to January 1, 2029. 

Figure 2-1 Upper and Lower Bound Minewater Discharge  

 

m3/d = cubic metres per day 

2.1.3 Model Results 

With mitigation in place to meet the proposed EQC at end-of-pipe, predicted depth-averaged 
concentrations of TDS, chloride, fluoride, sulphate, and nitrate concentrations were predicted to 
remain below proposed SSWQOs in Snap Lake (Figures 2-2 to 2-6), with one exception. In the Upper 
Bound Scenario, depth-averaged TDS concentrations at the outlet of Snap Lake were predicted to 
exceed the proposed TDS SSWQO of 684 mg/L during ice-cover between 2023 and 2028 (Figure 2-
2). The increase was due to the influence of modelled salt exclusion at the shallow outlet location.  
Current monitoring data indicate that TDS concentrations near the outlet of Snap Lake are lower 
than near the diffuser. However, TDS concentrations were predicted to be sufficiently elevated under 
the Upper Bound scenario that ice formation and salt exclusion results in exceedance of the SSWQO 
as the lake approaches equilibrium.  The Upper and Lower Bound scenarios represent the range of 
possible effluent discharge rates to Snap Lake. De Beers expects that actual discharge rates to Snap 
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Lake will be intermediate between the two scenarios. The Lower Bound Scenario was used to 
calculate an AML for TDS because, even at the lower end of expected flows, mitigation will be 
required to meet the proposed AML over the life of the mine. 

Actual monitored effluent discharge rates to Snap Lake will be compared to the predicted Upper and 
Lower Bound discharge rates. If actual discharge rates begin to follow the Upper Bound Scenario, 
and TDS concentrations near the outlet approach the 684 mg/L (would be identified under the 
Aquatic Effects Monitoring Program [AEMP] Response Framework),  EQC may need to be revisited to 
remain below 684 mg/L at all locations throughout the lake.     
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Figure 2-2 Depth-Averaged Total Dissolved Solids Concentrations in Snap Lake ( Proposed 
Effluent Quality Criteria Are Met) 

(a) Near Diffuser 

 
(b) Main Basin 

 
(c) Near Outlet 

 
Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAP09, and 
SNAP08, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.  
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Figure 2-3 Depth-Averaged Chloride Concentrations in Snap Lake (Proposed Effluent Quality 
Criteria Are Met) 

(a) Near Diffuser 

 
(b) Main Basin 

 
(c) Near Outlet 

 

Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAP09, and 
SNAP08, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.  
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Figure 2-4 Depth-Averaged Fluoride Concentrations in Snap Lake (Proposed Effluent Quality 
Criteria Are Met) 

(a) Near Diffuser 

 
(b) Main Basin 

 
(c) Near Outlet 

 
Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAP09, and 
SNAP08, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.  
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Figure 2-5 Depth-Averaged Sulphate Concentrations in Snap Lake (Proposed Effluent Quality 
Criteria Are Met) 

(a) Near Diffuser 

 
(b) Main Basin 

 
(c) Near Outlet 

 
Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAP09, and 
SNAP08, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; BCMOE WQG = British Columbia Ministry of Environment water quality guideline; SNP = surveillance network 
program  
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Figure 2-6 Depth-Averaged Nitrate Concentrations in Snap Lake (Proposed Effluent Quality 
Criteria Are Met) 

(a) Near Diffuser 

 
(b) Main Basin 

 
(c) Near Outlet 

 
Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAP09, and 
SNAP08, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program. 
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2.1.4 Comparisons to Drinking Water Guidelines 

Water quality predictions were compared against Canadian drinking water quality guidelines (WQGs; 
Health Canada 2012; Table 2-1). Canadian drinking water quality guidelines (WQGs) that are health-
based are reported as maximum acceptable concentrations (MACs). Water quality guidelines related 
to the physical characteristics of the water (i.e., taste, odour, colour) are referred to as aesthetic 
objectives (AOs). Aesthetic objectives (TDS, chloride, sulphate) were considered in the assessment, 
as these can influence a user’s perception of water drinkability. However, these objectives are not an 
indication of adverse effects to human health.  

The SSWQOs recommended for  total dissolved solids and chloride  and the maximum predicted 
concentrations in Snap Lake exceed AOs, which are based on taste. The palatability of drinking water 
has been rated by panels of tasters, according to TDS concentration: excellent, less than 300 mg/L; 
good, between 300 and 600 mg/L; fair, between 900 and 1,200 mg/L; and, unacceptable, greater 
than or equal to 1,200 mg/L (Health Canada 2012; WHO 1996).  

Table 2-1 Comparison to Drinking Water Guidelines 

Parameter 

Health Canada 
Guidelines for 

Drinking Water(a) 

(mg/L) 

Site-Specific 
Water Quality 

Objective 

Maximum Predicted Concentration in Snap Lake with 
Proposed Effluent Quality Criteria Are Met (b) 
Lower Bound Upper Bound 

Diffuser Outlet Diffuser Outlet 
TDS ≤500 (AO) 684 633 638 679 697 
Nitrate (as N) 10 (MAC) 16.4 6.2 5.3 7.2 6.4 
Chloride (46% of TDS) ≤250 (AO) 388 291 293 312 321 
Fluoride (0.06% of TDS) 1.5 (MAC) 2.46 0.38 0.38 0.41 0.42 
Sulphate (7% of TDS) ≤500 (AO) 429 44 45 48 49 

Bold concentrations are above a drinking WQG   

a) Guidelines shown are from the Health Canada Guidelines for Canadian Drinking Water Quality (updated to August 2012). 

b) Assumes TDS in effluent will be below the AML of 684 mg/L. 

AO = aesthetic objective; MAC = maximum acceptable concentration; % = percent; TDS = total dissolved solids; N = nitrogen; mg/L = 
milligrams per litre. 
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2.2 Downstream Lakes 

2.2.1 Introduction 

Snap Lake receives treated effluent from the Mine. Daily discharge rates from the Mine have steadily 
increased since discharge began in 2004, resulting in changes to water quality in Snap Lake. 
Treated effluent is becoming evenly mixed throughout the main basin of Snap Lake and, as 
predicted, is present in lakes downstream of Snap Lake (De Beers 2013d). Results from monitoring 
programs conducted in 2011 and 2012 showed evidence of treated effluent and  dissolved salts 
and nutrients concentrations above baseline levels throughout the first two small lakes immediately 
downstream of Snap Lake and near the inlet of Lac Capot Blanc, respectively. 

Based on results from the 2011 and 2012 monitoring programs, it was recommended that further 
information be collected in the first three downstream lakes (i.e., Downstream Lake 1 [DSL1], 
Downstream Lake 2 [DSL2], and Lac Capot Blanc) and that downstream modelling completed as 
part of the Environmental Assessment Report (EAR) be updated (De Beers 2013d, 2014). 
Accordingly, the Downstream Lakes Special Study was completed in 2013 to collect additional 
monitoring information (i.e., bathymetry, supporting environmental variables, water and sediment 
quality, and chlorophyll) from these lakes and to further document the extent of treated effluent 
downstream of Snap Lake (Figure 2-7).  

Results from 2013 Downstream Lakes Special Study indicate that treated effluent was evident in 
DSL1, DSL2, and Lac Capot Blanc (De Beers 2014). Concentrations of dissolved salts and nutrients 
decreased with distance downstream. The extent of the effluent plume was observed up to 
5 kilometres (km) from the inlet of Lac Capot Blanc, which is farther from the inlet than in 2012. The 
treated effluent mixed rapidly as it entered Lac Capot Blanc (as evidenced by a notable decrease in 
salt and nutrient concentrations near the inlet) then dispersed gradually, with concentrations 
returning to background levels within approximately 5 km of the inlet, which is approximately 11 km 
downstream of Snap Lake. In the EAR, concentrations were conservatively predicted to reach near 
background concentrations approximately 44 km downstream of Snap Lake at the end of 
operations, using a steady-state mixing model and assuming maximum concentrations during 
operations (De Beers 2002). 

Additional modelling has been completed to predict TDS concentrations in lakes downstream of 
Snap Lake using the proposed SSWQO. The geographic extent of the modelling included DSL1, 
DSL2, Lac Capot Blanc, and the modelling nodes downstream through the Lockhart River watershed 
identified as part of the EAR (Figure 2-8).  

Setup of the mass-balance models for DSL1, DSL2, and Lac Capot Blanc: set-up and calibration of 
the hydrodynamic model for Lac Capot Blanc; and setup of the mass-balance model for lakes 
downstream of Lac Capot Blanc are described in Section 2.2.2. Predictions of TDS concentrations in 
DSL1, DSL2, Lac Capot Blanc, and lakes downstream of Lac Capot Blanc are presented in 
Section 2.2.3. Data gaps and model uncertainty are discussed in Section 2.2.4, followed by 
conclusions and recommendations in Sections 2.2.5 and 2.2.6, respectively. 
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2.2.2 Methods 

2.2.2.1 Mass-Balance Models of Downstream Lakes 1 and 2 and Lac Capot 
Blanc 

A mass-balance model of DSL1, DSL2, and Lac Capot Blanc was set up in GoldSim (GoldSim 
Technology Group 2009). GoldSim is a graphical, object-oriented mathematical model where all 
input parameters and functions are defined by the user, and are built as individual objects or 
elements linked together by mathematical expressions. The GoldSim model was used to calculate:  

• inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc; and,  

• daily average TDS concentrations in DSL1 and DSL2.  

The inputs to the GoldSim model were divided into hydrological and chemical inputs.  

Hydrological Inputs 

The main hydrological inputs to DSL1 are the inflow from Snap Lake and point and non-point source 
inflows from the DSL1 basin. The main hydrologic inputs to DSL2 are the inflow from DSL1 and point 
and non-point source inflows from the DSL2 basin. The main hydrological inputs to Lac Capot Blanc 
are the inflow from DSL2 and point and non-point source inflows from the Lac Capot Blanc basin. 
The main outflows from DSL1 and DSL2 are the discharges to DSL2 and Lac Capot Blanc, 
respectively. The main outflow from Lac Capot Blanc consists of the two outlet channels located on 
the north side of that lake (Figure 2-7). Other inflows to and outflows from DSL1, DSL2, and Lac 
Capot Blanc are direct precipitation and evaporation. To construct the water balance used in this 
model, time series of flows were generated based on the following sources:  

• estimates of monthly runoff; and, 

• estimates of monthly precipitation and evaporation data from the local study area (De Beers 
2002).  

Historical discharge data from Snap Lake to DSL1 used in the mass-balance model were obtained 
from the gauged tributary outflows at Snap Lake. For future simulations, the discharge from Snap 
Lake to DSL1 was obtained from the hydrodynamic and water quality model of Snap Lake (De Beers 
2013a). 

A water withdrawal was included for ice formation each winter from October to January in DSL1, 
DSL2, and Lac Capot Blanc, and a discharge was returned back to the lake each spring from April to 
June to simulate melting. In 2011 and 2012, ice formation and melting volumes were derived from 
the annual average of maximum ice thickness measurements at Snap Lake. In DSL1, DSL2, and Lac 
Capot Blanc, an ice thickness of 130 centimetres (cm) was used for 2011 (the average of maximum 
measured ice thickness in Snap Lake that year), and an ice thickness of 140 cm was used for 2012 
(the average of maximum measured ice thickness in Snap Lake that year). In 2013, an ice thickness 
of 130 cm was used (the average of measured ice thickness in DSL1, DSL2, and Lac Capot Blanc 
that year). For every year afterwards, an ice thickness of 130 cm was used (130 cm is the long-term 
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average of maximum measured ice thickness for Snap Lake). The water withdrawn and returned for 
ice formation had no associated constituents, meaning that salts were rejected from the ice and 
remained in the lake. 

Chemical Inputs 

The TDS concentrations in the discharge from Snap Lake to DSL1 were obtained from the 
hydrodynamic and water quality model of Snap Lake (De Beers 2013a). Inflows from the drainage 
areas of DSL1, DSL2, and Lac Capot Blanc were assigned the same water quality time series as that 
of the gauged tributary inflow to Snap Lake. Initial concentrations of TDS in DSL1, DSL2, and Lac 
Capot Blanc were estimated based on field data from monitoring programs completed during the 
2011 open-water season (De Beers 2012a). 

2.2.2.2 Hydrodynamic Model of Lac Capot Blanc 

Three-dimensional (3-D) hydrodynamic modelling was completed to predict concentrations of 
temperature and TDS in Lac Capot Blanc. A hydrodynamic model of Lac Capot Blanc was developed 
to model processes such as water circulation and stratification and to predict the concentration of 
TDS in different areas of the lake. The hydrodynamic model of Lac Capot Blanc was developed in the 
Generalized Environmental Modelling System for Surfacewaters (GEMSS) platform.  

Model Segmentation 

A 3-D grid (Figure 2-9) was developed for Lac Capot Blanc where measured bathymetric data were 
available. This portion of Lac Capot Blanc is expected to cover the majority of the area of the lake 
affected by inflows from Snap Lake. The grid spacing was approximately 200 metres (m) horizontally; 
the vertical resolution was approximately one metre. The grid comprised a total of 29 active layers 
and 8,813 active cells. 

Inputs 

All known and anticipated point and non-point source inflows to the lake were included as inputs to 
the Lac Capot Blanc model. Inputs to the lake are classified as meteorological, hydrological, and 
chemical, as described in the following sections. 
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Figure 2-9 Lac Capot Blanc Model Grid in Plan View 

 

m = metre; N = north. 
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Meteorological Inputs 

Meteorological inputs are key drivers of lake circulation and thermal dynamics. The forcing data 
required and used for this hydrodynamic model were:  

• air temperature;  

• dew point temperature;  

• wet bulb temperature;  

• atmospheric pressure; 

• wind direction;  

• wind speed; and,  

• solar radiation. 

The meteorological data from onsite meteorological stations at Snap Lake were used for the Lac 
Capot Blanc model. This dataset provides adequate representation of meteorological conditions, 
given that Lac Capot Blanc is located approximately 5 km downstream of Snap Lake. An hourly time 
series was constructed for each of the meteorological inputs from the meteorological stations at 
Snap Lake during the calibration time period from July 1, 2010 to December 31, 2013, with the 
exception of the solar radiation time series from 2010 to 2012. For the solar radiation input data 
from 2010 to 2012, an hourly time series of modelled solar radiation data was obtained for 
Yellowknife, Northwest Territories (NWT) from Environment Canada’s Canadian Weather Energy and 
Engineering Datasets (Environment Canada 2013). Where gaps existed in the site-specific data, data 
from the Environment Canada station at the Yellowknife Airport were used. For simulations of future 
conditions, the time series used to calibrate the model was repeated. 

Hydrological Inputs 

The hydrological inputs to the Lac Capot Blanc hydrodynamic model were the same as those 
described for the mass-balance model. 

Chemical Inputs 

Water quality input data to Lac Capot Blanc were the same as those described for the mass-balance 
model. In-lake samples were used to initialize lake concentrations for the start of simulations (July 1, 
2010). Subsequently, in-lake samples were used for calibration, and not as forcing data. 
Concentrations of TDS in the inflow to Lac Capot Blanc from DSL2 were obtained from the output of 
the mass-balance model. Because the mass-balance model cannot simulate temperature, the 
temperature of the inflow to Lac Capot Blanc from DSL2 was assumed to be identical to the 
temperature of the Snap Lake outflow, and was obtained from the hydrodynamic and water quality 
model of Snap Lake (De Beers 2013a). 

Modelled Constituents 

Parameters included in the hydrodynamic model of Lac Capot Blanc were temperature and TDS. 
Other parameters (i.e., chloride, fluoride, sulphate, nitrate and nitrite) were not carried forward at 
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this time; TDS provides an indication of the extent of the effluent plume and it’s selections as a 
representative parameter was consistent with the approach used in the EAR (De Beers 2002). The 
calibration of temperature and TDS are described below. 

Hydrodynamic Model Calibration 

The model was calibrated to individual temperature and TDS data collected during sampling events 
in 2011, 2012, and 2013. In 2013, the model was also calibrated to continuous temperature and 
TDS datasets collected at the outlet of Lac Capot Blanc during the open-water season. The first step 
in the calibration was to achieve a water balance within the model. The water balance was achieved 
by setting the discharge from DSL2 to Lac Capot Blanc equal to that predicted in the DSL2 mass-
balance model, estimating non-point source tributary inflows from the Lac Capot Blanc basin based 
on runoff calculations in De Beers’ Site Water Balance Report, setting precipitation and evaporation 
rates equal to those estimated in the Snap Lake EAR (De Beers 2002, 2013d) and calculating the 
outflow from Lac Capot Blanc so that the capacity of the lake remained constant. 

The hydrodynamic component of the model was calibrated to align measured and modelled thermal 
and transport behaviour in Lac Capot Blanc. Because of the limited calibration dataset, default 
model values were used for thermal and transport variables. Time series plots of surface water 
temperatures in Lac Capot Blanc showed that the model matched surface water temperatures 
reasonably well (Figures 2-10 and 2-11). The modelled thermal profiles fit the measured profiles well 
(Attachment I).  

The transport calibration considered the horizontal distribution and vertical stratification of TDS in 
Lac Capot Blanc. For the horizontal component of the transport calibration, the model matched TDS 
concentrations reasonably well (Figures 2-12 and 2-13). The alignment between calculated and 
modelled TDS profiles in Lac Capot Blanc was generally good, with the exception of TDS profiles at 
the inlet of the lake in 2012 (Attachment I). Because of the coarseness of the model grid (i.e., the 
grid spacing was approximately 200 m horizontally and 1 m vertically), detail regarding plume 
behaviour was lost near the inlet of the lake.  

The cyclical annual patterns evident in time series figures presented in this submission are due to 
salt rejection during ice formation and melting. The magnitude of these cycles varies depending on 
the year and the depth of the lake at the location that the time series represents. 
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Figure 2-10  Surface Water Temperature Time Series Calibration Results 

(a) Monitoring Station: LCB-1 

 

(b) Monitoring Station: Outlet 

 

Note: Solid line represents model results; dots represent measured water temperatures. 

°C = degrees Celsius. 
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Figure 2-11 Surface Water Temperature Time Series Calibration Results at the Outlet of Lac 
Capot Blanc 

 

Note: Solid line represents model results; dashed line represents continuously monitored water temperatures. 

°C = degrees Celsius. 
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Figure 2-12 Total Dissolved Solids Time Series Calibration Results 

(a) Monitoring Station: LCB-1 

 

(b) Monitoring Station: LCB-3 

 

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations. 

mg/L = milligrams per litre. 
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Figure 2-13  Total Dissolved Solids Time Series Calibration Results at the Outlet of Lac Capot 
Blanc 

 

Note: Solid line represents model results; dashed line represents continuously monitored total dissolved solids concentrations. 

mg/L = milligrams per litre. 
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2.2.2.3 Mass-Balance Model for Lakes Downstream of Lac Capot Blanc 

An Excel-based mixing model was used to calculate TDS concentrations in lakes downstream of Lac 
Capot Blanc. The model included a series of calculations that were used to predict the TDS 
concentrations at each downstream node (Figure 2-7). The downstream nodes were consistent with 
those used in the EAR (De Beers 2002); node numbering originated from station numbers used for 
the 1993/94 and 1999 Lockhart watershed monitoring initiative by the then Department of Indian 
and Northern Affairs Canada (INAC) (Puznicki 1996; Blais 2001, pers. comm.). The same historical 
dataset used in the EAR was used in this updated downstream lakes assessment (refer to Model 
Inputs below).  

The model calculated the maximum potential incremental increase in TDS load from Lac Capot 
Blanc, and then added this load to the downstream nodes assuming that there was no attenuation 
except for dilution. The increase in TDS load from Lac Capot Blanc, when comparing baseline and 
operational values, was calculated using Equation 1: 

∆𝐿 = (𝐶𝑜 × 𝑄𝑜) − (𝐶𝑏 × 𝑄𝑏)  (Equation 1) 

where: 

∆𝐿 = incremental increase in TDS load from Lac Capot Blanc (grams per day [g/d]); 

Co = maximum TDS concentration at the Lac Capot Blanc outlet during operations (mg/L); 

Qo = average annual outflow from Lac Capot during operations (cubic metres per day 
[m3/d]); 

Cb = baseline TDS concentration in Lac Capot Blanc (mg/L); and, 

Qb = average annual outflow from Lac Capot Blanc during baseline conditions (m3/d). 

The incremental TDS load was then added to the baseline load at each downstream site. The new 
downstream TDS concentrations were determined by dividing this sum by the average flow at the 
node using Equation 2: 

𝐶𝑥𝑜 =  (𝐶𝑥𝑏 × 𝑄𝑥𝑏 + ∆𝐿)/(𝑄𝑥𝑏 + 𝑄𝑜 − 𝑄𝑏)  (Equation 2) 

where: 

Cxo = TDS concentration at node “x” during operations (mg/L); 

Cxb = average TDS concentration at node “x” during baseline conditions (mg/L); and, 

Qxb = flow at node “x” during baseline conditions (m3/d). 

The predicted downstream TDS concentrations were compared to baseline TDS concentrations to 
determine the maximum potential change in water quality. The mass-balance model was steady-
state, so it conservatively represented a snapshot in time, as if peak TDS concentrations remained in 
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Lac Capot Blanc indefinitely. The model did not compute a time-varying estimate of concentrations at 
particular nodes, nor did it account for time of travel through the Lockhart River system.  

Model Inputs 

The baseline TDS load from Lac Capot Blanc was calculated using the initial TDS concentration and 
the average annual outflow from the hydrodynamic model of Lac Capot Blanc. The baseline TDS 
concentrations at nodes downstream of Lac Capot Blanc were consistent with those used in the EAR 
(De Beers 2002). However, the average annual outflow from the hydrodynamic model of Lac Capot 
Blanc was greater than originally estimated in the EAR. To produce baseline flows at nodes 
downstream of Lac Capot Blanc, the difference in outflow from Lac Capot Blanc was added to the 
downstream flows estimated in the EAR (Table 2-2). The operational TDS load was calculated using 
the maximum concentration predicted for the Lac Capot Blanc outflow for each of the model 
simulations (Section 2.2.3). The baseline load at the downstream nodes was calculated using the 
average baseline TDS concentrations from the 1993/94 and 1999 Lockhart watershed studies (De 
Beers 2002).  

Table 2-2 Inputs Used in the Model Downstream of Lac Capot Blanc 

Downstream Site 

Distance 
Downstream From 

Snap Lake (km) 

EAR Inputs 2013 Model Inputs 

Baseline TDS 
Concentration 

(mg/L) Flow (m3/s) 

Baseline TDS 
Concentrations 

(mg/L)(a) Flow (m3/s)(b) 

Lac Capot Blanc (outlet) 11 18 0.7 12 1.6 

37 (upstream of King Lake) 24 17 0.9 17 1.8 

22 (Mackay Lake) 44 20 4.4 20 5.3 

11 (Mackay Lake) 54 12 22.4 12 23.3 

23 (Mackay Lake) 65 10 28.4 10 29.3 

24 (Mackay Lake) 81 14 38.7 14 39.6 

26 (Mackay Lake) 109 17 40.9 17 41.8 

3 (Inlet of Alymer Lake) 155 20 55.5 20 56.4 

4 (Aylmer Lake) 172 24 79.0 24 79.9 

53 (Clinton Colden Lake) 227 35 88.7 35 89.6 

52 (Ptarmigan Lake) 310 24 109.2 24 110.1 

43 (Lockhart River) 419 53 121.7 53 122.6 

19 (Lockhart River outlet) 434 14 122.6 14 123.5 

a) Baseline TDS concentrations used as 2013 model inputs were consistent with those used in the EAR with the exception of the baseline 
TDS concentration for Lac Capot Blanc. The baseline TDS concentration for Lac Capot Blanc was consistent with the initial TDS 
concentration from the calibrated hydrodynamic model. 

b) Baseline flows used as 2013 model inputs at nodes downstream of Lac Capot Blanc were calculated by adding the difference in outflow  
from the hydrodynamic model of Lac Capot Blanc (i.e., 1.6 m3/s) and the EAR baseline flow for Lac Capot Blanc (i.e., 0.7 m3/s) to the 
downstream flows estimated in the EAR. 

km = kilometre; mg/L = milligrams per litre; m3/s = cubic metres per second; EAR = Environmental Assessment Report; TDS = total 
dissolved solids. 
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2.2.3 Model Simulations 

A total of six model scenarios were considered for the operational period from 2014 to 2028. Four of 
the model scenarios assumed that the effluent would be discharged from the Mine to Snap Lake 
without mitigation for TDS and two of the model scenarios assumed that mitigation would be in place 
starting January 1, 2015 (e.g., the effluent discharged from the Mine to Snap Lake would be treated 
to remove salts). The model scenarios were based on the expected range of groundwater discharge 
rates from the Mine and the expected range of TDS concentrations in the discharge from the Mine. 
The four non-mitigation model scenarios were the same groundwater scenarios identified in support 
of the Water Licence Amendment Application submitted in 2013 (Itasca 2013): 

• Upper Bound Scenario A:  discharge quantity and quality from Snap Lake to DSL1 based on 
minewater discharge from Scenario 4 and arithmetic mean connate water TDS concentrations 
from the Snap Lake groundwater model;  

• Upper Bound Scenario B:  discharge quantity and quality from Snap Lake to DSL1 based on 
minewater discharge from Scenario 4 and geometric mean connate water TDS concentrations 
from the Snap Lake groundwater model;  

• Lower Bound Scenario A:  discharge quantity and quality from Snap Lake to DSL1 based on 
minewater discharge from Base Case and arithmetic mean connate water TDS concentrations 
from the Snap Lake groundwater model; and, 

• Lower Bound Scenario B:  discharge quantity and quality from Snap Lake to DSL1 based on 
minewater discharge from Base Case and geometric mean connate water TDS concentrations 
from the Snap Lake groundwater model. 

Upper Bound scenarios had a higher minewater discharge rate than Lower Bound scenarios 
(Figure 2-1) and Scenario A had a higher connate water TDS concentration than Scenario B 
(Figure 2-14).  

For the two model scenarios with mitigation in place, the discharge quantity and quality from Snap 
Lake to DSL1 were based on results from Base Cases A and B (Section 2.1).  

The two mitigation scenarios were: 

• Upper Bound Mitigation:  same discharge quantity as Upper Bound Scenarios, but TDS 
concentrations in the effluent discharge to Snap Lake do not exceed 684 mg/L from January 1, 
2015 to January 1, 2029; and, 

• Lower Bound Mitigation:  same discharge quantity as Lower Bound Scenarios, but TDS 
concentrations in the effluent discharge to Snap Lake do not exceed 684 mg/L from January 1, 
2015 to January 1, 2029. 
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Figure 2-14 Average Connate Water Total Dissolved Solids Concentrations 

 

mg/L = milligrams per litre. 

 

2.2.4 Model Results 

2.2.4.1 Mass-Balance Models of Downstream Lakes 1 and 2 

Non-mitigation Scenarios 

Concentrations of TDS in DSL1 were predicted to exceed the proposed SSWQO of 684 mg/L in every 
scenario with the exception of Lower Bound Scenario B. Concentrations of TDS during ice-covered 
conditions were predicted to range from approximately 600 to 1,400 mg/L in 2028 (Figure 2-15). 
Concentrations of TDS in DSL2 were predicted to exceed the proposed SSWQO of 684 mg/L in all 
four scenarios. Concentrations of TDS during ice-covered conditions were predicted to range from 
approximately 700 to 1,500 mg/L in 2028 (Figure 2-16). Maximum TDS concentrations were 
predicted to be higher in DSL2 than in DSL1 during ice-covered conditions, even though DSL2 is 
further downstream, because its smaller volume results in greater influence of salt rejection. 

Mitigation Scenarios 

Concentrations of TDS in DSL1 and DSL2 were predicted to remain below the proposed SSWQO of 
684 mg/L with mitigation in place. Concentrations of TDS in DSL1 during ice-covered conditions 
were predicted to range from approximately 475 to 525 mg/L in 2028 (Figure 2-17). Concentrations 
of TDS in DSL2 during ice-covered conditions were predicted to range from 525 to 600 mg/L in 
2028 (Figure 2-18). 
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Figure 2-15 Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Downstream 
Lake 1  

 

mg/L = milligrams per litre; SSWQO= site-specific water quality objective. 

Figure 2-16 Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Downstream 
Lake 2  

 

mg/L = milligrams per litre; SSWQO= site-specific water quality objective. 
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Figure 2-17 Predicted Whole-lake Average Total Dissolved Solids Concentrations in Downstream 
Lake 1 (With Proposed EQC) 

 

mg/L = milligrams per litre; SSWQO= site-specific water quality objective. 

Figure 2-18 Predicted Whole-lake Average Total Dissolved Solids Concentrations in Downstream 
Lake 2 (Proposed Effluent Quality Criteria Are Met) 

 

Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; SSWQO= site-specific water quality objective. 
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2.2.4.2 Hydrodynamic Model of Lac Capot Blanc 

Non-mitigation Scenarios 

Concentrations of TDS in Lac Capot Blanc were predicted to remain below the proposed SSWQO of 
684 mg/L for all scenarios. Concentrations of TDS during ice-covered conditions were predicted to 
range from approximately 85 to 180 mg/L in 2028 (Figure 2-19). The lower TDS concentrations were 
predicted to occur under Lower Bound Scenario B; higher TDS concentrations occurred under Upper 
Bound Scenario A. 

Mitigation Scenarios 

Concentrations of TDS in Lac Capot Blanc were predicted to remain below the proposed SSWQO of 
684 mg/L. Concentrations of TDS during ice-covered conditions were predicted to range from 
approximately 65 to 75 mg/L in 2028 (Figure 2-20).  

Figure 2-19 Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Lac Capot 
Blanc  

 

mg/L = milligrams per litre; SSWQO= site-specific water quality objective.  
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Figure 2-20 Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Lac Capot 
Blanc (Proposed Effluent Quality Criteria Are Met) 

 

Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

mg/L = milligrams per litre; SSWQO= site-specific water quality objective. 

2.2.4.3 Mass-Balance Model for Lakes Downstream of Lac Capot Blanc 
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downstream of Snap Lake (Table 2-3; Figure 2-22). The reason for the lower predicted TDS 
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Lac Capot Blanc were lower than previously predicted, once mixing and in-lake processes were 
captured in the modelling.  
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Table 2-3 Maximum Predicted Changes in Total Dissolved Solids Concentrations in Lakes 
Downstream of Snap Lake 

Downstream Site 

Distance 
Downstream 

from Snap Lake 
(km) 

Baseline TDS (mg/L) 
(range = 10 to 53) 

Maximum TDS Concentrations (mg/L)(a) 

EAR 
Predictions 

2013 Model Predictions 

Base Case A Base Case B 

37 (upstream of King Lake) 24 17 119 66 74 

22 (Mackay Lake) 44 20 41 37 39 

11 (Mackay Lake) 54 12 16 16 16 

23 (Mackay Lake) 65 10 13 13 13 

24 (Mackay Lake) 81 14 16 17 17 

26 (Mackay Lake) 109 17 19 19 20 

3 (Inlet of Aylmer Lake) 155 20 22 22 22 

4 (Aylmer Lake) 172 24 22 26 26 

53 (Clinton Colden Lake) 227 35 36 36 36 

52 (Ptarmigan Lake) 310 24 25 25 25 

43 (Lockhart River) 419 53 54 54 54 

19 (Lockhart River outlet) 434 14 14 14 14 

Note: Shaded cells indicate where TDS concentrations are predicted to be outside of the baseline range.  

(a) Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L. 

 

mg/L = milligrams per litre; km = kilometre; EAR = Environmental Assessment Report; TDS = total dissolved solids.  
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Figure 2-21 Predicted Total Dissolved Solids Concentrations in Lakes Downstream of Lac Capot Blanc  

 

Source: Baseline TDS concentrations at the downstream nodes were from the 1993/94 and 1999 Lockhart watershed studies (De Beers 2002). 

Note: Baseline range was set to the maximum and minimum TDS concentration from the 1993/94 and 1999 Lockhart watershed studies.  

mg/L = milligrams per litre; km = kilometre; EAR = Environmental Assessment Report; TDS = total dissolved solids.  
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Figure 2-22 Predicted Total Dissolved Solids Concentrations in Lakes Downstream of Lac Capot Blanc (Proposed Effluent Quality Criteria 
are Met) 

 

Source: Baseline TDS concentrations at the downstream nodes were from the 1993/94 and 1999 Lockhart watershed studies (De Beers 2002). 

Notes: Baseline range was set to the maximum and minimum TDS concentration from the 1993/94 and 1999 Lockhart watershed studies.  

Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.mg/L = milligrams per litre; km = kilometre; EAR = Environmental Assessment Report; TDS = total dissolved 
solids.  

 

0

20

40

60

80

100

120

140

160

180

200

0 50 100 150 200 250 300 350 400 450 500

To
ta

l D
is

so
lv

ed
 S

ol
id

s 
(m

g/
L)

Distance Downstream from Snap Lake (km)

Baseline Range

EAR Predictions

Lower Bound

Upper Bound
MacKay Lake

Aylmer Lake

Clinton Colden Lake

Ptarmigan Lake

Lockhart River

Upstream of King Lake



De Beers Canada Inc. 
Snap Lake Water Licence Amendment Environmental Assessment EA201314-002 

 

35 

2.2.5 Data Gaps and Model Uncertainty 

Total Dissolved Solids 

Data-related uncertainty in TDS concentrations was moderate because the dataset used for the 
calibration time period was limited. As discussed in Section 2.2.2.2, the hydrodynamic model of Lac 
Capot Blanc was calibrated to measured data collected during 2011, 2012, and 2013.  

Predicted TDS concentrations in the lakes downstream of Snap Lake only apply to the modelled 
scenarios presented in this report. Predicted TDS concentrations downstream of Snap Lake would 
change if the scenarios do not effectively capture TDS concentrations in the effluent (non-mitigation 
scenario) or effective mitigation is not implemented (mitigation scenario). 

Hydrologic Inputs 

Data-related uncertainty in inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc was high 
because inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc were not gauged. As 
discussed in Section 2.2.2.1, inflows to, and outflows from DSL1, DSL2, and Lac Capot Blanc relied 
on calculations from the mass-balance model. 

Model Segmentation 

Data-related uncertainty in model segmentation for the hydrodynamic model of Lac Capot Blanc was 
moderate for the following reason: 

• As discussed in Section 2.2.2.2, the 3-D grid that was developed for Lac Capot Blanc did not 
cover the entire lake. As a result, the area and volume of Lac Capot Blanc that were used in the 
hydrodynamic model were not representative of true values because the bathymetry is  not yet 
complete. As recommended in Section 2.2.6, the 2014 to 2016 Downstream Lakes Special 
Study will be collecting additional bathymetric surveys of the southern arms of Lac Capot Blanc 
to provide a complete bathymetry map for Lac Capot Blanc. 

Ice Formation and Melting 

Data-related uncertainty with respect to ice formation and melting was low for the following reason: 

• The length of the ice-covered season was not monitored. In the model, ice forms on DSL1, DSL2, 
and Lac Capot Blanc from mid-October to January of each year, and ice melts from mid-April to 
mid-June of each year. Therefore, the length of the ice-covered season is assumed to be eight 
months, as is the case for Snap Lake.  

Baseline Dataset 

• The baseline dataset was limited to the 1993/94 and 1999 Lockhart watershed studies as 
presented in the EAR. Additional information downstream of Snap Lake has been collected and 
may be of value for future model refinements.  
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2.2.6 Conclusions 

In 2013, treated effluent was evident in DSL1, DSL2, and Lac Capot Blanc. Concentrations of 
dissolved salts and nutrients decreased with distance downstream. The extent of the effluent plume 
was observed up to 5 km from the inlet of Lac Capot Blanc, which is farther from the inlet than in 
2012, and approximately 11 km downstream of Snap Lake. 

With TDS in effluent discharge less than or equal to the proposed EQC of 684 mg/L, predicted TDS 
concentrations decreased with distance downstream, remained below the SSWQO of 684 mg/L, and 
were generally within EAR predictions and the baseline range at Site 22, which is approximately 
44 km downstream of Snap Lake (Table 2-3 and Figure 2-22). 

2.2.7 Recommendations 

Recommendations to improve the downstream lakes models are: 

• Maintain and calibrate the downstream lakes model annually to include water quality data 
collected during the 2014 to 2016 Downstream Lakes Special Study, including parameters other 
than TDS.  

• Measure the main point source inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc 
when water quality samples are collected to determine whether the water balances developed 
for the downstream lakes are representative of conditions  

• Update the Lac Capot Blanc model grid once additional bathymetric data are collected so that 
the entire area and volume of Lac Capot Blanc can be modelled.  

• Record ice thickness routinely in DSL1, DSL2, and Lac Capot Blanc. Ice formation, melting dates, 
and ice thickness drive salt rejection and freshwater replacement in the downstream lakes 
models, which in turn affect mixing and overall concentrations. 

• Re-visit the baseline TDS data downstream of Lac Capot Blanc to include more recent data 
collected  in the area as outlined in the Northwest Territories Water Stewardship Program (GNWT 
and AANDC 2014). 
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3 CUMULATIVE EFFECTS 

3.1 Introduction 

Cumulative effects are those effects that result from a combination of the Snap Lake minewith other 
past, present, and reasonably foreseeable future developments (MVEIRB 2004). A cumulative 
effects assessment requires qualifying, and if possible quantifying the development proposal’s 
contribution to the combined residual effects from other projects or activities.  

The proposed development will involve discharge of treated effluent with TDS concentrations at the 
SSWQO of 684 mg/L (i.e., the proposed average monthly limit). The objective of this section is to 
review the potential for cumulative effects resulting from the proposed development discharge of 
treated effluent with TDS concentrations in combination with other developments. This review 
considered cumulative effects from past, present, and reasonably foreseeable future developments 
within the area potentially affected by the release of TDS and associated ions – namely the Lockhart 
River watershed.  

3.2 Methods 

The approach to reviewing potential for cumulative effects involved consideration of the following:  

• What is the magnitude and extent of the proposed development? 

• Does the extent of the proposed development overlap with other past, present, or reasonably 
foreseeable developments? 

• Are there other non-development impacts that can and should be included? If, yes, how would 
they influence the answers to the preceding two questions?  

• What is the combined effect from the proposed development, other developments, and non-
development factors? 

If an overlap between developments or non-developments was identified in this review, then 
assessment of the potential cumulative effects was required. 

To evaluate the magnitude and extent of the proposed development, the results of water quality 
modelling from Snap Lake were reviewed, to determine the extent of the plume of treated effluent in 
lakes downstream of Snap Lake (Section 2 of this submission). The study area for the assessment 
included the Lockhart River Watershed (Figure 3-1). Major developments within the Lockhart River 
Watershed were reviewed for the potential for interaction with Snap Lake Mine treated effluent 
release to the watershed and the potential for cumulative effects from TDS. Developments were 
identified using the Gahcho Kué Project cumulative effects database developed during the Gahcho 
Kué Project environmental assessment (De Beers 2010) as well as a review of the 2013 NWT 
Mineral Exploration Overview (Falck and Gochnauer 2013). 
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Current developments include the De Beers Gahcho Kué Project, the Tibbitt-Contwoyto winter road, 
and the potential East Arm National Park (Thaidene Nene). Past developments of note in the 
Lockhart River watershed include the Tundra/Salmita Mine, which is located south of Courageous 
Lake. This gold mine was active in the 1960s and 1980s; the site is the final stages of remediation 
(MVLWB Licence MV2009L8-0008). In 2013, the site treated and released over 100,000 m3 of 
effluent; this is predicted to reduce to 75,000 m3 in 2014 (WESA 2014). Future releases will not 
require treatment (WESA 2014) and the volume of those releases may be variable. Given the 
potential for past, present, and future releases containing TDS, the Tundra Mine was included in this 
review. 

Other developments such as exploration sites, tourist lodges, or hunting camps were not included as 
they are not permitted for water releases to the Lockhart River watershed. There are two active 
exploration sites in the watershed but their operations are currently restricted to exploration drilling: 
Seabridge Gold Inc. Courageous Lake Project (MVLWB Permit MVC20120025); and, Kennady 
Diamonds Kennady North Project (MVLWB Licence MV2013L20005) (Figure 3-1). No prediction of 
water quality from these projects can be made as they are still early in mine exploration and planning 
stages. Further development, including mining is considered hypothetical, and as such, they were 
excluded from further review. Potential developments that had recent proposals for work in the 
Lockhart River watershed but will no longer occur within the foreseeable future (e.g., Talston 
Hydroelectric Expansion Project) were also excluded.  

Changes due to natural causes or to climate change were excluded from this review. It is possible 
that changes in water quality through climate change may occur, such as melting permafrost 
contributing additional TDS to surface water (Murdoch et al 2000). Such a phenomenon has been 
documented in the Yellowknife area in a small stream (Spence et al. 2013); however it is uncertain 
whether a similar effect would be observed in a larger watershed with a large dilution factor (Spence 
et al. 2013). Therefore, the potential effects of climate change on TDS sources to the Lockhart River 
were excluded from further review.  
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3.3 Results 

The treated effluent from Snap Lake is predicted to be near background concentrations within 
approximately 40 km of the mine, similar to the original predictions from the EAR (De Beers 2002) 
(Figure 2-8). As such, the extent of the plume is restricted to a small area of the upper Lockhart River 
(Figure 2-8) as in the original project proposal. The Gahcho Kué Project is not expected to alter water 
quality outside of the Kirk Lake watershed of the lower Lockhart River watershed (Figure 2-8). The 
Tundra Mine is currently not expected to alter water quality outside of a localized area (INAC 2009; 
Figure 2-8). Current monitoring results suggest that discharges from the mine are localized to the 
Sandy Lake and Matthews Lake area (INAC 2009; AANDC 2013); this does not overlap with Snap 
Lake effluent (Figure 2-8).   

Operation of the Tibbitt-to-Contwoyto winter road is not expected to contribute TDS to the watershed. 
The extent of activities associated with a potential East Arm National Park (Thaidene Nene) or within 
the wider area of interest (see Wright et al. 2013 for an updated mineral and energy resource 
assessment in the area of interest; Figure 3-1) is not known, but it is not anticipated for the 
foreseeable future to include releases of TDS and its development is anticipated to be positive for 
the watershed in terms of protection for the area (De Beers 2010).  

There is no overlap between the Mine and developments releasing or having the potential to release 
TDS to the environment and, as such, the development’s contribution to cumulative effects in the 
Lockhart River watershed is nil (Figure 2-8).  

3.4 Conclusion 

What potential cumulative effects will the discharge of treated effluent with TDS concentrations 
equal to the SSWQO of 684 mg/L (i.e., the proposed average monthly limit) from the Snap Lake 
Mine have on water quality in the Lockhart River Watershed? 

The discharge of treated effluent with TDS concentrations equal to the SSWQO does not overlap with 
discharges from other developments and as such no cumulative effects assessment is required.On 
the basis of a review of major developments in the Lockhart River watershed and the type and extent 
of the discharges from those developments,  De Beers concludes that the discharge of effluent at 
the proposed limits will not contribute to cumulative effects on water quality within the Lockhart 
River Watershed.. 
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4 ACCIDENTS AND MALFUNCTIONS 

4.1 Introduction 

This section consists of an assessment of the environmental consequences from accidents and 
malfunctions in relation to discharge of treated minewater containing elevated concentrations of 
TDS. On the basis of the scope of the EA outlined by the Review Board, this was assessed on the 
basis of an "upset in the water management system" releasing higher than permitted concentrations 
of TDS for a limited time duration. This section does not assess the risk of the occurrence of an 
accident or malfunction; operational risk management measures based on risk assessment will 
substantially reduce the potential occurrence of such an occurrence. 

Standard policies, procedures, practices, and operating systems are integral to managing potential 
accidents and malfunctions. Accidents and malfunctions are unlikely to adversely impact the 
development or the environment due to management systems or mitigation that: 

• prevent accidents and malfunctions though proper training, awareness, education, and 
equipment maintenance;  

• assess accidents and malfunction risks during the design of the proposed project;  

• continue to assess these risks through all project life cycles including detailed engineering 
design, construction, operation, and closure;  

• incorporate inherently safe designs and effective contingency plans; and, 

• implement a site environmental management plan including effective and efficient emergency 
response plans. 

De Beers has described its policies and procedures in relation to water management in the Water 
Management Plan (De Beers 2013e) and outlined risks in relation to water management in the 
North Pile Risk Assessment in a submission to the MVLWB (De Beers 2012b).  

4.2 Objective 

The objective of this section is to assess the potential environmental consequences from accidents 
or malfunctions in relation to discharge of treated minewater containing elevated concentrations of 
TDS as consolidated in the following key question: 

What impacts will a potential accident or malfunction related to discharge of treated minewater 
containing elevated levels of TDS at the Snap Lake Project site have on the receiving 
environment, specifically Snap Lake? 
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4.3 Methods 

Accident or malfunction scenarios or cases involving releases of TDS were developed. The water 
quality in the receiving environment was predicted for each case. The environmental consequence of 
each case was then assessed.  

The assessment was conservative and assumed: 

• an accident or malfunction occurs during the remaining years of operation; 

• an accident or malfunction in relation to discharge of elevated TDS would persist for a maximum 
of 7 days before management action was effective; 

• the discharge from an accident or malfunction is restricted to Snap Lake and specifically to the 
main basin of Snap Lake and does not affect drinking water because management actions would 
prevent larger-scale releases. 

Water quality was predicted for accidents and malfunctions related to TDS releases as this is the 
most restrictive parameter of those required by the Review Board EA. 

4.3.1 Accident or Malfunction Cases 

Eight cases were considered for potential water quality changes related to Accidents or Malfunctions 
(Table 4-1). These were compared to the two Base Cases outlined in Section 2 where no accident or 
malfunction occurs.  

