
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX J 



 

MEMO
   

Date: May 11, 2011  HCP Ref No.: CZN1682 

From: John Wilcockson and Martin Davies   

To: David Harpley, CZN  

Subject: Prairie Creek Mine – Supplementary whole effluent toxicity testing (Memo 7)  

 
1.0 INTRODUCTION 

This document stems from technical discussions between regulators and CZN 
at Yellowknife on April 12, 2011. 

In this memo, updated whole effluent toxicity testing results are presented. 
On April 28, 2011, new laboratory treated process water and treated mine water 
samples were prepared. These were submitted to Nautilus Environmental in Burnaby 
for additional acute Daphnia magna testing (Nautilus 2011c, Attachment A) and sub-
lethal Ceriodapnia duba testing (Nautilus 2011d, Attachment B). Three mixtures of the 
treated mine water and treated process water were tested: 

 A 4:1 (80% treated mine water: 20% treated process water) sample, 
representing worst case (uncommon) effluent concentrations; 

 An 8:1 (71.4% mine, 12.4% process, 16.2% ditch) sample, representing more 
typical operating conditions; and 

 Treated mine water only. 

The acute (D. magna) and sub-lethal (C. dubia) results are discussed separately below. 
These two species were chosen because whole effluent testing using simulated effluent 
prepared on January 28, 2011 indicated either inconsistent results (D. magna) or toxicity 
at environmentally relevant concentrations (C. dubia) (Nautilus 2011a, Attachment C).  

The results of a Toxicity Identification Evaluation (TIE, Nautilus 2011b, Attachment D) 
performed at the time indicated that the observed toxicity was likely not caused by 
divalent metals, non-polar organic compounds or strong anions. Instead, the results 
suggested that the cause of toxicity may have been attributable to the treatment of the 
simulated effluent.  

The remaining species tested indicated no toxicity; there was no acute toxicity of 100% 
effluent to rainbow trout (96hr-LC50 test), and no sub-lethal toxicity to Lemna minor 
(7-day growth inhibition test, Nautilus 2011a, Attachment C). 

2.0 DAPNIA MAGNA 
The January 28 2011 D. magna test using the worst case (4:1) simulated effluent mixture 
yielded inconsistent results (Nautilus 2011a, Attachment C). One full-strength sample 
exhibited toxicity, while another did not. In addition, both the 4:1 and 8:1 mixtures 
diluted with Prairie Creek water showed increasing mortality at lower concentrations 
(Nautilus 2011b). This result was both unusual and unexplained. The 8:1 mixture and 
mine water-only sample did not cause any acute Daphnia magna toxicity at full strength. 



The new treated process water and treated mine water samples were prepared to be 
representative of operational mine treatment conditions. The D. magna tests (Nautilus 
2011c, attached) indicated no toxicity in any of the three mixtures tested above, 
suggesting that full-strength effluents discharged from the mine are unlikely to cause 
any acute toxicity. 

3.0 CERIODAPHNIA DUBIA 
The initial (January 28, 2011) C. dubia tests using both the 4:1 and 8:1 simulated effluent 
mixtures showed no mortalities, but there were effects on reproduction at all dilutions 
tested, down to and including 5% v/v (Nautilus 2011a, Attachment C). These results 
indicated that there could be sub-lethal impacts to Prairie Creek organisms 
downstream of the IDZ in Prairie Creek. 

C. dubia toxicity testing with the new laboratory-prepared treated mine water and two 
simulated effluent mixtures provided the following results: 

 There was no mortality seen in any of the tests; 
 Treated mine water only (i.e., with no process effluent added) caused no effect 

on reproduction; 
 In the 4:1 mixture (worst case), there was no effect on reproduction at 20% 

or lower, but a substantial effect at 40% and higher (an IC25 of 23.8 %v/v was 
calculated); and 

 In the 8:1 mixture (typical case), there was no effect on reproduction at 40% 
and lower, and a substantial effect at 60% and higher (an IC25 of 44.5 %v/v 
was calculated). 