For Base Cases A and B described previously in this submission, effluent was discharged from the 
Mine to Snap Lake with treatment for TDS such that the concentration of TDS in the effluent did not 
exceed the proposed AML of 684 mg/L from January 1, 2015, to January 1, 2029. For the Accident 
or Malfunction Cases (1A and 1B, defined below), an accident or malfunction occurs on site and 
effluent is discharged to Snap Lake with a TDS concentration of 1,000 mg/L at the lower and upper 
bound discharge rates, respectively (Table 4-1). A TDS concentration of 1,000 mg/L represents an 
accident or malfunction where the Mine discharges TDS concentrations approximately equal to the 
proposed maximum daily limit of 1,003 mg/L. 

For the Accident or Malfunction Cases 2A and 2B (defined below), an accident or malfunction occurs 
on site and effluent is discharged to Snap Lake with a TDS concentration of 2,000 mg/L at the lower 
and upper bound discharge rates, respectively. A TDS concentration of 2,000 mg/L represents an 
accident or malfunction where the Mine discharges TDS concentrations approximately equal to the 
maximum TDS concentrations predicted in De Beers (2013c). 

Water quality modelling of each case was completed to predict maximum concentrations of TDS in 
Snap Lake using the 3-D hydrodynamic and water quality model developed in the GEMSS platform. 
The Snap Lake model setup and model inputs were identical to those described in De Beers (2013a) 
with the exception of the concentration of TDS in the effluent discharged to Snap Lake (Section 2.1). 
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Table 4-1 Descriptions of Accident or Malfunction Cases 

Timeline Name Effluent Discharge Rate Effluent Discharge TDS Concentration during Malfunction 

   (mg/L) 

 2017 

Malfunction Case 1A Lower Bound 
1,000 

Malfunction Case 1B Upper Bound 

Malfunction Case 2A Lower Bound 
2,000 

Malfunction Case 2B Upper Bound 

– 
2025 

Malfunction Case 1A Lower Bound 
1,000 

Malfunction Case 1B Upper Bound 

Malfunction Case 2A Lower Bound 
2,000 

Malfunction Case 2B Upper Bound 

Note: Assumes that as of January 2015 the effluent AML is 684 mg/L and that accident occurs under ice in mid-March when little dilution 
occurs and occurs for a maximum of seven days. 

mg/L = milligrams per litre; TDS = total dissolved solids; ≤ = less than or equal to; “-“ = not applicable.  

Predicted concentrations of TDS from the Base Cases and the Accident or Malfunction Cases are 
compared to the proposed site-specific water quality objective (SSWQO) of 684 mg/L. Predicted 
concentrations of TDS from the Accident or Malfunction Cases are compared to predictions from the 
Base Cases, and the spatial extent and duration of the TDS plumes resulting from each accident or 
malfunction are also presented. If the predicted concentration of TDS exceeded 684 mg/L, then the 
volume of the lake in which the exceedance occurred was calculated. It was assumed that the area 
immediately adjacent to the diffuser (end-of-pipe) had concentrations of TDS similar to the 
concentration being released. 

4.3.2 Environmental Consequences 

Potential environmental consequences of the discharge were assessed according to a combination 
of factors. Effects of an accident or malfunction on aquatic life depend on the residual volume of the 
accident or malfunction, its toxicity, and the volume of the lake affected by the discharge. This is 
consistent with the approach used in the 2002 Environmental Assessment of the Snap Lake Mine 
(De Beers 2002). The TDS Benchmark Study (De Beers 2013f) was reviewed to define aquatic life 
toxicity environmental consequences. 

Environmental consequence used in this section is ranked according to four levels (Table 4-2). These 
levels are defined according to a combination of portion of the community affected, magnitude of the 
toxic effect, spatial extent, duration, and reversibility. Both lethal and sublethal effects were 
considered; assessment of lethal effects was more protective since lethality causes a direct effect on 
the population, especially for fish.  

Portion of Community Affected 

• Cladocerans – Effects assumed to be less important for Snap Lake because cladocerans make 
up a small proportion of the zooplankton community, and there is likely to be redundancy in the 
zooplankton community in terms of the food chain supporting fish.  
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• Rest of community including zooplankton and fish – Effects could have a more important effect 
overall on Snap Lake because effects on zooplankton groups that make up a larger proportion of 
the community (e.g., copepods) or on fish populations have a higher probability of affecting the 
structure and function of the ecosystem. However, this portion of the Snap Lake aquatic 
community is relatively tolerant to concentrations of TDS above 1,000 mg/L (De Beers 2013f).  

Magnitude 

• Sublethal – There is 20% reduction in growth, reproduction, or normal development endpoint. 
For cladocerans, this is 648 mg/L; for other species, this is >1,000 mg/L. Assumes that effects 
less than 20% are essentially indistinguishable from background variability.  

• Lethal – There is 20% lethality in a population. This threshold cannot be defined on the basis of 
the TDS Benchmark Study because lethal effects were not observed in the testing. It is assumed 
to be at concentrations above 1,000 mg/L.  

Spatial Extent 

• 10% of lake volume – When <10% of lake volume is affected, it is unlikely to affect overall 
populations within the lake.  

• 20% of lake volume – When the volume is in the 10% to 20% range then an effect to the lake is 
possible, with the degree of effect depending on what species are affected and the magnitude of 
effect. 

• 50% of lake volume – When volume exceeds 50%, then an effect on a particular species or 
group of species becomes more important and must be evaluated on a case-by-case basis.  

Duration 

• One generation (7 days) – This time corresponds to the generation time for short-lived 
zooplankton species (note that Daphnia have a longer generation time). A toxic effect lasting for 
one generation is non-negligible but likely of low significance for zooplankton. The duration of a 
water quality change that could cause this duration of a toxic effect could range from 1 to 7 days 
(i.e., 1 day exposure could affect the whole generation if it came at a key time). Although a toxic 
effect on one generation of a fish population is much more significant, the generation time for 
fish species is much longer (multiple months to 1 year).  

• One annual cycle of ice-off and plankton productivity (6 months to 1 year) – An effect on 
zooplankton lasting an entire productivity season could start to cause a shift in the plankton 
community, depending on the sensitivity and significance of the species being affected.  

• Multiple annual cycles (more than 1 year) – If the effect lasts for multiple annual cycles, a shift in 
the community becomes likely.  

Reversibility 

• An increase in TDS levels above the sublethal or lethal toxicity thresholds would typically be 
reversible under the cases being examined (i.e., the failure-related release would be corrected). 
Thus, in most cases, the water quality change and associated potential for toxicity would be 
reversible.  

• In the event that the water quality effect was not reversible, the impacts on the structure and 
function of Snap Lake become more severe.  
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Table 4-2 Definition of Levels of Environmental Consequence 

Environmental Consequence 
Rating (Level) Portion of Community Affected 

Magnitude (Based on Toxicity to 
Aquatic Life) Spatial Extent 

Duration  
(Duration of Toxic 

Effects ) Reversibility 

Lethal 

Negligible 

not relevant no toxicity not relevant not relevant reversible 

sensitive zooplankton (cladocerans) acutely lethal <10% of total lake volume <1 day reversible 

other species acutely lethal <0.04% of total lake volume1 <1 day reversible 

 Low 
other species acutely lethal <5% of total lake volume <1 day reversible 

sensitive zooplankton (cladocerans) acutely lethal <10% of total lake volume >24 hours; <1 year reversible 

Moderate 

sensitive zooplankton (cladocerans) acutely lethal >10% of total lake volume >24 hours; <1 year reversible 

other species acutely lethal >10% of total lake volume <1 day reversible 

other species acutely lethal <5% of total lake volume >24 hours; <1 year reversible 

High 
other species acutely lethal >10% of total lake volume >24 hours; <1 year reversible 

any species acutely lethal or sub-lethal >10% of lake volume any duration irreversible 

Sublethal 

 Negligible 

not relevant no toxicity not relevant not relevant reversible 

sensitive zooplankton (cladocerans) sublethal not relevant <3 days reversible 

other species sublethal <0.04% of total lake volume1 <1 day reversible 

sensitive zooplankton (cladocerans) sublethal <10% of total lake volume >3 days reversible 

Low 

sensitive zooplankton (cladocerans) sublethal <20% of total lake volume >3 days reversible 

sensitive zooplankton (cladocerans) sublethal <10% of total lake volume 1 year reversible 

other species sublethal <10% of total lake volume >3 days reversible 

Moderate 

sensitive zooplankton (cladocerans) sublethal <20% of total lake volume 1 year reversible 

sensitive zooplankton (cladocerans) sublethal >50% of total lake volume >3 days reversible 

other species sublethal <20% of total lake volume >3 days reversible 

other species sublethal <10% of total lake volume 1 year reversible 

High 
other species sublethal >50% of total lake volume 1 year reversible 

other species sublethal >20% of total lake volume 1 year irreversible 

Source: Table modified from De Beers (2002) with data from TDS Benchmark Study (De Beers 2013f). 

Note: sublethal to sensitive zooplankton = >684 mg/L; sublethal to other plankton or fish = 1,000 mg/L; lethal to other plankton or fish >1,000 mg/L. 

a) The area immediately surrounding the diffuser is <0.04 % of the volume of the lake. 

< = less than; > = greater than; % = percent;  TDS = total dissolved solids; mg/L = milligrams per litre. 
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4.4 Results 

The results of the water quality predictions for accidents and malfunctions are shown in 
Table 4-2. Plots of the predicted concentrations in each Accident and Malfunction case are 
provided in Figures 4-1 through 4-4. Four of the Accident and Malfunction cases are 
predicted to result in water quality that is below the SSWQO and is therefore assumed to be 
non-toxic (either lethal or sub-lethal) to aquatic life, and the environmental consequences 
are rated as negligible (Table 4-3). Four of the cases are predicted to have concentrations of 
TDS that exceed the SSWQO (Figures 4-2 to 4-4); of these four, three are predicted to 
exceed the SSWQO for a limited time and to occur in a very small volume of the lake (2%) 
and are rated as negligible in consequence. One case is predicted to exceed the SSWQO in 
14% of the lake with the corresponding environmental consequence rated as a low (Table 4-
3). 

Table 4-3 Prediction of water quality in Accident or Malfunction Cases 

Timeline Name 
Effluent 

Discharge Rate 

Effluent Discharge 
TDS Concentration 
during Malfunction 

Exceedance of the 
SSWQO in Snap 

Lake? 

Volume of Lake 
Affected by 
Exceedance 

Predicted 
Environmental 
Consequence 

   (mg/L)    

 2017 

Malfunction 
Case 1A Lower Bound 

1,000 

No   
(Figure 4-1 a,b) 

None Negligible 

Malfunction 
Case 1B Upper Bound No  

(Figure 4-3 a,b) 
None Negligible 

Malfunction 
Case 2A Lower Bound 

2,000 

No  
(Figure 4-1 a,b) 

None Negligible 

Malfunction 
Case 2B Upper Bound Yes  

(Figure 4-3 a,b) 
<2% of lake 
(Figure 4-3c) 

Negligible 

2025 

Malfunction 
Case 1A Lower Bound 

1,000 

No   
(Figure 4-2 a,b) 

None Negligible 

Malfunction 
Case 1B Upper Bound Yes  

(Figure 4-4 a,b) 
<2% of lake Negligible 

Malfunction 
Case 2A Lower Bound 

2,000 

Yes  
(Figure 4-2 a,b) 

2% of lake  
(Figure 4-2c) 

Negligible 

Malfunction 
Case 2B Upper Bound Yes  

(Figure 4-4 a,b) 
14% of lake  

(Figure 4-4c) 
Low 

Note: Assumes that as of January 2015 the effluent AML is 684 mg/L and that accident occurs under ice in mid-March when little dilution 
occurs and occurs for a maximum of 7 days. 

mg/L = milligrams per litre; TDS = total dissolved solids; ≤ = less than or equal to.  
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Figure 4-1 Maximum Predicted Total Dissolved Solids Concentrations with Accident or 
Malfunction in 2017 with Lower Bound Discharge Rate 

(a) Near Diffuser, SNP 02-20e, for Period of Operations 

 

(b) Near Diffuser, SNP 02-20e, 2017 

 

mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective. 
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Figure 4-2  Maximum Predicted Total Dissolved Solids Concentrations with Accident or 
Malfunction in 2025 with Lower Bound Discharge Rate 

(a) Near Diffuser, SNP 02-20e, for Period of Operations 

 
(b) Near Diffuser, SNP 02-20e, 2025 

 
(c) Snap Lake Volume with TDS Concentration >684 mg/L 

 
mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective; TDS = total dissolved 
solids; >= greater than.  
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Figure 4-3 Maximum Predicted Total Dissolved Solids Concentrations with Accident or 
Malfunction in 2017 with Upper Bound Discharge Rate 

(a) Near Diffuser, SNP 02-20e 

 
(b) Near Diffuser, SNP 02-20e 

 
(c) Snap Lake Volume with TDS Concentration >684 mg/L 

 
mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective; TDS = total dissolved 
solids; >= greater than.  
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Figure 4-4 Maximum Predicted Total Dissolved Solids Concentrations with Accident or 
Malfunction in 2025 with Upper Bound Discharge Rate 

(a) Near Diffuser, SNP 02-20e 

 
(b) Near Diffuser, SNP 02-20e 

 
(c) Snap Lake Volume with TDS Concentration >684 mg/L 

 
mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective; TDS = total dissolved 
solids; >= greater than.  
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4.5 Conclusions 

What impacts will a potential accident or malfunction related to discharge of treated minewater 
containing elevated levels of TDS at the Snap Lake Project site have on the receiving environment, 
specifically Snap Lake? 

The impacts (environmental consequence) of the modelled accidents and malfunctions cases were 
assessed as negligible to low. Any effects would be restricted to sensitive species of zooplankton 
(cladocerans) and not to the larger aquatic community. Effects would be restricted to a small volume 
of the lake and often would not exceed the TDS SSWQO or maximum daily limit. 
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5 ALTERNATIVES 

De Beers has evaluated two potential alternatives to the development proposal; namely alternatives 
to discharging mine effluent at concentrations not exceeding AML of 684 mg/L mg/L TDS; 14 mg/L 
nitrate; 378 mg/L chloride; 2.43 mg/L fluoride; 1 mg/L nitrite and 427 mg/L sulphate. Both 
alternatives are currently not considered economically feasible. 

Alternative 1: Effluent Quality Criteria Unchanged 

De Beers is seeking higher EQCs based on the results of site-specific chronic effects benchmark 
studies, which recommend SSWQOs that are protective of the aquatic environment of Snap Lake. 
Prior to applying for revised EQCs, De Beers evaluated the results of predicted life-of-mine water 
quality (De Beers 2013a) to determine the feasibility of continuing current mine operations under 
current EQC limits. The water quality models have indicated that the licence limits for TDS, chloride 
and nitrate (effective January 1, 2015) are not realistically achievable with current mine practices, 
and will be exceeded within the next 1 to 5 years. De Beers’ evaluation of treatment technologies, as 
reported in the TDS Response Plan (De Beers 2013g) indicate that the cost to implement treatment 
of the whole effluent to achieve current licence limits using available technology is estimated at 
$188M. 

De Beers believes that the current proposed SSWQOs and associated EQCs are protective of the 
environment, and are achievable based on review of pre-feasibility studies. 

Alternative 2: Reduction of Footwall Development 

The greatest contributor to TDS loadings to Snap Lake is mine effluent which generates from release 
of connate water during mine operations, specifically during the advancement of the footwall. The 
increases in TDS in mine effluent as reported in Itasca (2013) are directly related to continued 
mining as proposed in the mine plan. Slowing advancement of the footwall would decrease the rate 
of TDS loading to the environment. However, since footwall development is essential to the current 
methods for mining the ore deposit, slowing footwall development also directly affects the rate of ore 
development.  

Reduction in footwall development is not achievable to support the current mine plan and results in 
the mine becoming not economically viable in the long term.  

Alternative 3: Reducing Water Flows 

The investigation of options for reducing flows in the underground, are discussed in the TDS 
Response Plan (De Beers 2013g). 
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Figure I-1 Water Temperature (°C) Profile Calibration Plots at LCB Inlet. 

 

Note: Solid line represents model results; dots represent measured water temperatures. 

°C = degrees Celsius; m = metre. 
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Figure I-2 Water Temperature (°C) Profile Calibration Plots at LCB-1 

 

Note: Solid line represents model results; dots represent measured water temperatures. 

°C = degrees Celsius; m = metre. 
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Figure I-3 Water Temperature (°C) Profile Calibration Plots at LCB-3 

 

Note: Solid line represents model results; dots represent measured water temperatures. 

°C = degrees Celsius; m = metre. 
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Figure I-4 Water Temperature (°C) Profile Calibration Plots at LCB Outlet 

 

Note: Solid line represents model results; dots represent measured water temperatures. 

°C = degrees Celsius; m = metre. 
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Figure I-5 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB Inlet 

 

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations. 

mg/L = milligrams per litre; m = metre. 
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Figure I-6 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB-1 

 

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations. 

mg/L = milligrams per litre; m = metre. 
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Figure I-7 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB-3 

 

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations. 

mg/L = milligrams per litre; m = metre. 
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Figure I-8 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB Outlet 

 

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations. 

mg/L = milligrams per litre; m = metre. 
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1.0 BACKGROUND AND INTRODUCTION 

Golder Associates Ltd (Golder 2013) developed a total dissolved solids (T DS) benchmark for aq uatic life for 
Snap Lake based on a literature review, problem formulation, and site-specific toxicity tests with phytoplankton, 
zooplankton, benthic invertebrates, and fish spe cies representative of aquatic rece ptors in Snap Lake.  Most 
species tested showed no adverse effects at TDS concentrations greater than (>) 1,400 milligrams per litre 
(mg/L); however, two daphnid species were more sensitive to T DS and showed adverse effects at lo wer TDS 
concentrations. Although daphnids comprise on averag e of approximately 2 percent (%) of the zooplankton 
community in Snap La ke, a con servative site-specific water quality obje ctive (SSWQO) of 684 mg /L was 
proposed based on Daphnia magna 21-day (d) toxicity tests reported in Golder (2013). 

The results of the TDS testing, in cluding the pro posed TDS SSWQO, were  presented t o interested parties, 
including regulatory agencies and representatives of Aboriginal communities, on January 6, 2014 in Yellowknife, 
Northwest Territories (NWT). There was discussion following the presentation regarding the repeatability of the 
tests. 

As a result of the discussion regarding test repeatability, De Beers Canada Inc (De Beers) requested that Golder 
repeat the 21-day D. magna test that p rovides the basis for the proposed TDS SSWQO. The present technical 
memorandum provides the methods and results from this repeat testing and discusses the results relative to the 
proposed SSWQO. 

2.0 METHODS 

A synthetic lake water sample was prepared, with the same ratio of major ions in Snap L ake but at a n ominal 
TDS concentration of 1,500 mg/L. The sample was prepared by Nautilus Environmental, the same laboratory 
that prepared samples for previous TDS testing reported in Golder (2013). The synth etic lake wat er was 
analysed for its ioni c composition to assess concentrations of the maj or ions and to cal culate TDS 
concentrations. Results of those analyses determined that the calculated TDS conc entration for the sy nthetic 
lake water sample was 1,477 mg/L, which was very close to the target nominal concentration of 1,500 mg/L. 

A 21-d D. magna survival and reproduction toxicity test was conducted by Nautilus Envi ronmental following 
American Society for Testing and Materials (ASTM 2004) procedures. Daphnids were exposed to the following  
calculated TDS concentrations in a dil ution series that also included a negative (clean) control: 295, 437, 686, 
991, and 1477 mg/L. The Nautilu s Environmental Data R eport is provided a s Attachment 1 and incl udes the 
chemical analyses of the TDS test solutions. 
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3.0 RESULTS 

As is app arent from Figure 1, the D. magna toxicity test reporte d herein (Test 2) produced a similar 
dose-response as the previous D. magna toxicity te st (Test 1) reported in Golder (2013). However, the 20% 
inhibition concentration (IC20) for the present test (Test 2) was >1,477 mg/L compared to the first test (Test 1), 
where the IC20 wa s 684 mg/L. The flatness of the  dose-response explains these differen ces, which are not 
unreasonably large (Cherr et al. 1994). 

Figure 1 Concentration-Response for Two Daphnia magna Snap Lake TDS Toxicity Tests 

 

TDS= total dissolved solids; mg/L= milligrams per litre. 
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4.0 RELEVANCE TO THE SNAP LAKE TDS SSWQO 

The Canadian Council of Ministe rs of the Environm ent (CCME 2007; Part II, Sect ion 1-10 and 1-1 1) states 
“Multiple comparable records for the same endpoint are to be combined by the geometric mean of these records 
to represent the averaged species effects endpoint.” CCME (2007, Part II, Section 3.1-2 ) similarly states, twice, 
“If there is more than one comparable record for a preferred endpoint, then the species effects endpoint is to be 
represented by the geometric mean of these records.” 

Previous SSWQOs developed for the Ekati Diamond Mine followed the above approach. Specifically, in cases 
where more than one acceptable value was available for an individual species endpoint, the values were 
combined using the geo metric mean to produ ce a single va lue for ea ch species (Elphick et al. 2011; 
Ekati 2012a,b,c). This approach was specifically applied to daphnid toxicity d ata in Elphi ck et al. (201 1) and 
Ekati (2012c) 

The geometric mean of the two IC20 values (Tests 1 and 2) for D. magna is 1,005 mg/L TDS. Based on CCME 
(2007) and previous precedent in the NWT, this va lue could reasonably replace the Snap Lake TDS SSWQO of 
684 mg/L p reviously proposed by Gol der (2013) in reference to the De Be ers Water Licence Amendment 
Application. 

5.0 CLOSURE 

We trust that this technical memorandum provides you with the information you require at this time.  Should you 
have any questions, or require further information, please contact the undersigned. 

GOLDER ASSOCIATES LTD. 

Prepared by: Reviewed by: 
 

  
Peter M Chapman, PhD Cathy A McPherson, BSc 
Principal, Senior Environmental Scientist Senior Environmental Scientist 
 
PMC/CAM/me 
 
Att. 
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The purpose of this technical memorandum is to detail why Golder Associates Ltd. (Golder) has revised the site-
specific water quality objective (SSWQO) for strontium based on external peer review during preparation for peer 
reviewed publication. Specifically, three studies have been removed from the SSWQO derivation as discussed 
below. 

Jones (1939) conducted toxicity tests with Three-spined Stickleback (Gasterosteus aculeatus) to determine a 
survival curve for strontium. The test duration was 10 d,  and test solutions were renewed daily. The author 
reported a “lethal concentration limit” of 1,200,000 µg/L strontium, which Golder interpreted as being a measure 
of median lethal time (LT50, or time to 50% mortality). Jones (1939) defined the lethal concentration limit as 
being the level to which the concentration of test material must be reduced before definite toxic effect 
disappears, but did not specify what percent mortality was considered a definite toxic effect. The author reported 
mean or average survival times, but upon further review it was not clear what percent mortality was associated 
with those survival times. Testing was conducted for 2.5 x longer than the standard 4-d acute toxicity test; 
however, the endpoint was survival. Because this study only measured survival and not sublethal endpoints, and 
because the actual percentage effect being reported was unclear, it was removed from the SSWQO derivation. 

Jones (1940) also conducted 48-h tests with the planarian, Polycelis nigra, and reported “lethal concentration 
limits” of 3,500,000 and 6,000,000 µg/L for two different strontium salts. With only a slight dilution, survival was 
extended considerably. This study was removed from the SSWQO derivation for the same reason as this 
author’s earlier study with Stickleback. 

Schroder et al. (1995) reported that a 24-h immersion in a strontium chloride solution is used for marking Chum 
Salmon (Oncorhynchus keta) and Sockeye Salmon (O. nerka) fry prior to their release in the wild. Chum Salmon 
fry were exposed to three strontium concentrations (120,000, or 1,200,000, or 9,000,000 µg/L) for 24 h, and then 
reared for 34 d on a standard hatchery diet. Control mortality was 1%; mortality in the 1,200,000 µg/L treatment 
was 2%; and, mortality in the 9,000,000 µg/L treatment was 7%. Sockeye Salmon fry were immersed in a 
5,000,000 µg/L strontium solution for 24 h and then reared for 21 months on a s tandard hatchery diet to 
determine how long the marked fish could be distinguished from unmarked fish. The Sockeye Salmon data were 
not used in the original SSWQO as the authors did not provide detailed mortality data. The Chum Salmon data 
were used in the original SSWQO because, although this was an acute 24-h exposure to strontium, there was a 
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34-d follow up in clean water. However, the highest effect was only 7% and the endpoint was unbounded, thus it 
was removed from the SSWQO derivation. 

The remaining data continue to meet the requirements of CCME (2007) for species representation to produce a 
Type A water quality guideline using a species sensitivity distribution (SSD). The Fisher-Tippett distribution 
produced the lowest Anderson Darling statistic, indicating the best fit to the data in the tails of the distribution, 
and was selected for deriving the HC5 of 10,685 mg/L, with confidence limits of 4,499 to 25,373 mg/L (Figure 1). 
All of the species mean chronic values utilized in deriving the SSWQO exceeded this value, indicating that the 
objective was protective.  

Figure 1: Species Sensitivity Distribution for Strontium 

 

 

If you have any questions please do not hesitate to contact the undersigned. 

  

Peter M Chapman, PhD  Cathy A McPherson, BSc 
Principal/Technical Director Senior Environmental Scientist 
 
PMC/CAM/me 
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EXECUTIVE SUMMARY 

Strontium concentrations in Snap Lake water have been increasing since Mine operations began in 2005. 
In 2012, total strontium concentrations were above 700 micrograms per litre (µg/L) in the diffuser area 
and approximately 600 µg/L elsewhere in the main  basin. In co ntrast, baseline (2004) concentrations in 
Snap Lake and background concentrations in the  area a round Snap La ke were less than 15 µg/L. 
Modeling predictions suggest that strontium concentrations in Snap Lake could increase to approximately 
4,000 µg/L by the end of Mine operations.  

Concentrations of total strontium mea sured in treated Mine effluent peaked at 4,320 µg/L in June 2006, 
and have since decreased to approximately 1,600 µg/L in 2012. Although measured concentrations have 
decreased in recent years, modeling predictions suggest that strontium concentrations in tre ated mine 
effluent could increase to approximately 4,700 µg/L by the end of mine operations.  

There are no national water qu ality guidelines (WQGs) for strontium for protection of freshwater aquatic 
life in Canada or the United States, and no benchmark was established as part of the 2002 Environmental 
Assessment Report (EAR). Ecometrix (2011) proposed 500 µg/L as both a site-sp ecific water quality 
objective (SSWQO) for Snap Lake and an effluent quality criterion (EQC) for t reated mine effluent; this 
made no allowance for effluent mixing and was calculated based on potentially flawed data. As part of the 
Strontium Response Plan that De Beers is required to submit to the McKenzie Valley Land and Water 
Board (MVLWB) in December 2013, a benchmark for strontium in Snap Lake is to be recommended.  

Available data on the acute and chronic toxicity of strontium to freshwater aquatic life were compiled and 
reviewed. Acute toxicity was reported to occur at concentrations ranging from 75,000 to 15,000,000 µg/L. 
The majority of chronic effects occurred at concentrations above 11,000 µg/L; however, calculation of a 
representative benchmark was confounded by results from three  studies indicating that chronic effe cts 
occurred at lower concentrations. One of these studies, with a goldfish, was not applicable to Snap Lake 
as goldfish are not found there. The other two studies were repeated to determine whether their findings, 
which have been questioned, were correct. In fa ct, these new studies showed that chronic effects 
occurred at considerably higher strontium concentrations. The goldfish study, although not repeated, had 
been conducted by the a uthors of one of the two  studies that were re peated and shown to be no n-
reproducible; it is also thus likely that repeating this study would also have resulted in considerably higher 
strontium effects concentrations. 

A chronic effects benchmark of 14,130 µg/L is recommended for strontium in Snap Lake. The burden of 
evidence (tissue burdens of strontium in Snap Lake and reference lake fish; toxicology of strontium) does 
not indicate that there is a present or future risk of strontium toxicity to the aquatic biota of Snap Lake. 
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1 INTRODUCTION 

De Beers Canada Inc. (De Bee rs) owns and operates the Snap Lake Mine (Mine), an underground 
diamond mine located approximately 220 kilometres northeast of Yellowknife, Northwest Territories. The 
Mine began construction in 2004, became operational in late 20 05, and is expected to be in operation 
until 2026. T o comply with the Mine’ s Water Licence (Water Licence MV2001L2-0002, renewed as 
MV2011L2-0004 in 2012), De Beers is required to undertake a water quality monitoring component as 
part of a larg er Aquatic Ef fects Monitoring Program (AEMP) that also includes monitoring o f sediment 
quality, plankton, benthic i nvertebrates, and fish in Snap La ke. The AEMP water q uality component 
includes monitoring of total and dissolved strontium concentrations in Snap Lake, along with other metals, 
and these results are submitted in annual AEMP reports (e.g., De Beers 2013a). In addition, De Beers is 
required to monitor the quality of its treated effluent discharge as part of its Surveillance Network Program 
(SNP), results of which are also submitted to the Mackenzie Valley Land and Water Board (MVLWB).  

Strontium is present in the kimberlite and pro cessed kimberlite. A ben chmark for strontium was not 
established as part of the Environmental Assessment Report (EAR; De Beers 2002) and there are no 
Canadian WQGs for strontium for protection of freshwater aquatic life or for drinking water. 

At the September 14 to 1 6, 2011 MVLWB Technical Sessions pertaining to the Mine’ s Water Licence 
renewal application, it wa s noted that strontium concentrations have in creased in Snap Lake water 
relative to b aseline conditions. An Info rmation Request (IR) was made to De Beers to p rovide readily 
available information on strontium to the MVL WB, and such information was provided in 2011. 
The MVLWB also retained Ecometrix Inc. to propose site-specific water quality objectives (SSWQO) for 
Snap Lake and effluent quality criteria (EQC) for the treated Mine effluent for a number of parameters, 
one of which was strontium (Ecometrix 2011).  

The current Water Licence requires that a Strontium Response Plan be submitted to the  MVLWB by 
December 31, 2013. On e component of that Strontium Response Plan is to provide recommendations 
and supporting rationale for a SSWQO for strontium i n Snap Lake, derived from toxicity tests conducted 
by De Bee rs and/or published toxicology stu dies. The purpose of this report is to address that 
requirement of the Strontium Response Plan. This report provides an ov erview of en vironmental 
concentrations of strontium associated with Snap Lake, a compilation and review of available information 
on the toxi city of strontiu m to fre shwater aquatic life, results of addition al chronic toxicity testing 
undertaken to reduce uncertainty associated with the existing chronic toxicity data, and proposes a 
chronic effects benchmark (CEB) for strontium in Snap Lake.  
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2 WATER QUALITY BENCHMARKS FOR STRONTIUM  

There are currently no national water quality guidelines (WQGs) for strontium for protection of freshwater 
aquatic life in Canada or the United States.  

Ecometrix (2011) proposed a SSWQO for strontium in Snap Lake of 500 micrograms per litre (µg/L); the 
same value was also proposed as an EQC for treated Mine effluent, making no all owance for effluent 
mixing and dilution following discharge. This value  was calculated as the geometric mean of th e two 
lowest lethal concentration to 50% mortality (LC5 0)1 values in their database: a 28-d ay (d) L C50 for 
Rainbow Trout (Oncorhynchus mykiss) of 250 µg/L (Birge et al. 1980) and a 7-d LC50 for the amphipod 
Hyalella azteca of 1,000 µg/L (Borgmann et al. 2005). Ecometrix (2011) identified issues with both these 
test results, which are discussed in Sections 4.0 and 6.0 of this report.  

Hull (2008) provided a collection of worksheets showing calculations used to develop acute and ch ronic 
values for strontium for the Michigan Department of Environmental Quality (MDEQ 2008), although it was 
not clear whether these had been formally ado pted as state water quality standards. Development of 
these water quality benchmarks for strontium involved rejecting all of the data available in the literature at 
the time, and relying on d ata from six unpu blished studies (see Appendix A). A Tier I final acute value 
(FAV) of 80,600 µg/L was calculated using acute data from six studies; the FAV was divided by two to 
obtain an acute benchmark, the aquatic maximum value (AMV), of 40,300 µg/L. Chronic toxicity data from 
one test with Ceriodaphnia dubia and one test with Fathead Minnow, Pimephales promelas (Cook 2008, 
cited in Hull 2008), plus acute-to-chronic ratios, were used to calculate a Tier II final chroni c value (FCV) 
of 21,000 µg/L as a ch ronic benchmark for strontium. According to Chowdhury and Blust (2012), that 
chronic threshold was also adopted by Ohio (Ohio EPA 2009) and Quebec.  

The Indiana Department of Environmental Management (IDEM 2001) calculated Tier II acute and chronic 
values for strontium using acute data from two studies with Daphnia magna and Tubifex tubifex 
(Khangarot 1991; Khangarot and Ray 1989 ). It app ears that the  genus mean acute val ue (GMAV) for 
Daphnia magna was calculated incorrectly because it used 24-hour (h) and 48-h LC50s from the same 
test. Calculation of the acu te and chronic values involved use of application factors and a default acute-
to-chronic ratio because of the lack of data, resulting in a Tie r II acute valu e of 4,800 µg/L and chronic 
value of 530 µg/L.  

 

                                                      

1 The LCp is the concentration of test material estimated to be lethal to a specific percentage (“p”) of the test organisms. The LC50, 
or median lethal concentration, is the concentration estimated to be lethal to 50% of the test organisms. 
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3 ENVIRONMENTAL CONCENTRATIONS OF 
STRONTIUM IN SNAP LAKE 

Information on strontium concentrations measured in treated Mine effluent and in water, se diment, and 
fish tissue samples collected from Sn ap Lake and associated reference lakes, is b riefly summarized 
below. These data have previously been provided to the MVLWB as part of the EAR, and/or in AEMP and 
SNP monitoring reports. Data from approximately October 2012 were the most recent data available2 for 
inclusion herein. Total and dissolved concentrations of strontium were generally similar in water samples, 
so for simplicity only total strontium concentrations are presented here.  

3.1 Treated Mine Effluent 

Concentrations of total strontium measured in treated mine water at Stations SNP02-17 and SNP02-17B 
between 2004 and 2012 are shown in Figure 1. Strontium concentrations fluctuated between 734 and 
2,560 µg/L in 2004 and 2005, increased to a maximum of 4,320 µg/L in June 2006, then decreased 
gradually such that the flow-weighted average concentration for 2012 was 1,563 µg/L. Although 
measured concentrations have decreased in recent years as less areas of kimberlite are open relative to 
the amount of inflow and are on a downward trend, modelling completed in 2013 (De Beers 2013b) 
indicated that maximum total strontium concentrations in the treated effluent discharge were predicted to 
range between 2,400 and 3,800 µg/L under Lower Bound Scenarios and between 2,900 and 4,700 µg/L 
under Upper Bound Scenarios. 

3.2 Lake Water 

Concentrations of total strontium mea sured in Snap Lake water between 2004 and 2012 are shown in 
Figure 2 for the five different areas of the lake: diffuser; near-field; mid-field; far-field; and, northwest arm. 
Concentrations measured in the Northeast Lake and Lake 13 reference lakes are also included.  

Baseline water quality of Snap Lake was characterized through analyses of  water samples collected 
between 1998 and 2001; results from these analyses were reported in the EAR (De Beers 2002). The 
baseline lake-wide mean concentration of total strontium in Snap Lake was 5.7 µg/L, and the range was 
7.3 to 13.3 µg/L. Similarly, baseline concentrations of total strontium measured in two reference lakes in 
1999 ranged from 7.0 to 11.6 µg/L (De Beers 2002). Additional sampling was conducted in five candidate 
reference lakes in 2005, where total strontium concentrations ranged from 5.1 to 9.9 µg/L (Golder 2005).  

                                                      

2 Data collected in 2013 are und ergoing analysis and interpretati on as part of pr eparation of the  2013 AEMP report and were 
therefore not available for inclusion. 
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Figure 1 Concentrations of Total Strontium Measured in Treated Mine Effluent from Snap 
Lake Mine, June 2004 to October 2012 

 
Monthly Avg = monthly average; SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated 
effluent from the permanent water treatment plant; SNP = Surveillance Network Program; µg/L = micrograms per litre.    

 

Figure 2 shows that total strontium concentrations have increased steadily in Snap Lake since 2005, such 
that in 2012 they peaked at 716 µg/L in the diffuser area, and were approximately 500 to 700 µg/L in the 
near-field, mid-field, and f ar-field areas. Modelling completed in 2013 (De Beers 2013c) indicated that 
total strontium concentrations in Snap Lake were predicted to range from an average of 2,000 to 
3,000 µg/L under Lower Bound Scenarios and from an average of 2,500 to 4,000 µg/L under 
Upper Bound Scenarios (Figure 3). In contrast, total strontium concentrations in the refe rence lakes in 
2012 ranged from 10 to 13 µg/L in Northeast Lake, and from 9 to 10 µg/L in Lake 13, consistent with 
pre-mining conditions.  

Background strontium water concentrations in th e area around Snap Lake are typically less than (<) 
15 µg/L. In contrast, the World Health Organization (WHO 2010) reported that natural strontium 
concentrations ranged from 1 to 13,600 µg/L in European rivers (median concentration of 110 µg/L), and 
from 400 to 1,500 µg/L in surface waters in the United States.  
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Figure 2 Concentrations of Total Strontium in Water at Stations Located in Five Areas of Snap Lake, and in the Northeast Lake 
Reference Lake, from 2004 to 2012 

 

 

Note: µg/L = micrograms per litre; normal range is based on data collected prior to 2004, with the upper and lower range calculated as the mean ± 2 standard deviations. 
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Figure 3 Predicted Total Strontium Concentrations in Snap Lake, 2004 to 2029 

a. Diffuser Area 

 

b. Main Basin 

 

c. Outlet 

 

Note: µg/L = micrograms per litre.  Data shown are from representative stations within Snap Lake: Diffuser Area = SNAP13 (2004 to 
April 2006) and SNP 02-20e (July 2006 to 2012); Main Basin = SNAP09; Outlet = SNAP08.  
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3.3 Sediment 

Mean concentrations of strontium measured annually in sediments from five areas of Snap Lake between 
2004 and 2012 are sh own in Figu re 4. For co mparison purposes, mean concentrations measured in 
sediments from the Northeast Lake reference lake from 2008 to 2012, and from Lake 13 in 2012, are also 
included. Sediment concentrations are reported as dry weight (dw).  

The baseline lake-wide mean strontium concentration in Snap Lake sediments sampled in 1999 and 2004 
was 27.2 mg/kg (dw), and individual stations ranged from 21.0 to 42.0 mg/kg (dw) (De Beers 2012). 
Since 2006, mean se diment concentrations have increased in the diffu ser, near-field, mid-field, an d 
far-field areas. Mean concentrations in northwest arm sediments were initially higher than other areas of 
Snap Lake in 2004 and 2005, then decreased in 2006 and had only modest increases through 2012 apart 
from a peak in 2011. In 2012, the lake-wide mean strontium concentration in Snap Lake sediments was 
58.2 mg/kg (dw), and individual stations ranged from 24.2 to 84.4 mg/kg (dw). In cont rast, strontium 
concentrations in Northeast Lake sediments showed little change from 2008 to 2012 and have remained 
similar to baseline Snap Lake sediment concentrations with a mean of 28.0 mg/kg (dw) and a range of 
27.4 to 33.3 mg/kg (dw) in 2012.  

Figure 4 Mean Concentrations of Strontium in Sediments Annually at Stations Located in 
Five Areas of Snap Lake from 2004 to 2012, in Northeast Lake from 2008 to 2011, 
and in Lake 13 in 2012 

 
Note: mg/kg (dw) = milligrams per kilogram dry weight; normal range is based on baseline data collected in 2004, with the upper 
and lower range calculated as the mean ± 2 standard deviations. 
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3.4 Fish Tissue 

Mean concentrations of strontium mea sured in muscle tissue from Lake T rout (Salvelinus namaycush) 
and Round Whitefish (Prosopium cylindraceum) captured from Snap La ke and two refe rence lakes in 
large-bodied fish surv eys conducted in 1 999, 2004, a nd 2009 are shown in Figure 5. 
Mean concentrations were determined from samples of fo ur to eight male or female fish from each 
sampling event.  

Lake Trout were sampled from Snap Lake in each of the three years, from Reference Lake in 1999 and 
2004, and from Northeast Lake in 2004 and 2009. Strontium concentrations in Snap Lake fish were lower 
in 2004 than in 1999 and then increased in 2009, but were not as high as strontium concentrations in fish 
from the reference lakes.  

Round Whitefish were sampled from Snap Lake in 1999, 2004, and 2009, from Reference Lake in 1999 
and 2004, and from Northeast Lake in 2004. Strontium concentrations in Snap Lake fish were similar in 
1999 and 2009, but lower in 2004; no Northeast Lake fish data were available from 2009 for comparison, 
but the concentrations measured in 1999 and 2004 Reference Lake fish were higher than fish from Snap 
Lake in both those years. 

Mean concentrations of strontium were measured in ca rcasses3 of Lake Chub (Couesius plumbeus) 
captured from Snap La ke and two reference lakes in a sm all-bodied fish survey co nducted in 20 12; 
this was the first year that  tissue con centrations were monitored in Lake Chub. Mean tissu e strontium 
concentrations were 49. 6 mg/kg ww (wet wei ght) for fi sh from Sna p Lake, a s compared to 
mean concentrations of 39.6 and 33.3 mg/kg ww for Northeast Lake and Lake 13, respectively. The mean 
concentration for Snap L ake fish wa s within the normal range calculated based on referen ce lake 
concentrations. 

  

                                                      

3 Carcasses consisted of flesh and bone, but not viscera, liver, or gonad tissues.  
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Figure 5 Mean Concentrations of Strontium in Muscle Tissue of Lake Trout (top panel) and 
Round Whitefish (bottom panel) in Snap Lake and Two Reference Lakes in 1999, 
2004, and 2009  

 
 

 
Note: mg/kg ww = milligrams per kilogram wet weight 
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4 LITERATURE REVIEW ON TOXICITY OF STRONTIUM 
TO FRESHWATER AQUATIC LIFE 

Available acute and ch ronic toxicity data for freshwa ter fish, invertebrate s, algae, and amp hibians are 
tabulated in Appendix A. The LC50s from acute toxicity tests with strontium ranged from a 48-h LC50 of 
75,000 µg/L for the wate r flea Daphnia hyalina (Baudouin and Scoppa 1974) to a 24-h LC50 of 
15,000,000 µg/L for the  nematode Caenorhabditis elegans (Tatara et al. 1998). Fish and invertebrates 
exhibited similar acute toxicity to strontium. Because the objective of this review was to develop a CEB for 
strontium, only the chronic toxicity studies are summarized below. Test endpoints are expressed in terms 
of the concentration of strontium, not the metal salt. No studies on the toxicity of strontium in sediments 
were identified.  

4.1 Fish 

Pacholski (2009) conducted a 21 -d test with juv enile Rainbow Trout; ad ditional details of the test 
procedures and endpoint calculations were provided in Hyd roQual (2009, 2013)4. Test fish were 
approximately 0.3 to 0.5 g ww at test initiation, and the exposure system was static-renewal with weekly 
replacement of test solutions. Control survival after 21 d was 90 percent (%), and the results were 
corrected for control responses. Survival was the only endpoint measured, and the endpoints reported 
were an LC10 of 67,000 µg/L, an LC20 of 1 10,000 µg/L, and an LC50 of 2 86,000 µg/L. The LC10 of 
67,000 µg/L was considered to be an acceptable low-effect concentration and was therefore used for the 
CEB determination (see Section 6.0).  

Birge (1978) conducted a 28-d test with Rainbow Trout, from fertilization through to four days post-hatch; 
results of this study were also reported in Birge et al. (1979). The exposure system was static-renewal, 
with replacement of test solutions every 12 hours. Control performance was not reported, but the results 
were corrected for control responses. Survival was the only endpoint measured; an LC01 of 6.0 µg/L and 
an LC50 of 200 µg/L were reported. The LC01 was considered to be too con servative an estimate of a 
no-effect concentration for the CEB, as the Canadi an Council of Ministe rs of the Environm ent (CCME 
2007) methodology allows for up to a 10% effect for that estimate, and was also problematic because it 
was within the range of baseline and/or background strontium concentrations associated with Snap Lake 
and nearby reference lakes. Conversely, the LC50 was considered to be insensitive and therefore 
unsuitable for the CEB; CCME (2007) notes that if lethal endpoints are used as low-effect concentrations 
for the CEB,  their effect  level sho uld be bet ween 11 an d 25%. A maximum a cceptable toxicant 
concentration (MATC) of  35 µg/L was calculated as the  geometric mean of the L C01 and LC50 
concentrations. This MATC was still only three times higher than baseline/background Snap Lake 
concentrations, and was lower than background concentrations reported for European and US streams. 

                                                      

4 HydroQual (2009) conducted toxicity tests with freshwater algae, invertebrates, and fish in support of Pacholski (2009), but o nly 
reported point estimates based on 25%  and 5 0% effect levels fo r each test. For the pu rpose of developing the strontium CEB 
proposed in this report, HydroQual was subsequently requested to provide point estimates based on the 10% and 20% effect levels 
for each those tests (HydroQual 2013).  
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Results from this study were also over 1,000 times more sensitive than reported by Pacholski (2009) for 
juveniles of the same species.  

Birge et al. (1980) reported results for a 28-d te st with Rainbow Trout, co nducted from fertilization 
through to four days post-hatch; results of this study were also reported in Birge  et al. (19 81). 
The exposure system was static-renewal, with replacement of test solutions every 12 hours. 
Control survival was 83 to 96%, which was acceptable for this type of test, and the results were corrected 
for control responses. Survival was the  only endp oint measured, and the e ndpoints reported were an 
LC01 of 13 µg/L, an LC10 of 49 µg/L, and an LC50 of 250 µg/L. Results from this study were consistent 
with those reported by Birge (1978), but we re also close to baseline/background concentrations 
associated with Snap Lake and lower than background concentrations reported for European and 
US streams.  