These results indicate an absence of C. dubia mortality within the IDZ and absence 
of sub-lethal toxicological effect at concentrations expected to occur outside the IDZ. 
Since mixing in the vertical water column occurs very rapidly upon release, and no 
sub-lethal effects to C. dubia were observed below 23.8% v/v, it is likely that there 
would also be an absence of sub-lethal effect within much of the IDZ.  

4.0 CONCLUSION 
In conclusion, the compiled toxicity testing results indicate that the treated Prairie 
Creek mine effluent (process and mine water) will not result in any acute mortality 
within the IDZ and no sub-lethal effects outside the IDZ. These are prerequisites 
of establishing a suitable IDZ for a water discharge license. During periods of low 
winter flows final effluent will consist only of treated mine water, which caused 
no effect on C. dubia at even 100% treated mine water. 

5.0 REFERENCES 
Nautilus (Nautilus Environmental). 2011a. Toxicity Testing on Synthetic Effluent 

Samples, Final Toxicity Test Report, April 6, 2011. Report for Hatfield Consultants, 
North Vancouver, BC. 

Nautilus. 2011b. Toxicity Identification Evaluation of Mill Water Sample, Final Report, 
April 8, 2011. Report for Hatfield Consultants, North Vancouver, BC. 

Nautilus. 2011c. Re: Toxicity testing on the samples identified as Mixture 4:1, Mixture 
8:1, Mine Water (Collected on April 28, 2011). Report dated May 5, 2011. Report 
for Hatfield Consultants, North Vancouver, BC. 

Nautilus. 2011d. Re: Toxicity testing on prepared effluent samples, final toxicity test 
report. Report dated May 10, 2011. Report for Hatfield Consultants, North 
Vancouver, BC.  
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D. magna 

 

  



Mr. John Wilcockson 
Hatfield Consultants 
850 Harbourside Drive 
North Vancouver, BC 
V7P OA3 

May 5, 2011 

Dear Mr. Wilcockson: 

WO#: 11201 

Re: Toxicity testing on the samples identified as Mixture 4:1, Mixture 8:1, 
Mine Water (Collected on April28, 2011) 

Nautilus Environmental is pleased to provide you the results of the 48-h LC50 
Daphnia magna toxicity tests on the above samples, received on April 28, 2011. 
Testing was conducted according to Environment Canada and 1/RM/14, (Second 
Edition, 2000). The results of these tests are provided in the table below and are 
based on the appended data. All acceptability criteria outlined in the Environment 
Canada protocol were met. 

Table A. Results for the 48-h D. magna test. 

Sample ID Collection Date and Time 48-h LCSO (% v/v) 1 

Mixture 4:1 April 28, 2011 @ 1600h >100 

Mixture 8:1 April28, 2011 @ 1600h >100 

Mine Water April28, 2011 @ 1600h >100 
Results relate only to the sample tested. 

Please feel free to contact the undersigned at 604-420-8773 should you have any 
questions or require any additional information. 

Yours truly, 

Nautilus Environmental 

Krysta Barrack, B.Sc. 
Laboratory Biologist 



Daphnia magna Summary Sheet 

Client: \-la-\{~ct 1 r01~&·~ z~·rC start Date/Time: ___.Ao...J..¥-p w:' 'ii:::........:.a..:...la~/_:.u:.._;e!oc:;:_tLt---..::~_o_.:.~_ 
Work Order No.: \1?.-0l Test Species: __:D:::..:·:.:..:.m;::a:>:2.g:..:.:na::..._ _____ _ 

Set up by: -..~='L::..::Lxf;>=---------

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): < 24 hours 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: 0 
Days to first brood: tD 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: IONaOI 
Date Initiated: 

48-h LC50 (95% CL): g/LNaCL 

Reference Toxicant Mean (2SD Range): g/L NaCL 

Reference Toxicant CV (%): 

Test Results: 

Reviewed by: Date reviewed: ~ 6, ::20U 

Version 1.2 Issued February 13, 2009 Nautilus Environmental 



Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

Client: Her~; &tf / (ovu::cho." l;"c_ 
Sample ID: i}e>'f·d P4utwC: (1\ii,\-w( 4~' 
Work Order No.: ~\\'flo) 

-.ue> 

DO meter: D0-1 

Concentration Number of 
Live Organisms 

Rep 

No. 
Immobilized 

Hardness* Alkalinity* 

Cone. *(m~/L as CaCo3) 

Control (MHW) q8 fD8 
Highest cone. (IJStJ NO 

Start Date/Time: A Qr :~ d.$ {It e It.{ ~c:h 
No. Organisms/volume: ---.:1:...::0c:..::/2::..;:o:...::o..:..:mc:..::L'--------­

Test Organism: -=D:...:.:.m~af'-'gnc.:..:a=----------
Set up by: _t..,.L~~;____ _______ _ 

pH meter: __ ..J:p~H=--1-=----

em perature 
(OC) 

lnitiaiWQ 

Temp (°Cj_ ~\,0 
DO (mg/L) 8,> 
pH <f,J 
Cond (IJS/cm) ~(Q<tO 

Conductivity meter: ....::C:.....-...:...1 ___ _ 

Adjustment 

---------

Conductivity 
(IJS/cm) 

Adjusted WQ 

I -----
Sample Description: 0 1e~Je& Q ft\- od)..t-~kcl ~ (~\!-- 8$) M Ykl•\1<11" -\o r0Jw s~l~?v.<u;~.& 

e_ 4-h ":.tool. 
Batch#:O'{l~ltb 7-d previous# young/brood: 'a,c;- Day of 1st Brood: to Previous 7-d% Mortality: 0 CJ.ifl""-"- (Qoof• 

s~ 
Date reviewed: ----"k(------'-'=~--=+___._5"-t-t .;:;;..?-_0_{..;_! ____ _ 

Comments: 

Reviewed by .J.. ~ 
Version 1.3 Issued November 26, 2008 Nautilus Environmental 



Client: \4a-\ttdd (Cot 11<1dl"-" "l·VC. 

W.O.#:~ 

Sample ID Sample Date 

ut~M ~ '\\t'1r4~ r-"' ''"~'c '1. r Aor~8111 
~ 

Reviewed by: 

Version 1.0 Issued June 26, 2006 

Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
Sample (ml) 0.02N (ml) of 0.02N Sample 0.01M Total 
Volume HCLIH2S04 HCLIH2S04 Total Alkalinity Volume EDTA Hardness 
(ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

\00 ,,s \.~ \~b \0(9 CoS ftSD 'C-Lf::> 

-

Notes: [j) O!lu .le& \"() f o()~( w 1-\h. ()-;:{- vC(W 

.40~ 
0 

Date Reviewed: 4 61 '2011 

Nautilus Environmental 



Daphnia magna Summary Sheet 

Client: 

Work Order No.: 

HoJ { M fcC<'la[JC¥1 t <'!'(_ 

I LaD\ 

Sample Information: 

Start Date/Time: Apr>Jag /II @ 14 ~ (~ 
Test Species: ---=D=.:·.:.:..m:.:::a;;z:gn:..:.:a=--------

Set up by: ---~.Y-o::.:L:..:.<?.::....._ ______ _ 

l\.~ 

:S·. \ M rt.lrcqQ. M< )(k ~ ~ \ Sample ID: 

Sample Date: Apr\1~8/U 
Date Received: 

Sample Volume: aoL 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): < 24 hours 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: 0 
Days to first brood: 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: I 0 t\2CA.O) 
Date Initiated: 

48-h LC50 (95% CL): g/LNaCL 

Reference Toxicant Mean (2SD Range): g/L NaCL 

Reference Toxicant CV (%): s 

Test Results: 

Reviewed by: Date reviewed: 

Version 1.2 Issued February 13, 2009 Nautilus Environmental 



DO meter: 

ntration 

Cone. 