Birge et al. (1980) noted that their point estimates were calculated by a different method than used in 
previous studies. Given the similarity in results reported by Birge (1978) and Birge et al. (1980) for the 
28-d Rainbow Trout test, and the lack of details about test methodologies, there i s uncertainty as to 
whether these represent results from two separate tests or results fro m a single test calculated by 
different methods. To provide a conservative approach to d eveloping the strontium CEB, it ha s 
been assumed that they represent two separate tests. Because the results from the Birge (1978) and 
Birge et al. (1980) Rainbow Trout tests indicated a much greater sensitivity to strontium than reflected in 
other toxicity test results, additional Rainbow Trout early life stage (ELS) tests were conducted to 
determine whether th ese results coul d be reli ed upon, in other words, whet her their findings could be 
reproduced (see Section 5.0).  

Birge (1978) conducted a 7-d test with Goldfish, Carassius auratus, from fertilization through to four days 
post-hatch; results of t his study were also reported in Birge  et al. (1979). The exposure system was 
static-renewal, with replacement of test solutions every 12 hours. Control performance was not reported, 
but the results were corrected for control re sponses. Survival was the only endpoint measured; 
an LC01 of 45.3 µg/L and an L C50 of 8,580 µg/L were reported. For reasons previously described, 
an MATC of 623 µg/L was calculated as the geometric mean of the LC01 and LC50. Although the MATC 
from this study was well above the baseline/background strontium concentrations associated with 
Snap Lake, it was within the range of background concentrations reported for European and US streams. 
Also, Goldfish are not native to North America and are not found in Snap Lake.  

Pacholski (2009) conducted a stan dard 7-d survival and g rowth test with larval (<24-h old) 
Fathead Minnow; additional testing details and endpoint calculations were provided in HydroQual (2009, 
2013). Control pe rformance was acceptable, and the results were co rrected for the control responses. 
For survival, the endpoints reported were an LC10 of 255,000 µg/L, an LC20 of 276,000 µg/L, and an 
LC50 of 354,000 µg/L. For growth (expressed as increased dw), the endpoints were reported as an IC105 
of 263,000 µg/L and an IC20 of 304,000 µg/L. The IC10 of 2 63,000 µg/L was used for the CEB 
determination.  

                                                      

5 The I Cp is the  inhibiting concentrati on for a sp ecified percentage (“p”) effect o n a continuous endpoint such a s growth or 
reproduction. For example, the IC10 is the con centration of t est material estimated to cause a 10% reduction in gro wth or 
reproduction of the test species.  
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Hull (2008) provided a collection of worksheets showing calculations used to develop acute and ch ronic 
values for strontium for th e Michigan Department of Environmental Quality, in cluding tabulated toxicity 
data from a number of unpublished reports. Hull (2008) used survival data fro m a 7-d Fathead Minnow 
test conducted by Cook (2008), but only reported the no o bserved effect concentration6 
(NOEC; 92,870 µg/L) and lowest observed effect concentration (LOEC; 188,750 µg/L) that were used to 
calculate an MATC of 132,390 µg/L. We were able to obtain copies of summary tables and bench sheets 
(Cook 2013) in order to confirm testing details and calculate point estimates that would be more suitable 
for use in th e CEB determination. Th e Cook (2008) Fathead Minnow test wa s a stand ard 7-d larva l 
survival and growth test; control performance was acceptable and the results were corrected for control 
responses. For survival, the LC2 0 and LC50 were  greater than (>) 92,870 µg/L. For growth (expressed 
as increased dry weight), the IC10 was <13,440 µg/L and the IC2 0 was 17,420 µg/L. Because the IC10 
for growth was lower than the lowest test concentration, and therefore could not be estimated accurately, 
the IC20 of 17,420 µg/L was incl uded in the CEB deter mination. Survival and growth resul ts from the 
Cook (2008) 7-d Fathead Minnow test were mo re sensitive than the Pa cholski (2009) 7-d Fathead 
Minnow results. However, survival results from Cook (2008) were similar to the Pacholski (2009) results 
for juvenile Rainbow Trout, and al so consistent with results from three acute 96-h LC50s for Fathe ad 
Minnow that ranged from 140,180 to 228,470 µg/L (Hull 2008).  

Jones (1939) conducted toxicity tests with Stickleback (Gasterosteus aculeatus), to determine a survival 
curve for strontium. The test duration was 10 d, and test solutions were renewed daily. The lethal time to 
50% mortality (LT50) for strontium was 1,200,000 µg/L for this 10-d exposure; this result was included in 
the CEB determination.  

Schroder et al. (1995) reported that a 24-h immersion in a strontium chloride solution is used for marking 
Chum Salmon (Oncorhynchus keta) and Sockeye Salmon (O. nerka) fry prior to their release in the wild. 
The strontium is deposited in calcified tissues and can easily be detected in otoliths when the fish are 
older. For that study, Ch um Salmon fry were expo sed to three strontium concentrations (120,000, or 
1,200,000, or 9,000,000 µg/L) for 24 h, reared for 34 d on a standard hatchery diet, then sacrificed for 
analyses. Control mortality was 1%; mo rtality in the 1,200,000 µg/L treatment was 2%, and mortality in  
the 9,000,000 µg/L treatment was 7%. The geometric mean of these two results was used for the CEB 
determination. In a se cond experiment, Sockeye Salmon were immersed in a 5,000,000 µg/L strontium 
solution for 24 h and then reared for 21 months on a standard hatchery diet to determine how long the 
marked fish could be distinguished from unmarked fish. Although mortality data were not provided for the 
second experiment, it was presumed that survival was sufficiently high during the 21-month rearing period 
to provide meaningful test results. However, this information was not used in the CEB determination. 

4.2 Invertebrates 

Biesinger and Christensen (1972) conducted 21-d tests with the water flea, Daphnia magna, to determine 
effects of strontium exposure on survival and reproduction. They reported a 21-d LC50 of 86,000 µg/L for 

                                                      

6 The NOEC is the highest test co ncentration where there is no st atistically significant difference in mean response relative to the 
control. The LOEC is the low est test concentration where the re is a statistically significant difference in mean response relat ive to 
the control.  
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survival and a 21-d median effective concentration (EC50)7 of 60,000 µg/L for reproduction. In addition, 
an EC16 of 42,000 µg/L was calculated for reproduction, to represent the lowest effect size that could be 
distinguished from variabil ity associated with the control responses. This E C16 was u sed for the CEB 
determination.  

Pacholski (2009) conducted a 21-d surv ival and reproduction test with Daphnia magna, and reported an 
LC50 of 122,000 µg/L for survival; the IC (inhibitory concentration)10 was 23,000 µg/L and the IC20 was 
35,000 µg/L for reproduction. Control performance was acceptable, and results were corrected for control 
responses. Additional d etails regarding testing and endpoint calculations were provided in HydroQual 
(2009, 2013). The IC10 and IC20 fo r reproduction were lower than the EC16 from the B iesinger and 
Christensen (1972) study; the IC10 was included for the CEB determination.  

Cook (2008; cited in Hull  2008) cond ucted a 6-d surv ival and reproduction test with the water flea,  
Ceriodaphnia dubia. Hull (2008) only reported the NOEC and LOEC for reproduction as 24,570 and 
45,890 µg/L, respectively, and used those values to calculate an MATC of 33,578 µg/L. Point estimates 
more suitable for use in  the strontiu m CEB dete rmination were determined using data provided by  
Cook (2013). The LC5 0 for survival  was 92,8 70 µg/L, and the IC10 and IC2 0 for rep roduction 
were 22,920 µg/L and an IC20 of 33,610 µg/L, respectively. The IC10 for reproduction was included for 
the CEB determination.  

Pacholski (2009) conducted a 6-d survi val and reproduction test with Ceriodaphnia dubia, and reported 
an LC50 of 206,000 µg/L for su rvival, and a n IC10 of 2,866 µg/L and an IC20 of 1 1,160 µg/L for 
reproduction. Additional details regarding testing and endpoint calculations were provided in 
HydroQual (2009, 2013). Control performance was acceptable, and re sults were co rrected for co ntrol 
responses. Mean reproduction fluctuated among the lower test concentrations, and therefore the IC20 of 
11,160 µg/L was considered to be a more representative endpoint for use in the CEB determination.  

Borgmann et al. (2005) conducted 7-d tests with the amphipod, Hyalella azteca, to determine the effec ts 
of strontium on survival. The primary objective of this study was to assess the toxicity of 63 elements in 
waters at two different hardness concentrations, and therefore a number of elements were only tested at 
a few concentrations, starting at 1,000 µg/L and then testing at higher or lo wer concentrations 
depending on the initial result. This was the ca se for strontium, which wa s not test ed at a full 
dilution series that would  have allowed for determi nation of LC2 0 or LC50 values. In soft water, 
the 7-d LC50 was >1,000 µg/L; there was 18% mortality at 315 µg/L but only 12% mortality at 1,000 µg/L. 
In higher-hardness water, the 7-d LC50 was >3,150 µg/L, and there was only 7% mortality at 1,000 µg/L. 
The authors reported that control survival was at least 80%, which is reasonable for this test method. 
However, the results were not corrected for the control responses and, given that the survival results that 
were reported for stro ntium were all a t least 80% it  is possible  that, with correctio n for the control  
responses, these effect sizes would have been smaller or even non-existent. This is supported by the fact 
that Hull (2008) reported a 48-h LC50 of 198,011 µg/L from an acute Hyalella azteca test, a concentration 
almost 200 times higher than that reported by Borgmann et al. (2005). In order to address the uncertainty 
regarding these results, additional toxicity testing was conducted with Hyalella azteca (see Section 5.0).  

                                                      

7 The ECp is the concentration of test material estimated to cause an adverse effect other than lethality to a specific percentage (“p”) 
of the test organisms. The EC50, or median effective concentration, is the concentration estimated to cause an effect to 50% of the 
test organisms. 
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Boutet and Chai semartin (1973) reported a 30-d LC5 0 of 390 ,000 µg/L for white cla wed crayfish, 
Austropolmobius pallipes pallipes, and a 30-d LC50 of 860,000 µg/L for spinycheek crayfish, Orconectes 
limonus. Both these results were included for the CEB determination.  

Suzuki (1959) conducted 10-d tests with mosquito larvae, Culex pipiens paliens, to determine the time 
required to reach 50% effect levels using different concentrations of strontium. The EC50 for emergence 
occurred at approximately 6.9 days and was 553,000 µg/L. The EC50 f or pupation occurred at 
approximately 4.1 days and was 5,530 µg/L, but the time required to reach this endpoint was inconsistent 
for the range of test concentrations. The EC50 of 553,000 µg/L for emergence was considered to be more 
representative and was therefore included for the CEB determination.  

Jones (1940) conducted 48-h tests with the planarian, Polycelis nigra, and reported LT50s of 3,500,000 
and 6,000,000 µg/L for two different strontium salts. The autho r considered this endpoint to be the 
threshold of toxicity because with only a slight dilution survival was extended considerably. Both of these 
results were included for the CEB determination.  

4.3 Algae / Plants 

Pacholski (2009) conducted a standard 72-h algal growth te st with th e alga Pseudokirchneriella 
subcapitata; additional testing detail s and en dpoint calculations were p rovided in Hydro Qual (2009, 
2013). Control performance was acceptable, and the results were corrected for the control responses. 
The 72-h IC10 wa s 36,000 µg/L and the IC20 was 47,000 µg/L; the IC10  was used for the CEB 
determination. The algae  demonstrated a horm etic response, with gro wth stimulation occurring at 
strontium concentrations up to 23,000 µg/L, but inhibition of growth at higher concentrations.  

4.4 Amphibians 

Birge (1978) conducted a 7-d te st with the narro w-mouthed toad, Gastrophryne carolinensis, from 
fertilization through to four days post-hatch; results of this study were also reported in Birge et al. (1979). 
The exposure system was static-ren ewal, with replacement of test solutions every 12 h ours. 
Control performance was not reported, but the results were corrected for control responses. Survival was 
the only endpoint measured; an LC01 of 2.4 µg/L and an LC50 of 160 µg/L were reported. The LC01 was 
considered to be too conservative for use as a no-effect concentration, and the LC50 was no t 
conservative enough as a low-effect concentration. An MATC of 20 µg/L was calculated as the geometric 
mean of the LC01 and LC50; this MATC was only two time s higher than baseline/background strontium 
concentrations associated with Snap Lake. Apart from one possible sighting of an unknown frog species 
near Snap Lake in 2005, there has been no evidence that amphibians are present in Snap Lake, which is 
located north of the treeline. This study was excluded from the CEB determination, based on the absence 
of amphibians in Snap L ake and the fact that t he test endpoints were close to baseline/ background 
strontium concentrations associated with S nap Lake and lower than background concentrations 
associated with European and US streams. 
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5 RESULTS OF NEW TOXICITY STUDIES 

Results of th e chronic toxicity studie s summarized in Section 4.0 showed that there we re two sets of 
studies contributing uncertainty to the strontium CEB determination. The 28-d Rainbow Trout test results 
reported by Birge (1978) and Birge et al. (1980) were orders of magnitude lower than other test results 
performed with a range of aquatic species, so a dditional Rainbow Trout ELS tests were conducted to 
determine whether those test re sults were reproducible. The 7-d Hyalella azteca tests conducted by 
Borgmann et al. (2005) did not include high enough strontium concentrations to calculate point estimates, 
and therefore additional testing with Hyalella azteca was performed to determine sensitivity to highe r 
strontium concentrations. Results from these additional toxicity tests were added to the chronic toxicity 
data set (Appendix A) used for the strontium CEB determination.  

5.1 Rainbow Trout Early Life Stage Toxicity Tests 

Nautilus (2013) conducted two Rainbow Trout ELS tests to repeat the tests reported in Birge (1978) and 
Birge et al. (1980 ), in ord er to establi sh whether those results were rep eatable, and to determin e the 
relative sensitivity of Rainbow T rout to strontiu m. The test s were co nducted under two water quality 
regimes: one with wate r hardness similar to t hat used by Birge and colleagues (approximately 
100 milligrams per liter [mg/L] as calcium carbonate [CaCO3]); and, a second t est in water with a lower 
hardness (approximately 12 mg/L as CaCO3). Testing was conducted under these two hardness regimes 
because it was anticipated that sensitivity to strontium may change in response to calcium concentrations 
in the water. The proximity of calcium and strontium to each other on the periodic table suggests that they 
may share similar properties that could result in interactions by competitive ex clusion at uptake sites on 
the fish gill.  

Test conditions are summarized in Table 1, and additional details are provided in the Nautilus laboratory 
report (Appendix B). Test methods were intended to match those used by Birge (1978), with the following 
exceptions: 

 Test solutions were renewed every 24 h, rather than every 12 h;   

 The number of eggs exposed per concentration was 120, rather than 150; 

 The test temperature was 14 ± 1 degrees Celsius (°C), rather than 13 ± 0.5°C; and, 

 The test ended seven days after 50% of the control fish had hatched (32-d exposure overall), rather 
than four days following hatch (28-d exposure overall). 
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Table 1 Summary of Test Conditions for Nautilus (2013) Rainbow Trout Early Life Stage 
Toxicity Tests 

Parameter Test Condition 

Test organism Rainbow Trout (Oncorhynchus mykiss) 

Test organism source Fraser Valley Trout Hatchery, BC, Canada 

Test organism age Fertilized eggs 

Test type Static-renewal (daily) 

Test duration 32 d 

Test vessel 2-L plastic jars 

Test volume 2 L 

Test replicates 4 replicates per treatment 

No. of organisms 30 per replicate 

Dilution water 

Low hardness test: dechlorinated municipal water  
(11 to 12 mg/L as CaCO3) 
High hardness test: moderately hard reconstituted water  
(98 to 100 mg/L as CaCO3) 

Test temperature 14 ± 1°C 

Feeding None 

Photoperiod 24 hours dark 

Aeration Gentle aeration throughout test 

Test protocol Environment Canada (1998) 

Test endpoints Survival and normal development 

Test acceptability criterion for controls 65% normal surviving fry 

Reference toxicant Sodium dodecyl sulphate (7 d embryo exposure) 

d= days; L= litres; mg/L= milligrams per litre; CaCO3= calcium carbonate; °C= degrees Celsius; %= percent 

These procedural differences were implemented to provide consistency with the standard Environment 
Canada (1998) test proto col. They were con sidered minor a nd not be an ticipated to result in any 
difference in sensitivity between the tests. If anything, the use of a slightly higher test temperature and 
longer test duration would have b een expected to resu lt in lower (more sensitive) test e ndpoints than 
those reported by Birge and colleagues but this was not the case.  

Results of the toxicity tests performed at two different water hardness concentrations are summarized in 
Table 2 (very soft water) and Table 3 (moderately hard water). Control performance was acceptable for 
both tests, a nd results were corrected for mean control responses. The e ndpoints measured were 
survival to hatching, and normal development of surviving fry. There was very little  difference between 
these two endpoints, as almost all of the surviving fish developed normally. Because of small differences 
in the con centration-response patterns for e ach test endpoint, the point e stimates for survival were 
slightly lower than those  for normal  development and were therefore given priority for the CEB 
determination.  

Rainbow Trout were more sensitive to strontium in very soft water, when exposed at the embryo-larval 
stage. In the test with very soft water, the survival endpoints were an LC10 of 75,200 µg/L, an LC20 of 
98,500 µg/L, and an LC50 of >157,500 µg/L. In contrast, the corresponding survival endpoints for the test 
performed with moderately hard wate r were all >151,100 µg/L. These point estimates were more than 
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1,000 times higher than those reported by Birge (1978) and Birge et al. (1980), but were similar to the 
results reported by Pacholski (2009) for a 21-d te st with Rainbow Trout fry. The LC1 0 of 75,200 µg/L in 
very soft water was used for the CEB determination; this was a conservative approach because Snap 
Lake water has a higher hardness.  

Table 2 Results of the Nautilus (2013) Rainbow Trout Early Life Stage Test Using Strontium 
in Very Soft Water 

Strontium Concentration (µg/L) Survival to Hatch (%) 
Normally Developed 

Surviving Fry (%) 

Nominal Measured Mean ± SD Mean ± SD 

Control 16 72.2 ± 12.5 70.6 ± 12.7 

5,000 4,700 71.3 ± 12.0 68.7 ± 15.0 

10,000 10,300 74.8 ± 9.7 67.2 ± 7.2 

20,000 20,800 74.2 ± 5.5 71.6 ± 6.5 

40,000 42,400 76.7 ± 10.5 75.0 ± 11.4 

80,000 79,900 63.8 ± 6.3 61.4 ± 3.6 

160,000 157,500 39.8 ± 2.4 38.9 ± 2.3 

Point Estimates 

(µg/L measured Sr) 

EC50 >157,500 >157,500 

EC20 98,500 101,400 

EC10 75,200 77,800 

µg/L= milligrams per litre; %= percent; EC= effective concentration; > = greater than; SD = standard deviation 

Table 3 Results of Nautilus (2013) Rainbow Trout Early Life Stage Test Using Strontium in 
Moderately Hard Water 

Strontium Concentration (µg/L) Survival to Hatch (%) 
Normally Developed 

Surviving Fry (%) 

Nominal Measured Mean ± SD Mean ± SD 

Control 163 83.9 ± 11.3 81.3 ± 13.3 

5,000 4,000 67.4 ± 6.6 63.2 ± 7.0 

10,000 10,700 79.4 ± 4.7 74.5 ± 6.2 

20,000 20,100 78.6 ± 7.2 72.5 ± 8.3 

40,000 39,500 76.6 ± 3.6 76.6 ± 3.6 

80,000 78,400 76.5 ± 7.2 72.0 ± 8.3 

160,000 151,100 79.0 ± 4.6 72.8 ± 4.9 

Point Estimates 

(µg/L measured Sr) 

EC50 >151,100 >151,100 

EC20 >151,100 >151,100 

EC10 >151,100 >151,100 

µg/L= milligrams per litre; %= percent; EC= effective concentration; > = greater than; SD = standard deviation 

5.2 Hyalella azteca Survival and Growth Test 

Nautilus (2012) conducted a toxicity te st with the amphipod, Hyalella azteca, to obtai n more clearly 
defined point estimates than those reported by Borgmann et al. (2005). Whereas Borgmann et al. (2005) 
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conducted 7-d tests with survival as the only test endpoint, this additional testing was conducted using a 
14-d test duration in order to measure effects on both survival and growth (Environment Canada 1997). 
The amphipods were exposed to strontium-spiked test solutions in test containers with a clean sediment 
substrate. Test conditions are summarized in Table 4, and additional details are provided in the Nautilus 
laboratory report (Appendix C).  

Results of the toxicity test are summarized in Table 5. Control performance was acceptable, and results 
were corrected for mea n control re sponses. The endpoints measured were survival and gro wth 
(dry weight). For survival, the LC50 was 176,800 µg/L. For growt h, the I C10 was 31,200 µg/L and the 
IC20 was 4 3,000 µg/L. These point estimates were at least an o rder of magn itude higher than those 
previously reported by Borgmann et al. (2005). The IC10 of 31,200 µg/L was included for the CE B 
determination.  

Table 4 Summary of Test Conditions for the Nautilus (2012) Hyalella azteca Toxicity Test 
with Strontium 

Parameter Test Condition 

Test organism Amphipod (Hyalella azteca) 

Test organism source Aquatic BioSystems, Fort Collins, CO, USA 

Test organism age 7 - 8 d old 

Test type Static-renewal (three times per week) 

Test duration 14 d 

Test vessel 375 mL glass jars 

Test treatment 100 mL control sediment; 175 mL overlying water 

Test replicates 3 replicates per treatment 

No. of organisms 10 per replicate 

Test temperature 23 ± 1°C 

Dilution water Moderately hard reconstituted water (80 to 100 mg/L as CaCO3), prepared as per 
Environment Canada (1997) 

Feeding 1.5 mL of yeast, cerophyl, trout chow (YCT) per replicate daily 

Photoperiod 16 hours light/8 hours dark 

Aeration Gentle aeration throughout test 

Test protocol Environment Canada (1997) 

Test endpoints Survival and biomass 

Test acceptability criterion for controls Mean control survival of ≥80% and ≥0.1 mg/amphipod dw 

Reference toxicant Sodium chloride (NaCl) 

d= day; mL= millilitre; °C= degrees Celsius; mg/L = milligrams per litre; CaCO3 = calcium carbonate; ≥ =  greater than or equal to;   
% = percent; mg= milligram; dw= dry weight 
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Table 5 Results of Nautilus (2012) 14-d Hyalella azteca Toxicity Test with Strontium 

Strontium Concentration (µg/L) Survival (%) 

Mean ± SD 

Biomass (mg/ind) 

Mean ± SD Nominal Measured 

Control 56 100 ± 0 0.41 ± 0.03 

30,000 30,100 100 ± 0 0.38 ± 0.05 

60,000 61,200 100 ± 0 0.25 ± 0.05 

120,000 125,000 100 ± 0 0.13 ± 0.01 

240,000 242,000 0 Not applicable 

480,000 469,000 0 Not applicable 

Point Estimates 

(mg/L measured Sr) 

LC50 176,800 Not applicable 

IC50 Not applicable 79,600 

IC20 Not applicable 43,000 

IC10 Not applicable 31,200 
d = day; LC= lethal concentration; IC= i nhibitory concentration; µg/L= micrograms per  litre; %= pe rcent; SD = standard deviatio n; 

mg/L= milligrams per litre 
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6 PROPOSED CHRONIC EFFECTS BENCHMARK FOR 
STRONTIUM 

6.1 Overview of Benchmark Calculation Methodology 

Toxicity test endpoi nts calculated from chronic studies were compiled using a sp ecies sensitivity 
distribution (SSD) approach; no-effect and low-effect endpoints were given preference. When more than 
one endpoint was available from a p articular study, only the most suitabl e endpoint was used in  
accordance with the CCME (2007 ) ranking system. For exam ple, if both an EC10 a nd EC20 were  
reported for an endpoint then the E C10 was sele cted, and if both lethal and sublethal effects we re 
assessed then only the more sensitive sublethal endpoint was selected. If endpoints from multiple studies 
were available for a particular species, then a species mean chronic value (SMCV) was calculated as the 
geometric mean of the most suitable endpoint from each study. The geometric mean, as opposed to the 
arithmetic mean, was used to minimize bias toward high test results. The resulting SMCV was used in the 
SSD so that there was on ly one data entry for each  available species. SMCVs were then ranked from 
lowest to highest, and the percent of species affected was calculated using the following equation: 

Percent Affected = (X – 0.5) / N 

where X is the species rank, with 1 being the most sensitive species, and N is the total number of species 
in the database. The correction factor of 0.5 was used (Hazen plotting position [Aldenberg et al. 2002]) to 
create symmetry in cumulative probability ( i.e., median ranked species will be associated with 50% 
affected) and to a cknowledge that t he concentration affecting the highest ranked species is no t 
necessarily associated with adverse effects to the entire aquatic community.  

SigmaPlot software was used to fit the SMCV data to a curve for the SSD, using a logistic four-parameter 
model. The CCME (2007) approach for WQG derivation is to use the intercept of the fifth (5th) percentile 
of the SSD a s the WQG, with the inte nt that this hazardous concentration to 5% of species (HC5) will 
provide protection to 95% of the aquatic species. This approach was adopted to determine the strontium 
CEB for Snap Lake.  

6.2 Calculation of Strontium Chronic Effects Benchmarks 

Tests with three species were excluded from the CEB calculation: Goldfish (Birge 1978; Birge et al. 
1979); Rainbow Trout (Birge 1978; Birge et al. 19 79); and, Hyalella azteca (Borgmann et al. 2005 ). 
Goldfish are not found  in Snap Lake, are n ot native to No rth America, and the test s by Birge a nd 
colleagues produced results that overlap ped with background strontium concentrations (i.e., we re 
questionable). 

The tests conducted by Birge and colleagues with Rainbow Trout were not reproducible, also overlapped 
background concentrations, and had previou sly been considered unreliable. These two  studies by 
Birge and colleagues also reported results for testing of a number of other metals, in addition to strontium. 
A review of the US Environmental Protec tion Agency’s (USEPA) water quality c riteria for aluminum,  
arsenic, cadmium, chromium, copper, and selenium revealed that the corresponding data from these two 
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studies were listed as ‘other data’ but were not i ncluded in the datasets used for criteria derivation; 
no reason was given for this exclusion. Ecometrix (2011) stated: “There is evidence for other metals that 
the Birge et al. tests are not reproducible…confidence in the trout result is l ow.”  Thus, the more recent 
data for Rainbow Trout were used instead in the CEB calculation. 

The Hyalella azteca tests by Borgmann et al. (2 005), when redone using additional test concentrations 
and an additional endpoint, provided less uncertain data for this amphipod. The study design and data 
processing used by Borgmann et al. (2005 ) were such that clearly defined point estimates could not be 
determined and the responses that were reported were likely overly conservative because they were not 
corrected for potentially similar control responses. Ecometrix (2011) stated that these results, like the 
results of th e studies by Birge and colleagues discussed above, were low outliers in th e literature. 
In contrast, Nautilus (2012) reported that effects on Hyalella occurred at concentrations at least 30 times 
higher than those reported by Borgmann et al. (20 05). These more recent data were used in the CEB 
calculation. 

Table 6 summarizes the endpoints that were used to generate the SSD for st rontium, with the data from 
the Birge (1978), Birge et al. (1980), and Borgmann et al. (2005) studies replaced by the Rainbow Trout 
studies by Pach olski (2009) and Nautilus (2013), and the Hyalella azteca study by Nauti lus (2012). 
Data from 10 chronic studies with 12 species (representing 4 fish, 7 invertebrates, and 1 algal species) 
were used for this calculation. Figure 6 shows the SSD curve for this dataset, and the associated HC5 of 
14,130 µg/L.  

The HC5 of 14,130 µg/L is a more realistic chronic threshold than the WQO for Snap Lake of 500 µg/L 
calculated by Ecometrix (2 011) using the geometric mean of the unreliable (as demonstrated in repeat 
testing) Birge et al. (1980) and Borgmann et al. (2005) studies. This chronic threshold of 14,130 µg/L is 
also conservative when considered relative to the endpoints used to generate it. The six lo west SMCVs 
used to gen erate this chronic threshold ranged from approximately 16,000 to 71,000 µg/L and we re 
calculated from point esti mates that repre sented effect levels b etween 10 a nd 20%, with  the majority 
being 10% effect levels.  

The above chronic threshold of 14,130 µg/L is lower than the chronic threshold adopted for strontium by 
the US states of Michigan and Ohi o (Hull 20 08; MDEQ 2008; Ohio EPA 2009) and s ubsequently 
by Quebec (Chowdhury and Blust 2012): 21,000 µg/L. 

A recent review of the homeostasis and toxicology of strontium (Chowdhury and Blust 2012) found that 
“Sr in the environment is not generally considered a concern to aquatic organisms. The only known case 
is the Kola region of Russia, where m any lakes are heavily co ntaminated with Sr from n earby metal 
mines, and the fish living in the lakes are characterized by high concentrations of tissue Sr in association 
with skeletal abnormalities (Moiseenko and Kudryavtseva 2001).” As i s apparent from Figure 5, 
large-bodied fish in Snap Lake have lower strontium tissue concentrations than reference lakes despite 
increasing strontium concentrations in the waters of Snap Lake (Figure 2). However, the opposite was 
true for a small-bodied fish, Lake Chub. 
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Calcium and strontium share many common pathways; strontium uptake and toxicity decrease as calcium 
concentrations increase (Blust 2011; Chowdhury and Blust 2012). This was evident in the results reported 
by Nautilus (2013) for Rainbow Trout ELS tests at two different water hardness concentrations; strontium 
was less toxic at the higher hardness. Calcium concentrations, as a major component of total dissolved 
solids (TDS), are increasing in Snap L ake. Thus, it is co nsidered unlikely that  there is an imminent or 
future hazard to aquatic life in Snap Lake from strontium toxicity. 

Table 6 Chronic Toxicity Data Used to Generate Species Sensitivity Distribution  for 
Strontium 

Citation Test Species 
Common 

Name Endpoint 

Strontium 
Concentration 

(µg/L) 

Species Mean 
Chronic Value 

(µg/L) Rank 
Percent 
Affected 

Pacholski (2009); 
HydroQual (2009, 2013) Ceriodaphnia dubia water flea IC20 11,160 

15,993 1 4% 
Cook (2008) as cited in 
Hull (2008); Cook (2013) Ceriodaphnia dubia water flea IC10 22,920 

Nautilus (2012) Hyalella azteca amphipod IC10 30,240 30,240 2 13% 

Pacholski (2009); 
HydroQual (2009, 2013) Daphnia magna water flea IC10 23,000 

31,081 3 21% 
Biesinger and 
Christensen (1972) Daphnia magna water flea EC16 42,000 

Pacholski (2009); 
HydroQual (2009, 2013) 

Pseudokirchneriella 
subcapitata green algae IC10 36,000 36,000 4 29% 

Cook (2008) as cited in 
Hull (2008); Cook (2013) 

Pimephales 
promelas 

Fathead 
Minnow IC20 17,420 

67,686 5 38% 
Pacholski (2009); 
HydroQual (2009, 2013) 

Pimephales 
promelas 

Fathead 
Minnow IC10 263,000 

Pacholski (2009); 
HydroQual (2009, 2013) 

Oncorhynchus 
mykiss Rainbow Trout LC10 67,000 

70,982 6 46% 
Nautilus (2013) Oncorhynchus 

mykiss Rainbow Trout LC10 75,200 

Boutet and 
Chaisemartin (1973) 

Austropotamobius 
pallipes pallipes 

white-clawed 
crayfish LC50 390,000 390,000 7 54% 

Suzuki (1959) Culex pipiens 
paliens mosquito EC50 553,000 553,000 8 63% 

Boutet and 
Chaisemartin (1973) Orconectes limosus spinycheek 

crayfish LC50 860,000 860,000 9 71% 

Jones (1939) Gasterosteus 
aculeatus L. 

Threespine 
Stickleback LT50 1,200,000 1,200,000 10 79% 

Schroder et al. (1994) Oncorhynchus keta Chum Salmon NOEC 1,200,000 
3,286,335 11 88% 

Schroder et al. (1994) Oncorhynchus keta Chum Salmon LC06 9,000,000 

Jones (1940) Polycelis nigra planarian LT50 3,500,000 
4,806,246 12 96% 

Jones (1940) Polycelis nigra planarian LT50 6,600,000 

µg/L- micrograms per litre; %=percent; IC= inhibitory concentration; EC= effective concentration; LC= lethal concentration;  NOEC = 
no observed effect concentration 



Snap Lake Mine 6-4 December 2013
Development of Strontium   
Chronic Effects Benchmark for Aquatic Life  

 

De Beers Canada Inc. 

Figure 6 Species Sensitivity Distribution for Strontium 

 
µg/L= micrograms per litre; % = percent; HC5 = hazardous concentration to 5% of species; Sr = strontium. 
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Appendix A.  Acute and Chronic Toxicity Data for Strontium

Acute Toxicity Data

acute Fish Gasterosteus aculeatus L. Threespine 
Stickleback juveniles (3-5 cm) Sr(NO3)2 6.0 - 6.8 NR NR 2 d survival LT50 6,500,000 excluded Jones (1939)

acute Fish Lepomis macrochirus Bluegill Sunfish NR SrCl2 NR NR NR 4 d survival LC50 6,316,556 excluded ESE (2000) as cited in Hull (2008)

acute Fish Morone saxatilis Striped Bass juveniles SrCl2 ∙ 6H2O 8.12 4,430 36 mmhos/cm / 
88 mg/L 4 d survival LC50 >92,800 excluded Dwyer et al (1992)

acute Fish Oncorhynchus mykiss Rainbow Trout juveniles SrCl2 NR 82 NR 4 d survival LC50 2,348,110 excluded Harding ESE (2001) as cited in Hull (2008)

acute Fish Oncorhynchus nerka Sockeye Salmon emergent fry SrCl2 ∙ 6H2O NR NR NR 24 h survival / stress NOEC 3,000,000 excluded Oxman et al (2004)

acute Fish Pimephales promelas Fathead Minnow 10 d old SrCl2 NR 100 - 616 NR 4 d survival LC50 144,610 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

acute Fish Pimephales promelas Fathead Minnow NR SrCl2 NR 82 NR 4 d immobilization EC50 140,180 excluded Owusu-Yaw (1998) as cited in Hull (2008)

acute Fish Pimephales promelas Fathead Minnow NR Sr(NO3)2 NR 100 NR 4 d survival LC50 228,470 excluded SFALBL (1998) as cited in Hull (2008)

acute Invertebrate Austropotamobius pallipes pallipes white-clawed crayfish 19-32 mm SrCrO4 7 NR NR 4 d survival LC50 440,000 excluded Boutet and Chaisemartin (1973)

acute Invertebrate Caenorhabditis elegans nematode young adult (3 to 4 d old) Sr(NO3)2 NR NR NR 4 d survival LC50 465,000 excluded Williams and Dusenbury (1990)

acute Invertebrate Caenorhabdituis elegans nematode adult Sr(NO3)2 NR NR NR 24 h survival LC50 15,000,000 excluded Tatara (1998)

acute Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 NR 100 - 616 NR 48 h survival LC50 96,030 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

acute Invertebrate Chironomus tentans midge NR SrCl2 NR NR NR 48 h survival LC50 424,456 excluded ESE (2000) as cited in Hull (2008)

acute Invertebrate Culex pipiens paliens mosquito fourth stage SrCl2 ∙ 6H2O NR NR NR 8.2 d survival LC50 5,530,000 excluded Suzuki (1959)

acute Invertebrate Cyclops abyssorum prealpinus copepod adult (0.62 mm) SrCl2 ∙ 6H2O 7.2 NR 75 µS / 0.58 meq/L 48 h survival LC50 300,000 excluded Baudouin and Scoppa (1974)

acute Invertebrate Daphnia hyalina water flea adult (1.27 mm) SrCl2 ∙ 6H2O 7.2 NR 75 µS / 0.58 meq/L 48 h survival LC50 75,000 excluded Baudouin and Scoppa (1974)

acute Invertebrate Daphnia magna water flea <24 h old SrCl2 7.7 45.3 NR / 42.3 mg/L 48 h survival LC50 125,000 excluded Biesinger and Christensen (1972)

acute Invertebrate Daphnia magna water flea <24 hr old SrCl2 ∙ 6H2O several several several 48 h immobilization EC50 <2,300 excluded Dwyer et al (1992)

acute Invertebrate Daphnia magna water flea NR SrCl2 7.2 - 7.8 235 - 260 NR / 390-415 mg/L 48 h immobilization EC50 94,000 excluded Khangarot and Ray (1989) 

acute Invertebrate Daphnia magna water flea NR SrCl2 NR 150 NR 4 d immobilization EC50 227,070 excluded Owusu-Yaw (1998) as cited in Hull (2008)

acute Invertebrate Daphnia magna water flea NR Sr(NO3)2 NR 100 NR 4 d survival LC50 140,770 excluded SFALBL (1998) as cited in Hull (2008)

acute Invertebrate Dugesia tigrina brown planarian NR SrCl2 ∙ 6H2O 7.8 - 8.2 84 - 870 NR 4 d survival LC50 129,550 excluded Hull (2008)

acute Invertebrate Dugesia tigrina brown planarian NR SrCl2 ∙ 6H2O 7.8 - 8.2 84 - 870 NR 4 d survival LC100 239,100 excluded Hull (2008)

acute Invertebrate Dugesia tigrina brown planarian NR SrCl2 ∙ 6H2O 7.8 - 8.2 84 - 870 NR 4 d survival LC0 86,080 excluded Hull (2008)

acute Invertebrate Dugesia tigrina brown planarian NR SrCl2 ∙ 6H2O 7.8 - 8.2 84 - 870 NR 4 d survival MATC 111,180 excluded Hull (2008)

acute Invertebrate Eudiaptmous padanus padanus copepod adult (0.43 mm) SrCl2 ∙ 6H2O 7.2 NR 75 µS / 0.58 meq/L 48 h survival LC50 180,000 excluded Baudouin and Scoppa (1974)

acute Invertebrate Hyalella azteca amphipod NR SrCl2 NR NR NR 48 h survival LC50 198,011 excluded ESE (2000) as cited in Hull (2008)

acute Invertebrate Hyalella azteca amphipod juveniles SrCl2 NR 80 - 100 NR 4 d survival LC50 396,000 excluded Lee et al (2012)

acute Invertebrate Orconectes limosus spinycheek crayfish 19-32 mm SrCrO4 7 NR NR 4 d survival LC50 910,000 excluded Boutet and Chaisemartin (1973)

acute Invertebrate Physa integra snail NR SrCl2 NR NR NR 4 d survival LC50 537,504 excluded ESE (2000) as cited in Hull (2008)

acute Invertebrate Tubifex tubifex annelid mixed age SrCl2 ∙ 6H2O 7.6 245 NR / 400 mg/L 4 d immobilization EC50 240,800 excluded Khangarot (1991)
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(µg/L)
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Chronic Toxicity Data

chronic Fish Carassius auratus Goldfish eggs SrCl2 7.4 195 NR 7 d survival LC01 45.3 excluded Birge (1978); Birge et al (1979)

chronic Fish Carassius auratus Goldfish eggs SrCl2 7.4 195 NR 7 d survival LC50 8,580 excluded Birge (1978); Birge et al (1979)

chronic Fish Carassius auratus Goldfish eggs SrCl2 7.4 195 NR 7 d survival MATC 623 included Birge (1978); Birge et al (1979)

chronic Fish Gasterosteus aculeatus L. Threespine 
Stickleback juveniles (3-5 cm) Sr(NO3)2 6.0 - 6.8 NR NR 10 d survival LT50 1,200,000 included Jones (1939)

subchronic Fish Oncorhynchus keta Chum Salmon emergent fry SrCl2 7.7 38 - 57 NR 35 d* survival LC06 9,000,000 included Schroder et al. (1994)

subchronic Fish Oncorhynchus keta Chum Salmon emergent fry SrCl2 7.7 38 - 57 NR 35 d* survival NOEC 1,200,000 included Schroder et al. (1994)

chronic Fish Oncorhynchus mykiss Rainbow Trout eggs SrCl2 7.4 104 NR 28 d survival LC01 6 excluded Birge (1978); Birge et al (1979)

chronic Fish Oncorhynchus mykiss Rainbow Trout eggs SrCl2 7.4 104 NR 28 d survival LC50 200 excluded Birge (1978); Birge et al (1979)

chronic Fish Oncorhynchus mykiss Rainbow Trout eggs SrCl2 7.4 104 NR 28 d survival MATC 35 included Birge (1978); Birge et al (1979)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.9 - 7.8 92 - 110 NR 28 d survival LC01 13 excluded Birge et al (1980); Birge et al (1981)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.9 - 7.8 92 - 110 NR 28 d survival LC10 49 included Birge et al (1980); Birge et al (1981)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.9 - 7.8 92 - 110 NR 28 d survival LC50 250 excluded Birge et al (1980); Birge et al (1981)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.5-7.3 Soft (11 - 12) 31-54 µS / 
7-11 mg/L 32 d normal 

development
EC10 77,800 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.5-7.3 Soft (11 - 12) 31-54 µS / 
7-11 mg/L 32 d normal 

development
EC20 101,400 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.5-7.3 Soft (11 - 12) 31-54 µS / 
7-11 mg/L 32 d normal 

development
EC50 >157,500 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.5-7.3 Soft (11 - 12) 31-54 µS / 
7-11 mg/L 32 d survival LC10 75,200 included Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.5-7.3 Soft (11 - 12) 31-54 µS / 
7-11 mg/L 32 d survival LC20 98,500 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 6.5-7.3 Soft (11 - 12) 31-54 µS / 
7-11 mg/L 32 d survival LC50 >157,500 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 7.5-7.9 Moderately hard 
(80 - 100)

299-348 µS / 
58-64 mg/L 32 d normal 

development
EC10 3,048 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 7.5-7.9 Moderately hard 
(80 - 100)

299-348 µS / 
58-64 mg/L 32 d normal 

development
EC20 >151,100 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl2 7.5-7.9 Moderately hard 
(80 - 100)

299-348 µS / 
58-64 mg/L 32 d survival LC10 >151,100 excluded Nautilus (2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout fry (0.5 g wet wt) SrCl2 ∙ 6H2O 7.7 NR 432 µS/cm / NR 21 d survival LC10 67,000 included Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout fry (0.5 g wet wt) SrCl2 ∙ 6H2O 7.7 NR 432 µS/cm / NR 21 d survival LC20 110,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Oncorhynchus mykiss Rainbow Trout fry (0.5 g wet wt) SrCl2 ∙ 6H2O 7.7 NR 432 µS/cm / NR 21 d survival LC50 286,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 NR 100 - 348 NR 7 d growth IC10 <13,440 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 NR 100 - 348 NR 7 d growth IC20 17,420 included Cook (2008) as cited in Hull (2008); Cook 
(2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 NR 100 - 348 NR 7 d survival LC20 >92,870 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 NR 100 - 348 NR 7 d survival LC50 >92,870 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 ∙ 6H2O 7.3 199 471 µS/cm / 
130 mg/L 7 d growth IC10 263,000 included Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 ∙ 6H2O 7.3 199 471 µS/cm / 
130 mg/L 7 d growth IC20 304,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 ∙ 6H2O 7.3 199 471 µS/cm / 
130 mg/L 7 d survival LC10 255,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 ∙ 6H2O 7.3 199 471 µS/cm / 
130 mg/L 7 d survival LC20 276,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl2 ∙ 6H2O 7.3 199 471 µS/cm / 
130 mg/L 7 d survival LC50 354,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Austropotamobius pallipes pallipes white-clawed crayfish 19-32 mm SrCrO4 7 NR NR 30 d survival LC50 390,000 included Boutet and Chaisemartin (1973)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 NR 100 - 348 NR 6 d reproduction IC10 22,920 included Cook (2008) as cited in Hull (2008); Cook 
(2013)



Appendix A.  Acute and Chronic Toxicity Data for Strontium

Endpoint
Strontium 

Concentration 
(µg/L)

Included/ 
Excluded for 

SSD
CitationChemical Species pH

Hardness (mg/L 
CaCO3)

Conductivity/ 
Alkalinity

Duration
Biological 

MeasurementEndpoint Type1 Trophic Group Test Species Common Name Life Stage

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 NR 100 - 348 NR 6 d reproduction IC20 33,610 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 NR 100 - 348 NR 6 d survival LC50 92,870 excluded Cook (2008) as cited in Hull (2008); Cook 
(2013)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 ∙ 6H2O 8.2 149 417 µS/cm / 
113 mg/L 6 d reproduction IC10 2,866 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 ∙ 6H2O 8.2 149 417 µS/cm / 
113 mg/L 6 d reproduction IC20 11,160 included Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 ∙ 6H2O 8.2 149 417 µS/cm / 
113 mg/L 6 d survival LC10 137,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 ∙ 6H2O 8.2 149 417 µS/cm / 
113 mg/L 6 d survival LC20 149,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl2 ∙ 6H2O 8.2 149 417 µS/cm / 
113 mg/L 6 d survival LC50 206,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Culex pipiens paliens mosquito fourth stage SrCl2 ∙ 6H2O NR NR NR 6.9 d emergence EC50 553,000 included Suzuki (1959)

chronic Invertebrate Culex pipiens paliens mosquito fourth stage SrCl2 ∙ 6H2O NR NR NR 4.1 d pupation EC50 5,530 excluded Suzuki (1959)

chronic Invertebrate Daphnia magna water flea <24 hr old SrCl2 7.7 45.3 NR / 42.3 mg/L 21 d reproduction EC16 42,000 included Biesinger and Christensen (1972)

chronic Invertebrate Daphnia magna water flea <24 hr old SrCl2 7.7 45.3 NR / 42.3 mg/L 21 d reproduction EC50 60,000 excluded Biesinger and Christensen (1972)

chronic Invertebrate Daphnia magna water flea <24 hr old SrCl2 7.7 45.3 NR / 42.3 mg/L 21 d survival LC50 86,000 excluded Biesinger and Christensen (1972)

chronic Invertebrate Daphnia magna water flea <24 hr old SrCl2 7.7 45.3 NR / 42.3 mg/L 21 d growth IC24 99,900 excluded Biesinger and Christensen (1972)

chronic Invertebrate Daphnia magna water flea <24 h old SrCl2 ∙ 6H2O 7.8 139 - 171 380 µS/cm / NR 21 d reproduction IC10 23,000 included Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Daphnia magna water flea <24 h old SrCl2 ∙ 6H2O 7.8 139 - 171 380 µS/cm / NR 21 d reproduction IC20 35,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Daphnia magna water flea <24 h old SrCl2 ∙ 6H2O 7.8 139 - 171 380 µS/cm / NR 21 d survival LC10 72,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Daphnia magna water flea <24 h old SrCl2 ∙ 6H2O 7.8 139 - 171 380 µS/cm / NR 21 d survival LC20 86,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Daphnia magna water flea <24 h old SrCl2 ∙ 6H2O 7.8 139 - 171 380 µS/cm / NR 21 d survival LC50 122,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Invertebrate Hyalella azteca amphipod juveniles Sr atomic absorption standards 
(fully dissolved) 7.4 18 46 µS / 14 mg/L 7 d survival LC18 315 included Borgmann et al (2005)

chronic Invertebrate Hyalella azteca amphipod juveniles Sr atomic absorption standards 
(fully dissolved) 7.4 18 46 µS / 14 mg/L 7 d survival LC13 1000 included Borgmann et al (2005)

chronic Invertebrate Hyalella azteca amphipod juveniles Sr atomic absorption standards 
(fully dissolved) 7.4 18 46 µS / 14 mg/L 7 d survival LC50 >1000 excluded Borgmann et al (2005)

chronic Invertebrate Hyalella azteca amphipod juveniles Sr atomic absorption standards 
(fully dissolved) 8.4 124 311 µS / 84 mg/L 7 d survival LC07 1000 included Borgmann et al (2005)

chronic Invertebrate Hyalella azteca amphipod juveniles Sr atomic absorption standards 
(fully dissolved) 8.4 124 311 µS / 84 mg/L 7 d survival LC50 >3150 excluded Borgmann et al (2005)

chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl2 7.6-8.2 100 343-454 µS / 
58 mg/L 14 d growth IC10 30,240 included Nautilus (2012)

chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl2 7.6-8.2 100 343-454 µS / 
58 mg/L 14 d growth IC20 43,150 excluded Nautilus (2012)

chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl2 7.6-8.2 100 343-454 µS / 
58 mg/L 14 d growth IC50 79,240 excluded Nautilus (2012)

chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl2 7.6-8.2 100 343-454 µS / 
58 mg/L 14 d survival LC50 176,800 excluded Nautilus (2012)

chronic Invertebrate Orconectes limosus spinycheek crayfish 19-32 mm SrCrO4 7 NR NR 30 d survival LC50 860,000 included Boutet and Chaisemartin (1973)

subchronic Invertebrate Polycelis nigra planarian NR SrCl2 6.6 NR NR 48 h survival LT50 6,600,000 included Jones 1940

subchronic Invertebrate Polycelis nigra planarian NR Sr(NO3)2 6.6 NR NR 48 h survival LT50 3,500,000 included Jones 1940

chronic Algae / Plants Pseudokirchneriella subcapitata green algae 7 d old culture SrCl2 ∙ 6H2O 6.5 NR NR 3 d growth IC10 36,000 included Pacholski (2009); HydroQual (2009, 2013)

chronic Algae / Plants Pseudokirchneriella subcapitata green algae 7 d old culture SrCl2 ∙ 6H2O 6.5 NR NR 3 d growth IC20 47,000 excluded Pacholski (2009); HydroQual (2009, 2013)

chronic Amphibian Gastrophryne carolinensis narrow-mouthed toad eggs SrCl2 7.4 195 NR 7 d survival LC01 2.4 excluded Birge (1978); Birge et al (1979)

chronic Amphibian Gastrophryne carolinensis narrow-mouthed toad eggs SrCl2 7.4 195 NR 7 d survival LC50 160 excluded Birge (1978); Birge et al (1979)

chronic Amphibian Gastrophryne carolinensis narrow-mouthed toad eggs SrCl2 7.4 195 NR 7 d survival MATC 20 excluded Birge (1978); Birge et al (1979)

NR = No data reported

1 Chronic tests based on CCME (2007) definition that chronic benchmarks in the aquatic ecosystem that are intended to protect all forms of aquatic life for indefinite exposure periods (≥7d exposures for fish and invertebrates, ≥24h exposures for aquatic plants and algae).
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1.0 INTRODUCTION 

 

Strontium is an alkaline earth metal that occurs in the Periodic Table immediately above barium 

and below calcium.  This metal is highly reactive in water and typically occurs in aqueous 

solution as a divalent cation (Sr2+) or as a hydroxide, Sr(OH)+.  It occurs naturally in rocks, 

either as the sulfate mineral celestite (SrSO4) or the carbonate strontianite (SrCO3) and is 

released into the environment during coal and oil combustion.   

 

There are currently no Canadian or USEPA water quality benchmarks for strontium.  The 

Indiana Department of Environmental Management has established a benchmark based on 

limited data; a Secondary Acute Value (SAV) was calculated based on application of a 13-fold 

safety factor to the lowest Genus Mean Acute Value, which was an LC50 of 123.8 mg/L for 

Daphnia.  The acute guideline was then calculated by dividing the SAV by two, and the chronic 

guideline was calculated by dividing the SAV by 18, which was a generic acute-to-chronic ratio 

for contaminants with no data, resulting in benchmarks of 4.8 mg/L for acute and 0.53 mg/L 

for chronic exposures (Kallander 2001).  The Michigan Department of Environmental Quality 

has also developed water quality benchmarks for strontium (Hull 2008) by rejecting all of the 

data available in the literature at the time, and relying on data from six unpublished studies.  

The Final Acute Value was calculated as 81 mg/L, and acute and chronic benchmarks were 

established as 40 and 21 mg/L, respectively.  The chronic value was calculated on the basis of 

an acute-to-chronic ratio of 3.83, which was the geometric mean of estimates for: 1) Ceriodaphnia 

dubia; 2) fathead minnows; and, 3) a default acute-to-chronic ratio of 18.  

 

In general, the available data for strontium have demonstrated that it exhibits a low degree of 

toxicity to aquatic organisms.  However, a small number of data are available that suggest that 

it may, in fact, exhibit toxicity at concentrations lower than those associated with the 

benchmarks promulgated by Indiana and Michigan.  For example, Birge (1978) exposed SrCl2 to 

rainbow trout (Oncorhynchus mykiss), goldfish (Carassius auratus), and the narrow-mouthed toad 

(Gastrophryne carolinensis) from fertilization to 4 days post hatch for each species.  The rainbow 

trout and narrow-mouthed toad were similar in sensitivity, producing LC50s of 0.2 mg/L and 

0.16 mg/L strontium, respectively.  These effect levels represent the most sensitive data in the 

available dataset, and both fall well below the Indiana and Michigan benchmarks.  Goldfish 

were less sensitive, with an LC50 of 8.58 mg/L, although even this value falls below the limit 

for chronic exposure established by Michigan State. 
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In a subsequent publication, Birge et al. (1980) reported similar results for development of 

rainbow trout to four days post hatch, with an LC50 of 0.25 mg/L; an LC10 of 0.049 mg/L was 

also reported in this subsequent publication.  However, it appears likely that the data from 

Birge (1978) and Birge et al. (1980) reflect the results of differing statistical analyses of the same 

dataset, rather than being results from two discrete tests.     

 

The toxicity tests performed in the present study were conducted to repeat the tests reported in 

Birge (1978) and Birge et al. (1980), in order to establish whether those results were anomalous, 

or whether rainbow trout are indeed relatively sensitive to strontium.  The tests were conducted 

under two water quality regimes: one with water hardness similar to that used by Birge and co-

authors (approximately 100 mg/L as CaCO3); and, a second test in water with a lower hardness 

(approximately 12 mg/L as CaCO3).  Tests were conducted under two hardness regimes since it 

was anticipated that sensitivity to strontium may change in response to calcium concentration 

in the water because the proximity of these two elements on the periodic table suggests that 

they might share similar properties that could result in interactions between them by 

competitive exclusion at uptake sites on the gill. 
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2.0 METHODS 

 

The toxicity tests were conducted according to procedures summarized in Table 1, which are 

based on Environment Canada (1998) test methods for embryo-alevin lifestages of rainbow 

trout.   

 

Eggs and milt were obtained from four female and three male fish from the Fraser Valley Trout 

Hatchery (Abbotsford, BC).  Milt was inspected under a microscope for motility following 

mixing with water; milt with highly motile sperm was pooled and used for fertilization.  The 

eggs were pooled and fertilized in the absence of water.  After allowing approximately 20 

minutes for fertilization, the eggs were transferred to their test solutions. 

 

The control waters used in the two tests were: 1) dechlorinated Metro Vancouver municipal 

tapwater; and, 2) dechlorinated tapwater supplemented with salts to approximately 100 mg/L 

hardness, according to the proportions outlined by USEPA for moderately hard water (USEPA 

2002).   Strontium was introduced to the test solutions as strontium chloride.  Test solutions 

were renewed daily with freshly-prepared solutions throughout exposure, at which point pH, 

temperature, and dissolved oxygen were measured on both the 24-hr old and freshly prepared 

solutions, and mortalities were recorded and removed. 

 

The test was ended seven days following the time that 50% of the fish in the controls had 

hatched, which resulted in a 32-day exposure.  At the end of the test, percent surviving hatched 

fish and survival of normally-developed fish were evaluated as test endpoints. 

 

Subsamples of the test solutions were collected at the beginning and end of the test and 

measured for strontium by ALS Environmental.  Statistical analyses were conducted using 

measured concentrations of strontium and using CETIS version 1.8 (Tidepool Software 2012). 

 

The methods that were employed in these tests followed standardized procedures developed 

for testing of early life stages of salmonids by Environment Canada (1998).  They are considered 

to be equivalent procedures to those used by Birge (1978), but have the following minor 

differences, which are not expected to have had an effect on the relative sensitivity of the 

procedures: 

  

 the water renewal frequency employed here was every 24 h, compared with every 12 h;   

 the number of eggs exposed per concentration was 120, compared with 150; 
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 the exposure temperature was 14 ± 1°C here, compared with 13 ± 0.5°C; and, 

 the test ended seven days after 50% of the control fish had hatched (32 day exposure 

overall), compared with four days following hatch (28 day exposure overall). 

 

These procedural differences are minor and would not be anticipated to result in any difference 

in sensitivity between the tests. 

 

 

Table 1.  Summary of test conditions: rainbow trout embryo-alevin toxicity test. 

Test organism Oncorhynchus mykiss 
Test organism source Fraser Valley Trout Hatchery 
Test organism age Fertilized eggs 
Test type Static-renewal (daily) 
Test duration 30 days 
Test vessel 2-L plastic jars 
Test volume 2-L 
Test replicates 4 replicates per treatment 
No. of organisms 30 per replicate 
Test temperature 14 ± 1°C 
Feeding None 
Photoperiod 24 hours dark 
Aeration Gentle aeration throughout test 
Test protocol Environment Canada (1998), EPS 1/RM/28 
Test endpoints Survival and normal development 
Test acceptability criterion for controls 65% normal surviving fry 
Reference Toxicant Sodium dodecyl sulphate (SDS) 
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3.0 RESULTS AND DISCUSSION 

 

Copies of bench-sheets from the tests and printouts of statistical analyses are provided in 

Appendix A. Results of analytical confirmations of test solutions are provided in Appendix B.   

 

The results of toxicity tests using rainbow trout are provided in Tables 2 and 3 for very soft 

water (measured as 11 to 12 mg/L as CaCO3) and moderately hard water (measured as 98 to 

100 mg/L as CaCO3), respectively.  In very soft water, the EC10 and EC20 were 75.2 and 98.5 

mg/L strontium; however, no adverse effects were observed in the test in moderately hard 

water in any of the test solutions, resulting in point estimates of >151.1 mg/L strontium.  Thus, 

it appears that increasing water hardness does indeed reduce the toxicity of strontium. 

 

The test conducted in moderately hard water produced results that are in stark contrast to those 

reported under similar conditions by Birge (1978) and Birge et al. (1980), in which an effect on 

50% of exposed test organisms was observed at 0.2 to 0.25 mg/L strontium.  The results 

presented by these authors have been questioned for other toxicants; for example, Davies et al. 

(2005) reported no adverse effects on developing rainbow trout exposed to up to 400 mg/L 

molybdenum, whereas Birge (1978) and Birge et al. (1980) reported LC50s of 0.73 and 0.78 

mg/L, respectively, for this metal.  Thus, it appears that the data presented by Birge (1978) and 

Birge et al. (1980) are anomalous, and should not be relied upon. 

 

The only other test reported in the literature involving exposure of salmonids to strontium was 

conducted by Schroder et al. (1995), in which hatchery sockeye and chum fry were marked with 

strontium prior to release.  Exposure for 24 hours to concentrations as high as 1200 mg/L 

strontium resulted in no significant mortality for up to 34 days following exposure, although 

exposure to 9000 mg/L did induce mortalities.  Although the short exposure complicates a 

direct comparison, these results also indicate effect levels that were orders of magnitude higher 

than those reported by Birge (1978).   

 

3.1 QA/QC 

 

Measured strontium concentrations were in good agreement with target concentrations, and 

measurements conducted at the end of the test were similar to those measured at test initiation, 

indicating that the exposure concentrations were consistent during exposure.  
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The performance of the control exposures met acceptance criteria specified in the test method 

and the water quality (pH, temperature, dissolved oxygen) remained within acceptable ranges 

during the tests. 

 

Results of reference toxicant (positive control) tests are provided in Table 4.  The reference 

toxicant test results fell within the range of historical data from the laboratory (mean ± 2 SD), 

indicating that the sensitivity of the test organisms was appropriate. 
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Table 2. Results of the rainbow trout embryo-alevin test using strontium in very soft 

water. 

Concentration (mg/L) Survival to  

hatch (%) 

Normally developed 

surviving fry (%) 

Sr (nominal) Sr (measured)   

Control 0.0 72.2 ± 12.5 70.6 ± 12.7

5 4.7 71.3 ± 12.0 68.7 ± 15.0 

10 10.3 74.8 ± 9.7 67.2 ± 7.2 

20 20.8 74.2 ± 5.5 71.6 ± 6.5 

40 42.4 76.7 ± 10.5 75.0 ± 11.4 

80 79.9 63.8 ± 6.3 61.4 ± 3.6 

160 157.5 39.8 ± 2.4 38.9 ± 2.3 

Point estimates  EC50 >157.5 >157.5 

(mg/L measured Sr) EC20 98.5 (55.1 – 120.2) 101.4 (49.2 – 124.4) 

 EC10 75.2 (29.1 – 98.7) 77.8 (23.5 – 103.2) 

  

 

Table 3. Results of the rainbow trout embryo-alevin test using strontium in moderately 

hard water. 

Concentration (mg/L) Survival to hatch (%) Normally developed 

surviving fry (%) 

Sr (nominal) Sr (measured)   

Control 0.1 83.9 ± 11.3 81.3 ± 13.3

5 4.0 67.4 ± 6.6 63.2 ± 7.0 

10 10.7 79.4 ± 4.7 74.5 ± 6.2 

20 20.1 78.6 ± 7.2 72.5 ± 8.3 

40 39.5 76.6 ± 3.6 76.6 ± 3.6 

80 78.4 76.5 ± 7.2 72.0 ± 8.3 

160 151.1 79.0 ± 4.6 72.8 ± 4.9 

Point estimates  EC50 >151.1 >151.1 

(mg/L measured Sr) EC20 >151.1 >151.1 

 EC10 >151.1 >151.1 
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Table 4. Reference toxicant test results for early life stage tests with rainbow trout. 

Endpoint Date Toxicant Point 

estimate 

Acceptable Range CV 

Embryo development 25 Oct 2012 SDS 4.2 mg/L 1.9 – 9.4 mg/L 49 
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Rainbow Trout Embryo Summary Sheet 

Client: Golder Start Date/Time: Oct 25, 2012@ 1700h 

Work Order No.: 12193 
r Test Species: Oncorhynchus mykiss ------------------

Sample Information: 

Sample ID: Strontium in Dechlor Water 
Sample Date: _n_/a _______ __ 
Date Received: n/a 

~~---------Sample Volume: ..:...:n.:....:/a ________________ _ 

Dilution Water: 

Type: Dechlorinated Tap Water 
Hardness (mg/L CaC03): 11-12 

--~~-------------------Alkalinity (mg/L CaC03): 7-11 -------------------------
Test Organism Information: 

Batch No.: 102512 
Source: Fraser Valley Trout Hatchery 
Loading Density: _n_/a ________________ __ 

SDS Reference Toxicant Results: 

Reference Toxicant I D: RTE39 
~~~--------Stock Solution ID: 12S02 -------------Date Initiated: 25-0ct-12 
--~----~~---7 -d EC50 (95% CL): 2.3 (2.1 - 2.5) mg/L SDS 

Reference Toxicant Mean and Range: 4.2 (1.9- 9.4) mg/L SDS 
~-----~~----~~-----

Reference Toxicant CV (%): 49 

Test Results: 

Reviewed by: Date reviewed: JIA"" 11 f I) 

Issued: July 17, 2006; Ver. 1.0 Nautilus Environmental 



CETIS Analytical Report Report Date: 

Test Code: 

11 Jan-1309:53(p 1 of 2) 

12193118-5559-6750 

Salmonid Embryo-Aievin Survival and Development Test Nautilus Environmental 

Analysis ID: 11-2313-2282 Endpoint: Survival Rate CETIS Version: CETISv1.8.4 

Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: Yes 
--------------------

Batch ID: 14-5322-9195 Test Type: Survival-Development Analyst: Karen Lee 

Start Date: 25 Oct-12 17:00 Protocol: EC/EPS 1/RM/28 Diluent: Dechlorinated Tap Water 

Ending Date: 26 Nov-12 14:00 Species: Oncorhynchus mykiss Brine: 

Duration: 31d 21h Source: Fraser Valley Trout Hatchery Age: 

Sample ID: 02-2758-5265 Code: D90ACF1 Client: Golder 

Sample Date: 25 Oct-12 17:00 Material: Strontium Project: 

Receive Date: 25 Oct-12 17:00 Source: Golder 

Sample Age: NA Station: Strontium in Dechlor Water 

Linear Regression Options 

Model Function Threshold Option Threshold Optimized Pooled Het Corr Weighted 

Log-Normal [NED=A+B*Iog(X)] Control Threshold 0.276423 Yes No No Yes 

Regression Summary 

lters LL AICc SIC Mu Sigma Adj R2 F Stat Critical ·P-Value Decision(a:S%) 

16 -500.4 1008 1011 2.218 0.2672 0.612 0.2986 2.84 0.8755 Non-Significant Lack of Fit 

Point Estimates 

Level mg/L 95% LCL 95% UCL 

EC5 60.09 17 84.93 
EC10 75.15 29.11 98.74 
EC15 87.38 41.65 109.8 
EC20 98.51 55.05 120.2 
EC25 109.2 69.4 130.9 
EC40 141.5 114.1 176.8 

EC50 165.3 138.6 235.3 

Regression Parameters 

Parameter Estimate Std Error 95%LCL 95%UCL tStat P-Value Decision(a:S%) 

Threshold 0.261 0.01918 0.2235 0.2986 13.61 <0.0001 Significant Parameter 
Slope 3.742 1.131 1.526 5.958 3.31 0.0028 Significant Parameter 
Intercept -8.302 2.412 -13,03 -3.574 -3.442 0.0020 Significant Parameter 

ANOVATable 

Source Sum Squares Mean Square OF F Stat P-Value Decision(a:S%) 

Model 49.67035 49.67035 1 44.58 <0.0001 Significant 
Lack of Fit 1.499102 0.374776 4 0.2986 0.8755 Non-Significant 
Pure Error 26.35535 1.255017 21 
Residual 27.85445 1.114178 25 

Residual Analysis 

Attribute Method Test Stat Critical P-Value Decision(a:S%) 
Goodness-of-Fit Pearson Chi-Sq GOF 27.85 37.65 0.3146 Non-Significant Heterogenity 

Likelihood Ratio GOF 28.4 37.65 0.2896 Non-Significant Heterogenity 
Variances Bartlett Equality of Variance 8.282 12.59 0.2182 Equal Variances 

Mod Levene Equality of Variance 0.7061 2.573 0.6482 Equal Variances 
Distribution Shapiro-Wilk W Normality 0.9663 0.9264 0.4850 Normal Distribution 

Anderson-Darling A2 Normality 0.448 2.492 0.2835 Normal Distribution 

000-089-184-2 CETIS™ v1.8.4.29 Analyst: ___ _ 



CETIS Analytical Report 

Salmonid Embryo-Aievin Survival and Development Test 

Analysis ID: 11-2313-2282 Endpoint: Survival Rate 

Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) 

Report Date: 

Test Code: 

11 Jan-13 09:53 (p 2 of 2) 

12193118-5559-6750 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 
Official Results: Yes 

Survival Rate Summary Calculated Variate(AIB) 

C-mg/L Control Type Count Mean Min Max Std Err Std Dev CV% %Effect A B 

0 Negative Control 4 0.7223 0.5667 0.871 0.0625 0.125 17.3% 0.0% 89 123 
4.7 ;/ 4 0.7133 0.5357 0.7931 0.05983 0.1197 16.78% 1.25% 83 116 
10.3 ,/ 4 0.7477 0.6333 0.8667 0.04843 0.09686 12.95% -3.52% 89 119 

20.8 v 4 0.7421 0.6897 0.7931 0.02743 0.05485 7.39% -2.74% 86 116 
42.4 v 4 0.7667 0.6667 0.9 0.0527 0.1054 13.75% -6.14% 92 120 
79.9 v 4 0.6382 0.5625 0.7 0.03126 0.06252 9.8% 11.64% 79 124 
157.5 ,/ 4 0.3978 0.375 0.4231 0.0121 0.0242 6.08% 44.93% 46 116 

Survival Rate Detail 

C-mg/L Control Type Rep 1 Rep2 Rep3 Rep4 

0 Negative Control 0.7419 0.871 0.5667 0.7097 

4.7 0.5357 0.7742 0.7931 0.75 

10.3 0.7667 0.6333 0.7241 0.8667 

20.8 0.7 0.7931 0.6897 0.7857 

42.4 0.7 0.8 0.6667 0.9 

79.9 0.7 0.5625 0.6129 0.6774 

157.5 0.3793 0.4231 0.375 0.4138 

Graphics Log-Normal [NED=A+B*Iog(X}] 
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CETIS Analytical Report Report Date: 

Test Code: 

11 Jan-13 09:54 (p 1 of 2) 

12193118-5559-6750 

Salmonid Embryo-Aievin Survival and Development Test Nautilus Environmental 

Analysis ID: 08-1 069-4817 Endpoint: Proportion Normal CETIS Version: CET1Sv1.8.4 

Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: Yes 

Batch ID: 14-5322-9195 Test Type: Survival-Development Analyst: Karen Lee 

Start Date: 25 Oct-12 17:00 Protocol: EC/EPS 1/RM/28 Diluent: Dechlorinated Tap Water 

Ending Date: 26 Nov-12 14:00 Species: Oncorhynchus mykiss Brine: 

Duration: 31d 21h Source: Fraser Valley Trout Hatchery Age: 

Sample ID: 02-2758-5265 Code: D90ACF1 Client: Golder 

Sample Date: 25 Oct-12 17:00 Material: Strontium Project: 

Receive Date: 25 Oct-12 17:00 Source: Golder 

Sample Age: NA Station: Strontium in Dechlor Water 

Linear Regression Options 

Model Function Threshold Option Threshold Optimized Pooled Het Corr Weighted 

Log-Normal [NED=A+B*Iog(X)] Control Threshold 0.292683 Yes No No Yes 

Regression Summary 

lters LL AICc BIC Mu Sigma Adj R2 F Stat Critical P-Value Decision(a:5%) 

22 -519.7 1046 1049 2.226 0.2613 0.5526 0.4323 2.84 0.7837 Non-Significant Lack of Fit 

Point Estimates 

Level mg/L 95% LCL 95% UCL 

EC5 62.53 12.61 89.46 
EC10 77.81 23.51 103.2 
EC15 90.17 35.61 114.1 
EC20 101.4 49.24 124.4 
EC25 112.1 64.46 135.2 
EC40 144.4 114.1 185.5 
EC50 168.2 140 258 

Regression Parameters 

Parameter Estimate Std Error 95%LCL 95% UCL tStat P-Value Decision(a:5%) 

Threshold 0.294 0.01976 0.2553 0.3327 14.88 <0.0001 Significant Parameter 
Slope 3.827 1.279 1.321 6.334 2.993 0.0061 Significant Parameter 
Intercept -8.519 2.739 -13.89 -3.15 -3.11 0.0046 Significant Parameter 

ANOVA Table 

Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%) 

Model 41.22927 41.22927 35.35 <0.0001 Significant 
Lack of Fit 2.218082 0.554521 4 0.4323 0.7837 Non-Significant 
Pure Error 26.93838 1.28278 21 
Residual 29.15647 1.166259 25 

Residual Analysis 

Attribute Method Test Stat Critical P-Value Decision(a:5%) 
Goodness-of-Fit Pearson Chi-Sq GOF 29.16 37.65 0.2574 Non-Significant Heterogenity 

Likelihood Ratio GOF 29.65 37.65 0.2377 Non-Significant Heterogenity 
Variances Bartlett Equality of Variance 11.81 12.59 0.0663 Equal Variances 

Mod Levene Equality of Variance 0.8354 2.573 0.5563 Equal Variances 
Distribution Shapiro-Wilk W Normality 0.9552 0.9264 0.2663 Normal Distribution 

Anderson-Darling A2 Normality 0.6369 2.492 0.0973 Normal Distribution 

000-089-184-2 CETIS™ v1.8.4.29 Analyst: __ _ 



CETIS Analytical Report Report Date: 

Test Code: 

Salmonid Embryo-Aievin Survival and Development Test 

Analysis ID: 08-1 069-4817 Endpoint: Proportion Normal CETIS Version: 

Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: 

Proportion Normal Summary Calculated Variate(AIB) 

C-mg/L Control Type 
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4.7 
10.3 

20.8 
42.4 

79.9 
157.5 

Proportion Normal Detail 
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0.7059 0.5333 0.8387 0.06372 

0.6873 0.4643 0.7931 0.07519 

0.6718 0.6 0.7333 0.03575 
0.7165 0.6552 0.7857 0.03267 

0.75 0.6333 0.9 0.05693 
0.6135 0.5625 0.6452 0.01825 

0.3892 0.375 0.4231 0.01135 

Rep2 Rep3 Rep4 

0.8387 0.5333 0.7097 
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11 Jan-13 09:54 (p 2 of 2) 

12193118-5559-6750 

Nautilus Environmental 
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Rainbow Trout Embryo-Aievin Toxicity Test 
Client: Golder 

WO: 12193 

Weekly Mortality Counts Total Dead Total Abnormal Alevins 
Test Cone. Rep 1 2 3 4 5 
Controi-Dechlor 1 1 1 1 2 3 8V 

2 1 0 0 1 2 4V 
3 3 2 0 4 4 13v 
4 1 1 0 6 1 9 v 

5 1 2 0 0 8 3 13,/ 

2 1 1 0 3 2 7 v 
3 1 0 0 4 1 6 v 
4 1 2 0 0 4 7 v 

10 1 1 1 0 2 3 7 c/ 

2 1 0 2 1 7 u~~' 

3 3 1 0 4 0 8V 

4 0 0 0 3 1 4 ,/ 

20 1 2 2 2 1 2 9 ,/ 
2 0 0 0 2 4 6 v 
3 1 1 0 3 4 9v 
4 1 0 1 4 0 6 c/ 

40 1 1 0 0 2 6 9v 
2 1 0 0 5 0 6v 
3 2 1 1 5 1 1Qo/ 

4 0 0 0 1 2 3 v 
80 1 4 0 1 2 2 9V 

2 3 1 1 5 4 14 v 
3 2 0 1 5 4 12 v 
4 5 0 0 1 4 10V' 

160 1 5 0 0 5 8 18 ,/ 

2 5 0 0 5 5 15 v 
3 4 1 0 5 10 20 v 
4 3 1 0 4 9 17 V' 

Test Date:October 25, 2012 

Total Normal Alevins 

0 23 
1 26 
1 16 
0 22 
2 13 
1 23 
0 23 
0 21 
1 22 
1 18 
3 18 
4 22 
1 20 
1 22 
1 19 
0 22 

0 21 

1 23 
1 19 
0 27 
2 19 
0 18 
0 19 
1 20 
0 11 
0 11 

0 12 
1 11 
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28 ./ 
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30 v 
30 v 
30 v 
30 c/ 
32 v 
31 v 
31 v 
29 o/ 

26 v 
32 v 
29 ./ 
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Client: Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Sample ID: Strontium (Dechlor) 

Start Date & Time: 25-0ct-12@ F}r;~l? 
Stop Date & Time: 7Jo ~tJ<Uv-['l._ @ {(/QJ"' 

Test Species: Oncorhynchus mykiss Work Order #: 12193 

Davs 

Concentration 0 1 2 3 4 5 6 7 

. old>~ • 
' 3<•oict··.• ...• J:l~.Yf('T '·'~rt:F•· ···new" 

"'.-.. 

Control Initial new old .new> old' new/· new• '·old. new .. · 

Temperature (0 C) l'i.S N.D \'( 0 f'(,:> ~-t?; i"'-"=' '"~ 11~ s ,~,l) l~.,j'" ('{4' ~.0 14-0 ft·to 
DOlmg/L) io.l ic.·L Cjfl f:>, ,._ , ... ,. 1~:1.. I i-DA lo,l q,g ihO· "L r9-\ \0-\ ~~.s _fC,_"L 

pH i.) 1)· 1.~ ~"L ':h,l "l;( "';:f-J. '1-1 "lQ -:}-1.- ~ l-·1.. ~-1.. :':/"~·~ 
Cond. (IJS/cm) 3i 5\.f '-tl 'f"2.- 1-f ' \ft.. 3.4 l:rt 

Initials f:.L.l> ue:, - 'UN, t:-"ltl-- "JIN \L.-jV , 
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DO (mg/L) jc.\ IO,s 9,q /<;;.1_ I», 1. ( ~:l;. /tJ" ltO;I q,'\ ;crv , ... , \ ().f <t~J ! to· ( 
pH :r.a I:J;l. j, \ ~'L 1-1 1'1 )..\ :} ,, 1/J. ~.P ~-'0 ,..?, q.\ ·7>·7) 

Cond. (IJS/cm) S\ St 4 '1 50 4~ ~b 35 ~1 
Initials ~ 'a~ f\. 
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DO (mg/L) \0.\ \C.~ IO ,() i-<>.1 1-- 1~•1 1 /!:):'1. [,_, 1 l<.d "· '{ {c1';! /0-1 10. i q.'? 1·0 '2.. 
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Temperature (0 C) l"\'.5 
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pH +,I 

Cond. (IJS/cm) qs 
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DO meter: 
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Version 1.0 Issued June 26, 2006 
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Client: 
Sample ID: 
Work Order#: 

Concentration 
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DO meter: 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Golder 
Strontium (Dechlor) 

12193 
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Client: 
Sample ID: 
Work Order #: 

I 
! 

Concentration I 
Control 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (i.JS/cm) 

Initials 

I 
I 

Concentration 

5 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

-
! 
I 
I 
I 

Concentration I 
I 10 
r-

Ternperature(°C) I 

r DO (mg/L) 

~ pH 
rd.(JJS/cm) 
. Initials 

Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Strontium (Dechlor) 
Start Date & Time: 25-0ct-12@ l ~Qh 
Stop Date & Time: t..C.-tJ~f? @ 1t.teol,.. 

12193 Test Species: Oncorhynchus mykiss 
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b-1 [o:=t- ~-\ ~~~:tl~ _ _t _ _::t.\ I'~~ ~(_ i-3 =-l--1 b-9. 6~ 
")..~ to~ k71 . (, "1 t'5 f>O b"Z.. ---
¥-:1L-- lL-jL- ,... I 

. .A- I ~JL JW vw I 

14 

·new 
ltf~ 
tt.Slc 

~S" 
:Jo 
~ 

14 

n&w 
'itt-
:~t- I 

~~a 

1~ 
}i.OV 

14 

··.new 
t'( ~ 4) 

q,..a, 
(;....l> I 

';: 
k--J'(..... 

r-- ! ~ 1 

! Concentration 7 
1 !,_ 9 10 

1 
11 12 13 14 1 

i 20 lnltial1 new ..•. ·.old ~new old '·new>·. ~let. (;neW' =,-QI(:f. .:ne\llti' :.(;Jti',.;, .J;le¥1'· \~h:f.' ne.W l Ternpe~~'-tu_r_e __ ('oc-;)-+-'=]11t(
7
- ,=o+-(1.,..! l'f,O lftfo 1 tt"" N4 ,..,,., l'f.O l'f .0 N.O 1'-\-~ 13. '; N.O ,,..

0
. 

[ DO_(m_g/1...)_ lo-\ l{o.O loa /.!:>f> fo,? it>f.) q a !\0, \ [0, D i0-5 Gf-6 tt.~ q.q 'i.<t_ I 

I Initials I ¥-jv lY\l""--- I r-- .... , \c:a... 1 'JiN :)W I'-1Jf-. 

DO meter: 

~--- Hardness* 

i Alkalinity* 
* mg/L as CaC03 

J>o- 1 pH meter: vtt- 7 

I ~rlt/1-t t 
lm.WiiY r----+-----+1-----~ 

1--l \. 

Conductivity meter: -'C,.,· ::.....---'-1 ___ _ 

Analysts: 

Reviewed by: · J G'lL 
Date reviewed: -,c-1,""~...:.:::..."'_·_lo_/.-t_J __ 

-v I 
Sample Description: ~~h · S'r 

Comments: ------ -----------

Version 1.0 lssc8d ,i"ne '26. 2006 Nautilus Environmental 



Client: 
Sample ID: 
Work Order#: 

Concentration 

40 
Temperature(°C) 

DO (mg/L) 

pH 

Cond. (iJS/cm) 

Initials 

Concentration 

80 
Temperature (°C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

160 
Temperature (°C) 

DO (mg/L) 

pH 

Cond. (IJS/cml 

Initials 

Concentration 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (J,JS/cm} 

Initials 

DO meter: 

I Hardness* 

I Alkalinity* 
* mg/L as CaC03 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Golder 
Strontium (Dechlor) 

12193 

7 8 9 
·.·.·';.'·; c'' 

old new old·' neW old · 

\'{,o \1.3' lii.'*J J'l-~ I"' ;0 

JQ,\ (10 . .,; (~.( ,o,o {oti 

0-9 Ct.{ '1-~0 ";l,.;:) ~ 

\ ~l I ~'r' t::;-~ 
\(.-"JG ~<1L- -

7 8 9 
ccC 

·• ,''olct• old, ··.old' new· new 

l'"\-o f~ --r l'f.o I 'I !0 Ill"" 

·,o 1-- (0 v (o. ( /!>P tc.,f 

C,.'f h.+ q..o \;vlt i\o--1 
""<..'\ '-\ ~ 2-5'< 
~c.. CjL.- ,._ 

7 8 9 

old : maw···· • old·. new ·.old·. 

[tt.? ("\"") N.o tV!iJ 1'1~ 

tO· I (D,l (o .. 't.. ~~~ l~i> 

t, -~ ~;~ q..o k,f )::( 
'{/:q~ ~~ ~:lr-1... l.f&i}/ 

iL1L.- ~11'- ,._ 

7 8 9 

10 
new, 

1'1',> 

Start Date & Time: 25-0ct-12@ l}ooV! 
Stop Date & Time: ZJ~rl.J?J>J-{2,@ 1'100!1 

Test Species: Oncorhynchus mykiss 

Days 

11 12 13 

c "il~w 
~· ,~. ·:-:.. 

':,,:n~ '""oi'd ol.d' , ,,::ol<f'< · miv,tc ,,,t.>J'tf 
; 'I Jill> \L(I:> fft.,o N-b 14·5 ~So '\\i.O 

/<.:>.,o q}~ lb-D (o,:; 10-~ q.~ C'.\.9 '1!1 
·~~ 7-.o L.q ~( 1-1.. 'T-0 ~<6 ~-<6 

{'6""2- '~~ N, 153 

' ~(., JW 'Jj,'\) 

Days 

10 11 12 13 

14 
,,,:ll~w 

tt./Jtn 
1Lv-
lo..-7-
1~ 
~7'-

14 
fold,'., ::neW 

!,···· 

·~r.ew· i;riJiJ.; r.e';.y, I ·()i~ ; ,,. 

new:', ''''Qid,·; new 
( .,.,. l't)"' tti.- iL(vO N-D N-'; l3-~ N.O tvd 
/9,"' ..,,g ilb.b lD~o to-3 '1."1 10-D <\." te-o 

"+3 (,,') lt.O\ 7•b l-1 =t-f> b.'t. ().% ~~-(, 
1.-P.::> 2."'1-8 1.f;1 :;r3 ~~~ 

"-' ~.,L JW J~~ ~.:1'-. 

Days 

10 11 12 13 14 
new i··· old· 'new; .:.ota\ Jj¢\ji,l; .;;c,~,a,, ttiew <·O'id·:, new ,.,_ ,..,_ 1'-{.0 N.J N·l> NS \3·':> \4.0 14(-.o 
(:>/'A Q/i l()·\ {uA 10.3 IC>·l> iO.O 9., <t~.,-
-~ ~/l t,$ +-o ':J -I =t-C> "·S b.~ b·{; 

tfe;O 1: rJr '50'-i 4S3 _i..\~ \p~ 
...... (9"'-' ::JN '01,'\l 'k.d:_ 

Days 

10 11 12 13 14 
Initial ,new • 'old· new old ·· new . old 

pH meter: -....,l~--'"'_,_f1_,_---'-l __ _ Conductivity meter: C-1 
-------

Control Analysts: 
1t::L \lo o \1 .. '1'1 

b!'!":>kLl 
i--ll 

Reviewed by: ..... 1G:-Ib 
~:-'"'-'=----,;----

Date reviewedt,.Jqn. t0/t3. 
"-" I 

Sample Description: cleQ\x) Jlecl-dQr yV t.kr sf'~l wt-th ~,_ 

~=ments: 
----------

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Client: 

Sample JD: 

Work Order #: 

Concentration 

Control 

Temperature (°C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

5 
Temperature (°C) 

DO (mg/L) 

p_H 

Cond. (IJS/cm) 

Initials 

Concentration 

10 
Temperature (0 C) 

DO (mg/L) 

pH 

Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Strontium (Dechlor) 

Start Date & Time: 25-0ct-12 @ ll£P&., . -·. 
Stop Date & Time:iJi-tJD.J-·-l] l~'-< 

12193 Test Species: Oncorhynchus mykiss 

Day_s 

14 15 16 17 18 19 20 21 

o.ld riew .old neW .otd rie:vV'.'. qld 
,. 

new:::. ·.3'ld •. ·::·11~~ .. olds: ··fiew·.· .. ..otd·:. l;t,.llCW· .. 
ll(.o \4,0 HO {'-f,,;; (Yp /'f,o /Y,o ('-f~ I Yr.- 14-D tlt.O '"-"'C J4:~o ~t'i. 

to.D iO· I ifc-o to 1( '""'l /o 1 (e)/( tO A lo, I q_l. '\.":\ ~-Pi) {0·~ t .,;). ( 

fp$6 1.\ I'~ ,'1) -:rt>. ~·0 ~ » h':) ~:}_., 1:' \ f-0 r.i·f \,-\ 1-f,Z...-
1~ 32 '37..- ·Tv ?L 3b -:;< :!Z-
wl..,..o Bnfrl A- ,.... '1::. .t.:j'"L ~1._ 1(-?L..-

Days 

14 15 16 H 18 19 20 21 
· .. 

old .. new ofd new . old' 'r:~ew · old ·>~. 
• .new . old , .new. •. ,« 6i'~;·'• rnevv' ,<)fd,,· ·:·r:t~w·: 

l'!0) _H.O He llf/-:J /'"(AJ I 'f/:1 I If/:. l-Ip /I(~ IYto 14.6 ·pq.o 14-o £7-r 
to~:; lt\ \ il).b loP /..:> .1 /or( lp,f loq ,,,r:; lo..v q:q ·te~ to.v jo '/ 

hJr ~.; C?.'6' )-<::> ~ 1 -::t:<> I'!)-:\ ~ 1-:z.. ~z._ c;.q q.~ b-t ~0 
c;c t.fl- Lfl '13 '3'1 3& ·a-1. 49--
1=--J~ tiYUVJ f'-. /\ /\ lUt..- ti:J"L ~ 

Day_s 

14 15 16 17 18 19 20 21 
.old ·n~w> ··old. .raeV'/ ofd 

\!.{.,'\? i'i ,(/ [LI b 
r ""· " 

i'f.O 

io.o to.'v IC·() lo r"C l-o t1 

~.X 1.\ ic[, ""h-:;::, &f1 

~ Cond. (IJS/cm) lot; (Q !J 
Initials I~ t=l!.nfY\, 1\_ 

s K ~~ t,s '-'1 c-, 
>\ "' fc..J L- ~::f\.._ _l~L 

Days 

Concentration ! 14 15 16 17 18 19 20 21 
20 Initial new old . n~;, .. rle~c l·'oid 

' 

old···.· ''new . .. ;1:)1(1:;;: ,-;..-r~l: ,.':'J'•'". ~' 

.:.Piiff' 1: ..... ,. < •• , 

~'rievv.·~ ''i'l~w .• .,.new .. ··Oit.f• 
Temperature (°C) l't,o Ho i•LD /<~,1> (I('"" flfp H~ I '1,::> 1'1-o 114-_ _,) N.D }\.{."::> ;y.t) t5.-~ 

DO (mg/L) t.o.:v iO.v 'llt /?/0 I '7 ·i j () ,f /p,( I t>t( h-1 ,P·'-' q.g fcP·v {vi J->-1. 
pH b~'i( 1-.\ ~-~ ~ L/1 ·+.o ~:'l -:}...b ':}-:;-\ ':J...-:) G-'1 94 b.Jt r 

Cond. (IJS/cm) 4'4 45 tr ; (.. ?1- qo t!t3 q; 
Initials 10''--' J:.VhV1 ,.._ P\ '\. !--'J:l-- _y;crv .(t-j.. -· 

DO meter: pH meter: -+lpr+H_,_-_1._____ Conductivity meter: _C.._-_1 ___ _ 

Control ! I 
I Hardness* \L'>-"k{£7 \t-'1 

I ! I Alkalinity* C.,.D-tid 

Analysts: 

* mg/L as CaC03 
Reviewed by: J(31)..; 

:}-l\ Date reviewed:~ Q.V! ~.to ] 1 ') Q- f 
C(&.' ~ de. 61 fly ~?t kr__..,S~f---!.:'k=-t,J.,"--"-""'~tl-P-...IL&-r!..__ __________ _ Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: Golder Start Date & Time: 25-0ct-12 @(%i?\., 
Stop Date & Time: "l..b!tJoJIIL({;;l f{d>"'J 

Test Species: Oncorhynchus yk1ss 
Sample ID: 
Work Order #: 

Concentration 

40 

Temperature (°C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

80 

Temperature (°C) 

DO (mg/Lj 

pH 

Con d. (IJS/cm) 

Initials 

Strontium (Dechlor) 

12193 

14 15 
old' new old · 

t<>· t lo ,\ I to.o 

14 15 

old L .. new-· old 
\'-l..o l'-L\) IH.,O 

I (o .. t..- 1\) J.... I l D.O 
6-'\' '1- ,C) t,~ 
-ul)~ :l1S 
\t.-Jv Urttrl 

Days 

16 17 18 19 20 21 

Days 

16 17 18 19 20 21 
:.i'' 

11ew old'· ·new; .<ora· new• '·ol<f'; '•if~'vi·"·; ,f,4<j((i r.cnew l·~''titd'< r.~w· 
(y_., 1-i t"l l'i? l ., ,o 1'1-.,. i ·t,..., 1\.le-o N.o l'f,o l't-~ l}r.f' 
L?P l-?,0 {D 'J /CJ<'L- ic,i /,..::, 1 lc9-l en 11£~: . qq Ito ·I 
j.._-v bA ~1) !~ r t.,.~ '';1-.,;o ~v G.q -b}f b-l' ~ 

1-b£ .{_~ "l£;g .:5,.. A U3 7-TiJ (.,.fi 
,-, A... A ~ #:::.:Tl- l&Zf(. 

Days 

Concentration 14 15 16 17 

160 old .• new old ~ew. old new 'old· 

i'{r<:> l'f.o I '1 .-<> /v,~ I ~ .. o J \,[ ... 

DO lmg/L) D. "'f....-' l 0.1 ~}\ t.:::>J'O loJI UV/ I"· I 1A.Jt J.D.d 

-1-'1> (<)_,.~ ~ !;,, ~ ~.8 ";J..O 

Con d. (IJS/cm) ~'i 15 o '2::;. S'l·'t c;;,~ "S'"U4 
Initials 'v\lv 811\l.(l I" ""-

,.._ 

Days 

Concentration 14 15 16 17 18 19 20 2"1 

initial new . old 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

DO meter: Do-t pH meter: -.....J-:r..:_-/1_-_1 __ _ Conductivity meter: ' C. - ( -------

Control Analysts: 

I Hardness* ~<1"~ 11-{L. 
I Alkalinity* -&G:~ 
* mg/L as CaC03 

Reviewed by: 3 6{),___ 
Date reviewed: _ 7 OIP! • l';) / f 3 

'<T ' 
Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 

....,. 
// 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: Golder 

Sample ID: Strontium (Dechlor) 

Work Order #: 12193 

Concentration 21 22 
Control I.• old ... · 

/ ... 
1:1ew .. _j>ldt?'' 

Temperature (0 C) \i.l.:O lftf.o rv.._o 
DO (mg/L) '1-1- 'f.'1 1'! 

pH _lo ."1 t-\ ~-u 
Cond. ((JS/cm) ~·L{ )t 

Initials 1~:1'(..... ,jl..f'S\JV 

Concentration 21 22 
5 old,. hew: old/ 

Temperature (0 C) lt.l-0 M,o 1'-(.o 
DO (mg/L) 9 .:} ID-1 q,,g 

pH ln f1 =+·~· ~-\ 
Cond. (IJS/cm) S\ I(.S't_-lo '-{_ 

Initials /L:Jv ~~Lf51J 

Concentration 21 22 
10 ord· new: old· 

Temperature (0 C) (L{,O I'·Lo i 1./.l> 
DO (mg/L) 1\11- tt>, I 4]1 

I pH [..,,q_ '1'Y 1-'• I 
Cond. (IJS/cm) ~C\ f,Z,... 

Initials t(:Jv '{;1'-/'SvJ 
' 

Co'1c£mtration 21 22 
20 Initial nE!w :fOld 

Temperature (0 C) 1'-{ ,'J 14.0 /4,0 
I 

DO (mg/L) q.._g W,l fo.o i 
I pH \1}~ ':t, ( 'f· 0 f-

Cond. ((JS/cm) qt.\ ~~-i 
Initials 1'-1-1 j(jL/'Jll" 

DO meter: J;0-1 

j gontrol 

Hardness* 1 v1Vl'Q.O rt--/~ 
lkalinit:i* J {QO~l 

* mg/L as CaC03 

Sample Description: 

Comments: 

Vers1on 1.0 /ssuea June 26, 2006 

Days 

23 24 25 26 27 28 

"'new ... old .•.. otd/ t1ew ... ~c.·OJd'V ::nWw · ·;.~o·~··iJ "<rieiA(:; , .. orcL '. ~ , .. ;'< 

new: x·:new: ... 

_/!frO j'l)l ill/~ I~P l!to [<f.:::> \f~D /'i.o tc.f • ./ L"#.o flh) 
I o,f I,::,, .. Cf,f ,~, -o 7~a, f.,o,O to. 1. 10-0 {0. ( or-9 lD.D 

4--J 1-:'t ·~; ~1.. '+\ '":1.- I G.i- 1·t> h.s 1·"L 1ff) 

'3-L _:}1..- 3'2..--· -~i JZ,.. ~5 
/\. A. lo:fLc ~ )L.;:z_c_ :::D1 

Days 

23 24 I 25 26 27 28 
·new:' ·-······ol~l . . :ne.w .,..riew .. . . ''5"'~4ur 

'''"}"'' 

old····· : .. QJd;.-.... new: c•:Oew . h,;(,)Jiir:•• ®w 
(1/;o l ., r.> I.,,.,. i 'I /J fl.f. ~ ll./ ·0 {)~o l_l-{_.o ~.a llf...o ttf-D 
l~ii' /?.-;> '1:irf /!?.::;) l" ·I lo.o to· I ID·O [O.,l ~'1 Gt f{ 
hi 1,2- ~t i T-v ":\-V 4·1 b-=l- 'l· 'Z. ~-b '1--l =r:l-

43 "(\.. '11- ~0 4_] _48_ 

" t:..:Jv 1L;;T~-- 'f J'-- J3'i 

Days 

23 24 25 26 27 28 
·hew <Old ·!1~' ol(! : .. ·o~w> ,M_QIQ..• ::r:•ne.Mf\J l "'olti~s.:·: :·:·· ... .O~W": •. :• !oJ.d"'·+ :i!Jew 
1-f,.t:. I";)Jrf'" {'(.~ I" ,o ;Lj-.o tv,~ n~;) lli~ l"{"" l<f..o ll(;.:~ 

/4> .I /D(~ ,,;t f,.;.O to. 0 9A lo·t 10·0 U>·l '!'1 ttq 
'::)...1 I "'h.1- 1-':\ i ~J .q~v ':f\ ~-=t -=t-·1 b.-1 1-·f -=t-. I 

\\' "-f -~< t;-v bl-- .~ot =ro - A 1'-iJL,., t-:JL \v:i(..... J:ri 

Days 

23 24 25 26 27 28 
old 

., :·,·>,' 

old ··:;,e\v .. ·····okft 
,;;,,,::, +r:.,-H' (m~ld • .. :LJ.ri¢w· : .. ottf'·'··· .new newr: "'neW-···· new 

; 1."' I Jltp ) 'I;<> II(:::> tLf-o I 1..{, >O 11~" l"t.o lt-f'.u I'Lo lc.J.,D 
§o ' ( I O,J <t a lo J !t.Cf 'l1- 10') ll?- 0 /0. I <i')l 1DZ> 
1:--' ':hl.. ')..f ~.2.- ".:l.t "l I\ G.f(; 1·\ C.,~~ ~-I --t.L 
~Lf ~to q; ~ "'2. qs 

h. r -~L.. 'ljl \_l-'Jv JJ\ 

pH meter: --+-r-H.._-_.,_1 __ Conductivity meter: _ _;Q::..._-....:..1 ___ _ 

Analysts: ICJL, AWJ:> 

Reviewed by: 3~ 
Date reviewed: -=sJ~""'··c.u.t-~...,..Lo~J.-• -12-

( 

ll- 7£, B 1 tB, C --&3.., ]) - z.a- _ [Ae4-vt-t ca.prror~M-e) 

Nautilus Environmental 



I 

I 

Client: 
Sample ID: 
Work Order #: 

Concentration 

40 
Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

80 
Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

160 
Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (I!S/cm) 

Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Strontium (Dechlor) 
Start Date & T~me: 25-0ct-12 @ (:}i>t ~ 
Stop Date & T1me::tfo-rJ~,J .... / l ~ j~01) 

Test Species: Oncorhynchusykiss 1 12193 

Days 

21 22 23 24 25 26 27 28 

·new 'new. . ,Qiij ,<-:<,;/,· -<>~ 

,"~11ew . fif'F'' nett: ·::o.ld·,: in~w:·· old ol~ new old .. ,new'· ·····old' 

1 f.{t<l ~-~ ,.J t"-f~o jl.f.o 1<./P 14~ jl{~ fq,~ IV.-:> ()-o I 'f .o l<t.o ,, "t .,0 ll£D 
De..% tv-\ ( o,-;; 

i!fJ.L {~ J:) Cji_ qe o.o qz IO·I ,ltJ I l'D,i) i&-o [t).O 

'fo I~,, 11~0 ~.:> '+l """~ "}..' -:y-t '::11 G-CO 1--0 ~::r 1·1:> ~u 

1>*-\ i>S I 't 1- ('-'l~ ls;t l t{_'\_ 14~ l% 
llL:JLt l(:SLI/jv-t 1"\-

, t;JL..-- ~:JL- l0L- -:ssr 

Days 

21 22 23 24 25 26 27 28 
old new. ... old . new old riew. •Old· ·~ew'· ·~ld .;.'neljjlr . :c· <M . ''new. h··:'· ' 

I' ald.• .. ·~··il~w 
I\ 4. .\!1 {L{.Q 1\.{ I d /1(,9 ill.,;;. J <lr<> jl{ ,- Ji!'•O l<f .. o l)._o lV..v l\f.;:. tlf ,.I!J iib:D 
'l-~ l 0· \ (l).'l) I<>. I iO/~ CJ;J- "J,C: lo.o ~--'1 (O·l IO· \ to. I lq-'\ LO"D 
),;'\ -=J. .v ::{,.o ".:)-,<::. '1-1 

I ;._o 
~· 1-1 1-r1 G-1- l-V b.J- ":\,.o ~D 

ru,q "L<b> ~3 '1--s-~ 1.~5" 1-0~ '2.}-z- 2.,:-:t-2 
{c1v tL--6L-(SW ,..._ ....., iL~ \L)l..-- ?v-:JL- j::Jr 

Days 

21 22 23 24 25 26 27 28 
old new old. ''new o'ld. ,.neW''' Old new , ~w····· n~W ::CIId€ .•t~ew/. ;r Jfa :new 

i4.o \ ~ ,\1 1-4. J() /'1.0 I 'f /"D j lt/;J I '(;;o N~v I'Lo \1..o \ '{ ,\) !'f,o ll{ .. o [If,() 
q.~ 10·' f0-0 . I 1:> .1 lo/i> 9,f" /c.~ Lr,;;:. to -l lO·I (O•O 1.0-0 <1.}i it>.l> 
b-'}1 i•o b-~ ! k'll 1-..0 h.q ~0 ~{ ... .o 

~-~ G.i- ~.o (p, :::p :]vo ":hO 
~ 501: lf'l\f <-t9 2- SoJ .U~t 'f~i-' ~. 
iC?v -~j i,LJVJ /'- #"'- \~Jl- !Y:,jl..l l6;J_{..,/ ldrt 

Da~s 

21 22 23 24 25 26 27 28 

Initials ,ie'"" 

DO meter: J)o-1 pH meter: _--~~../t_-H_-__L..I Conductivity meter: __ C_-__,__1 ___ _ 

L----=-=A=Ik=a'=in=ityL.* _ _L._&<ff'--- ~ 11 

Analysts: {:JL 1 rfwb 
Reviewed by: j G'{L , 

Date reviewed: .Jet h. l b (t} * mg/L as CaC03 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



I 

Client: 
Sample ID: 
Work Order #: 

Concentration 

Control 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

5 
Tem~eraturej°CJl 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

10 
Temperature(°C) 

DO (mg/L) 

pH 

Cond. (!JS/cm) 

Initials 

Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Strontium (Dechlor) 
Start Date & Time: 25-0ct-12 # (j-.v&1 
Stop Date & Time: 'k{?- NV>/ ~ t~Sl"lb 

12193 Test Species: Oncorhynchus yktss 

Days 

28 29 30 31 32 33 34 35 

old :new. old new old • .. riew old 
V': .. 

new. .old··· .I)~W ; Qld· •vnew ... old·· ·new 

llf,o \3.5 j"i.O I '1 ,-9 l'f 10 }'II" i \trJ:I L 19.-o 
!0.0 'ro.o""' 1o.\ lt>,1.... q,b q,4 qy l ~·'+-
io.Y. 1-.3 l-.;{ ~0 ":/ ,j '"J.vfJ- 1-L I '~Dt 
7-lJ_ 3~ Jt ~i"' ~) 

em ~ - "" 
\'-1"v 

Days 

28 29 30 31 32 33 34 35 
old new· old 

14.0 IS.S \'\.0 
q,q l1o.o" lfo.f 
1?. ?> ?.~ 1-.:t 
ss ~0 

~·7,..- ~-' -t--'-7-:,=-.< '~~--L--t-----'--+---1 
Sl I (~~ 

:rn v::fU ..... -
Days 

28 29 30 31 32 33 34 35 
i flew .old. oia 

... 
;.n~\;ti>' '' 'new ·new old·. new .old ;new.·· .. new>•· ·,,> old; .QJd.A' ..:old'· 

llf.o 15.S J'-to I~ I() I 'ft'> l '1.-::> 
l "'"" 

I )'f,o 
cu: ;o.\u.- ITo. tJ lo/1,- "11 17 1/} I 9 .. b 
&.'fJJ ':J,' 4-J,I l-? '"l--"7. ~'L ' "=i-t I 

'-~ 
'-1-:n (oi 7-'f ' ~.~ 9> ' 
(Jlr~ ~'JL- " 1\. v,~L-

Days 

Concentration 28 29 30 1 32 33 34 35 31 
20 Initial . new old new I ol~f :new old ' ! he.,; ' 'C>id L, .·.·:·Oew0~ i.:•T()Jtl ·.I;Jewc.<1''~id ' ne'tlif 

Cond. (IJS/cm) i 01 "1'-\ 1-a v 1~< L-0~ 

DO meter: .:b0-1 pH meter: pH-( 

I Control 
Hardness* I ll-(L 

I Alkalini,!y.:___ _ _L_3::: l \ I 

Conductivity meter: _C_--+-1---

Analysts: J1[
1 

K:.J L 
1 

4\Vi) 

Reviewed by:j G1/L 
Date reviewed:_,. "'=Ot..~fll-=.--,f:-:-0-z-r-f--=-J--* mg/L as CaC03 

r 

Sample Description: 

Commenb; 

Version 1.0 1~sued June 26, 2006 Nautilus Environmental 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: 
Sample ID: 
Work Order #: 

Concentration 

40 

Teml!erature (°C) 

DO (mg/L) 

pH 

Cond. (JJS/cm) 

Initials 

Concentration 

80 

Temperature (°C) 

DO (mg/L) 

pH 

Cond. (JJS/cm) 

Initials 

Concentration 

Golder 
Strontium (Dechlor) 
12193 

28 29 

old 
,, 

.new ;old.··· 
14.5 \s.t; \~.0 

q_h lb.\ \t: Ito.\ 
c.,ol ?.() IL l·O 
t~l. ~~· 
vft1 ~?'-

28 29 

28 29 

160 old <>new•·. old< 
Temperature (°C) i4.~ y;S il\.0 

DO (mg/L) 

pH 

Cond. (JJS/cm) 51::r'C ~3, 9 
Initials 

Concentration 28. 29 

new 
J't.;> 
jor'l, 

~<) 

30 

I ~ld. 
/It ,D 

q,!.-
.~ 

1--;<> 

Start Date & Time: 25-0ct-12 13-00"J 
Stop Date & Time: f'lR:rNoJv~). 1~ ~ 

Test Species: Oncorhync us my tss 

Days 

31 32 33 34 35 

lb '1 

Days 

w 31 ~ 33 34 35 

Days 

30 31 I 32 33 34 35 

Days 

30 31 32 33 34 35 

Initial .. new >old . new. old 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond.J!JS/cm} I 
Initials 

DO meter: :bo _, pH meter: tff -1 Conductivity meter: C - I 
-"""---'-----

t(-/1· 
ConUol I 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Analysts: JJL ~} L ,. A-W]) 

Reviewed by: <:JG(J._ 1 

Date reviewed: \ JCt //(' 1 O fJ3 
"" I 

Sample Description: 

Comments: 

Version 1 .0 Issued June 26, 2006 Nautilus Environmental 



Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Client: --=G:..:::oc.:..::ld=-=e-=--r -------
Sample ID: Strontium (Dechlor) 

Work Order #::.__1.:..:2:....:1-=-93=-------

Start Date & Time: ---:2c;-5---=0,c..:....t-...:..:12~6J..,;; .. ~l--..!':1-o--=-=o~L,-,----
Stop Date: ~-[L ~ veQ??l1 

Test Species: Oncorhynchus mykis's 

Treatments Day of Test - No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. Total 

Rep 1 2 3 4 5 6 7 Embryos Unhatched Alevins Exposed 
(mg/l Sr) Alevins Embrvos 
Control A 0 0 0 0 0 0 \ I S<)JG' 

,_. 
8 0 \ t 0 I ' ./t 

-
c 0 T I '2..- > I 
D 0 I~ ~ J 

, 
5 A 0 'i) "Z... z. 

8 0 0 \ I 
c 0 0 , 1 
D 0 f) I t 

10 A 0 D ' I 
8 0 0 l' I 
c 0 I )..: =>. 
D 0 0 {) 0 

20 A 0 0 'L 7-
8 0 0 0 0 
c 0 _f) J I 
D 0 I 

""' 
\ ( 

40 A 0 0 \ \ 
8 0 0 \ . I 

c 0 n y """ 
D 0 D 0 0 ' 

80 A 0 0 ~· 't 
8 0 i l '?:, 
c 0 f ,!l 2-
D 0 l _lf_ ~ 

160 A 0 n ~ r 
'::> 

8 0 I I 4- .~ -c 0 I 2.. 1"J...' t.t 
D 0 lj (J ,v ~ 0 't.. 3 
A 
8 
c 
D v 

Tech Initials uw ,.- /'\- -uw f:J\... jJ1.. f-_?L ~11- ~ 
7 

Comments: 

Reviewed by: __ Date reviewed: c7 tlh · {o /r 'S 
-~~cr----~,~L_ _______ __ 

Nautilus Environmental 
Version 1.0 Issued June 26, 2006 



Client: Golder 

Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Start Date & Time: 25-0ct-12 \ 3ooi., 
Sample ID: Strontium (Dechlor) 

Work Order #:;___1:..::.2:...:1-=-93=--------

Stop Date: ~~/L @ "\dJlJ~ 
Test Species: Oncorhynchus mykiss 

Treatments Day of Test - No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. Total 

Rep 8 9 10 11 12 13 14 Embryos Unhatched Alevins Exposed 
(mg/L Sr) A Ievins Embrvos .<ic-V' 
Control A l 0 p () 0 0 I) r ~0 

B 0 0 0 0 u j) \ 
c I I (!) 0 l)_ "J; 

D c) 0 0 0 ' i 
5 A 0 0 f1 0 0 0 

B 0 • 0 0 0 I 
c v 0 0 0 0 0 
D ~,> 

' 0 0 \ v 
10 A ,(") 0 0 I 0 I 

B D D () (; Jt 0 
c 0 D 0 i 
D D p ('J 0 0 

20 A 0 I; C7 I J!f -z. 
B t) 0 n c D 
c \ I ' 0 I 
D 1'1 0 {) 

40 A ~'~ 0 0 
B 0 0 0 
c I b I 
D ,0 0 c) 

80 A 0 0 0 
B 0 ~ I 0 I 
c (J) l 0 ~ f) 

D 0 0 i) 
160 A -o 0 0 

B 0 0 0 
c 0 j j "~ I u I 
D 0 lj Cl r'! I lJ ..; I 
A 
B 
c I 
D J 

Tech Initials ~ r-- (c.,j I. vw jpjv ~ 1£-J'- lt1V 

Comments: 

~. 

Reviewed by: J & 
------=~~---------

Date reviewed: ---.Jf-1--~~·.....:l~o+/..Lt~) ______ _ 

y;;;:ion 1.0 Issued June 26, 2006 
Nautilus Environmental 



Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Client: ...::G:..:o:.:..::ld:..::e:.:..r ______ _ 
Sample ID: Strontium (Dechlor) 
Work Order#: 12193 

~-~~------

Start Date & Time: 25-0ct-12 @ f::r>Lh 
---~~~7-~~~-------

Stop Date: _ __..::_~~· ::_-_!.N--=-~-=-\}-""--=-( ~z-@~f~~~· OO~h.!....l...C.· __ 
· Test Species: Oncorhynchus mykiss 

---~~~~~-----------

Treatments Day of Test- No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. Total 

Rep 15 16 17 18 19 20 21 Embryos Unhatched Alevins Exposed 
(mg/L Sr) Alevins Embrvos 
Control A 0 10 n 0 0 {) I I "?,..6"\: 

B I I 0 0 
c _0_ r1 
D 1) 0 

5 A 0 0 
B t) \1 
c I {) 0 
D v u 0 

10 A ·w 0 0 Q f) 
B I 0 f 0 "2-
c 0 D £) 0 0 
D 0 D 0 {) 

20 A I r 0 <2.. 
B l 0 0 D 
c IJ/ f) 0 •' 

D I {) \ 
40 A n j) C) 

B n 0 c) ll ., 
c 0 \ \ rY 

D u 0 0 I 

80 A \ .0 i 
B '\!1 I 0 I 
c I 

. 
0 ('I 

, 
D t) 0 t1 

160 A ,, n 0 
B 0 ~n 
c '! 0 l'l 
D ~ ,y lJJ 1/ tJ u 0 n I 

A ! 

B I 

c 
D --v 

Tech Initials ~ ""' ft..-1'-' ~ ¥-1\- ~L K:~V I'L "-

Comments: 

Reviewed by: ________ ,::J_;~~------ Date reviewed: 10t.-tt~ lo /13 
"'-1 ( 

Nautilus Environmental 
Version 1.0 Issued June 26, 2006 

J. rv· 



Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Client: Golder ------------------ Start Date & Time: 25-0ct-12 (=k:ob 
Sample ID: Strontium (Dechlor) Stop Date: %-N~.rf'l.- l i.fDV~ 
Work Order#: 12193 Test Species: Oncorhynchus mykiss ------------------

Treatments Day of Test - No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. 

Rep 22 23 24 25 26 27 28 Embryos Unhatched Alevins 
(mg/L Sr) Alevins Embrvos 
Control A Cl () c 0 \ c t> ~ 

'B \ 1 0 v 0 0 ( 
-c I (?} v u 4 

D !$ 0 6 'V: ' (..,_ 
5 A E;ll 0 2.. () i ~ 

·s 0 \ 0 3 D ""b 
c IJ I C) 3 4 
D \V 0 0 >"D 0 

10 A ' ~) \Y t f~ -'"Z.. 
B p 

..i 
,, 0 I 

c 0 l n '-\ "'+ 
D 1 ~.'0 ~ 

20 A I::J ' 0 1 
B ,., I 

I. 0 I) 7. 
c 0 ! I · ... il~~ "">j '?J 
D I <!f/ 'LI 1 ~-40 A v 0 ( '2.--
B v .., i/ 5 ~ 
c l I 4' jj ~ j , 

D 0 ,v 
I 0 I) 1 \ 

80 A 0 a ~ 0 0 ~ ,___ 
I a 0 (// 0 s-B 

c v •.,0 
I 1 /)- y 

D ...J ·D ;:::; ;i _D , \ 
160 A \ • 0 ! D "? 41" 

B 0 0 1.1 ""3 n _9" 
c 0 ').. 0 \1 "'I 1 ..( 

-· 
D 0 t ;J} ~J .. ? 4- ' "'D i) i 
A 
B -i-c 
D i 

Tech lnitiais iC-:JL.- ~ 
,.. 1\tJl-· tl1t l't11V l'JtJ\. -ec.c... . ... 

Comments: 

Total 
Exposed 

.#'611""'" 

• 

I 

~ 

l&J" c.-

Reviewed by: ______ ___;li,,._ _ _,_1.....,.GL~'""'==------ Date reviewed: 1ai/l. ~to /,3:. 
--~'J~--~~,4~-~----------

Nautilus Environmental 
Version 1 o Issued June 26, 2006 



Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Client: Golder 
~~~------------