Control (MHW) 

Highest cone. 

Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

D0-1 

Number of 
Live Organisms 

No. 
Immobilized 

Rep 

(o o 

Hardness* Alkalinity* 

*(m~/L as CaCo3) 

'\S to8 
CJ..(,O \~ 

Start Date/Time: A prJ)_ d_g /tl <2.1~ dSh 
No. Organisms/volume: ---'1c.::0.:.::12::.::o..::.o:.:..m:.::L _______ _ 

Test Organism: """D'"'"'.m~ag"'"'n..;_;a.;...._ _______ _ 

Set up by: --'lt~L=l?=-----------

pH meter: ---"'p"-'H--1=----- Conductivity meter: -"C--1-'------

Temperature 
(oC) 

Temp CC) 

DO (mg/L) 

pH 

Cond (IJS/cm) 

Dissolved oxygen 
(mg/L) 

pH 

lnitiaiWQ Adjustment 

~os 
Rs 
<i, \ -----l<tq~ ~ 

\1>11-8.>) 

Conductivity 
(IJS/cm) 

Adjusted WQ 

--------
Sample Description: ~ ","' atfth,·o" \o r~k ~ j'>""''~ 

@ 2.'{-h ~too;. 

Batch#:QlH3HB 7-d previous# young/brood: 'a$' Day of 1st Brood: 10 Previous 7-d% Mortality: () G.<f~-t,/-."f> 
~~~~-~~~~~~~~~--~~~==~~~-~~~~~~~~~--A~~ 

.A. ~ Date reviewed: ----L:~:::....::...:~----!::V~~~--:;2=---0_;L:....::l _____ t;v..r".:;.). 

Comments: 

Reviewed by: 

Version 1.3 Issued November 26, 2008 Nautilus Environmental 



Client: \k\-GeJd f (evtadt'CV\ £,n.c.. 

W.O.#:~ 

Sample ID Sample Date 

8 ·. ' 0'\ ~ f ~we Aor~8/l\ 

Reviewed by: 

Version 1.0 Issued June 26, 2006 

Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
Sample (ml) 0.02N (ml) of 0.02N Sample 0.01M Total 
Volume HCLIH2S04 HCLIH2S04 Total Alkalinity Volume EDTA Hardness 
(ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

\o0 \.4 \,f) \~0 \00 S.fo SCoC> \Slf> 

Notes: 00~luled \o IC:Vf"'l w:-\~ 01 '-Vatt'Y 

·-v-------0 Date Reviewed: ;{)~ VI '201/ --'~~ 

Nautilus Environmental 



Daphnia magna Summary Sheet 

Client: \k~Jd /CaNMlla.rl £ll)(. Start Date/Time: A~r~;_, ~8/tt QIL{I<;h 
Work Order No.: H«cl Test Species: ____:D:::.:·c.:..:.m.:..:::a:.;:z.g:..:.:na::...._ _____ _ 

Set up by: _ .... '(,~L.l::B~-------

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: Oli \3\\8 
Age of young (Day 0): < 24 hours 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: 0 
Days to first brood: \0 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: Apr~ tlli/t I 
48-h LC50 (95% CL): g/LNaCL 

Reference Toxicant Mean (2SD Range): g/L NaCL 

Reference Toxicant CV (%): s 

Test Results: LL50 •'"::> I lDO'I. (vtv) 

Reviewed by: 

Version 1.2 Issued February 13, 2009 Nautilus Environmental 



Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

Client: \h-UIJ& [ Ccnacltltl'\ :Z 1 "'- Start Date/Time: ,AprJ.d.~ILl e 14 ISh 
Sample ID: fV\iNL (A)"-\-er 
Work Order No.: --·~.c..c.:.~p;"-"t.t,...\-'-'\~"\lp.._\=----------

No. Organisms/volume: _ID~/2::.:0::.::0:!.!m.:.::L=--------­
Test Organism: .!:D::.:.·:.:...m:.:::a'?-g:.:...na~-------­

Set up by: ~L""'l ""b'-----------

DO meter: D0-1 

Concentration 

Hardness* Alkalinity* 

Cone. *(m~/L as CaCo3) 

Control (MHW) Cf8 (o~ 
Highest cone. b50 \l{O 

Sample Description: 

Comments: 

Reviewed by: 

. Version 1.3 Issued November 26, 2008 

pH meter: __ ...~:P.:..;H~-1=----- Conductivity meter: --=C=---'-1 ___ _ 