Sample ID: Strontium (Dechlor) 
Start Date & Time: ____ 25_-0...:,.c_t~-1_2~@==--~l3c.~v~-b;.t-------

Stop Date: __ U_ .... .:....:~c.:..~>J_-I_L_.::@=-..;_'ti::..:.a-=-o \.1 ___ _ 
Work Order#: 12193 

~~--------------
Test Species: Oncorhynchus mykiss 

Concentration Day of Test- No. of Mortalities Total 
Total Total No. Total 

Dead 

(mg/L Sr) 
Rep 29 30 31 32 33 34 35 Fish 

Undeveloped Fry Exposed 

Control A (J 0 0 3 jl 11 
8 .0 2. "Z. 71 
c 0 Lf '1 :3o 
D a=lf I I 11 

5 A 0 ..: 3 r~ -us-
8 D \ '2- 31 
c 0 t1 ) \ 'Zfl 
D ~ D 'i 756 

10 A i 7- "'2; ~0 
8 \ {., 1- :\u 
c 0 ,I; () 0 'lR 
D u 0 j __ 3D 

20 A D I "2- 10 
8 2, 0 'Z. Lf' l}l 
c n t.t 4' 1J1 
D 0 0 0 '4 

40 A <"; ,11--J (, ~~1o 
8 0 Q_ 0 rso 
c ) \ ,)0 
D '"L ·z_., ::?0 

80 A ,J "2- "Z _<;.-v 

8 ~ 4 J~ 

c 0 Lf c..{ 51 
D lj 0 Cf '-t 31 

160 A I a -::r ~ ~ 
8 0 0 s $ ~ 
c 0 9_ to '3-L. 
D u ' I ~ q '1J1 
A 
8 
c 
D 

Tech Initials lL1l.- Y' - 1_L}V (L::H/ (t-J v 

Comments: 

Reviewed by: Date reviewed: --------l(j"'M-1-~_'1_·--J'~!tL.L..:~:::....._ ______ _ 
Nautilus Environmental 

Version 1.0 Issued June 26, 2006 



Strontium (Dechlor Water) 

Day: 1-z...-
Normal hatched 

Control A 2.3 
Control B -z..b 
Control c lb 
Control D '1-J,-

SA \'~ 
5 B '--:~ 
sc "1 
SD -z.-\ 

10 A "L-"L 
10 B \R' 
10 c l~ 
10 D ~v 

20 A 'U) 

20 B '1,/1.---

20 c t'l 
20 D 'l..-L 

40 A Z..,\ 

40 B ..-z.,J 
40 c 19 
40 D -z..-1-
80 A \1 
80 B [~ 
80 c Lt; 
80 D f..,o 

160 A i) 
160 B ll 
160 c 12---

160 D )\ 

~ 
A---- bfA \ bu.IA 

\3 - to tA. 1 3 d 
(_- ?-2-~ 

9- -zt~ 

Abnormal hatched Unhatched Dead 

\) 0 3 
I J 2. 
l 0 lf 

D C/ \ 
2,..- (? :s 
\ v i 

{) '() I 
0 -o 0 
i ';2.... 0 
l 0 (, 

> iJ t> 

tf 0 0 

) i 0 

' '2, () 

I 7/ 2 

(J) n () 

() ,0 ~ 

\ () D 
f 0 I 

(') 0 'L, 

7._, 0 -z_ 
D \ '2._ 

0 ~ -z.-. 
l ~ \ 
0 -0 _:t 
0 0 5 
f) 0 Cf 
l , ;r-



Strontium (Dechlor Water) 

Day- 32 

Normal hatched Abnormal hatched Dead 

Control A •1:}7 a <; 
Control B 'Lb I "].,-

Control c lb 1 II\ 
Control D 1..;2.. 0 l 

SA \3 ']..,. "7 
::J 

SB 1.3 l I 
sc "Z--3 0 I 
so ~I (} e; 

10 A 't-1.. \ z... 
10 B l~ l b 
10 c \~ $ 0 

10 D rz-,2 L1 Q 

20 A /,.() 

' I 
20 B Z-v 1 1-

20 c l'-1 l Lf 
20 D "'1/v 0 0 
40 A 2.-\ 0 5 
40 B '1.3 \ 'V 
40 c fOf J I 
40 D ~ ~ 7_,. 

80 A fCj '1- "],. 

80 B (~ 0 J 
80 c \C{ 0 l..\ 
80 D '?AJ I u 

160 A ll 0 ::}-
160 B 1\ 0 > 
160 c lZ- 0 q 
160 D \\ I ·~ 



.. Rainbow Trout Embryo Summary Sheet 

Client: Golder Start Date/Time: Oct 25, 2012 @ 1700h 

Work Order No.: 12193 Test Species: Oncorhynchus mykiss ------------------
Sample Information: 

Sample ID: 
Sample Date: 

Strontium in Moderately Hard Water 
n/a 

Date Received: n/a 
~----------------Sample Volume: _n_/a _____________ _ 

Dilution Water: 

Type: Moderately Hard Water 
Hardness (mg/L CaC03): 98 - 100 

--~~~~---------------Alkalinity (mg/L CaC03): 58 - 64 ------------------------
Test Organism Information: 

Batch No.: 102512 
Source: Fraser Valley Trout Hatchery 
Loading Density: n/a ---------------------
SDS Reference Toxicant Results: 

Reference Toxicant ID: RTE39 
Stock Solution ID: ~1-=2-=s-=o=2--------------

Date Initiated: 25-0ct-12 
7-d ECSO (95% CL): 2.3 (2.1 - 2.5) 

Reference Toxicant Mean and Range: 
Reference Toxicant CV (%): 

4.2 (1.9- 9.4) w..d IL g; S 
49 

Test Results: 
Survival Proportion normal 

EC25 (mg/L) (95% CL) >151 >151 
ECSO (mg/L) (95% CL) >151 >151 

Reviewed by: Date reviewed: 1~MA. «lt3 
V I 

Issued: July 17, 2006; Ver. 1.0 Nautilus Environmental 



CETIS Analytical Report 

Salmonid Embryo-Aievin Survival and Development Test 

Analysis ID: 12-4770-7529 

Analyzed: 21 Dec-1211:38 

Batch ID: 09-1470-1516 

Start Date: 25 Oct-12 17:00 

Ending Date: 26 Nov-12 14:00 

Duration: 31d 21h 

Sample ID: 06-0694-0544 

Endpoint: Survival Rate 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Survival-Development 

Protocol: EC/EPS 1/RM/28 

Species: Oncorhynchus mykiss 

Source: Fraser Valley Trout Hatchery 

Code: 

Sample Date: 25 Oct-12 17:00 Material: 

242D2D80 

Strontium 

Golder Receive Date: 28 ().le·v 12 14:QQ.;Il"- Source: 

Sample Age: . NA Station: Strontium in Moderately Hard Water 

Linear Interpolation Options 

Report Date: 

Test Code: 

21 Dec-1211:38 (p 1 of 2) 

12193b 111-8840-3279 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 
Official Results: Yes 

Analyst: Karen Lee 

Diluent: Mod-Hard Synthetic Water 

Brine: 

Age: 

Client: Golder 

Project: 

X Transform Y Transform Seed Resamples Exp 95% CL Method 

Log(X+1) Linear 1970874 200 Yes Two-Point Interpolation 

Point Estimates 

Level mg/L 95% LCL 95% UCL 

EC5 1.422 N/A N/A 
EC10 >151 N/A N/A 
EC15 >151 N/A N/A 
EC20 >151 N/A N/A 
EC25 >151 N/A N/A 
EC40 >151 N/A N/A 
EC50 >151 N/A N/A 

Survival Rate Summary Calculated Variate(AIB) 

C-mg/L Control Type Count Mean Min Max Std Err Std Dev CV% %Effect A B 

0 Negative Control 4 0.8391 0.7241 0.9655 0.05639 0.1128. 13.44% 0.0% 99 118 
4 4 0.6737 0.5862 0.7419 0.03298 0.06596 9.79% 19.71% 81 120 
10.7 4 0.7937 0.7419 0.8387 0.02342 0.04685 5.9% 5.41% 96 121 
20.1 4 0.7859 0.7143 0.8571 0.03624 0.07247 9.22% 6.34% 92 117 
39.5 4 0.7658 0.7333 0.8 0.01781 0.03563 4.65% 8.73% 83 108 
78.4 4 0.7649 0.6786 0.8462 0.0358 0.0716 9.36% 8.84% 87 114 
151 4 0.7899 0.7241 0.8276 0.02305 0.0461 5.84% 5.86% 90 114 

Survival Rate Detail 

C-mg/L Control Type Rep 1 Rep2 Rep3 Rep4 

0 Negative Control 0.7241 0.9655 0.7667 0.9 
4./ 0.6667 0.7419 0.5862 0.7 

10.7 ,/ 0.8387 0.7667 0.8276 0.7419 

20.1 t/ 0.7143 0.8571 0.7333 0.8387 

39.5 v 0.8 0.7931 0.7368 0.7333 

78.4 v 0.7931 0.6786 0.8462 0.7419 

151 v 0.7241 0.8276 0.8148 0.7931 

000-089-184-2 CETIS™ v1.8.4.29 Analyst: __ _ 



CETIS Analytical Report 

Salmonid Embryo-Aievin Survival and Development Test 

Analysis 10: . 12-4770-7529 Endpoint: Survival Rate 
Analyzed: 21 Dec-1211:38 Analysis: Linear Interpolation (ICPIN) 

Graphics 

-- -411 

'o.7 ~ 

c-tng/L 

000-089-184-2 CETIS™ v1.8.4.29 

Report Date: 

Test Code: 

21 Dec-12 11:38 (p 2 of 2) 

12193b 111-8840-3279 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 
Official Results: Yes 

Analyst: __ _ 



CETIS Analytical Report 

Salmonid Embryo-Aievin Survival and Development Test 

Analysis ID: 01-8558-3418 
Analyzed: 21 Dec-1211:38 

Batch ID: 09-1470-1516 

Start Date: 25 Oct-12 17:00 

Ending Date: 26 Nov-12 14:00 

Duration: 31d 21h 

Sample ID: 06-0694-0544 

Endpoint: Proportion Normal 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Survival-Development 

Protocol: EC/EPS 1/RM/28 

Species: Oncorhynchus mykiss 

Source: Fraser Valley Trout Hatchery 

Code: 

Sample Date: 25 Oct-12 17:00 Material: 

24202080 

Strontium 

Golder Receive Date: 26 Net 12 14.ee-J&e- Source: 

Sample Age: NA Station: Strontium in Moderately Hard Water 

Linear Interpolation Options 

Report Date: 

Test Code: 

21 Oec-1211:38(p 1 of 2) 

12193b 111-8840-3279 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 
Official Results: Yes 

Analyst: Karen Lee 

Diluent: Mod-Hard Synthetic Water 

Brine: 

Age: 

Client: Golder 

Project: 

X Transform YTransform Seed Resamples Exp 95% Cl Method 

Log(X+1) Linear 43786 200 Yes Two-Point Interpolation 

Point Estimates 

Level mg/L 95% LCL 95% UCL 

EC5 1.012 0.116 N/A 
EC10 3.048 N/A N/A 

EC15 >151 N/A N/A 
EC20 >151 N/A N/A 
EC25 >151 N/A N/A 
EC40 >151 N/A N/A 
EC50 >151 N/A N/A 

Proportion Normal Summary Calculated Variate(A/8) 

C-mg/L Control Type Count Mean Min Max Std Err Std Dev CV% %Effect A B 

0 Negative Control 4 0.8135 0.6552 0.9655 0.06658 0.1332 16.37% 0.0% 96 118 
4 4 0.632 0.5517 0.7097 0.035 0.07001 11.08% 22.31% 76 120 
10.7 4 0.7451 0.6774 0.8276 0.031 0.062 8.32% 8.41% 90 121 
20.1 4 0.7254 0.6429 0.8065 0.0413 0.0826 11.39% 10.83% 85 117 
39.5 4 0.7658 0.7333 0.8 0.01781 0.03563 4.65% 5.86% 83 108 
78.4 4 0.7198 0.6071 0.7931 0.04144 0.08289 11.52% 11.52% 82 114 
151 4 0.7283 0.6897 0.7931 0.02473 0.04947 6.79% 10.48% 83 114 

Proportion Normal Detail 

C-mg/L Control Type Rep 1 Rep2 Rep3 Rep4 

0 Negative Control 0.6552 0.9655 0.7667 0.8667 

4 0.6667 0.7097 0.5517 0.6 

10.7 0.7419 0.7333 0.8276 0.6774 

20.1 0.6429 0.7857 0.6667 0.8065 

39.5 0.8 0.7931 0.7368 0.7333 

78.4 0.7931 0.6071 0.7692 0.7097 

151 0.6897 0.7931 0.7407 0.6897 

000-089-184-2 CETIS™ v1.8.4.29 Analyst: __ _ QA· J&L 
. 1tt.AA. H /1~ 



CETIS Analytical Report 

Salmonid Embryo-Aievin Survival and Development Test 

Analysis ID: 01-8558-3418 
Analyzed: · 21 Dec-1211:38 

Graphics 

000-089-184-2 

C-mg/L 

Endpoint: Proportion Normal 
Analysis: Linear Interpolation (ICPIN) 

CETIS™ v1.8.4.29 

Report Date: 

Test Code: 

21 Dec-12 11:38 (p 2 of 2) 

12193b 111-8840-3279 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 
Official Results: Yes 

Analyst: __ _ QA: 



Rainbow Trout Embryo-Aievin Toxicity Test 

Client: Golder Test Date:October 25, 2012 

WO: 12193 

Weekly Mortality Counts Total Dead Total Abnormal Alevins Total Normal Alevins Total Number Exposed 

Test Cone. Rep 1 2 3 4 5 
Controi-MHW 1 1 0 0 3 4 8 / 2 19 29/ 

2 0 0 0 1 0 1./ 0 28 29 t/ 

3 0 2 0 1 4 7v' 0 23 30 v 
4 0 0 0 1 2 3 v' 1 26 30 •./ 

5 1 2 0 0 3 5 10 v 0 20 30 ./ 

2 2 0 0 3 3 8 v 1 22 31 ,/ 

3 1 4 0 6 1 12 v 1 16 29 ,/ 

4 2 0 0 7 0 9 ,/ 3 18 30 ,/ 

10 1 0 0 0 3 2 5 v 3 23 31 / 

2 3 0 0 1 3 71(" 1 22 30./ 

3 2 0 0 2 1 5 t/ 0 24 29./ 

4 0 0 0 6 2 8 ./ 2 21 31 ,/ 

20 1 3 1 0 3 1 8 .,/ 2 18 28 v 
2 1 0 0 3 0 4/ 2 22 28,/ 

3 1 0 0 5 2 8 ./ 2 20 30 v 
4 1 0 0 4 0 5 ./ 1 25 31 ./ 

40 1 0 0 0 2 4 6 ,/ 0 24 30 ,/ 

2 2 1 0 1 2 6 ,/ 0 23 29 v 
3 0 2 0 1 2 5 ./ 0 14 19 v 
4 2 0 1 4 1 8 / 0 22 30/ 

80 1 1 0 1 2 2 6 ./ 0 23 29 I/' 
2 2 2 0 2 3 9 ./ 2 17 28 ,r 
3 1 1 0 1 1 4 v 2 20 26 ./ 

4 3 1 0 1 3 8 ,/ 1 22 31 v 
160 1 2 1 0 2 3 8 v' 1 20 29 ,/ 

2 1 0 2 2 0 5 ,/ 1 23 29 ./ 

3 0 0 2 2 1 5 v 2 20 27 v 
4 2 0 1 1 2 6 / 3 20 29 o/ 

J{}{_ 
J Uvit - 11 () 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: Golder 
Sample ID: Strontium (MHW) 

Work Order #: 12193 

Concentration 0 1 

Control Initial new old 

Temperature (0 C) \'-\S 1Y.o 1\'hO 
DO (mg/L) \O.D \ () 0 \ G.'\ 

pH i.tB :J,to 11.\.o 
Cond. (JJS/cm) l~ocl. 300 

Initials ~l(l:, Ju,(', 

I Concentration 0 1 

5 Initial .new old 

Temperature (°C) IS.O 1'-i,O \1.\,o 
DO (mg/L) t0.0 I().\ \0,0 

pH l.~ 1.1 1.1-
Cond. (JJS/cm) 3\l{ 3\{o 

Initials ttl? \u£, 

Concentration 0 1 

10 Initial :new i"old 

Temperature (°C) 14.5 \Y.o i\i.\,0 
i DO (mg/L) {0.0 IC,O lo.o 

~ pH '1.C\ 1,CO 1,1-
Cond. (IJS/cm) )~;t8 3)8 

Initials vih lCLb 

Concentration 0 1 

20 Initial. new old' 
Temperature (0 C) I 11.') ! \\LO l\\.\,0 

DO (mg/L) /0-0 \0.0 lt),O 
pH ?.ro 1,-6 ttl 

Cond. (IJS/cm) 3S~.j '?>S~ 

Initials ~ '(I){> 

DO meter: 

I Contml 
Hardness* 
Alkalini~* 

i%-10~ -{ay 
* mg/L as CaC03 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 

2 
' ~-··· old'····· new 

''"''!> /'f..( , ... _, 
I~" 

+J. "".:)...~ 

~~~ 
,...., 

2 

new old· .• 
I 'f.> l't~ 

10/l I :::1 ,I 

~?t ~:"' 

'J tO 
,., 

2 

3 

Start Date & Time: 25-0ct-12 @ l3-odh 
Stop Date & Time: NtN Z-{,{1"2.-@ /'tOO~ 

Test Species: Oncorhynchus mykiss 

Days 

4 5 6 7 

new.·. old 
,,,, .. ,:,I/ 

..new•: ·<old ·::"'old· n.ei," >ogw · ·. •·ofd:.~t ····~e:w• ... 
1\.o l"f~ \'{,5 N,s- 1'1 ,s tif~r il..tO N.O 1'-(.D 
t .... , I o.; \O,a cLq Ia I {:,,I 10-~ q_t;,. q.b 
--:rr ~!l ':J,t\ 1,8 I~ g.._·?- ":J-S ~-CO ~-k' 
"1~~ ~0~ 7~ J/S '3_21.. )Z-\ 

·" ·~ JC-JL "lAA ~)" .... 

Davs 

3 4 5 6 7 
_.,~, 

old 
c.c'-A, .,..old new} :t\?61cl .tiew .... ,, 

•new new~ .•. < new• .<OICf 
,..,_, i ... :: \~.s NS 1--f,S ll(,-J llf-0 f4.0 lt.[ -c 
IO·I I:? ... I 1o.tt~ 1(!),0 {().);- I Art. 'tl- 'l-~ ~Jf 

~..~- ~;). l~lR i.f\ ~ -=r;g ~-~ i-~ 7·~ 
~o<!i' ?,'J3 ~'U 31ct l1-s' 
- \Uf:, ~:!L JIN \(7~ 

Days 

3 4 5 6 7 
,,, , .. ' •new old .. new oJd 

,, . 
new;;; OldY' ·new .:,"· •. oJ'd··•:' 

~ 

new old .. new_ 

t '171> /loth i 'f-'" ,,t( \\4.S \'<S 11.(;3' w--r 1\..f.O N~O I 4.'J 
I o,l /""' oi ,..,,.. I lhl \0 ,o lo.o lC#( lo' q_g '{.1- ~~~ 
l..l '1-:;1 :)_.,. :>-rt ?:cf ::~.e .~ ~i ~--=t 1:":f :} -) 

3 '2.-1 32.-~ ll<b ~-'t~JI 32.-; ~'{"( 
,_ ""' 'DA5 1-'1L- :lN ~fL. 

Davs 

2 3 4 5 6 7 
~> r new 1 olit: '>ri~~ ' 'pt,af• ne!ll/f' ,. 

,~, 

new new old·- new ol<:f' QJi;f' 
1'{.0 r'i( I"::> ~~ \tt6 i4l) N--> l<f ... ! 14.0 f\.1-.0 Itt. v 
I ~,l , ... _,, t~, I L<>o) tOO i<:>,O Jf.;_f lo., q_g C(.~ VO-·V 
,_~ =l- /1 1-1 ')..1-> l.q 'f,8 .:!.:~ 

=1--lr q.'B ":1-~ '-=t ~ (J."\7 

:?Iff '3q}...- :,lo~ 41'-# !>50 ~0\ ,_ 
""' 

)4/B tc.:rv :1\tJ ~'-

pH meter: Conductivity meter: 

I , I 
Analysts: ~,, ~!2. lL-'Ji,l Jll\} 

Reviewed by: 0&Q 
Date reviewed: (Ctvt. I( 7£3 

<::/ I 

Nautilus Environmental 



Client: Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Sample ID: Strontium (MHW) 

Start Date & Time: 25-0ct-12 G/3PO'It, 
Stop Date & Time: NOV 16 flL @ 14 00 Ill 

Test Species: Oncorhynchus mykiss Work Order #: 

Concentration 

40 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (J.IS/cm) 

Initials 

Concentration 

80 
Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (JJS/cl11) 

Initials 

Concentration 

160 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

Temperature {0 C) 

DO (mg/L) 

pH 

Cond. (J.IS/cm) 

Initials 

DO meter: 

12193 

0 

0 

Initial 

l'-1.~ 
)o.o 
l.& 
Soli 
Plb 

0 

'Initial 

\Yf7 

10,0 
l.g, 
110~0 

'UA1 

0 

Days 

1 2 3 4 5 6 7 

Davs 

1 2 3 4 5 6 7 

old. <new old· new'': old .,.,n~w· ··'%d n~w ;l>~1o'/ 
>; 

new.: ··oid· .. · 
,· ·, 

new new 

\'{.C \'110 I"' " /''f( ,..,/> '"~ i4,S \I..CS llf--1 IV--5 14-.0 -1\t.O t'{.o 

l\0,\ \o,o I?\ 
,,. ;;, lo.- i /o,.,.. jO,O )OrO {0·2- ( 0- f '1-C' 't.::t- to-\ 

'l-,1 ·:hi- '1-!l ~ ~~ +.,:;).. l,'t 7.'0 I~ -=1--f.. 1 -8. "-l-1 i+-.'t ~ _';:;{ 

So:l 4,...4 "\~6 s-a~ •H:F~ i_)3,,. 5H 
~A,~ ,.._ ...... -'U/5 l="7f'- J~v {C,'-

Days 

1 2 3 4 5 6 7 
... 

old ·.·• old .new·· old4 new new new: 
... 

.Qew.?1 ''t;&t'l:f newt''' 
',» 

old., ·old.?' 'ne)lli' 

\'1,0 N.o ,.,!> 1'1( lit-> tv;\ llfS i\.ftS" (~ ,-S 1'(-S N·.O N:.O 1\{to 
\c,\ liO.O I" . \ It>, o I" .t i ~;) lo.u l010 (0-l- fo_, te-O q_i- \~1<1 .. ~ 
i."t ill +,~ 1-1 ~))' ~.~ i1S 1.3 -~ ~1- 1-% •i--q u 
\aGO ~.:>< f.tJ 9( 1-'-('3 ~u\ '721 -~ 

lltf> -- ,.... 
' 
-~ \ijl ....... 'JW L0'-

Days 

2 3 4 5 6 7 

I 

pH meter: ______ _ Conductivity meter: ______ _ 

I Contml 
Hardness* 
Alkalinity* 

Analysts: 

Reviewed by: _ __.,<]~: -=(}te-----..--
Date reviewed: J ot/n· il f 1 ') * mg/L as CaC03 

Sample Description: d~rj tvt+t~ ~p1!1-y/.._~ . ..!:::S:.!:..-v ____________ _ 

Comments: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 

v 

/ 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: Golder 

Sample ID: Strontium (MHW) 

Work Order #: 12193 

Concentration 7 8 9 

Control .old .. new old'' new old 

Temperature (0 C) llf,o l"f.t) l~.o ,j,;'J. /11.0 

DO (mg/L) \0·1 (o,J ifD v b.O /~:;p 

pH ':\·1-- ~--1' t·Y -::}.." it-8' 
Cond. (~S/cm) ~t.-S. ;to "'2"2.-3 

Initials I \.t:Ji.....-· lL1t- ,...._ 

Concentration 7 8 9 
. 

5 old .new old new · oJd 

Temperature (0 C) '1 y,., l't ,-a l'(.o Ill·"' )I( ,tt 

DO (mg/L) ID rf i0-3 [(D, v-- lo.!:1 {e..tl 

pH l-+ 1--k ~k 11-. q 1-f 
Cond. (~S/c;..m) 11>~ 1.Si.f )"3Cf 

Initials ' ~y IC/.Jc..- --

10 

Start Date & Time: 25-0ct-12 @t1vol., 
Stop Date & Time: I:V-N?A:Jtl~@ \~ooh 

Test Species: Oncorhynchus mykiss 

Days 

11 12 13 
I··· ,.c: ~.Gjtf'····· f\Tnew .. pldo:: new·· .new ,JoJd ····nev.((.< old·· 

IY.P /VP Ho l'f.O ll.\-0 f\\ .<; \4:.0 140 
I e>' 

·~ 91 to.o /0. t 10-?7 ~u. <1.\ q.S 
~ i.~ 1'1.~ 1.~ 1-·S ~-i ~~lr;. 1-~ 

31'{ 3 \"S ~'1..1. ow32b 

r- ~L 'DIAl , -:)t'\J 

Days 

10 11 12 13 
I ~ 
.. new·· old new •.. oJd:;; • .. :QeV(fl• ·•·:;ofct·.••·· new or<f' 
t"',. Jlf,t> MO H.O i4.S 114-S \Q.() 44.0 
~~~ ~.f lb.O I fe>· f q.\ q.g lO· t> 'f-~ 
-:tf :t:f' ~"11t.8 11~ i--l l-l ::'f-.g."i i-1-

37ll s:l.D '3'28 ~1.\133~ 

" 1¢.0~ JII'J JW 

Days 

14 
. ·,·new. 
~ 
f,Q_( 

1--1 
L~t-

/C.:::1 

14 

ne~ 
lU'"' 

_tD.:'-u 
n 
~lr 
U-.7-c 

Concentration 

10 
7 8 9 10 11 12 13 14 

Temperature (°C) 

DO (mg/L) 

pH 

Cond. (~S/cm) 

,-··------,---------------------------------, 

Concentration 7 8 

20 Initial new •·· old . 
Temperature (0 C) l•-(_o /~.o IN.>=> 

DO (mg/L) ~~ !0.1 10· 1..-

Cond. (~S/cm) 1~o 1 .. ~%\ 
Initials 1\(/)V [.-i]L 

DO meter: 

Alkalinity* 

I Cont<ol 
Hardness* 

* mg/L as CaC03 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 

Days 

pH meter: ______ _ Conductivity meter: -------

Analysts: ~l 1 ~D1 oW 
Reviewed by: :j(J(J..o: 

Date reviewed: .-JlV1• l? /3 
" 

Nautilus Environmental 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: 
Sample ID: 
Work Order #: 

Concentration 

40 
Temperature (0 C) 

DO (mg/L) 

pH 

Cond.j!JS!cm) 

Initials 

Concentration 

80 
Tem_Qerature (°C) 

DO (mg/1.-)_ 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

160 
Temperature ec) 

DO (mg/L) 

pH 

Cond. (JJS/cm) 

Initials 

Concentration 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (JJS/cm) 

Initials 

DO meter: 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Golder 

Strontium (MHW) 
12193 

7 8 
old f.< new old 

7 8 
old new old 
N.~> lt.f,o \ '{,o 

IO·J to-3 to. -v 

·:,.1- ~v .:.:1-J 
evn- $'2-L\ 
'?1'--' iU"''-

7 8 

old ' old new 
('{..-0 tl\.0 H.~ 

h·"t.< l<t>. \ {D3 

:r=r -=l~ :::1.-S< 
~sl ~:\-~ 
tljV ~ 

7 8 

lnitilll 
.- .·· 

new _old 

I Control 

I 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 

9 10 

Start Date & Time: 25-0ct-12 @(f-oCI
Stop Date & Time: NOv 2io/l L ® /'tOOVJ 

Test Species: Oncorhynchus mykiss 

Days 

11 12 13 14 
"~' 

new old. new .. old neW ,,::oli:( '''new:c s:,QI~t .. J:l~... o.Jq; new 

Days 

9 10 11 12 13 14 
o.ld·· 

. ,, .. , .· .. 
Qlq··· .. HeW:. ,'pJd .. · ..... ··.· new :<old.· new new· ··'old rtew .•• :> new> 

,.,ft II( .. /It,. Pi-P l't,O ! \4..0 N-o N-~ '\\4.0 flf:O J~ 
lop /Df/ l¢.0 ~.1 io.l t (,..·I q.9 q.q (O·I C(.~ .{})/)-

+q. 1-1 ~'1 +.f '1-.l -~.'$' f·~ ,._.'9- ~-S"o ":f-.,.. ~7-
~~I' ~,-:;- .520 521 ~S3? ~~ 

f'.._ 

" t:7L JW JW U-Ji 

Days 

9 10 11 12 13 14 
new old new.·· ·old' ··r.ew,. . .()iq;•:< ··neW:.; ·~'.&ld;,\t .·;&~w. ;~'it~Jd .•. ;f;fi~w. 
£'1,o /'V.O f9p , .. ·" it-tO !\'4.Cl t4-0 i4·) t~.o 14:.0 W..-v 

lo,~ 
'. q/p /0.1 led 9-q q_q \o- I '{.9 /0 t> l.Q?!) ~ 

~/1 1-J ~,f ~1 1--.t 1.~ +·'- l--'T 'i-C.. ;.:~ ?.+ 
~ 1- '::J-3Z..... "1-l-0 ~33 =fSfj 1-lZ...i 

/'\ .... [C..,.Jv JV') :J~'\l ~ 

Days 

9 10 11 12 13 14 
new old new.k''otd 

pH meter: ______ _ Conductivity meter: -------

Analysts: ~(-Aw-Qt~ 

Reviewed by: _ _,3~GJLL:=::___ ___ _ 

Date reviewed: --rJ-+--"lNlcL.~~u4/-tl')"r-

Nautilus Environmental 

/ 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: 
Sample ID: 
Work Order #: 

Concentration 

Control 

Temperature (0 C) 

DO (mg/L) 

_pH 

Cond. (l!_S/cm) 

Initials 

Concentration 

5 

Temperature (0 C) 

DO(m_g/Ll 

pH 

Cond. (J.IS/cm)\t-1 

Initials 

Concentration 

10 

Temperature (0 C) 

DO (m_g/Lj_ 

pH 

Cond. (J.IS/cm) 

Initials 

Concentration 

20 

Tem_perature (°C) 

DO (mg/L) 

pH 

Cond. (J.IS/cm) 

Initials 

DO meter: 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Golder 
Strontium (MHW) 
12193 

14 15 

. old •... ne{l.r old 
114·0 \LJ.o ltt.D 
l/.s>, l.- w.l lO.O 
1·1- ~c19 1-. \t' 

<'1 .. ;1A::1 :;::z,"'") 
ll-"J"- Rh'\~ 

14 15 
-<;, .. 

.old fl,ew: .. .. old 

\4.o \u 5 \4,() 
to- 'L to.\ to.o 
!":\-~~ 1-,"1- l-:t.1 
r1t 11~ ,q~ 

tt..-:1....__ ftnV\ 

14 15 

old ·•new .. old·.·· 
\~--? H 0 tL( 0 
{0,1.,. w.z {0.0 
'"'l·;?( -:r:::r ::J:.1" 
~~~ s~.oa 
lt.:t~ -t-1'»-P, 

14 15 

.J'nitial .new ol(l 

I ConUol I 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 

Start Date & Time: 25-0ct-12 e(~""' . 
Stop Date & Time: J\}Ov2-b//~ 14ot.'-7 

Test Species: Oncorhynchus mykiss 

Days 

16 17 18 19 20 21 

old ... ;new old·· 
~ 

; ··old':: )?,;~~-l~;cQJd1; ne~; · ob:f'". •::n~w·•·· •. new ,','· .new· 
( -111> j-l IC )"1~ I..,_ 1"1-"' I "(....0 1\.\.() N·b lt/.o IY.n iJU; 

(o.i <D( {o'( (P;I /?.( fc., 10· "t evA (D-t io,o tO.l 

"1--::r ~"(" I.,_ tJ. ~p ~~ f.-. a- l·i- 1·~ 1·1- r· 7- -=t-~·· 

1.,)3~ .... 
·v 

'3?'L- '117 31o 1'Vl' rJ-s-~ 
'"'- ....... "' \C.,~ wv {0".!/i...~ 

Days 

16 17 18 19 20 21 

ala «:"' ... < ···old . .t.~w ;t)t<f;A ·ri~Y~; ;;ofdi •.;Qe:w.· f' of(f, •, new ·•new new 
/lf .,;:> /'f,o l'f~ !"-~ I'<·" JI./,P l'{.o \\.\.0 IC,.o il.( .... IS<r-
/!:>.A jo.p io11 /4d I", ( Jo ,o fo.v 9-l. IO '.J 7St (o.P-1 

~::r 
.-;n ") 

~.t ~~~ ~~"' ::r.f -:l.'::} -=.:-r ),f( 7'1-- ~~-
-?q< JftK 1~~ lv?,.; ~Li3 fYl 

/"'. ,.._. 
1'\ tG1''- ~jl- llw-c__ 

Days 

16 17 18 19 20 21 
j"' 

:hJd. new ~··· ~i'd .,. 'i>neW :··~of.d'F• :·new •. ;.··!J'iti ) ,,: . . . ·~ 

new old new >new' 
IY~ lll_p l 't,o t't.-o l'i'..o 2"1.-a. {"(.? 1"\.0 Jf#-,_o )\f.o \~-> 
lofl t?:o lo .( '"':' J..o.A /n.O i~ \.-- 9.a } ~9 --~" ~'} (0.( 

~4 ~ -~ ~~ +-_.::r ~9 ""2.,J, ::ri 1--~ "?/~. H 
3 Sl l~ 1. 1..(/ ~~? '3l.fb '15y 

"'- "- .<\_ {G')L.. 1'-"t- (Cdf 

Days 

16 17 18 19 20 21 

pH meter: ______ _ 

• 
Conductivity meter: ______ _ 

Analysts: 

Reviewed by: 
Date reviewed: 

)k;:1Lz trrJt?, ~ 

::J(ff)= 
JtiY}. tt(tJ 

Nautilus Environmental 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: 
Sample ID: 

Work Order #: 

Concentration 

40 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

Concentration 

80 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond. (fJS/cm) 

Initials 

Golder 

Strontium (MHW) 

12193 

14 15 

old new" . old 

\ 'i,J \L{ D l~ttO 
{0-' li>. \ ID.o 
q~~ -:r.-::r ~-r;-r 

l4w qS:{ 
\L.-1'- J::.\''1\M 

14 15 

old neV.I old 

~-· 56G7 

Concentration 14 15 

160 old . new old 

Temperature (0 C) flj 0 l'L() 14 D 
DO (mg/L) fo.·\ 10 ;>-..... q Jl 

Initials \(.;"j '-v z:llll\~ 

16 

·n.~w .6Jd 
j{{ ,C I 'l.-o 

(.<:>/\ j 4 ,"> 

~;:j- ';1-""i 

17 

Start Date & Time: 25-0ct-12 (5)l'tf>o'v? 
Stop Date & Time: Nl1V ""M>/1 2-=@ l'fookl 

Test Species: Oncorhynchus mykiss 

Davs 

18 19 20 
c'• • ' ' ' ~ w:·· 'n~~. <C>Ia0·; 

,.·, ,.;;ld ti~~< .Qid: old .. : new. new .. ,•: 
,.,~ 1'-f/'> ~~-"' i~P lVe'O N-0 ('LJi.o I i 'lo.a 

J.t>1 /..t>-j jo I jc.1 1) ('"')...- <\-~ (o.o [0-o 

q..~ ,..,y- "+..::t +-::r I~ 1·~ %!-~ '+-+ 

21 
. ::?:: . 

OE),W' 

t>r 
(§:;._/ 

.. f-.-g.-
t.l'Jb ~~I' 1.{ 37 ttf"v u:'/7J 'f<t~ 

"'- ...._ '\ \9J"V ~;:TL--· lCWL-

Days 

16 17 18 19 20 21 

Days 

16 17 18 19 20 21 

Days 

Concentration 14 15 16 17 18 19 20 21 

DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials 

DO meter: pH meter: ______ _ Conductivity meter: -------

Analysts: fp:(t.l /lvJD, ~ 

* mg/L as CaC03 
Reviewed by: _ _:J7' _Gi(--=--c--r--

Date reviewed: ") &~- 1-) ~ ll/1) 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Client: Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: 25-0ct-12 @l1-to ill 
Sample ID: Strontium (MHW) Stop Date & Time: Nw -z.,h I 17.-@ 14 oo~tt 

Test Species: Oncorhynchus mykiss Work Order #: 12193 

Days 

Concentration 21 22 23 24 
' 

25 26 27 28 

Control old .new .old . new .old 
• <•· 

... new. ·.·.·Old .. new •::~rd·' ;,rtew' '"<>ic:t.··· "ri~w''>' ::·.~Itt:+' 'new 

Temperature (0 C) I!.{'() I tj. ':} tt..(,o /l.f.o ,.,, .. I "(..o }11-r. l"f.-o (<f.-o \)_~ t'f,t:> t 'f . .) l'l '-f _., I~D 
DO (mg/L) q~~ 111' \ ( .!).-0 I ... ;I /'<>P I~ (;) 0, .f \0.\ qr i- tt).'t tt-~ LO. t [0.-:J {6>._.::;, 

_pH '1.--:.r q..G 1-~ ~e 'b.' ~~ ~~ If" :r ~ 1-fo ~-~ '9-b -q.e:. ~.h 
Cond. (IJS/cm) 1"7-?"rL )_"S '-( "332- ~~3-~ '153 5!..~1. >3_t ~ 

Initials t:-,~- ;:}~\) 
"- ·-- ifilL--- ~_1l/ }<-Ov d'J/ 

Days 

Concentration 21 22 23 24 25 26 27 28 
···old. new. old 

··-' :QI'(f 5 new old •new .. , •... 
Temperature (0 C) tL{..o 1'-t ,o I Li•'O /'i;_O (A./ ;0 I '1""' J-l~ 

DO (mg/L) 'tt·'f I o- I {o;o /t> I ~ I~~~ lc-p q·'i 
pH +~ +~ f'b ~ i"l..t ".h~ '=hi 

Cond. (IJS/cm) ~)V' >r-o '35'< 35L.-
Initials 1::-j\., K':fl.-1 ({vJ f\- 1'-

Days 

Concentration 21 22 23 24 25 26 27 28 

10 old .,.m~.w· .. :.old .. ·. 
new.' old. iiew .. "'old• ,··new,: <tcotti"• t•neJ..V~; :. tikf' c··n~w "' Qld:" .··new· 

Temperature (°C) 1\4·"' li.\._o )l.f.O J II/;) (4/,-o ILi,.O /Y/<t:; "-~·~ llj·O n.~ ll-[.a lj_ -V l"f,.,O lLf~() 
DO (mg/L) lct .Lf 10.' 

. 
·o.o I " f /e. :i ~~ ll £t •• q (0- t '1-~ lt>·l q.~ lo.2..- ~'? /0-D 

pH 1-·~ --:1-"b 1-·b ~'} ~~ ~,. <'hi 1~1-" n i-~ i-·~ ~-j q-b '=h=t-
Cond. (IJS/cm) ~ .;'fa3 ~·~-~ i '3 ~) . ~fo:6 )Sf:, -~'4\ 3/tR 

Initials \(-;JV 1'-oi.-ISVJ f"'- .....- jCQ'(__ ~:{)l.-" ~dl.-.- J1T 

Days 

Concentration 21 22 23 24 25 26 27 28 
I· new:·: old' .· . ·.·:' ,.:.· 

~'tiic:t.· 
_ A-r;:;.. 

l': ()Jd'%2: <fi~V:r:. J::<>ra· ·. 
m 

20 Initial• .. ne.w oJd .. .new ... .o;old ·· . . new1' ·;new <new: . 
Temperature (0 C) \i.{Q ic.J:o llf .~ /o/.!0 /~p II.I..C j_u .-;) [4,0> I 'f.o (l.o N,iJ 11,.-J t~ 14<-t> 

DO (mg/L) [q,.b tO.\ fJ.J ?~-· JD-4 /c.,c crt fO. I <=t-+- II>"\ C{-9 LO· 'V- lc:uo L&~_ 
pH ~::r ~·b 1·6 "'-hp -;i..;; '1-.~· "l-,.,e.l 1.:~ t-\;.")( 'l·" q.& 1--~ '.Jvt. ":f.-=£--

Cond. (f.IS/cm) 0B'l ~M 3;}-4 ~R-1.- I _jl.:.4 '3 L:.-; -"{ ~ij ~ 
Initials ,c?v "f-;\1\Jf~ r If'- ll-tJL- \(._,JV tLdV "J.J\ 

DO meter: pH meter: ______ Conductivity meter:----'----

~Har~dnes~s*~~~~f~i~'~l --~~--~1 
Alkalinity* 

Analysts: 

Reviewed by: _:j---,-,-(%::::_· -=---,---,--
Date reviE'wed: J&U't ~ ll ,II) * mg/L as CaC03 

Sample Description: 

Comments: 

>~ '"·if( ~a)'~~ l>"l , D 2-.r Cent!t2-o L:: . lt=-vi, ts -]4 C-~ t D -zg. 
l1ere.B~ res-ft:(,,.l+t£. ~ 

---------------------------C~p~~~*l 
Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: Golder 
Sample ID: Strontium (MHW) 

Work Order #: 12193 

Concentration 21 22 

40 old .m~w .. old. 

Temperature (0 C} ltft\? \~-~ i~ l"' 
DO (mg/L) 1'1.~ 1u·l II 0 o. 

pH ~,.. 1-_.\o 1-·b 
Cond. (IJS/cm) ~u:11 4~(., 

Initials I·K'1(/ \?Ul../5~ 

Concentration 21 22 

old/ ~ "' ' olit '· 80 n~w 

Temperature(°C) llf,J \"\•<> t4 0 

DO (mg/L) q,fo tO'' i<'O,iJ 
_pH ~.1- ~- 6 ~·lo 

Cond. (IJS/cm) S~'( ~~ 
Initials IL·jv \ <. j't, IS v-> 

Concentration 21 22 
.... ,··"• ,, ,, 

160 .old ... ... n~w .. "old, 
Ternperature(°C) \"\~ jt{ c,-;) t"l.o 

DO (mg/L) lf;-::¥ l~t\ I. .n 
pH .J--1"' '9-. ('I ~ ·h 

Cond. (IJS/cm) 7-'-t:k v -f'>"': 
Initials \V5v f:;,:ft, I .Jii\1 

Concentration 21 22 

Temperature rc) 
DO (mg/L) 

pH 

Cond. (IJS/cm) 

Initials iL:fl 

DO meter: 

Ham..... I ir~; I 
Alkalinity* 

* mg/L as CaC03 

Sample Description: 

Comments: 

Version 1.0 Issued June 26. 2006 

23 

:new .oJd' 
,...,_.., 

t_l.f ,!' 

I• !'- I.,/~ 

·fo--p ~ 
'-{2.~· 

23 

new olp 
I '1 ,~ 1'(.0 

I:. , I 1(;1 ..... ~ 

~If I ~ 
~ce, 

"-

23 

Start Date & Time: 25-0ct-12 @l1-tJoY! 
Stop Date & Time: IJ!jVl..-{:JttL@ NOok 

Test Species: Oncorhynchus mykiss 

Days 

24 25 26 27 

n~w ·'old. 
,'·,.,·:'" 

····new :,ol(jcf\ T~ew' :s"<>ltr ·.new•· ·~td: 
I 'fr<> l"t"' /Cf.c i'-l.o n.o l '{ -'11 't'f' <-0 I 'f.)) 

(=-.~ ft:>,;:, jp-0 !;'.f ltr' q;q. lo. t tp . ., 
:).,~ ?-J_ :t-1:- ':1--~ 1·fo 1·f0 ~b -=/.7 

"("Z--9 4'-14 :S'i:t ¥-~"\...--

LWL l(.,:>'- }CdL-

Days 

24 25 26 27 

r·.new,. "old- .. neW .. 6id.''' ... 
" •:2;~ff;f' :t'tiew ···~iJi;•: ~W· ,..,_ I !.lA> ( '1. 't.6 IY.~ l3· 0 }"{ • .0 l~ve l~..o 

~!<>! "L'l to-o '~ IO·\ q.'1 [o.l,..- j __ 'J 
"'l-"t ~ ~·?- -=1·1- 1-·10 ~ 1/.r ":f,.fa 

S'S2- S'Sv s-~·:r ~tS 
lu:1L ~~1U IGdL-

Days 

24 25 26 27 

28 

····fl~w 

llf.h 
to-O 
~-..., _, 
4tiP> 
.:ur 

28 

·rrew 
!4.1\ 
lO.O 

~~ 
Sri,.., 
:t:tr 

28 
,• .. · , .. , 

,~,ql<{''' 
,, .. ·;· 

,;;:())(f': ;t;~w;.; ,; ;}()f<f' < ?new ~._.,,,, .. , ' 

'liEi~J 'new. '"·old . , J)~w' ·.···new '''''.Pfcf/V. 

I 'I /.o /'t,. i"~" I 't,o ''~- :> l'( .. o ~~ N.o f'-1~<> 1¥..:o l4·D 

I"· I '0 ' • tc,':l q,f Or )'I _g~ It>· I q_q {o.o l 0·0 to.o 
7--£_ ~~ +3" ~~ ~.~ ~i f·~ =H;, 1--6 :t b -:r,:y 

+Ji ::fl--9 -::r b-5 ,-::l-~bl 'f~'i ::=t:J-2 
;c.JL.- J .. i'V \L:f" ~illY j;jr "- .... 

Days 

23 24 25 26 27 28 

pH meter: Conductivity meter: ------------- -------------

Analysts: \Ll) L
1 
~ LfW 1 dj} 

Reviewed by: J(,o{;C 
Date reviewed: Jet h r l( I l J 

I 

Nautilus Environmental 



Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: Golder 
Sample ID: Strontium (MHW) 
Work Order #: 12193 

Concentration 28 29 30 
Control old new: ·•old new o.ld 

Temperature (0 C) l4.Q l'-\.0 \'\,0 IYfo j4rb 

DO (mg/L) q, ·+ JO,d"' ro.o (o/Z... Cj,f 

_pH 1.S "1-.B 1S "it-.8 ~J' 
Cond. (j.J_S/cm) ~l{a. 3~'-\ :1~ 

Initials ·sn ~l,_, "-· 

Concentration 28 29 30 

5 old new old new old 

Temperature (0 C) \ lk,v \'4.0 \"1,0 ('f tO /4,-. 

DO (m_g/L) q,-=t lO,O" Tho JL>:L- '1:} 

pH t·~ i.8 i.S 1--:7 "+:} 
Cond. (tJS/cm) 361 3gS 'J<;f 

Initials ~ J:..?V A 

Concentration 28 29 30 
1 o . old oeW: old new> old 

DO (mg/L) iCDq, 1-- \C, \"' ro.O 

Cond. (tJS/cm) 3'Bo ~ 
Initials TI1 LL1L--

Concentration 28 29 30 
20 Initial new•·• ··old:· new orl:t 

Temperature (0 C) /'-/,5 N,O \'l,t) J-lt) iV •3 

DO (mg/L) q,i- \0. \ ..... \o.o /-:>_(\.. 1 •. .6 
pH '1+ 1·9 1.\a ~ ;,).~ 

Cond. (JJS/cm) Lfos I"'T6 -~ 02.-

Initials tTtrl \C.-:1'--' ,.._ 

DO meter: pH meter: 

Alkalinity* 

I ConUol 

1 

* mg/L as CaC03 

Sample Description: 

Comments: 

Version 1.0 Issued June 26, 2006 

Start Date & Time: 25-0ct-12 @ l':}vo "". 
Stop Date & Time: A.Jw?.,f; {l ?__ @ JY,Vb 1, 

Test Species: Oncorhynchus mykiss 

Days 

31 32 33 34 35 
;:~.;~::;, " ' 6i6 neW:; r,Y~bla 

<' 

ol.<:f':: neW:' old·· neW' irteW:.:. ·new••: 

1'1~ 11.(,1'1> l lq..a 
l).q Cj ;_ l ltf-b 
';1--K 1--.J I ?-<:}-
)~ '~ 

"'- ~;1L-

Days 

31 32 33 34 35 
,,·, ..... 

new ·····~)~;\ 
v,:. ~ .. ~:f< , ... •• • 

old :;, .~•1-Jew .Qkt• new• ._·•.·old -\n~w new 

l "'' b 
,..,,... I llf~o 

<1'1 '1.( I ff,i> 
4-r. ~ I ::, .. 1-

'-?c.o --s If~ 
1\ ~"JV 

Days 

31 32 33 34 35 
old. <new old 

Days 

31 32 33 34 35 
: ···. 

Old.·· x·n~ old new 
NAJ f'{;b I /Lf.O 

'}_q 9rl" I Q._T-_ 
'H~ l":l 0 I ~b 
• 4~~ 1'1V 
"- t:J.)v 

------- Conductivity meter: -------

Analysts: 

Reviewed by: --~-.J-· ~=.~-.----
Date reviewed: _ ~ lt It~ 

---1-'4""-'-~, !-,1,/.'----

Nautilus Environmental 



Client: 
Sample ID: 
Work Order #: 

Concentration 

40 

Temperature(°Cl 

DO (mg/L) 

pH 

Cond_ (IJS/cm) 

Initials 

Concentration 

80 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond_ (I.IS/cm) 

Initials 

Concentration 

160 

Temperature (0 C) 

DO (mg/L) 

pH 

Cond_ (I.IS/cmJ 

Initials 

Golder 

Embryo-Aievin Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: 25-0ct-12 @ t:b;o 11\, 
Strontium (MHW) Stop Date & Time: Nuv 2-h I ('1... @. fl.tOO"'t 

Test Species: Oncorhynchus mykiss 12193 

Days 

28 29 30 31 32 33 34 

old new .. .old onew .. 01cf nelAf/ .• oid'' 

)lj_ 5 1'1,0 l'-\. 0 f'1,o JY.- I 'I~~> 14 .... I l'f.~ 

~n JO.~"' ·ro,o i~/v '1;?- '1~ ~i 
l.i s.o 1·\.tl l-:f lA-b ~-~ 1--sS 
y5! \.f4i ~so vctt.-
3Jl l~l; "'-

Days 

35 

28 29 30 31 32 33 34 35 

.new old 
i ..,~ l~ /_ /!f__.<J 

Day_s 

28 29 30 31 32 33 34 35 

Days 

Concentration 28 29 30 31 32 33 "34 35 

Temperature (°C) 

DOJmg/L) 

pH 

Cond_ (IJS/cm) 

Initials 

DO meter: 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Sample Description: 

Comments: 

Initial 'new old new .. ·· old •riew · .t'ofd ,, n~w< <FoJ'd' ..... neW;,~. F()J:c;}' .•;new!! old·> ··•· new 

Control 

pH meter: _______ Conductivity meter: ______ _ 

Analysts: {S;;f1,,/Jh.>D/S.1T 

Reviewed by: JGll 
-~----=~---

Date reviewed: ?an. II I b 
~<.J--f-=-=-<--".(H'J~-

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Client: Golder 
Sample ID: Strontium (MHW) 

Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Start Date & Time: 25-0ct.-12 @ l::tor.Jh 
Stop Date: I'JeN1hfl'2- @ lV oc;? lA 

Work Order#: 12193 
~--~~----------

Test Species: Oncor.~hy!...:..n.:...::c-=-ht..::..:s:....:.m_;_,y~k.:..:is-=-s __________ _ 

Treatments Day of Test - No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. Total 

Rep 1 2 3 4 5 6 7 Embryos Unhatched ~Ievins Exposed 
(mg/L Sr) Alevins Embrvos .lit 
Control A 0 n 0 0 () 0 ' l 36 

8 0 I 0 () B /' 

c 0 {) () 0 
D 0 0 Q_ 0 

5 A 0 . 
' "2-I 

8 0 Q_ "V' "]., 

c 0 0 \ ' D 0 t) "'2/ '2.. 
10 A 0 D (~ () 

8 0 0 ~ '? 
c 0 0 "l-· 1.. 
D 0 0 0 0 

20 A 0 2 \ 3 
8 0 6) 1 I 
c 0 0 ' ' D 0 0 I t 

40 A 0 I 0 0 () 
. 

8 0 I .,].::-1 1.. 
c 0 0 b D 
D 0 0 L.- ·'2,... 

80 A 0 l'l I l 
8 0 ' i ~ 
c 0 i'. \ i 
D 0 D ~ 3 • 

160 A 0 J:)_ "V -z. 
8 0 D \ ( ' 

c 0 I () n 0 
D 0 _}J v \.f7 'I '1 l v 
A 
8 
c 
D \~ 

Tech Initials vW 1'- (;' vm [C.)"\. :t-c\ ~'JL- k.--;') L.,.i 1£-'<1~ --
Comments: 

J--• 

\ 

I _.... .. -·· 

Reviewed by: J(rk. 
------~~-----------

Date reviewed: 1 t:th ~ l( /t D 
-----~~~~-=-,~~---------

Nautilus Environmental 
Version 1.0 Issued June 26, 2006 



Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Client: Golder Start Date & Time: 25-0ct-12 I }oo~ 
Sample ID: Strontium (MHW) Stop Date: IJev 'Zk til- @ i-ycbh 
Work Order #: 12193 ------------------ Test Species: Oncorhynchus mykiss 

Treatments Day of Test- No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. Total 

Rep 8 9 10 11 12 13 14 Embryos Unhatched Alevins Exposed 
j& (mg/L Sr) Alevins Embrvos 

Control A v .~ 0 tJ 0 0 0 () M5 
B v , 77 0 D 0 () ' 

c 0 0 \ 0 "'2-
D 0 v 0 (.) 0 0 

5 A 0 ~ 0 D 0 0 
B 0 v u 0 0 0 v 
c () 'L t !J \ () 4 
D v 0 (J 0 0 0 0 

10 A 0 I t7 0 
" 0 0 

B ~ 0 0 ~, 0 
c d n 0 0 0 
D 0 n 0 !"' 0 

20 A ''1 1 0 f) I -
B \) 0 0 {) 0 
c 0 {) 0 b Q 
D '0 0 0 0 v 

40 A ,0 0 0 1) 0 
B 'i t 0 0 0 I 
c 6 7,- 0 () 2.. 
D ~ 0 0 0 0 

80 A 0 0 0 f) 0 
B ' \ 0 0 <')., 

c \ 'v 0 t[) I 
D 0 ' 0 () -\ 

160 A I v 0 0 \ 
B .n 0 0 0 D 
c 0 j () 0 (:] 0 

D D ,/ Ul l) 0 .... v D 0 
A 
B 
c 
D ~ 

Tech Initials tcjL.. A . (C-7"'-- JIA~· tl~~ k:--1'-- [t..dV ~ 

Comments: 

Reviewed by: ______ ~_j~&t-~::..__ ______ __ Date reviewed: 1aiA · f( /rt. 
--~~~~--~~~---------

Nautilus Environmental 
Version 1.0 Issued June 26, 2006 

'-



Client: Golder 
Sample ID: Strontium (MHW) 

Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Start Date & Time: 25-0ct-12 (pol,., 
Stop Date: Ahv 1.16/(L-(]:{(fw4 

Work Order#: 12193 
~--~~----------

Test Species: Oncorhynchus mykiss 

Treatments Day of Test - No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. 

Rep 15 16 17 18 19 20 21 Embryos Unhatched Alevins 
(mg/L Sr) Alevins Embrvos 
Control A 0 0 D 0 £2_ 0 0 0 ' 

B l 0 0 
c n 0 
D L) {) 

5 A I 0 0 
8 v 0 
c I 0 rl 
D c) () 

10 A tJ f) 
B 0 () 
c 0 0 . 
D 0 () 

20 A 0 D 
8 d u 
c ('"\ u' 
D ~ 0 ' 

40 A 
' 

0 0 
8 7 0 D 
c .y 0 0 
D I I '.JI 0 i 

80 A D l () f 
8 0_ 0 1\:j 

c ! 0 !C'\ 
D I & IJ 

160 A I 11/ o· v 
B I t ' 0 if"''~ '1-I 

c w I -?.., 0 0 ,....., "' t:ff v 
D I Jl 0 0 IJ ~ v r' ~ -~ 

A 
8 
c 
D 

Tech Initials JV\l ;... /' - lt-1-v· \'t1L-- ·'l'-JL' i~ 

Comments: 

Total 
Exposed 

(.. 

~;;('_ J' 

/' 

~, 

\~~ 

Reviewed by: JCY{t_ 
--------~~~------- Date reviewed: ---~'""'"""',_1_~___::_r_l~f-/L,t),__'------.:_ 

Nautilus Environmental 
Version 1.0 Issued June 26, 2006 



Client: Golder 
Sample ID: Strontium (MHW) 

Work Order#: 12193 

Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Start Date & Time: 25-0ct-12 @ {1-r.nYV\ -
Stop Date: tJ'V\1 vG I {)... @ [L/ 0 ~ 

Test Species: Oncorhynchus mykiss ------------------

Treatments Day of Test - No. of Mortalities Total Dead Total 
Eggs/ Undeveloped/ Total No. Total 

/ 
Embryos Unhatched Alevins Exposed Rep 22 23 24 25 26 27 28 

(mg/L Sr) Alevins Embrvos JrY 
Control A \) ... 1.,.. 0 0 ' v 4 w --

B t) l 0 t') v l 
, 

c 0 t u ,0 l 
D 0 I C) 0 \ 

5 A 0 I 0 \11 1 b 
B c 0 \ 1 ~ 
c 0 0 0 s lP 
D 4' ' 

..,_ -::t-
10 A t \ l ? 

B c 0 l \ 
c II 2- v ..:.; l) -r 
D \,. 0 ( 

·~ v r.;· 
20 A ""!I p 0 () ·- 0 

B t 0 0 v .-;. 
c tJ lP I J ~ 
D ~1 D ';',:, " ']..... 4 

40 A 0 () \ l 0 '?,. 

B ' .n \1· r1 0 --r 
c [) !') i I 
D () ~ l+ ~ 

80 A D i ' 
'7, 

B .,~ 0 i 7,. 
c h €..! \ i ' D c v "~ 

"" I 
160 A I 0 ...Y· n... 0 0 "'],.. 

B 0 \ i) 0 l b ---· c I (J D oO 1 ~ 
lt 

D ~ ,v () 0 /) i) 

' ' I \.! 

A 
B 
c 
D 

Tech Initials ~:SI.-- /\ ,-. ~JI.... 10\...- icfJL-- ·J<;:n. Pitt/ l0l/ 

Comments: 

~ 

Reviewed by: J fYtL 
-------==-~---------

Date reviewed:. 7 ctvr · H / ( 3 
~--~~~~--~~~~/~--------

Nautilus Environmental 
Version 1 o Issued June 26, 2006 



Client: Golder 

Embryo-Aievin-Fry Toxicity Test 
Daily Mortality 

Start Date & Time: 25-0ct-12 Q \3-oo b 
Sample ID: Strontium (MHW) Stop Date: 26-NOV-11 @ !Lj 00~ 
Work Order#: 12193 

Concentration 

(mg/L Sr) 
Rep 29 

Control A 0 
B 0 
c 0 
D l 

5 A :;z., 
B '{) 
c 
D 

10 A ~ 

B I 
c 0 
D 

20 A 
B 
c 
D 

40 A u 
B \ 
c () 
D 

80 A 
B 
c 
D 

160 A 
B 
c 
D ' 
A 
B 
c 
D 

Tech Initials 01/ 

Comments: 

Reviewed by: 

Version 1.0 Issued June 26, 2006 

Test Species: Oncorhynchus mykiss 

Day of Test- No. of Mortalities Total 
Total Total No. Total 

30 31 32 33 34 

0 f) q 
0 
4 
\ 
'2 
3 
1 
0 
2 
2.. 

' "]..,. 

) 
·u 0 
1 I 

0 .(1 

l ,3 
0 I 

2 
\ 

/ z... 
I -z.. 
1] l 

l 7-
i z. 
0 0 
0 1 

,!J \) 'v 

A. ~ 1\L-JV 

Dead 
35 Fish 

Undeveloped Fry Exposed 

~ Z.'J 
D 7A 
LJ 3tO 
"'2.. "]v 

r ~0 
3 ·z 1 
i 751 
0 .:SO 

<2, 31 3- 3D 
I '2.-'1 
2. st 
I 1--% 

0 lg 
2 ~ 
v "Z\ 
~ :So 
2.. V1 

2.. 1'1 
I 3'D 

"1- lfl 
3 2-t 
) <1..k 

3J 31 
~ &'1 
0 2-'1 
I u-
'V -v~ 

\£--~ ~1t-

Date reviewed: ----fu-1-ra..vt:..::..;._:-=.·----'' t'+b+J>-----
~atrtilus Environmental 



Strontium (Moderately Hard Water) 

Day: 32.. 
Normal hatched Abnormal hatched Unhatched Dead 

Control A \ct '],. 3 l 
Control 8 2.-\ 0 D 0 
Control c '7_...;~ 0 -; \ 
Control D u I fi) \ 

SA 'VO 0 "Z. 0 
s 8 "'til- 1 '2,' ( 

sc 1(, I I 0 
so l¥ 3 0 0 

10 A -vJ 3 I \ 

10 8 '1_.,'2, i () :2-
10 c 'Z.'{ 0 I () 

10 D "Lt 'L... ~ 0 
20 A lt v 0 \ 
20 8 'l,L- 1.- 0 c) 

20 c -v::> "'l- 0 ( 
20 D z-s I t) 0 
40 A 'U-f c7 7 ' 40 8 '1,.,3 0 0 ( 

40 c tq; 0 I ( 

40 D 2,/~ ~ \ i) 
80 A 2,.-1 0 2- 0 
80 8 l~ 7, 0 1..-
80 c 1P 'Z. 

' u 
80 D L,;v I I ( 

160 A 7fl I 0 ~ 

160 8 ~ l 0 n 
160 c 1fl (].... l 0 
160 D ']A) -3 I l 



Strontium (Moderately Hard Water) 

Day- 32 

Normal hatched Abnormal hatched 

Control A 19 2. 
Control B z..SS" £) 

Control c '2-Q 0 

Control D 2-b \ 
·s A 'ZfJ 0 
58 £..-2 ... 1 
sc lb \ 
so f!( !;. 

10 A ~3 3 
10 B "Z-]/ I 
10 c '2-4- 0 

10 D 'L.l 2. 
20 A l<6 -:2.... 
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Client: W~:.~ I dfu-

W.O.#: /Z-Ul3 Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
Sample (mL) 0.02N (mL) of 0.02N Sample 0.01M Total 
Volume HCLIH2S04 HCL/H2S04 Total Alkalinity Volume EDTA Hardness 

Sample 10 Sample Date (ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1242991 CONTD....
2PAGE of

Version: FINAL   

5

WATER

WATER WATER WATER WATER WATER
25-OCT-12 25-OCT-12 25-OCT-12 25-OCT-12 25-OCT-12

DC - CONTROL SR DC - 5MG/L SR DC - 10MG/L SR DC - 20MG/L SR DC - 40MG/L SR

L1242991-1 L1242991-2 L1242991-3 L1242991-4 L1242991-5

Strontium (Sr)-Total (mg/L) 0.0140 4.70 10.1 22.0 46.2Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1242991 CONTD....
3PAGE of

Version: FINAL   

5

WATER

WATER WATER WATER WATER WATER
25-OCT-12 25-OCT-12 25-OCT-12 25-OCT-12 25-OCT-12

DC - 80MG/L SR DC - 160MG/L SR MHW - CONTROL 
SR

MHW - 5MG/L SR MHW - 10MG/L SR

L1242991-6 L1242991-7 L1242991-8 L1242991-9 L1242991-10

Strontium (Sr)-Total (mg/L) 84.0 165 0.0176 5.62 10.9Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1242991 CONTD....
4PAGE of

Version: FINAL   

5

WATER

WATER WATER WATER WATER
25-OCT-12 25-OCT-12 25-OCT-12 25-OCT-12

MHW - 20MG/L SR MHW - 40MG/L SR MHW - 80MG/L SR MHW - 160MG/L 
SR

L1242991-11 L1242991-12 L1242991-13 L1242991-14

Strontium (Sr)-Total (mg/L) 21.7 41.2 82.0 165Total Metals



Reference Information 04-DEC-12 13:19 (MT)

L1242991 CONTD....

5PAGE of

MET-TOT-MS-VA Total Metals in Water by ICPMS

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - mass spectrometry (EPA Method 6020A).

ALS Test Code Test Description

Water EPA SW-846 3005A/6020A

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

1 2

Version: FINAL   
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Sample ID 
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Sampled Date

Grouping Analyte

Sampled Time
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WATER

WATER WATER WATER WATER WATER
27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12

DC - CONTROL DC - 5MG /L SR DC - 10MG /L SR DC - 20MG /L SR DC - 40MG /L SR

L1242999-1 L1242999-2 L1242999-3 L1242999-4 L1242999-5

Strontium (Sr)-Total (mg/L) 0.0553 4.79 10.5 19.5 38.6Total Metals
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Sample ID 
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Grouping Analyte
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WATER

WATER WATER WATER WATER WATER
27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12

DC - 80MG /L SR DC - 160MG /L SR MHW - CONTROL MHW - 5MG /L SR MHW - 10MG /L 
SR

L1242999-6 L1242999-7 L1242999-8 L1242999-9 L1242999-10

Strontium (Sr)-Total (mg/L) 75.8 150 0.271 2.39 10.5Total Metals
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Sample ID 
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Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1242999 CONTD....
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WATER

WATER WATER WATER WATER
27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12

MHW - 20MG /L 
SR

MHW - 40MG /L 
SR

MHW - 80MG /L 
SR

MHW - 160MG /L 
SR

L1242999-11 L1242999-12 L1242999-13 L1242999-14

Strontium (Sr)-Total (mg/L) 18.5 37.8 74.7 137Total Metals
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MET-TOT-MS-VA Total Metals in Water by ICPMS

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - mass spectrometry (EPA Method 6020A).

ALS Test Code Test Description

Water EPA SW-846 3005A/6020A

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

1 2

Version: FINAL   
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1.0 INTRODUCTION 

 

The toxicity of strontium to Hyalella azteca is not well characterized.  Borgmann et al. (2005) 

reported results for survival of this species following a 7-day exposure to strontium; however, it 

is not clear whether actual toxicological effects were observed in the test solutions, or whether 

the apparent effects observed were related to natural background mortality, because the results 

were not corrected for control mortality, and a relatively small reduction in survival was 

observed.   

 

The testing described here was performed to definitively evaluate the sensitivity of this 

amphipod to strontium using both survival and growth endpoints over a 14-day exposure.   

 

2.0 METHODS 

 

The toxicity tests were conducted according to procedures summarized in Table 1, which were 

adapted from Environment Canada (1997) test methods for evaluating sediments for toxicity; 

tests were adapted by using control sediment for all exposures, and exposing the organisms to 

various concentrations of strontium in the overlying water, which was renewed with freshly 

prepared solution three times per week.  Control sediment was pre-rinsed sand. 

 

Control water was moderately hard water (80 to 100 mg/L hardness), prepared according to 

Environment Canada (1997), and strontium was introduced to the test solutions as strontium 

chloride.  The test involved a 14 day exposure, following which survival and biomass were 

evaluated. 

 

Subsamples of the test solutions were collected at the beginning and end of the test and 

measured for strontium by ALS Environmental.  Statistical analyses were conducted using 

measured concentrations of strontium and using CETIS version 1.8 (Tidepool Software). 
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Table 1.  Summary of test conditions: 14-d Hyalella azteca toxicity test. 

Test organism Hyalella azteca 
Test organism source Aquatic BioSystems, Fort Collins, CO 
Test organism age 7 - 8 d old 
Test type Static-renewal (three times per week) 
Test duration 14 days 
Test vessel 375-mL glass jars 
Test Treatment 100 mL control sediment; 175 mL overlying water 
Test replicates 3 replicates per treatment 
No. of organisms 10 per replicate 
Test temperature 23 ± 1°C 
Feeding 1.5 mL of yeast, cerophyl trout chow (YCT) per replicate daily 
Photoperiod 16 hours light/8 hours dark 
Aeration Gentle aeration throughout test 
Test protocol Environment Canada (1997), EPS 1/RM/33 
Test endpoints Survival and biomass 

Test acceptability criterion for controls 
Mean control survival of ≥80% and ≥0.1 mg/amphipod dry 
weight 

Reference Toxicant NaCl 

 

3.0 RESULTS 

 

Measured concentrations were in good agreement with target concentrations of strontium and 

the test met acceptance criteria specified in the test method. 

 

Results of initial chronic toxicity test using H. azteca are provided in Table 2.  Results from this 

test did not produce substantial adverse effects (i.e., toxicity) on H. azteca; the highest test 

concentration of 63.6 mg/L produced biomass that was only reduced by 23% relative to the 

control.  Point estimates derived from such a small adverse effect are not robust, and IC10 and 

IC20 values have not been reported from this test.  Consequently, the test was repeated using 

higher concentrations of strontium, so that point estimates could be calculated (Table 3). Bench-

sheets from these tests, as well as printouts of statistical analyses are provided in Appendix A.  

The IC10 and IC20 from the repeated test based on biomass were 31.2 and 43.0 mg/L strontium, 

respectively. 
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Results of reference toxicant (positive control) tests are provided in Table 4.  The reference 

toxicant tests result fell within the range of historical data from the laboratory (mean ± 2 SD), 

indicating that the sensitivity of the test organisms was appropriate. 
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Table 2. Results of the initial chronic toxicity test using Hyalella azteca. 

Concentration (mg/L) Survival (%) Biomass (mg) 

Sr (nominal) Sr (measured)   

Control 0.04 100 ± 0 0.31 ± 0.04

0.25 0.26 98 ± 5 0.29 ± 0.03 

0.5 0.52 100 ± 0 0.31 ± 0.02 

1.0 0.95 100 ± 0 0.30 ± 0.06 

2.0 1.9 100 ± 0 0.31 ± 0.03 

4.0 3.7 100 ± 0 0.28 ± 0.04 

8.0 7.5 100 ± 0 0.27 ± 0.02 

16.0 15.4 100 ± 0 0.31 ± 0.02 

32.0 30.2 95 ± 10 0.25 ± 0.03 

64.0 63.6 100 ± 0 0.24 ± 0.02 

Point estimates  LC50 >63.6 -- 

(mg/L measured Sr) IC50 -- >63.6 

  

 

 

Table 3. Results of the second chronic toxicity test using Hyalella azteca. 

Concentration (mg/L) Survival (%) Biomass (mg) 

Sr (nominal) Sr (measured)   

Control 0.0 100 ± 0 0.41 ± 0.03

30 30.1 100 ± 0 0.38 ± 0.05 

60 61.2 100 ± 0 0.25 ± 0.05 

120 125.0 100 ± 0 0.13 ± 0.01 

240 242.0 0 ± 0 -- 

480 469.0 0 ± 0 -- 

Point estimates  LC50 176.8 (159.2–196.2) -- 

(mg/L measured Sr) IC50 -- 79.6 (70.6 – 89.8) 

 IC20 -- 43.0 (34.9 – 50.9) 

 IC10 -- 31.2 (21.7 – 38.7) 
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Table 4. Reference toxicant test results. 

Endpoint Date Toxicant Point 

estimate 

Acceptable Range CV 

H. azteca 96 hr LC50 3 May 2012 NaCl 4.0 g/L 3.1 – 6.5 g/L 20 

 5 July 2012 NaCl 5.3 g/L 3.0 – 6.3 g/L 21 
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APPENDIX A – Toxicity test data 

 

 

 

 



Hyalella azteca Sediment Test Summary Sheet 

Client: Golder Start Date: 03-May-12 
------~~=-----------------~ --------~--------

Work Order No.: 12192 Set up by: _____ K_J_L _________ _ 

Sample Information: 

Sample 10: Strontium Study 
Sample Date.:...: ___ ____;n..::../_a ____________ _ 
Date Received: n/a 

~--~----'------------
Sample Volu:..:..m:...:.e.:....: _ ____;n..::../_a __________ _ 

Test Organism Information: 

Species: H. azteca 
Supplier: Aquatic Biosystems, CO 
Date received=-: ___ 0;_2-=--M-=-ay.._-_1_2 ________ _ 
Age or size (D_a.:..:..y,__O.c:....<)'-: ----'7_-_S_D_a-"-y_s _____________ _ 

NaCI Reference Toxicant Results: 

Reference Toxicant ID HA48 
~~-----------------

Stock Solution 10: NaCI 
~~----------------

Date Initiated: -=.0..::..3--'-M-'-ac.l.y_-1;..::2;__ ________ _ 

96-h LC50 (95% CL): 4.0 (3.1 - 5.2) g/L NaCI 

96-h LC50 Reference Toxicant 
Mean and 2SD Range: _4_.5~,_3_.1_-_6_.5~g/_L_N_a_C_I ___ CV(%) ____ 2_0 __ _ 

Test Results· 

Sample ID Survival± SO(%) Average Biomass ± SO (mg) 

Control Sediment 100.0 ± 0.0 0.31 ± 0.04 
0.2595 mg/L Sr 97.5 ± 5.0 0.29 ± 0.02 
0.516 mg/L Sr 100.0 ± 0.0 0.31 ± 0.02 
0.951 r'ng/L Sr 100.0 ± 0.0 0.30 ± 0.06 
1.925 mg/L Sr 100.0 ± 0.0 0.30 ± 0.04 
3.7 mg/L Sr 100.0 ± 0.0 0.28 ± 0.04 
7.495 mg/L Sr 100.0 ± 0.0 0.27 ± 0.02 
15.35 mg/L Sr 100.0 ± 0.0 0.31 ± 0.02 
30.2 mg/L Sr 95.0 ± 10.0 0.23 ± 0.04 
63.6 mg/L Sr 100.0 ± 0.0 0.24 ± 0.02 

Reviewed by'? Date reviewed: ~ NQAI Zol~ 



Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

Client: Golder 
Work Order No.: -=-=~l2..:..::..:....,\ q,.....,.,;z:::--------

Start Date: 03-May-12 

Sample ID: -=S:.::tr.=on~t:..::iu:.:..:m:__ ______ _ 
Termination Date: -:-1-:-7 -..:..:M.;.=.a::-r-..:..:12~--------

Test Organism: Hyalella azteca 

Temperature rc) 

Day 

Sample ID 1 2 3 4 5 6 7 

~'!\IL s;r-) 
0 

old new old new old new old new old new old new old 

Control z.J-t.o 1..)-0 1.-~~:> 'J,~.tP lfMO !\.)( ,o ~.llP ""1.-J .. '"' ,;t!o~ l.J,;;~ 7.-'f. 0 "t.-J.o p:'f..., 2....:5~<' 

0.25 1-.'+ -11 <7-~. c Vf.o ~? Vt/0 'j)(,.. D '"11'4. 0 
~Z...<; ~.> Z.J.g I'Uf.o '""~-o 2~. () l-3-0 

0.5 1-'{ .o "Ll-0 "'7..,/.f.o 'Vu~ 'Vi,-:> ")..>(_.0 .1)(.0 Z.].::J t.-'fc 0 1.-J...:> M-o -z..~ . .o 'L"'.,a ~-0 

1 z,.q-.o ;'l-"3-0 !!Jl.O ?JUO 'Vr .,-<:::> V';l.,-0 'Vf.P ~-0 lw..o '2...].0 [lAfa ~-0 14-" Z-3-0 

2 'l. L{. i) ~-r) 'LI{,J ~"'.P 'Vi)'' M/0 vt.O vl...., 1..-f<O 1--].::> '1...,\f.--:> '2--),.:J Z...'l-0 "2-3-t~ 

4 '2-z.i . ., "l-3.0 Vf.a ~? \)t,!) '1-'t~ ~.;> 'ZJ.o v{.-o rz...J.o 1'2-1-f.o i't-)."' J,<f.o Z-3-0 

8 '2-lf.o l.j-4 f) . .if." '1--'t ;o ~';l ti.fP 1;f,O -z..3.o "VV-.:> "Z-J-o "l)i.o 'l.J.o 'V'l- 0 1.$·0 

16 Uf.o u.o "'Z.'f:'.o 1.)l0 'IA<;o '1,.¥,9 -tltp ~-" ~lf-a vJ-o 2-'t-o t,J.;, _v-1-IJ 2.-"3. S" 

32 "Z.'i • .7 L3 .0 Vf.o 't"f;.;> '}A.o VIP lt)t.;:. 'Z.->:.4 1-'f,J -z.L, "U.(.:. L.J-o '2.-1.(.-3 ['2..:~-~ 

64 1,~.D "1->· 0 ~- 1).{.0 -w._·~ fl.-1{.~ (.~(~"' -1.-j.-o 2'{<-E) l.-J ... 7:) Z-1{:;:;. t.-),o vt.o Z1~.!" 

Technician Initials K'j"L- ~"L. t,<JL.. f\- "- ,A l'\ l0L- tv.1L ~)~ l£JL-- ~j'L \l.jL 0L 

Conductivity (IJS) 

Day 

Sample ID 1 2 3 4 5 6 7 

~q!L ~...-) 
0 

old new old new old new old new old new old new old 

Control "Al- ·:;~s 'N<:f '3 c..r -:t5l I -:l':f'3 3'-t f ~1-1 1c.l Jfb ~4-1 s9s 'S'f<.( I~Lf 
0.25 [?,4q. J)(b ;ss :J-:r1 --?5D }(? 3 "$"'3 J~ ?~'{ ?.¥--=t- '546 ?f~ 3'fra 582..-
0.5 IJ~C 3'1~ J<;C ;, 1Z 3S""D 1fl-- 3 ') \, 14ou 1'fk 1~ 1Jt1" ~~ 1S:I 5~ 
1 ~4R' IJ.+&- ss-b ~ ~t l.t ?>:> ( "1 :t., i1 i.. f [}j"Y 341- $J'"l.- '?'f~ '3~1 s>v- I<R-'-
2 3So '3~b >~~ ]A-{' ,35'6 "f?l, ~~,__ \¥~ l~.>c:. lt+ 'SS1 I 1'?t b 1<t8" ~~ 
4 3~;r 3<p .. -s~~ ?;ret 7bb J(rS I?~ ?tfo )~(,. 11-z... ~~{:, gqt lS'\ 1'1() 

8 ?.tl,... 1'io ~~~6 ~'i.J 3.ff 13 '17.- < l~"\ I 'lq'q ~- .:to'S 5bf ~9~ ~r-b -;'·s<; 

16 ssq <-tl b ~CJ~ (p99 4JD YH tfv> t.tt.t.- ·'{84 '-!({~ ~0 424- ~,. 4'2..'f 

32 LiH 1:.\S-z... 4tf'3 CfG. q ~<f} 'fh"- CfV3 't::t~ 1~-z... 1~61- l4~l ff (;,I\ t:~Jyo <to-? 
64 ~2l 512-- $~ ~?/ r-:~·i.tf oS3~ sv< S"'f~ ~2\. >2-1" j'lct 5'4=t ~v> ~S'L~ 

Technician Initials iL"Jv \{;jL ICJ\.... ('- fl. .1\ /\. ~--- 1?-:r'- 1£--J"L ~L ll.;jL- v..~ t0"L 

Comments: 

Reviewed by: Date Reviewed: 1 A\ __ , "'-1 .. 
--~w~~~·~~-2~~~~-----------
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Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

Client: Golder Start Date: 03-May-12 
~~==---------------Work Order No.: -='"-17...-'"=-:f ~_,__-z.... ______________ __ 

Test Condition: Strontium 
~~~----------------

Termination Date: ...:..17.:....-:..:,;M~ay!.._-1.;.::2=------------
Test Organism: ..;..;H;L.:ya::.:..:le::.;.;.ll.::..a .;;;.:az::..;te;..:.c.::..a --------

Dissolved Oxygen (mg/L) 

Day 

Sample ID 1 2 3 4 5 6 7 

(-Mo,/L $.-) 
0 

old new old new old new old new old new old new old 

Control ~~ ~~-l ~~ ~q *-r n'f ~ ':/,<; IJ-.-0 X'--'- ~L q.:~ -q..?- ~ .( 

0.25 1-q ~{ -+-fJ )---,~ rl ~.< -r.-r "').-f +~ g., '1._ ~-I Cf..L. t"'l G..t 
0.5 }--o ~-"" 11 ~ yt -:r-.'5 ~\q ':f-) ~.Pf ~1... ~~ 1-- "L 1--<1 }A 
1 f·l} 8'<0 4-~ Y'<t 'rt ?\If ~~ ":1-'1 ~~ ~;z .... P--L. 7--'7....- +.} S?·i 
2 8"-·' %-<';:! f--'f r'l '\! n) ?--~ 11-( 9--~ ~-2.- 9--1 '=1-L ~-f.. ~;.) 

4 '?-) ~-iJ ?~ h.~ ~~ l:v'l f-.! l-::1-~ +'1 ~;z... ~rl "::/. J q.-~ 8'-..~J 

8 lt-· ( t-0 1ft -yV ?X A-:4 :y- 1--5 -=~--~ ~,'- ~-( -::j,.Z....... :t-1 y. ..... , 
16 ~-' l·o e.~ ,.;..'1 1-:P ~ +-,'I 1"-> -=1- -'; k,"J-. P...."\. -=f,?..._ ~q t<-~( 

32 ~u ~.I -:f. A ,.., r:r:! fi) 1--fl "":1--} :t-'1 ~ .... 2-- .r-L. -q.-].... =J-Cf ~A 

64 ~-l f-1 ~.., 1--li r.-8 -x5 1.1 "T-'t '=I ..... Cf Q..z...... p.._o -:;r;}.. .. £-o ~.c) 

Technician Initials ~ ~ lC'11- f"" 
,.._ 

I" -1 lt-JL-- l'-:1'- \0l... ~JL ··'tJL ~JL 1'-j\, 

pH 

Day 

Sample ID 1 2 3 4 5 6 7 
(f"\ ~IL ~r) 

0 
old new old new old new old new old new old new old 

Control ~-0 5f_, S' ... o f-:> 1-:-( f-.1 ;:...<.:> ~0 r_o ~\o ~0 f1,.o ~-v ~ .. 0 

0.25 ~-() j' .. ;, k-v f-_,0 J-..1 p,o ~Q ~1...\) lf'1 ~-0 ~-0 }-.:> R'--t> ~ 

0.5 t-o ~0 f-• ~D Ao 1--;4 ~j r>-:::> 1-:t _q ~--=> ~ ~_,a 13--~> ~ 
1 ~-0 } .... o rf:> ho r..P ~i A-.o l~o '1-~ 8--\) ~0 9-.o R-A .f. a 

2 1f-o l'-.:> ~ .... o .r-,_11 A-" ~I ~( l>"-<:> 9-9 ~0 8-o ~~ ~-0 1-/i 
4 !S'-o ~-C. ~;) f\0 ~0 f·J 1--,f gLO "f.O, J5-.v ft~o 8-.o ~0 'it--o 
8 lr·O i·i> ~-u h" 3-->0 J,..o 1\0 1~.? q .. 9 .&\-0 f;-.o !t Ro lt--b 
16 if-D ~-{) i·O f-..0 ;...,o hi 1{,0 &;o ICJ--1 &.o ~0 .Rl '7- 'l g- .. i) 
32 %-O i"\ f'f-~-1 r-,o ,..,q /'..,0 f..O s..Q ~-'l ~0 1-·'f ~-1) +" k--<l 
64 1-q 1--'1 ::.,~ r.9 ~;1 tf,<> J.._o 1-P-~ :(_g -:t.~ -.:::,-_'1 ~- tl(j) "+-~ Q;~@ 

Technician Initials \(av !C:>t ,dt..- 1\. /1 ~ (\ k:.--Jl.... ¥--;;;;\... \UJL- \L-.1(.....- \L1"L ~rt- 1!.;1'v 

Comments: 

Reviewed by: Date Reviewed: ____ _,~..___tJo_·....:;..-"' __ --'~'---1-l. ___________ _ 

Nautilus Environmental 



Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

Client: ..::G:..::.o:;:.lde.::..:.r.,......,.... _______ _ 

Work Order No.: --:::-:-~t'Z.~(L:..g~-z..,~-------
Start Date: 03-May-12 

Termination Date: 17-Mar-12 
~~~~----------Test Organism: Hyalella azteca Sample ID: Strontium 

~~~--------

Temperature (°C) 

Day 

Sample ID 7 8 9 10 11 12 13 14 

~f\/J._$Y) new old new old new old new old new old new old new old 

Control zt{.~ Z..~-v 'llt...v '};3_,) ~· ~ ... 7)-ft'' '1.-).$ l.$-S ~-0 'Zif. 0 "Z."(.o q_~ ..z..lf.~ 

0.25 'Z?.t; 2.-)-.10 lcf:o 't%' ~ <vlp '\'f.P -1..-J. S' ~-c; .-u.(.o ZJ.f,-:> 7..'-/.<:> "t-1S -vt.<i 
0.5 ~-_(" 'VL:> tzft.o 'l..-1h 'V(,P 1.3 .~ '1H/"' 'l-1~) Z>-> 'V(.J Z.'f • .o ~'-f.c;> [t..l.S i.-'f.o 

1 --L)-S' 2-J ..J ·'L'!..o /)Aj') ~ '1..1.~ ~\(;"' ..,;J-f 'L"}-5 17-Cj ,0 1,...~,0 1'-"f..D fz'$.S 7.J./'.;-..J 

2 -z...3-r v~ ... IA.9 'Vlb 1Jt·o 1..1,0 w,o "'>.r ~.s 'ltf, 0 z<t-.o "1.-o.(,o z_3.S W.o 

4 2..-~~o '2-3 ...0 "V·P 'li16 Vt:P ~ .... 1Hr> 'Z..1.S z.~ -'5 'Ltf.:J "lJto I L..L( .o Z.J.) 'L'-1-<Q 

-z..tl~s -z-3. •0 ,.....vl("o 
/ 

8 1};3_,6' 'IJ(,fi 1J.J/P i }I;D 2-S.f ~~s via ;z..q.o "l.N{.-o z._J . .!"' U-jo'i) 

16 Z.,~-0 rz...>...o r'J..L\.~0 <Vl~" <).,<tj3 ~0 'lito: 0 'Ls.r '2..}-S '\,.~(,) ·vt,o ~.7) lt3S Zt;j.;; 

32 ut...o '"2--J ·> 1-lf.vo '2..'~/J ~.P '}A? 1Jtp ·tJ-5 [Vf.o rz_q.ta 2\f,Q -1.1./-:> <t:f~o 1.-LL.:~ 

64 1-)-'0 2-J-r 1.-'f.o "}Ah ~;» ~ 1._,.{,<> ?.).) rz.f.o r.;i-" 1.3-5_ 'V-/.0 l~.il '4.o 

Technician Initials (<:aL t:r'- \(.:fl.-- ('- '\..-_ A_ 'L ~v 'l:fL C;:)L ~;]"\... \{;fLo t-1'L- lC7L 

Conductivity (JJS) 

Day 

Sample ID 7 8 9 fl~ 11 12 13 14 

{fVI.~it., Sv-) new old new old new old new old new old new old new old 

Control 1·-z,tfs '3'1.-o J_l.fl.t L.fo1_, I '3_'{! 'l~ ~SI.I ,}{o1 ~'ft.f_ 2<:t::J. ,~:r 581 ~'f.r :?~ 
0.25 ?>"t 'bC[) !."-{3. 3'7'i 'J1.0 l:Yl.. 'f,o$' l.fl~ 1'1:7-- UI1J ~Sb l.fDc; 5q0 ~~ 
0.5 s4:f' ~ 3tf1' !.to C. jbl:, ?~'t l.ff~ "tt\ 34K 'io9 35~ 4do ~H 5"" 
1 ?ro 1'15" 'N'1 4'o? Ji,~ ;-to 416 'tl-D 3«;0 If[)~ 'f,~q J'l''i 55""-.:. 3qtj 
2 ?tL )~ ~J'j '-(~'-{ 3t.)o .~~., Lffl; cecr l;$2... 4:lO ~z.. Jq9- )JJ 4o4. 
4 ?S"'~ l()o '3r:::r- 41-~ :3:f0 1~1 '11-( "(~o i}W r.t~_s ;bg. '1 t ::r ssq qoiJ 
8 -sco'\ I £fcC! J1-0 wo J~ tfl~ 1~3 ti'!V l51-b lt'St 135?o ifl.'f ~~-~ ""'' 16 :?.~ t{lo~· 1ct1 Lflfl ~- if~ 'IS'< I 'f~t; -9'Joz_ 4 S"<K .4<>-z- 4.y"L- ~Cf~ q. 4-t 

32 <t_)l/ '-{'to. lf~b .Y'f'?.. ~ ~ $b0 S'o1 Li3h 1.{0(-:f lW8" 1.{~ 't~~ t.j1-+-
64 $7-5 .$"~1- r-z.;.,,..,. 5\>1 -S'f') $11 S::Jb ~~~x $"£,.:{- sr~ ~~:t' ~0 S~1 •'f''=:> {"" 

Technician Initials ~u i@'JL. l-'JV 
//'.. r-. r\.. f\ tR- t:f'-" tl-11- f?..-rt.,.. 10"<._- tc,;tv ·f4r,__ 

Comments: 

Reviewed by: Date Review~d: _____ fc~__,._JJ...:;.·...;;..o..r __ 'D__.( t ______ _ 

Nautilus Environmental 



Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

Client: ....::G::;:o.:..::.ld.:::.:.er _______ _ Start Date: 03-May-12 
Termination Date: ..;.1.:....7-..:.=:M::.::::ay~: ·.:.:12~--------

Test Organism: Hya/e/la azteca 
Work Order No.: .....,...-i>-'lz..iooo:JIL....:-t.fl--'v::.._... ______ _ 

Test Condition: Strontium 
~~~--------

Sample ID 

~"liL Sr-) 
Control 

0.25 

0.5 

1 

2 

4 

8 
16 
32 
64 

Technician Initials 

Sample ID 

( f'l.b /L S r-) 
Control 

0.25 

0.5 

1 

2 

4 

8 
16 
32 

64 

7 8 

new old new 

'1-~9 7-'1 ~0 
·:::1~') ~/\f 1}.-o 

~~ 1~-c.f ~<~ 

+~ ~-li tiJo:J 

~ .. ~ ':7-c.f 8'-Q 

":#-~C ~-~ ~VI) 

1~~ I~ 12"-o 
t-o -=7-1 !fvo 

:r -'1 1--) 6-o 
4 -'"\ ~~~ l).o 

\~v tt"1L l!7::fl..--

7 8 

new old new 

~~0 q,.q f}vOJ 

~0 ~0 J'vo 
~ ... o 4--'1. ~ 
~0 1~'1 j(J_ .. 

\' ·o ·=t-.A f?.._o 
f.!!? g.,.o ~ 
~:] I f?"o ~o 

I 'R"'A ~~~ ~() 
~0 ~{) '1-~ 

~~ 7<AV-:,$ 
Technician Initials {'-'JI....- lCJL ~v 

Comments: 

old 

~ 
":r;f 
?-.-1 

~.f 
~)' 

1-.'i 
1v$ 
~q 

l-.7 
('$ 

f'l... 

old 

Dissolved Oxygen (mg/L) 

Day 

9 10 

new old new old 

?t~ m'l S1_<:> %-.v 
tl-t) ~~ ll.-c ))'-.~ 

~.t; ~ R-.l :f.!) 

)-.~ J.-p ,t.,:> q.g 
r~ .:f-0 h"' "1-.j 
-:r.i -/:o f.J~ '=7-i 
""':}-<1 -!))" ~J) ~ 
~ 'b"- a-.o '::li 
1-vf f\Z> ~0 "1--k-
';l-f h_O J;.~ ~i 

C\, " It- lq}"l... 

pH 

Day 

9 10 

new old new old 

.~ P S-o ~ '> \0-v 
CP f..,\ ha ~-v 
[..A) fyo ,r.._a ~ 0 

P-- 0 ~p ~I R'~..-o 

i- 0 'K> 1-,::> !i\,o 

J-P h.a J..._.~:> l.h :> 
J:,P r., b 1---t:l ~o 

J:-P }- .P J..P ~ 
i- !) IV> 1--q 8-..v 
ro J..o 7--11 1- "'I 

~ 

11 12 13 14 

new old new old new old 

~~- v FT-7 1'1-l :J_(" 1!?--o i--q_ 
&',L.. -::J-4' {.~ "':1-S ":J...cr ~~~ 

Q-;.Z, ~.3 :f-~ ~-s ~tO 1-;t..~ 
~J... -=I-) ~,q '1-~ 1~.-o I -:r~::,.-
~-1- "";;..}·f +-q "7--:l 2-~o ~;J_ 
2-11.,; l~lf ~ l'"l.-S ~-v r-J-:t 
~-z... +'f =t1 4t- 3 (!; r-.-o ~A-
}-1...- q-,'1 -=l~'t lf',)~ 1-::l.l-l ~-~ 
g.?.-- ~-3 j,.C, 4-3{2J _Zllf_ ~1 
s.v -:r._.,_ -q_c, "{ :~~.t: F-<> ::+-i' 
~l... ll-JL. \£1L \L7S"l ... l'--.7<.... ~ 

11 12 13 14 

new old new old new old 

1ft 4-.'1 ":1-'i -~Jl I:.1A I~ ~11 
";l,"f '=/.,or 9Pt ~o l:+<i I~ ~-< l 
q._9 1 .. & "7~9 I ~-'1 -=7 f7 7-Cf ! 

~ 1-;,q -=If), a~o 1~<'1 ~ 9;{ . 
~c; +9 ~!{· 1~~ 1+<1 ~ ?-c) \\¥ 
~c; ~]) "1ft ::,._q =1-Cf. '':f: f?. f '! 

1-:vlf '9-.-1 1-:z_q 1-·~111·~ l~c1/+ e-.( .. 
~~ +):} l+.q 1-.~(L ::;.-c, 7 ~- ( 

I ':f.fi ·9!1 ~ ·1-- 1a: • -::1- ~ :;j '- 't- .f 
~.g 711 ~&' 9-1& ~r 4~ f-o ; 
~i7L- . \{(J"V li.dt, ft.jL- l0'<, ~ / 

Reviewed by: Date Reviewed: ---lo:l~L------!N.....::::.ou.v!___Z,::....!.l'L.:_ ___ _ 

Nautilus Environmental 



Client: 
Work Order No.: 
Sa-p\t l!/; 

Comments: 

Reviewed by: 

(.:h.., I rl .o r 
lulf l... 

H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Survival and Weight 

Start Date: MOt"( 3 . '2.-01 '1-

Termination Date: fll!gy I 'f, l-Ot z,. 
~A4-;\.A..t11A ~ Test Organism: ..:..H.:.:..·-=a=zf:..:Ee-=ca=-------------

CfJ _Ws-\- _tl\ +r~n~¥ 
Rl_u..JMOJNPJ oo.rt§ : 6- 111~ .q-z., If- nt.rz. · Kl 
• - ·v --v -- I 

Date Reviewed: b ,1\jo"' 2o 11.. 

Nautilus Environmental 



Client: 

Work Order No.: 
:!)C.tlfl\.(>1-e LO.J 

8 

16 

32 

64 

Comments: 

Reviewed by: 

I 

I 

I 

I 

H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Survival and Weight 

c:z d d (2_ .,- Start Date: loll.fkj 3 1 Wl 'l,.. 
(7.-{Cf z.. Termination Date: Mlt"f Cit z..orz., 

Test Organism: H. azteca ~~·,_vV'- ------------------------------

,;;tA ~1::1 tB4,o&' 
22 B 10 0 () t37S/3-z. l~3&. e5 
23 c lo 0 0 f;';b·:.J-~ t3? '{.41.. 
24 D tO 0 0 ~~~ 1';1fo .4-11 1~3<1· ·:rs 
25 A ,., Q n ~L 1'-rJ'f. "(\ i?1>1-·''' lO 
26 B {o 0 0 1}3~. ~·z. 1315-'15 /to 
27 c to 0 0 z;36.~o t~ -:;q.£fo lo 
28 D lo 0 v ' 

t~Lfl-.'L) l~'l-S"o<J /0 
29 A t I 0 ~ \~l... i?1~-0~ n4-z..S6 
30 B lO 0 0 /'H3,·z.1- (;3<0~~3 
31 c ro 0 0 C33o.t"f l~34.2.5 
32 D to 0 0 •'./ tJI.p •• JLf i~Lf$. IS 

33 A lo 0 0 ~L. 11~6. ~ i3'Jg-.~l iO 
34 B y 0 "!; nrt·=1-&- 1331-~'t ~ 
35 c (o 0 ·-'0 t11'3<l.1."L- l~L•'L~ /0 
36 D to 0 u 111 1~0!{.1..~ 1?\Lzt~ tD 
37 A to 0 0 '/'dL.. ~1'3/~.ts t3t'l.~~ tO 
38 B lo 0 7) 1 1~2.5.111.( 131-:J.. "=1-s tO 
39 c {o CJ 0 i)30.:Z.\ 

\';.:] 2. ·"' ltJ 
40 D {'0 0 0 " IBOfiRo 13£z..sq lu I ~ 

~,eb~A~~~~Ql faA s ; ~- (;; s. ~l ·:;-;- l ~-3l-..7o 

~ 
~~-----

Date Reviewed: b Mv ~(1. 

Nautilus Environmental 

/ 



CETIS Summary Report Report Date: 29 May-12 09:04 (p 1 of 1) 

Test Code: 12192108-9611-4161 

Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental 

Batch ID: 07-1508-5401 Test Type: Survival-Growth Analyst: Karen Lee 

Start Date: 03 May-12 Protocol: EC/EPS 1 /RM/33 Diluent: Mod-Hard Synthetic Water 

Ending Date: 17 May-12 Species: Hyalella azteca Brine: 

Duration: 14d Oh Source: Aquatic.Siosystems, CO Age: 

Sample ID: 12-9817-1117 Code: 4D6084ED Client: Golder 

Sample Date: 03 May-12 Material: Strontium Project: 

Receive Date: 03 May-12 Source: Golder 

Sample Age: NA Station: Strontium 

Point Estimate Summary 

Analysis ID Endpoint Level mg/L 95% LCL 95% UCL TU Method 

07-1606-1540 Survival Rate EC5 >63.6 N/A N/A 

EC10 >63.6 N/A N/A 

Linear Interpolation (ICPIN) 

EC15 >63.6 N/A N/A 

EC20 >63.6 N/A N/A 

EC25 >63.6 N/A N/A 

EC40 >63.6 N/A N/A 

EC50 >63.6 N/A N/A 

Survival Rate Summary 

C-mg/L Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev CV% %Effect 

0 Negative Control 4 1 1 1 0 0 0.0% 0.0% 

0.2595 4 0.975 0.9563 0.9937 0.9 0.025 0.05 5.13% 2.5% 

0.516 4 1 0 0 0.0% 0.0% 
0.951 4 0 0 0.0% 0.0% 
1.925 4 0 0 0.0% 0.0% 
3.7 4 0 0 0.0% 0.0% 
7.495 4 0 0 0.0% 0.0% 
15.35 4 1 1 0 0 0.0% 0.0% 
30.2 4 0.95 0.9127 0.9873 0.8 0.05 0.1 10.53% 5.0% 
63.6 4 1 0 0 0.0% 0.0% 

Survival Rate Detail 

C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep4 

0 Negative Control 1 1 1 1 

0.2595 1 0.9 

0.516 

0.951 

1.925 

3.7 

7.495 

15.35 1 

30.2 0.8 

63.6 

Survival Rate Binomials 

C-mg/L Control Type Rep 1 Rep2 Rep3 Rep4 

0 Negative Control 10/10 10/10 10/10 10/10 

0.2595 10/10 10/10 9/10 10/10 

0.516 10/10 10/10 10/10 10/10 

0.951 10/10 10/10 10/10 10/10 

1.925 10/10 10/10 10/10 10/10 

3.7 10/10 10/10 10/10 10/10 

7.495 10/10 10/10 10/10 10/10 

15.35 11/11 10/10 10/10 10/10 

30.2 10/10 8/10 10/10 10/10 

63.6 10/10 10/10 10/10 10/10 

000-089-184-2 CETIS™ v1.8.4.29 Aflalyst: QA: ~ 



CETIS Analytical Report Report Date: 07 Nov-12 15:16 (p 1 of 3) 

Test Code: 12192! 08-9611-4161 

Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental 

Analysis 10: 12-2159-0124 

Analyzed: 07 Nov-12 15:16 

Batch 10: 07-1508-5401 

Start Date: 03 May-12 

Ending Date: 17 May-12 

Duration: 14d Oh 

Sample 10: 12-9817-1117 

Sample Date: 03 May-12 

Receive Date: 03 May-12 

Sample Age: NA 

Endpoint: 

Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

Mean Dry Biomass-mg 

Nonlinear Regression 

Survival-Growth 

EC/EPS 1/RM/33 

Hyalella azteca 

Aquatic Biosystems, CO 

4D6084ED 

Strontium 

Golder 

Strontium 

CETIS Version: CETISv1.8.4 
Official Results: Yes 

Analyst: Karen Lee 

Diluent: Mod-Hard Synthetic Water 

Brine: 

Age: 

Client: Golder 

Project: 

Non-Linear Regression Options 

Model Function X Transform Y Transform Weighting Fu~_..:.c.::.tio..:...n ____ _:P:-T:::B::.,:S=:-=-F,:;u:-:-nc:.:t:.:io~n 
None None Normal [W=1] Off [Y*=Y] 3P Log-Logistic EV [Y=A/(1 +(X/D)"C)] 

Regression Summary 

lters Log LL A ICc BIC Adj R2 Optimize F Stat Critical P-Value Decision(a:5%) 

62 115.3 -224 -219.6 0.2352 Yes 1.371 2.334 0.2534 Non-Significant Lack of Fit 

Point Estimates 

Level mg/L 95% LCL 95% UCL 

IC5 3.215 0.002521 11.88 

IC10 12.1 2.509 29.95 

IC15 27.49 10.37 55.4 

IC20 51 16.93 113.3 

IC25 84.95 17.48 249.8 

IC40 290.5 7.634 3215 

IC50 596.3 4.152 85650 

Regression Parameters 

Parameter Estimate Std Error 95% LCL 95% UCL t Stat P-Value Decision(a:5%) 

A 0.3065 0.01335 0.2804 0.3327 22.96 <0.0001 Significant Parameter 

c 0.5638 0.3469 -0.1161 1.244 1.625 0.1126 Non-Significant Parameter 

D 596.3 901.3 -1170 2363 0.6616 0.5123 Non-Significant Parameter 

ANOVA Table 

Source Sum Squares Mean Square OF F Stat P-Value Decision(a:5%) 

Model 0.017429 0.017429 14 0.0006 Significant 

Lack of Fit 0.011168 0.001595 7 1.371 0.2534 Non-Significant 

Pure Error 0.034907 0.001164 30 

Residual 0.046075 0.001245 37 

Residual Analysis 

Attribute Method Test Stat Critical P-Value Decision{a:5%) 

Variances Bartlett Equality of Variance 7.507 16.92 0.5844 Equal Variances 
Mod Levene Equality of Variance 0.8987 2.211 0.5384 Equal Variances 

Distribution Shapiro-Wilk W Normality 0.9806 0.9447 0.7131 Normal Distribution 
Anderson-Darling A2 Normality 0.2045 2.492 0.9155 Normal Distribution 

000-089-184-2 CETIS™ v1.8.4.29 Analyst: __ _ QA: 1t 



CETIS Analytical Report 

Hyalella 14-d Survival and Growth Sediment Test 

Analysis ID: 12-2159-0124 

Analyzed: 07 Nov-12 15:16 

Endpoint: Mean Dry Biomass-mg 

Analysis: Nonlinear Regression 

Mean Dry Biomass-mg Summary 

C-mg/L Control Type Count Mean Min Max 

0 Negative Control 4 0.3143 0.263 0.363 

0.2595 4 0.2835 0.255 0.312 

0.516 4 0.3097 0.285 0.334 

0.951 4 0.3012 0.24 0.371 

1.925 4 0.2995 0.239 0.326 

3.7 4 0.281 0.248 0.334 

7.495 4 0.2693 0.243 0.29 

15.35 4 0.3097 0.281 0.326 

30.2 4 0.2348 0.196 0.277 

63.6 4 0.2425 0.228 0.269 

Mean Dry Biomass-mg Detail 

C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep4 

0 Negative Control 0.328 0.363 0.263 0.303 

0.2595 0.312 0.291 0.276 0.255 

0.516 0.334 0.316 0.304 0.285 

0.951 0.313 0.281 0.371 0.24 

1.925 0.326 0.322 0.239 0.311 

3.7 0.248 0.273 0.269 0.334 

7.495 0.267 0.243 0.29 0.277 

15.35 0.3209 0.326 0.311 0.281 

30.2 0.277 0.196 0.205 0.261 

63.6 0.228 0.231 0.242 0.269 

Report Date: 

Test Code: 

07 Nov-12 15:16 (p 2 of 3) 

12192/ 08-9611-4161 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 

Official Results: Yes 

Calculated Variate 

Std Err Std Dev CV% %Effect 

0.02105 0.04211 13.4% 0.0% 

0.01203 0.02407 8.49% 9.79% 

0.0103 0.0206 6.65% 1.43% 

0.02763 0.05527 18.35% 4.14% 

0.02041 0.04083 13.63% 4.69% 

0.0185 0.03699 13.16% 10.58% 

0.009938 0.01988 7.38% 14.32% 

0.01007 0.02014 6.5% 1.44% 

0.02013 0.04025 17.15% 25.3% 

0.009329 0.01866 7.69% 22.83% 

000-089-184-2 CETISTM v1.8.4.29 Analyst: __ _ QA: ·1-f, 



CETIS Analytical Report 

Hyalella 14-d Survival and Growth Sediment Test 

Analysis 10: 12-2159-0124 

Analyzed: 07 Nov-12 15:16 

Graphics 

.. .. .. .. 

.. .. 

.. 
.. .. .. 
.. .. 

000-089-184-2 

C-mg/L 

.. 

.. 

.. .. 

C·rng/L 

Endpoint: Mean Dry Biomass-mg 

Analysis: Nonlinear Regression 

3P Log-Logistic EV [Y=A/(1 +(X/D)AC)] 

.. 
~ 
~ .. ~ 

8 

CETIS™ v1.8.4.29 

Report Date: 

Test Code: 

07 Nov-12 15:16 (p 3 of 3) 

12192108-9611-4161 

Nautilus Environmental 

CETIS Version: CET1Sv1.8.4 
Official Results: Yes 

.. 
...... .. 

MeanDryBiomass-mg 

.. .. 

,_, 

.. 

.. 

.. f .. 

• .. 
.... .. 

• 
'\ 

Analyst: __ _ QA:-1t-



Client: G10!cle v 

W.O.#: j'l.\'12- Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of I 
(ml) 0.02N (ml) of 0.02N 

I 

Sample Sample 0.01M Total I 

Volume HCL!H2S04 HCLIH2S04 Total Alkalinity Volume EDTA Hardness 
Sample ID Sample Date (ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

Ml"\ \V Co\'\h-c \ MOV'( tl 11.- Sl) 2-,~ z._ 9 5'Li.._ 
-------- ----·-· --- - ')0 "I']_, ( 0 '-( ~r'-' 

Notes: 

Reviewed by: 7~ Date Reviewed: lo 1'\.h~ 2,rz.. 

7 
Version 1.0 Issued June 26, 2006 Nautilus Environmental 



NAUTILUS ENVIRONMENTAL 
ATTN: Karen Lee 
8664 Commerce Court 
Imperial Square Lake City 

Burnaby BC V5A 4N7 

Date Received: 03-MAY-12 

Report Date: 11-MAY-1217:42 (MT) 
Version: FINAL 

Client Phone: 604-420-8773 

Certificate of Analysis 
Lab Work Order#: L1142729 
Project P.O.#: NOT SUBMITTED 

Job Reference: 

C of C Numbers: 

Legal Site Desc: 

Can Dang 
Senior Account Manager 

~oldY 

~fnY~fl'v""' 
ffyot 1 - Dvy o 
MA( ~/fl.-

[This report shall not be reproduced except in full without the written authority of the Laboratory.) 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada I Phone: +1 604 253 41881 Fax: +1 604 253 6700 
ALS CANADA LTD Part of the ALS Group A Campbell Brothers Limited Company 



L1142729 CONTD .... 

PAGE 2 of 4 

ALS ENVIRONMENTAL ANALYTICAL REPORT 11-MAY-12 17:42 (MT) 

Version: FINAL 

Sample ID L 1142729-1 L 1142729-2 L 1142729-3 L 1142729-4 L 1142729-5 

Description WATER WATER WATER WATER WATER 

Sampled Date 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12 

Sampled Time 
Client ID SEDIMENT 0.25-SR 0.50-SR 1.0-SR 2.0-SR 

CONTROL 

Grouping Analyte 
.. •::· .. .:·"-

· .. ·. •· 
WATER 

Total Metals Strontium (Sr)-Total (mg/L) 0.0242 0.276 0.533 1.04 2.02 

* Please refer to the Reference Information section for an explanation of any qualifiers detected. 



L 1142729 CONTD .... 

PAGE 3 of 4 

ALS ENVIRONMENTAL ANALYTICAL REPORT 11-MAY-12 17:42 (MT) 

Version: FINAL 

Sample ID L 1142729-6 L 1142729-7 L 1142729-8 L 1142729-9 L 1142729-10 

Description WATER WATER WATER WATER WATER 

Sampled Date 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12 

Sampled Time 

Client ID 4.0-SR 8.0-SR 16.0-SR 32.0-SR 64.0-SR 

·.; 

Grouping ···Analyte . ";d , .... . 
WATER 

Total Metals Strontium (Sr)-Total (mg/L) 3.78 7.68 16.3 30.2 67.6 

I 
* Please refer to the Reference Information section for an explanation of any qualifiers detected. 



L 1142729 CONTD .... 

PAGE 4 of 4 

Reference Information 
11-MAY-12 17:42 (MT) 

Version: FINAL 

Qualifiers for Sample Submission Listed: 

Qualifier Description 

SPL Sample was Preserved at the laboratory- total metals 

Test Method References: 

ALS Test Code Matrix Test Description Method Reference** 

MET-TOT-LOW-MS-VA Water Total Metals in Water by ICPMS(Low) EPA SW-846 3005A/6020A 

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven, or filtration (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma -mass spectrometry (EPA Method 6020A). 

** ALS test methods may incorporate modifications from specified reference methods to improve performance. 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below: 

Laboratory Definition Code Laboratory Location 

VA ALS ENVIRONMENTAL- VANCOUVER, BC, CANADA 

Chain of Custody Numbers: 

GLOSSARY OF REPORT TERMS 
Surrogate- A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. · 
mglkg - milligrams per kilogram based on dry weight of sample. 
mglkg wwt - milligrams per kilogram based on wet weight of sample. 
mglkg /wt - milligrams per kilogram based on lipid-adjusted weight of sample. 
mg!L - milligrams per litre. 
< -Less than. 
D.L. - The reported Detection Limit, a/so known as the Limit of Reporting (LOR). 
NIA - Result not available. Refer to qualifier code and definition for explanation. 

Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 



TESTING LOCATION tn•---~ Circle) 

f,' . 
/.//~.-~'· .. , .u)\1 At). ·W IA.S bvtu! 'fO' 

~~~~~~~~~~~~~lll\li\~~ ', 
(j) British Columbia 

L \\ '*'z:;\v\ Chain of Custody 

\i - ' -~ •, 
\ ,_ ::-:\\ 

BG64 Commerce C:ourt 

Burnaby, 8rito~h Columbia, canada VSA 4f'H 
Phone 604.420.8773 

,'~~D/ ~ 1. 1 1 4 2 7 2 9 - <:: 0 F C .,. 
~ax 604.3!i7.J36! Dat~t<"-13/"1 ~ Page ( of I 

sample Collection By: 

Report to: 

Company 

Address 

City/State/Zip 

Contact 

Phone 

Email 

SAMPLE ID 

Client: 

PO No.: 

Shipped 
Via: 

@._._ 

karen@oautilusenvironmental.com 

DATE TIME 

03-May-12 

03-May•12 --
03-May-121 

03-May-12 
---
03-Mi!y-12 I 

03·May-12 

03-May·12 

03·May·12 
---
03-May-121 

Total No. of Containers 

Received Good Condition? 

Matches Test Schedule? 

Invoice To: 

Company 

Address 

City/State/Zip 

Contact 

Phone 

U) 

Email t~y,lilusenvironrnental.corn 

CONTAINER. 
TYPE 

NO. OF 
CONTAINERS 

(Signat~ 

COMMENTS 

E 
::> ., 
c: 

~ 
]i 

~ 

X. 

X ·-r 
~ 

~ 

~ 

~ 

~ 

~ 

X. 
'( 

(Time) I(Signat""') 

(=t,o~ 

(Prrn~m;e V1 U e_ (Date) I(Prlntcd Name) 

Md...'{ s/12.. 
(Company) t (Compony) 

IV~vt-h !v..). Ell\~lriMW1-E'vd~ I 

ANALYSES REQUIRED 

RELINQUISHED BY (COURIER) 
(Tir>o) 

(Date) 

...... 
u 
0 ...... 
GJ ... 
:2 

~ 
Ill 
0. 
E 
~ 
1t 

~ 

SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. 
preserved. 

Day D. Samples are not RECEIVED BY (COURIER) ' RECEIVED BY (LABORATORY) 

_MTIU 3 \l,5J rri J.:' ISignatu~) · rnmeJ ---1 
(Printed Name) ( (Date) {PrinMd NJm('t) (Da:e) 

(COmi'<'OY) (C~mpony) 

Addffi011ill costs may be required for sanlple disposal or storage. Payment net 30 unless otherwise contracted. 



NAUTILUS ENVIRONMENTAL 
ATTN: Karen Lee 
8664 Commerce Court 
Imperial Square Lake City 
Burnaby BC V5A 4N7 

Date Received: 17-MAY-12 
Report Date: 28-MAY-12 18:11 (MT) 
Version: FINAL 

Client Phone: 604-420-8773 

Certificate of Analysis 
Lab Work Order#: L1149217 
Project P.O.#: NOT SUBMITTED 

Job Reference: 

C of C Numbers: 

Legal Site Desc: 

Can Dang 
Senior Account Manager 

0 c(l..~·>/ 
s+nJV'tliA W\ 

.\1it7\ l- 'Pat-..t \I{ 

M&..j l:t-111.-

[This report shall not be reproduced except in full without the written authority of the Laboratory.] 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1 W9 Canada I Phone: +1 604 253 4188 I Fax: +1 604 253 6700 
ALS CANADA LTD Part of the ALS Group A Campbell Brothers Limited Company 



L 1149217 CONTD .... 

PAGE 2 of 4 

ALS ENVIRONMENTAL ANALYTICAL REPORT 28-MAY-12 18:11 (MT) 

Version: FINAL 

Sample ID L 1149217-1 L 1149217-2 L 1149217-3 L1149217-4 L1149217-5 

Description WATER WATER WATER WATER WATER 

Sampled Date 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12 

Sampled Time 
Client ID SEDIMENT 0.25-SR 0.50-SR 1.0-SR 2.0-SR 

CONTROL 

Grouping Analyte .. 
. '· 

>'" .<' >-' ·.:' 

WATER 

Total Metals Strontium (Sr)-Total (mg/L) 0.0543 0.243 0.499 0.862 1.83 



L1149217 CONTD .... 

PAGE 3 of 4 

ALS ENVIRONMENTAL ANALYTICAL REPORT 28-MAY-12 18:11 (MT) 

Version: FINAL 

Sample ID L 1149217-6 L 1149217-7 L1149217-8 L1149217-9 L 1149217-10 

Description WATER WATER WATER WATER WATER 

Sampled Date 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12 

Sampled Time 
Client ID 4.0-SR 8.0-SR 16.0-SR 32.0-SR 64.0-SR 

Grouping Analyte 
' 

WATER 

Total Metals Strontium (Sr)-Total (mg/L) 3.62 7.31 14.4 30.2 59.6 



L1149217 CONTD .... 

• PAGE 4 of 4 

28·MAY·12 18:11 (MT) Reference Information 
Version: FINAL 

Test Method References: 

ALS Test Code Matrix Test Description Method Reference•• 

MET-TOT-LOW-MS·VA Water Total Metals in Water by ICPMS(Low) EPA SW-846 3005N6020A 

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven, or filtration (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma- mass spectrometry (EPA Method 6020A). 

•• ALS test methods may incorporate modifications from specified reference methods to improve performance. 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to itle list below: 

Laboratory Definition Code Laboratory Location 

VA ALS ENVIRONMENTAL- VANCOUVER, BC, CANADA 

Chain of Custody Numbers: 

GLOSSARY OF REPORT TERMS 
Surrogate -A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. 
mg!kg - milligrams per kilogram based on dry weight of sample. 
mg!kg wwt - milligrams per kilogram based on wet weight of sample. 
mglkg lwt- milligrams per kilogram based on lipid-adjusted weight of sample. 
mg!L - milligrams per litre. 
<-Less than. 
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR). 
N/A -Result not available. Refer to qualifier code and definition for explanation. 

Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 



2 

3 

4 

5 

6 

7 

8 

9 

10 

bvtu [ 'to~-tmt-vt1:~J 
TESTING LOCATION (Please Circle} 

{, \ British Colum!Jia 
\..J..../ SG6~ Commerce Court 

Burna~y. Brltrsn COlumbia, CP.nada-v5A 'IN3 
Phone 604.420.3773 

Chain of Custody 

\_ \\~ (\~ \0f Fax 601.357.1361 
Date /-Ao.[ litflpage_f of_l 

Sample Collection By: ANALYSES REQUIRED 

(i) 
..... 

Report to: Invoice To: u 

G) 
0 ....... 

Company Company e! 
:I 

Address Address ... 
~ 

City I State/ Zip City /State/Zip 01! 
Q. 

Contact I Contact E 

Phone Phone !:' ~ 
::J ... 
"" Q. 

EmaH Email <:: 'ei karen@na utilusenvironmental.co rn karen@n<l11tl:usenvironmental.com g 
Vl ~ m 

SAMPLE JO DATE TIME MATRIX 
CONTAINER NO. OF COMMENTS ~ TYPE CONTAINERS 

Sediment Control 17-May-12 125m! Bottle 1 Strontium - Day 14 X 

0.25- Sr 17-May-12 125m! Bottle 1 Strontium • Day 14 X 

0.50- Sr 17-May-12 125ml BottlE! 1 Strontium • Day 14 X -
1.0- Sr 17·May-12 125m! Bottle 1 Strontium • Day 14 X 

2.0- Sr 17-May-12 125m! Bottle 1 Strontium - Day 14 X 

4.0- Sr 17-May-12 125ml Bottle 1 Strontium • Day 14 X 

8.0 • Sr 17-May-12 H5ml Bottle 1 Strontium • Day 14 X 

16.0- Sr 17-May-12 125m! BottlE! 1 Strontium - Day 14 X r--
32.0- Sr 17-May-12 125m! Bottle 1 Strontium - Day 14 

X 

64.0- Sr 17-May-12 l25ml Bottle 1 Strontium - Day 14 X 

PROJECT INFORMATION SAMPLE RECEIPT RELINQUISttED BY (CLIENT) RELINQUISHED BY (COURIER) 

~Signal~ (Time) {Signato,e) (Time) 

Client: Total No. of Containers 11-oo h 
(Pri(lted Name>:} 

L..e.e 
(Dote) (Printed Name) (Date) 

PO No.: Received Good Condition? fla.r.@ Yl J..AtA y 1~//"'l-
Shipped "! (Company) ' eV'-"~~II'vle,....~ \ 

(Compa"·l) 

Via: 
Matches Test Schedule? Na l)+r f v.;. 

SPEaAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day 14. Samples are not RECEIVED BV (COURIER) RECEIVED BY (LABORATORY) 
preserved. 

(Sg\ tJ f'V\'0\J \ T \ 1c~O"S (f1me) 

(Signature) (Time) 

(Printed Name) %b (Date) (<r"-~" ···-·· 

; . 
(Cornp•nv) 

~ 

. 
Additionarcosts may be required for sample disposal or storage. Payment net 30 unless otherwise contracted. 1\1·1~\1111\11 .......... . 

.,L1149217-c0FC* 



Hyalella azteca Sediment Test Summary Sheet 

Client: ----='.:..:.n....:.-H..:..:o:....:u;..::.s-=-e~(R'-"&=-DL-) -------'-Start Date: __ ___:0-=-5.....:-J....:.u_l--'-12 ___ _ 
Work Order No.: n/a Set up by: __ __.:_K.:.::J-=L _____ _ 

Sample Information: 

Sample 10: Strontium Study 
Sample Date.;_: __ ___:n~/=-a __________ _ 
Date Receive-:.:d:.:..: ---=n~/=-a ___________ _ 
Sample Volu:..:..m:.::e..:...: _ ___:n~/=-a __________ _ 

Test Organism Information: 

Species: H. azteca 
Supplier: Aquatic Biosystems, CO 
Date received: 04-Jul-12 

~--~------------Age or size (D_"""ay"---"--0),_: _7_-_a_o_a ....... y_s ________ _ 

NaCI Reference Toxicant Results: 

Reference Toxicant 10 HA50 ------------
Stock Solution ID: NaCI 

~~----------
Date Initiated: 05-Jul-12 

~~~~--------

96-h LC50 (95% CL): 5.3 (4.6 - 6.0) g/L NaCI 

96-h LC50 Reference Toxicant 
Mean and 2SD Range: _4_.4~·-=-3:....:.0_--=6-=-.3~g/-=L....:.N..:..:a.....:C....:.I ___ CV(%) ___ .=2....:.1 ___ __ 

Test Results· 

Sample 10 Survival± SO(%) 
flltuJ.' -!'S_to-N'l~JJ, ••. 

·...;r-'~ '-''Y VVl. ±SO (mg) 

Control Sediment 100.0 ± 0.0 0.41 ± 0.03 
30.1 mg/L Sr 100.0 ± 0.0 0.38 ± 0.05 
61.2 mg/L Sr 100.0 ± 0.0 0.25 ± 0.05 
125.0 mg/L Sr 100.0 ± 0.0 0.13 ± 0.01 
242.0 mg/L Sr 0.0 ± 0.0 0.00 ± 0.00 
469.0 mg/L Sr 0.0 ± 0.0 0.00 ± 0.00 

Reviewed by: ~ 
7 

Date reviewed: ~ 1\)Q>/ lo r1. 



Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

Client: fn 'tlO~tS-t (l-tQ) 
Work Order No.: _.!..lhi.!:(fA~--------

10-L 
Start Date:~ ~!:!!'11_:?:'- J'IA~ 'Sr( 2.. 

~e!t COIIelitioiL Strontium 
~~~-----------sa. ...... ple_ \J::>! 

Termination Date: 4+ j~i1& J~,.l'{ {'1 /I L 
Test Organism: Hya/ella azteca <·------------

Temperature CCC) 

Day 

Sample ID 1 2 3 4 5 6 7 
(-Mr:JiL S:r) 0 

old new old new old new old new old new old new old 

Control <Vf,o 2. 'l .-o 1-ti.!J ]);,-;; ~ .J.~, .. ~-"' 1)f.,o 7.f{d) "V(w V{~1:> oz..'{,::> .z..'tc:o:> tA.£.o 
30 '1}(1 ,::> '1 'f.o 

'2.-'1 '" 'U{..,? 'j.,tt,t> ))(p 1>1,... V(.o 't-'(.o "'LLt.( .o 7..'l~::> ~-? rzJ.tv ~ 
60 t.J.f'd7 1-~.:o 'V{.o ·u.(7 'l..(,~ 'l-ot~ ~,0 I 'U(~o -z,y,o t'tcO })f_o V-f,) Vf._o ~ 
120 f7J.Lo 1.-<t ,0 1.-Lf.'J . 7-<fp rvt..o 'Uf«~ 'PfC/o LV .tO 1.-•·Lo '"2.--'f.D 'ZJ.tc? ?Jt.O \lrpo -v...,o 

240 rz,4.c "1,~.;:> 'llf.o ~ bf~ 1--'<.,~ Vl...> In}{ ~o Vl.:O f},t( •'\) 'V\t..O 1ft-.. 1..<(.0 ~-v 
480 ~-" 'Vf.o 'lq,~ t>tA '\Jt""' 't'IA 'VfA 'Vf·J i't,'(.<l ?A.o ty,,) 11'{-J V'{,v ~.~ 

Technician Initials ~ /L"JL ~'t"L 1'- ,.. 
A. ...... \C.f<... j(..:J:_... ~""SL t-11.- lGfL \C:fl..--- ~L 

Conductivity (J.JS) 

Day 

Sample ID 1 2 3 4 5 6 7 

(l"'~iL Sr) 
0 

old new old new old new old new old new old new old 

Control '1;'-{~ ~Sb ~'( l' 'l~:s gt£Y ~ Jtf? lfN >if~ ({"1-3 >'f.K 193 ~_'fJ'_ ')f2-

30 !{'2-j tt'fj l.\S""V Cf<;.f 'l:t:t- l.f<-- \ lf-SS'" l'f!l-.,_ ~1b .44t?. I en-:!- t.1('1iJ '{zy- ~~+.> 
60 'S"o~ 5'}ro 'S"Jt 1"Jb ~2-- 5L{'L- ~lu ~n. ... S''2...] S(-..o le;z..~ $to $?.-]-. 'S"~D 
120 <otbv '1""" :uc. '1-1..,.... '(,<,4 <,..t;""j 1,s;O l1-i18 (:,}~ =t-~ () (,)£...- i:fp ~ 111-o 
240 Ctb1, l'1i-o l~<l ~~ 9qy f 0 ,c;"" f~-5 lro~.t 1/..,Jlf i o><f toY) (JbJ 10], TelP 
480 iS~5' r~61 l,::t--1-- ~~·( f{:.1-3 /(,f::i (t:,::}C. I b-:t{ l~'fO l".fci /Cit-~ ~1,{., .~ 19-rH-

v 

Technician Initials j(,"JLI (W'i- (C;Jil-- (\._ t- r I'- ~TL...- \:..r-- (WL ~"S'-- ~ \C3<....- (l;fl.-

Comments: 

Reviewed by: 

/ 
Date Reviewed: b N..o" ~ t L 

----~~--~--~~~-----------

Nautilus Environmental 



Client: 
Work Order No.: 

~~a~ A: 

Sample ID 

(M~/L S:.-) 
Control 

30 
60 
120 
240 
480 

Technician Initials 

Sample ID 

(fv\.? 1/, Sr) 
Control 

30 
60 
120 
240 
480 

Technician Initials 

Comments: 

Reviewed by: 

Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

~.7L 

Start Date: l7-dtlll 1~ :r;...lj S/{L... 
Termination Date:44 Jul 1-T JiAt1 I 'i/{"'"J... 

Test Organism: Hyalella azteca 
~-----------------------

Strontium 

Temperature (°C) 

Day 

7 8 9 10 11 12 13 14 

new old new old new old new old new old new old new old 

V{_.,o V$.? •Z,'f...o I ')ftP "}.}(.•0 1NP 'J_q,O li\.o 1 '(.-o ~--5 r13~S Z.'f.o ~>-~ ;7~'5 

2lt'.-o <J•O ~-f 1'71i $' '\l'i..O 'li-o VttP Vf..o Z'{.o 'LJ_~ --z..).) 15(._o 0~.o L'L~ 

lJt.,o l-5-v ~1~1' 'Jjf.o '>A~ 'Vi? "h? ~;s J.i.f,o 2..~~~ l..$,.0 ~.P 24--o "U}~~ 

vt.,o 2-~S ~-S ')}(p ~ . 1/I.(.P 1x.P 'tl..J ~~0 vJ_o 'L~ .... o 2:3-~ '21;o ).;~.c 

lvt•O i7~1..-5 't.l·S: '1)1? 1.)t.~ 1.ft<p ')..k:_y '13~~ 'H_.o 1.3.._~ '"'Z . ."l.-" ~-r ~0 u-s 
L'f.o ~]-f ,JJ 1)t7' ?/(,0 "k? •V(p ~L( ""'"() 'Z){.o rz--'2- 0 "Zts.~ '"},'-f,~ 1~--S' 

ltc1L. (CJ~ (Cj'L.- -~ I'V ~ '- ~L t,-t- t::JL. t-1L-- 'K--JL t::r<- tc1~ 

Conductivity (!JS) 

Day 

7 8 9 10 11 12 13 14 

new old new old new old new old new old new old new old 

)'{~ 1=1-'f ~ f{'03 ?!'f f{;;r.:. f5'1..-- l$cf't( 1~o '!>.f> 1\\ 1,~ ~'+~ '3¥<> 
'f31-' ~g.l. ·~ Lft1;; 'f~3 .5"<30 'tit~ C(~-=1- 441- '1~ q~o tt-:}..S" q3t:, £{~'2-
5"!'1 ')::f-1 I. ~2.- St.lo :-s::rr '91-< 5~ S")l '?-> ~1--q '>=1'7 ~2'"\ ~$"" 

G41 ~) '*'\ ~~~ ~ '?Vl :ttY 7""10~ [/~( ':J.<oo .~~K 1:&'2..- b<3 b ~+ 
le3-o (eb~ I lOb( taCA . fo'J£ ID-:r\ ~~ 1lo~ lo73 [ 01-fJ ~- to:rb to1b ! fp-arf:. 
\ (Q 't,f lft~ t~l{( ~~\) ~,. H~::r- I~'.? t=n>~ I 1'1-lX' l~-z.,~ It~\ 1'1--Vl ~ {~~ 

le&-3 

\(.j"v i.cJ(......- ~cj'(...; - tlv 
,.... A (V':fL {CJ~_.. ~1L. ("J""' '1-lJl !£.~'- fUJi...-

Date Reviewed: _ __,b~.......;..:Aj,...,..;;./ __ ---"-lo __ t 1-__________ _ 

Nautilus Environmental 



Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

Client: IV\ -tf OIAS-t [~ ..f D) 
~51-

Start Date: g:z:~!:!~ ~ -:>'"" lj Sl("l-
Work Order No.: -:---...:..t\!....1../A~--------
Test 601 u:litiel'l: Strontium 
~rk •P-' ...=..::..=.::..:.;..;.. _______ _ 

Termination Date: 44 duf J: Jfu 1 y [tf / h 
Test Organism: "'"'H..._ya=/e=ll.:;...a =az:..:..:te:....:..c.:;...a --------

Dissolved Oxygen (mg/L) 

Day 

Sample ID 1 2 3 4 5 6 7 

(~!L ~y) 0 
old new old new old new old new old new old new old 

Control =f-o f. .. <; ~-,0 ';fb ~--..~ "l-'- p.,o ~-&' g~v- 1,.t )l..\- r1·-q ~B -=1---& 
30 1-" ~.b It-O ")--~ "' I ~ ho ~{-- ~J 74 2}-rl ['!:),b 'qJb +v::r 
60 h-i -:r .. (, ~A :};A ht ~ 1-P q_.c, bl3 7-Cf ~~( ~,b -==f-.'9 1i-C:. 
120 ~q ~-6 ~~1.. i((, A1 ~~ S'--..'1> ":?- -'i ~~~~ 8--\) g ... , 1-::t- b =t-1" '+A 
240 l~t~ ?.~:t ~-0 f-it f.-~ 1--.1 fi:..,_o '4Pl ~;] 3--if l<t. £., +-> '::1-!Jt ~~~ 
480 ,,, "t-~ ~.,_ -:r--1 f.-v.:> "")-;(, Ro 

/ 
~y l.q.,? 1.i1 p...\..- ~~ ~ ?..-r 

Technician Initials \(.-;fL.- pTL- \(.;1L ('- 1\-. ........ (£..1"\..... [C.T<- 1{.-J"L ).SL I \l.(JL.r l~ )l.:TL -

pH 

Day 

Sample ID 1 2 3 4 5 6 7 
0 

[Wt.~/L ~..-) old new old new old new old new old new old new old 

Control _..:t,t 4t1. i"-0 ~ f-.o ":t-'"1 ~l. 10. 9--v K--.o -:+-Of e,o 18--o f-..v 4j 
30 +-b ~-~ 1--'l ~ f-1 ?-.,'i ~ r~o 4-1 -::;.~ "f ... Of 8-o ~-0 ~:1 
60 1-~ "::}·'~ ~ ~~ -,(\R '}-'1' f-.~ -={ -tt 4-<i ;Jt:( 3-c, 13~9 jf..o ~B 
120 :}_t; -=t- q 7-'1 7-~ "Yf ~J N 1·1 IQ../l '::1£1 -=J-ls 1-::r:_ 9 ~-0 I ::z.B"" 
240 ~" =t-· ~ 'k.~ Nt -rt 'h1 ;....> 1~, '7-f.r ':1·-, ::,-_§__ =r-.'7 ~.~ :t--1-
480 "l;~ f-- b :J_,~ ::r-a ~)) -:.-.; ~q q-1 ::J-8: -g.~ ~-+ v.-.q i-~ "::/..?--

Technician Initials ~J ....... ~L- \';!L- ,...._ c- "- "- ! t:-1'- lt.-1(.. '(;jL w\.... I/0L (~ i0l. 

Comments: 

Reviewed by: Date Reviewed: t f\.)g.., 7.P 1 'L 
~~~~--~~----------------

Nautilus Environmental 



Chronic H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment Water Quality 

t.."jt.-

Client: lV~-HouJ.e [ll--t 0) 
Work Order No.: ---=.s'l.!..!./~IA!...-_______ _ 

Start Date: 211-Jm 1-TL ::fv((1 r ~/"--
Termination Date: ~ul 12- :Tv. ( 1 'i Ill-

rest CeRiili~ieFI'" Strontium 
~~~--------

Sot""'y>\.-(. I..P 2 
Test Organism: Hyafella azteca 'f 

Dissolved Oxygen (mg/L) 

Day 

Sample ID 7 8 9 10 11 12 13 

[rtl91L $r) new old new old new old new old new old new old new 

Control ~0 1--Pl ~ ~Jo "}...~ ~:'1 P. ~~I lj).."L ')./l- 9--' _h-;> ~.l.. 

30 1--l ~ 9-~ 'n'1 "},~ ;.._..,. J..J=' }l( ~- 1. -=J.-t, il-.-1 ~c; f.l. 
60 1-<-~ &•o ~ j:-;:.l P-O .f--.'4 ~( 1~1 ~ ... 1- ~1-- Q-·3 '5-o }}-l... 

120 ~~o J-~o 19- t S--Jl s--:~ f-.'> S:..l q-.tO ~t ~ ... )-- » .. Z... ~9. R-.o 
240 t-( t-l r-v p 1!-P ;-,o bl $~0 ~ "=i-t ~ .. t. ~·0 '&<I 
480 t-l r·u s~v S--o }--.? ,jl)O R.l ~--o 't--o ++ ;.;v ~,-;, 8--\ 

Technician Initials \.'-11/ V"L tc-1Lr /'- "- A. .. IL-tL... tc.-.TL (C;1L- ~iL- lp.tL \"·'"'-
pH 

Day 

Sample ID 7 8 9 10 11 12 13 
Cl"f'..&; if_ Srl new old new old new old new old new old new old new 

Control ~ -=t~ ~ o...o ~f) h.:> s;,o r-.,2.- ~ ~:IJI V...o ~~ l~o -=~-~or 
30 ~.0 ~~ ';C'j P.» w 1---i j-.,2 ~~o >4::) 9--...o I k':-_o l~o ::r..~ 
60 ··:f!{ 4~ -~ .f...o ~ N F--.( @-'o lr· 0 ;t-o ~-0 8'..0 ~:z. 
120 q.-, -:,..-f ";fJ.f J-,_'.) h> J:,..( -~I R~O s-4{J ~~~ -=1-.Jt I~ :Jf1 
240 ~ ~..f 7~ h~ ~~ hi N il-'l -q .. q 1--'l I ::i-<i 1':7-.A :}-.JJ., 

480 4.'1- =1-.t "':.\· :}-_ ~--'=> l~7 <f-... ( fv<> J .. ct 1::1--~ 4>-'\ ::,..:~ ::f..'f f+y; 

Technician Initials ti.IJ""' Oifl.-- ~fV .,_ 1\v ...... ~ ~7L (V'JL--- t.:f'L-- (C.j'l...- t;.J"L \V1l-

Comments: 

14 

old 

~8' 
~~ 

¥ 
~ 
9-4 
u 

~zt<-

14 

old 

6\o 
~ 
-~<-(} 
~0 
f-9 
:::,. '1 

~1'-

Reviewed by: ~ 

/ 
Date Reviewed: _ __w:,_....;f\J:..... =.J!JI!!..:v~_1P_I1.,-=--------

Nautilus Environmental 



Client: 

W.O.#: 

Sample ID: 

H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment 14-d Survival and Weight 

lh--l-\t9lA5e Cf.-1' \)) 
tc:n ..... 

Start Date: 27'=-::lt:JA 12 -Tt....ly S://2-

"'(A Termination Date: :U dl:ll ~ JLt1 1 1q (I Z, 

Strontium Test Organism: Hyalelfa azteca 
~----------------------------

I·' 

' .. ~aTtlelP .. "~.;,Pa.~ No., ..• ,R~p"lt~6.~.,.;,:~eil: N9.~de~d ., .•. ~~:~~~si,n~J. Initials. 
· .... ,( ... ,,1)1 .... ' S'.V') .. :. ·:.·. ~- "''· ·... : . ·.··.·· :;.. : ·:;\',· ·:• .. 

Pa•n' we.ig.'ht .I Pan +:or .. g ... a.nism.l No, w~igh~~t'ltraitials 
, .. (mg) . ... . (f11g). • . . ' ,. . . , 

Control I 1 I A0 I tO I o I o ~ .... lot3:;'Z. I tOtb.'fl-- I 1 o I ~l... 
2 I B I to I 0 I 0 w1..:~ .• b~ I lo :11 ~ ~~-~ I r o 
3 I c I lO I 0 I 0 C(9~. to I q~g, 2.0 I 10 

4 1 o 1 to I o I o -.JJ Cfqs-.+t ltooo .I$ I to 'lt 

30 siAIJo I o 1 o \(jl- q lt¥ • .81 I ~g-g. '2? I (a ~L 
6 I B I t 0 . L 0 I _Q_ Cf:rs. a-8"- r.3_T-"L II I t o 
7 I c I lo I 0 I .0 Lcl4.1.fl ltolt-~c.f I j_o 

8 1 o 1 lc I o 1 o ·" ~~~ .. '1-L I t~ol.S~ I to :v 
60 9 I A I co I o I 0 (qL tool- +-5 I too~. So I to t'i5l. 

10 I B I iO I 0 I 0 loot;.'tQ ltDoW'·?Ll I lO 
11 I C I rO I 0 I 0 toot. '5'1. I £oo4. og I to 
12 D tO 0 0 ..v q~~.sz. I rooz... 5"~ I 10 ~ 

120 13 A to 0 () ~j"L- {<J'L2.'l'T I io'Z.~·"Z.i I bO 1'-1'-
14 B l'O 0 0 {o l=f~<tLf I tQt't. ;z.e; I to 
15 c 10 0 () (j)Jg.q& I to4o. It I to 
16 D (0 0 0 te:z.t. '9 I w-z-:~. 17 I _lQ ...v 

240 17 A 0 2. )> "-.:1'- leOc9·~ I - I b ~L.-

18 B t) 0 ;o {oil·3'0 I - I 0 
19 c 0 {) (o too':'f· ~o I -. I 0 
20 D 0 0 to ,IJ C{'tC'f-b8 I - I 0 \II 

Comments: B.iwvi'~'h..e..u( nt:H15 ~ ~-~ fooo_..o·'l;_ to- too.b·L-z.... 
v· -r 

Reviewed by: ~ 
7 

Date Reviewed: k M v to • v 

Nautilus Environmental 



Client: 

W.O.#: 

Sample ID: 

''\, ; <<'.: : 

·.• 0:'t Saffllh~ IP. 
1 •. · C~q I ..... Sr ),. 

>/ 480 

Comments: 

Reviewed by: 

H. azteca Sediment Toxicity Test Data Sheet 
Freshwater Sediment 14-d Survival and Weight 

fvt-+1ause_ (f.+ D) 
-A1a.-·~ 

Strontium 

\f~JI..,.,. 

Start Date: .:);7 dUI I 12 J~ ty S"/t L 

Termination Date: . .:11 Jul•12" (}Ltli t't/fv 
Test Organism: Hya/el/a azteca 

~----------------------------

'p~~,~<>-1. Re~.~N~: aliy~il Np. dead No. mis~iog lr.~iti~l~ P~nwe.l~~~ ... l Pa ....... r ...... ·.+··--·-·or.ganism 
(rpg) u•. ·. , .· .•.. <ms> No~·weighe(\ 

I . .. . 

Initials 

21 I A I 0 I 0 t.o I ~s._ /~t}lf' I __, 0 r~ 
22 I B I 0 I () lO /Oil•tD .--. c 
23 I C I 0 I () 110 (o'!3. '10 ..____ 

() I 
241 Dl 0 I 0 to I _.u <'(61. l.'L - (;) ~ 

'~ 

/ 
Date Reviewed: b 1\jq.f ~ 11 

Nautilus Environmental 

\ 



CETIS Summary Report Report Date:

Test Code:

17 Aug-12 09:25 (p 1 of 1)
n/a | 16-6428-1589

Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental

Batch ID: 074674-7996
Start Date: 05 Jul-12 '15:00

Ending Date: 't9 Jul-12 15:00
Duration: 14d 0h

Test Type: Growth-Survival tJ,d(H{ J)

il::::|ffiffijix'u w
Source: Aquatic Biosystems, CO

Arralyst:
Dlluent: Mod-Hard Synthetic Water
Brine:
Age:

SamplelD: 12-9817-1117

Sample Date: 03 May-'12

Receive Date: 03 May-12

Sample Age: 63d 15h

Code: 4D6084ED
Material: Strontium
Source: Golder
Station: Strontium

Client:
Project:

Golder

Point Estimate Summary

Analysis lD Endpoint Level mg/L 95% LCL 95% UCL TU Method
02-S408-6394 10d Survival Rate EC50 176.8 159.2 196.2 Binomial/Graohical

10d Survival Rate Summary

Control Type Count Mean 95%LCL 95%UCL Min Max Std Err
Negative Control 4

Std Dev cv% TiEffect
0.00/o

0.Qo/o

0.0%
0.0%

0
30.1
61.25
125
242
469

4

4
4
4

1
1

1
1
0

0

1
1

1
1
0

I
1

1
1
U

0

1
1
1
1

1
1
1
1
0
0

n
0
0
0
0
0

0
0
0
0
0
0

0.0%
0.0olo

0.0%
0.0%
't00.a%

100.o%

10d Survival Rate Detail

C-mg/L Control Type Rep 1 Rep 2 Rep 4

1
1
1
1
0
0

0
30.1
o t - z c

t z c

242
469

Negative Control 1
1

1
1
0
0

1
1
1
1
0
0

1
1
1
1

0

Anaryst;- aa,!b000{8s-170-1 CETtSn v' l .8.4.29



CETIS Analytical Report Report Date:
Test Code:

07 Nov-12 15:23 (p 1 of 2)
n/a | 16-64j28-1589

Hyalella 14d Survival and Grovyth Sediment Test Nautilus Environrnental

Analysis fD: 08-0161-71U

Analyzed: 07 Novl2 '15:23
Endpoint: Mean Dry Biomass-mg
Analysis: NonlinearRegression

CET|SVersion: CE'IISv1.8.4
Oltcial Results: Yes

Batch lD:

Start Date:

Ending Date:

Duration:

Q74674-7996
05 Jul-12 15:00
19 Jul-12 15:00
14d 0h

Test Type:
Protocoll
Species:
Source:

Growth-Survivat gpdt (li{ A
ECIEPS 1tRMrc 14..
Hyalella azteca

Aquatic Biosystems, CO

Analyst:

Diluent:

Brine:

Age:

Mod-Hard Synthetic Water

SampfefD: 12-9817-1117

Sample Date: 03 May-12

Receive Date: 03 May-12

Sample Age: 63d 15h

Code: 4D6084ED

Material: Strontium
Source: Golder

Station: Strontium

Client:
Project:

Golder

Non-Linear Regression Options

Model Function X Transform Y Translorm
None None Normal W=1J

PTBS Frunction
Off ;V"=Y1

Function
3P Log-Logistic EV [Y=441 +()(/D)^C)J

Regression Summary

Iters Log LL AlCc
68.7

Blc R2
-130.2 -127.9 0.9523 Yes

F Stat Gritical P-Value Decision(o:5%)
2.114 ? 1 4 0.1341 Non-Significant Lack of Fit

Point Estimates

Level

rc5
tc10
rc15
tc20
tc25
lc40
lc50

21.79
30.24
37.03
43 . t5
48.95
oo,Jo

79.24

N/A
19.3
27.7
u.28
40.28
57.67
A O  R 7

31.85
38.5
45.09
6.t ?A

R7 eA

75.65
89.87

95% LCL 95% UCL

Regression Parameters

Parameter Estimate StdError 95%LCL 95%UCL tstat P-Vafue Decision(u:5%)
A
c
D

0.4081
2.281
79.24

0.01696
0.3221
6.371

0.3748
1.649
66.75

0.4413
2.9't2
91.72

24.06
7.081
12.44

<0.0001 $ignificantParameter
<0.0001 SignificantParametet
<0.0001 SignificantParameter

ANOVA TAbIe

Source
Model
Lack of Fit
Pure Error
Residual

Sum
0.632523
0.007504
0.021297
0.028801

Mean
0-632523
0.002501
0.001183
0.001371

461.2
2 .114

<0.0001
0.1341

DF F Stat P-Value
1

1 8
z l

Significant
Non-Significant

Residual Analysis

Attribute Method Test Stat Critical P-Value Decision(o:5%)
Variances
Distribution

Mod Levene Equality of Variance
Shapiro-Wilk W Normality
Anderson-Darling A2 Normality

3.822
0.9704
0.3954

2.773
0.9169
2.492

0.0155
0.6771
U . J / O J

Unequal Variances
Normal Distribution
Normal Distribution

Mean Dry Biomass-mg Summary

G-mg/L Control Type Count Mean Min Max

Calculated Variate

Std Er Std Dev CV% %Eflfect
0
30.1
61.25
125
242
469

Negative Control 4
4
4
4
4
4

0.4063
0.3758
o.u7
0.132
0
0

0.36
0.323
0.175
0j22
0
0

o  A A l

0.431
0.305
0.144
t l

0

o.o1732 0.03465 8.530/" O.Oo/o

0.02709 0.05417 14.42% 7.51Yo
0.026B4 0.05368 21.73% 3s.2%
0.004526 0.009052 6.86% 67.51%
0 0 100.00/o
o 0 1oo.o%

000-089-184-2 CETISTH v1 ,8.4.29 Analyst:- a ,-q.



CETIS Analytical Report 

Hyalella 14-d Survival and Growth Sediment Test 

Analysis ID: 08-0161-7154 

Analyzed: 07 Nov-12 15:23 

Mean Dry Biomass-mg Detail 

C-mg/L 

0 

30.1 

61.25 

125 

242 

469 

Graphics 

Control Type 

Negative Control 

" .. 

. t a • 

ll.!o r 

~~ .. 
o.os .. .. • 
0.02 .. 

] • 
~ 
~ 

" 
" 

.. 

000-089-184-2 

Rep 1 

0.36 

0.336 

0.175 

0.131 

0 

0 

c-mg/L 

C-mg/L 

Endpoint: Mean Dry Biomass-mg 

Analysis: Nonlinear Regression 

Rep 2 Rep 3 Rep4 

0.411 0.41 0.444 

0.323 0.413 0.431 

0.254 0.254 0.305 

0.131 0.122 0.144 

0 0 0 

0 0 0 

3P Log-Logistic EV [Y=N(1+(X/D)AC)J 

.. 

.. 

·0.10 

0.00 

CETIS™ v1.8.4.29 

Report Date: 

Test Code: 

07 Nov-12 15:23 (p 2 of 2) 

n/a 116-6428-1589 

Nautilus Environmental 

CETIS Version: CETISv1.8.4 

Official Results: Yes 

.. 
"" 

.... 

Rankits 

.. 
.. .. .. .. 

• • 
• 

.. 
" .. 

" 
Mean Dry Blomass·mg 

Analyst: ___ _ QA: #., 



Client: 1"'-t\ous.e. ((C.-t I)) 

W.O.#: Vl {A 

lsample ID Sample Date 

1'1\~ \.\u~ J.JuSh'L 
I 

Reviewed by: 

Version 1.0 Issued June 26, 2006 

Sample 
Volume 
(ml) 

5o 

Notes: 

Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
(ml) 0.02N (ml) of 0.02N Sample 0.01M Total 
HCLIH2S04 HCLIH2S04 Total Alkalinity Volume EDTA Hardness 
used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

3.0 3 I\ 58 so 5.0 I()() "~ 

Date Reviewed: ~ #t>v Zo '1.. 

Nautilus Environmental 



NAUTILUS ENVIRONMENTAL 
ATTN: Karen Lee 
8664 Commerce Court 
Imperial Square Lake City 
Burnaby BC V5A 4N7 

Date Received: 05-JUL-12 
Report Date: 12-JUL-12 12:27 (MT) 
Version: FINAL 

Client Phone: 604-420-8773 

Certificate of Analysis 
Lab Work Order#: L 1173792 
Project P.O.#: NOT SUBMITTED 

Job Reference: 

C of C Numbers: 

Legal Site Desc: 
~\.M-oL '2..--

~y- c.v'I.~L'-!~:·s 

Hy~Ce:JlCL 
Ju llf ~, 2--0' 2-

\)o.y 0 

Can Dang 
Senior Account Manager 

[This report shall not be reproduced except in full without the written authority of the Laboratory.] ' 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada f Phone: +1 604 253 4188f Fax: +1 604 253 6700 
ALS CANADA LTD Part of the ALS Group A Campbell Brothers Limited Company 



L1173792 CONTD .... 

PAGE 2 of 4 

ALS ENVIRONMENTAL ANALYTICAL REPORT 12-JUL-12 12:27 {MT) 

Version: FINAL 

Sample ID L 1173792-1 L 1173792-2 L 1173792-3 L1173792-4 L 1173792-5 

Description WATER WATER WATER WATER WATER 

Sampled Date 05-JUL-12 05-JUL-12 05-JUL-12 05-JUL-12 05-JUL-12 

Sampled Time 

Client ID CONTROL-SR 30-SR 60-SR 120-SR 240-SR 

Grouping Analyte 
' ... .... :~f,i . :•;i 

WATER 

Total Metals Strontium (Sr)-Total (mg/L} 0.0258 31.7 63.5 127 246 



L 1173792 CONTD .... 

PAGE 3 of 4 

ALS ENVIRONMENTAL ANALYTICAL REPORT 12-JUL-12 12:27 (MT) 

Version: FINAL 

Sample ID L 1173792-6 

Description WATER 

Sampled Date 05-JUL-12 

Sampled Time 
Client ID 480-SR 

' ' ''~ 

Grouping Analyte ,,,'' 

WATER 

Total Metals Strontium (Sr)-Total (mg/L) 479 



Test Method References: 

ALS Test Code Matrix 

MET-TOT-ICP·VA Water 

Reference Information 

Test Description Method Reference** 

Total Metals in Water by ICPOES EPA SW-846 3005N6010B 

L1173792 CONTD .... 

PAGE 4 of 4 

12-JUL-12 12:27 (MT) 

Version: FINAL 

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma- optical emission spectrophotometry (EPA Method 
60108). 

** ALS test methods may incorporate modifications from specified reference methods to improve performance. 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the Jist below: 

Laboratory Definition Code Laboratory Location 

VA ALS ENVIRONMENTAL- VANCOUVER, BC, CANADA 

Chain of Custody Numbers: 

GLOSSARY OF REPORT TERMS 
Surrogate- A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. 
mg/kg - milligrams per kilogram based on dry weight of sample. 
mglkg wwt- milligrams per kilogram based on wet weight of sample. 
mg!kg lwt- milligrams per kilogram based on lipid-adjusted weight of sample. 
mg!L - milligrams per litre. 
< - Less than. 
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR). 
N!A - Result not available. Refer to qualifier code and definition for explanation. 

Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 



. 

1 

2 

l 

~ 

; 

5 

7 

l 

) 

) 

TESTING LOCATION (Please Circle) 

6vt\J l 'f0vt1M..tvtiti\ t 
{. \ itlsh Columbia 
~&<!Commerce Court 

Chain of Custody (J .
. 'J'./ "'~til~, 
)\\ 
~-

Burnaby, British Columbia, Q>n~da V5A 4N3 
Phone 60'\ .420.8773 

c-dl- ( { 
Date J"t..l ~ Page_of_ 

f-ax 604.357.1361 

sample Collection By: 

IIIIIIII~IWII!I~IM~IU~ ~ 
... I 

Report to: G) Invoice To: (t) v! 
t,.l 

Company Company II! 
~1...1173792-COF!: :J 

Address Address -~~""" -··· .. 
City/State/Zip City/State/Zip 41 

c. 
Contact Contact E 

E ~ 
Phone Phone ::> "5. :0 

Email 
c .B Email karen@nautilusenvironm§IJ!al.com karen@nautilusenvironmental.com .g 
lll ~ 

CONTAINER NO. OF COMMENTS 
]§ 

SAMPLE ID DATE TIME MATRIX 0 
TYPE CONTAINERS -

Control- Sr 05-Jul-12 125ml Bottle 1 Strontium - Day 0 X 

30 • Sr 05-Jul-12 USml !lottie 1 .• Strontium • Day 0 X 

60- Sr 05-lul-12 125ml Bottle 1 Strontium - Day 0 X 

120- Sr 05-Jul-12 12Sml !lottie 1 Strontium - Day 0 X 

240 • Sr 05-Jul-12 125m! Bottle 1 Strontium • Day 0 X 

480- Sr 05-Jul-12 125m! Bottle 1 Strontium - Day 0 X 

PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY (CliENT) REliNQUISHED BY (COURIER) 

(Sign•tu~ - (T•me) (5~natvre) (Time) 

Client: Total No. of Containers 
·~ (!too"'-

(Printed~ (D3te) (P-Inted Nome) (D•te) 

PO No.: Received Good Condition? 
r".( Y\. L<<- Tul ):(/~ ' 

Shipped (Compony) 

' \ (C""POny) 

Via: 
Matches Test Schedule? ~a 11th l~v.. ~ £ v' \1\ N>V'\W'\eMW 

SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day 0. Samples are not RECEIVED BY (COURIER) RECEIVED BY (LABORATORY) 
preserved. 

(Signalure} (Time) (5~"'\ N \i~~a 
(Printed Name) {Dote) 

(Prlntro:stA\\1 s {Dote) 

(Company) (Company) { ~jC> 
Adaitional costs may be required for sample disposal or storage. Payment net-30 unless otherWise contracte!l. 



NAUTILUS ENVIRONMENTAL 
ATTN: Karen Lee 
8664 Commerce Court 
Imperial Square Lake City 
Burnaby BC V5A 4N7 

Date Received: 19-JUL-12 
Report Date: 25-JUL-12 15:54 (MT) 
Version: FINAL 

Client Phone: 604-420-8773 

Certificate of Analysis 
Lab Work Order#: L1181583 
Project P.O. #: NOT SUBMITTED 

Job Reference: 

C of C Numbers: 

Legal Site Desc: 

Can Dang 
Senior Account Manager 

?-o"~ 2-
Sr a_V\_4 ('J5,'s 

1-f.ya.(-eJ(Ot 

:JGLlL( (Cf' ( 2.-0 I 2-

])0ry 1'-f 

[This report shall not be reproduced except in full without the written authority of the Laboratory.] 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1 W9 Canada I Phone: +1 604 253 4188 I Fax: +1 604 253 6700 
ALS CANADA LTD Part oftheALS Group A Campbell Brothers Limited Company 
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ALS ENVIRONMENTAL ANALYTICAL REPORT 25-JUL-12 15:54 (MT) 

Version: FINAL 

Sample ID L 1181583-1 L 1181583-2 L1181583-3 L 1181583-4 L 1181583-5 

Description WATER WATER WATER WATER WATER 

Sampled Date 19-JUL-12 19-JUL-12 19-JUL-12 19-JUL-12 19-JUL-12 

Sampled Time 
Client ID CONTROL-SR 30-SR 60-SR 120-SR 240- SR 

Grouping Analyte _-_.-_ ... -. 
__ c-_,c 

___ .-.. _ ·-_' 

WATER 

Total Metals Strontium (Sr)-Total (mg/L) 0.0867 28.5 59.0 123 238 

* Please refer to the Reference Information section for an explanation of any qualifiers detected. 
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ALS ENVIRONMENTAL ANALYTICAL REPORT 25-JUL-12 15:54 (MT) 

Version: FINAL 

Sample ID L 1181583-6 

Description WATER 

Sampled Date 19-JUL-12 

Sampled Time 

Client ID 480- SR 

Grouping . , AJ¥llyie ·'· .... 
. · .. ,:; . , .. :,c.. 

WATER 

Total Metals Strontium (Sr)-Total (mg/L) 459 

* Please refer to the Reference Information section for an explanation of any qualifiers detected. 
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Reference Information 
25-JUL-12 15:54 (MT) 

Version: FINAL 

Qualifiers for Sample Submission Listed: 

Qualifier Description 

SPL Sample was Preserved at the laboratory- Total Metals 

Test Method References: 

ALS Test Code Matrix Test Description Method Reference** 

MET-TOT·ICP-VA Water Total Metals in Water by ICPOES EPA SW-846 3005A/6010B 

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma- optical emission spectrophotometry (EPA Method 
60108). 

** ALS test methods may incorporate modifications from specified reference methods to improve performance. 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below: 

Laboratory Definition Code Laboratory Location 

VA ALS ENVIRONMENTAL- VANCOUVER, BC, CANADA 

Chain of Custody Numbers: 

GLOSSARY OF REPORT TERMS 
Surrogate- A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. 
mglkg- milligrams per kilogram based on dry weight of sample. 
mglkg wwt - milligrams per kilogram based on wet weight of sample. 
mglkg lwt- milligrams per kilogram based on lipid-adjusted weight of sample. 
mg!L - milligrams per litre. 
< -Less than. 
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR). 
N!A - Result not available. Refer to qualifier code and definition for explanation. 

Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 



(~ Autll!A~ 6M..ut Y"Ov1.JM.C..Y1.:tA( 
- _ _ I DBritish Columbia 

\11\mllllllliiD\n~~ E~P·-=-::::::bla.Caoad~a1/SA4N3 
__ _ 

TESTING LOCATION (Please Circle) 

Chain of Custody 

L.-1 ( s { c,--e- s ,. L , 1 8 1 s 8 3 - c o F c ... Fax 60~ .357.1351 IV' Date'Jl}.\ (qf Page_Lof_j_ 

Sample Collection By: 

Report to: 

Company 

Address 
---c,t'(/si;te/Zip 

Contact 

Phone 

Email 

SAMPLE ID 

(!) 
----·-~ 

karen@D?1!tilusenviLonmental .com 

DATE 

11n_'luL11-t 

tl'L 'I •• Lot '\ I I I 

-tn_'1 •• Lt:"1 I I I 

1C._'I •• L1~ I I I 

.. ft_ .... ._ .. "' • I I 

1n_,, • ._,.., I I I 

ANALYSES REQUIRED 
...... 
u 

::::./Vp - -- CD - - ~-. --·-· -·. t -·---l 
Contact l G.l 

E ~ 
Phone ·5 ~ 

• c:: ·-Email Karen@lnautiluse.nv·lr_Q_I1t11e.Ol<ll.co.IT'I _g ~ 
lJ'l Cll 

Invoice To: 

~ ~ 
~ COMMENTS 

Strontium - Day 14 

"').:::no.• a .... ++lc I l I Strontium • Day 14 

1'1.:::-•a""" ... IC I 1 I Strontium· Day 14 ---
""~"'ft .. le I 1 [ Strontium- Day 14 

--
11'11::-1 D ... l+le I l I Strontium • Day 14 

---
-t')~~:.-•o .... w.ro I 1 I Strontium • Day 14 

PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY {CllENT) 

Client: 

PO No.: 

Shipped 
Via: 

Total No. of Containers 

Received Good Conditi~n? 

Matches Test Schedule'? 

SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day« Samples are not 
preserved. I '1. !<>J'O... 

(Signatur~ (Time) 

l~Z, 
(O.te) 

(~rln~ L.e.e_ '""Su11V/ 2,.. 
1{Comp311y) • 

~ct~l<AS 81\vi\-o-~ 
RECEIVED BY(COURIER) 

(Signature) (Time) 

(Printed N•me) (Date) 

j(Company) 

Additional costs may be required for sample disposal or storage. Payment nef3ilunless otherWlse contracted. 

(Signature} (Time) 

~Printed Name) (Date) 

{COmpany) 

RECEIVED BY (LABORATORY} 
(Time) 

~\~ 11~ 
(SI~•atu•e) 

f.h v -v ro.••> 
..t f) lt..l () dd.. . ":}-

(PrinteoN•m•) 

(Comp•ny) -, 
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