Temperature 
(OC) 

Temp (0 C) 

DO (mo/L) 

pH 

Cond (IJS/cm) 

Dissolved oxygen 
(mg/L) 

pH 

lnitiaiWQ Adjustment 

eo.o 
8.~ 
q~ ......---
if")S"~ ~ 

....... 

Conductivity 
(IJS/cm) 

Adjusted WQ 

~ ---

Date reviewed: ---L~.:...!!:::!J.'1--..::::D~--ft'--''2=-0~l:..~.l _____ _ 

Nautilus Environmental 

/ 



Client: \\a~~eRJ { lO/letdt'cn 2-111\C.. 

W.O.#: llilll} 

Sample ID Sample Date 

('1\ ! (\f_ l.\Jc.t ter Aor '181 II 

Reviewed by: 

Version 1.0 Issued June 26, 2006 

Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
I 

Sample (ml) 0.02N (ml) of 0.02N Sample 0.01M Total 
Volume HCL/H2S04 HCLIH2S04 Total Alkalinity Volume EDTA Hardness 
(ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

toe) LS \.(p \l{(J \tiD s.; SSD '(.L~ 

Notes: C9 Dl_~vt!e& \v lOO~l "'~·\'-' {) -::{ <..Ja.\ef 

A~~ 
0 

Date Reviewed: A)~ 5 1 :2-0L / 

Nautilus Environmental 
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1.0 INTRODUCTION 
 
Nautilus Environmental conducted chronic toxicity tests for Hatfield Consultants on samples 
identified as Mine Water, Mixture 1 and Mixture 2. The mixtures were prepared in the 
laboratory on April 28, 2011, from samples identified as Process Water and Mine Water 
(received on April 28, 2011) and Ditch Water (received in December 2010).   
 
Mixture 1 was a 4:1 combination of Mine Water (80%) and Mill Water (20%) and Mixture 2 was 
a combination of Mine Water (71.4%), Mill Water (12.4%), and Ditch Water (16.2%). The 
following toxicity tests were performed on the Mine Water, Mixture 1 and Mixture 2 samples:  
 
• 7-d Ceriodaphnia dubia survival and reproduction test 

 
This report describes the results of the toxicity tests. Copies of raw laboratory data sheets and 
statistical analysis are provided in Appendix A. A copy of the chain of custody form is provided 
in Appendix B. 
 
 



 

2.0 METHODS 
 
Methods for the toxicity tests are summarized in Table 1. Testing was conducted according to 
procedures described by Environment Canada (2007). Statistical analyses for the tests were 
performed using CETIS (Tidepool Scientific Software, 2009). 
  
2.1 Quality Assurance/Quality Control (QA/QC) 
 
Nautilus follows a comprehensive QA/QC program to ensure that the data generated are of 
high quality and are scientifically defensible. To meet these objectives, Nautilus has 
implemented a number of quality control procedures that include the following:  
 

• Negative controls to ensure that appropriate testing performance criteria are met; 
• Positive controls to assess the health and sensitivity of the test organisms; 
• Use of appropriate species and life stage to meet the study objectives; 
• Appropriate number of replicates to allow proper statistical analyses; 
• Calibration and proper maintenance of instruments to ensure accurate measurements; 
• Proper documentation and recordkeeping to allow traceability of performance; 
• Adequate supervision and training of staff to ensure that methods are followed; 
• Proper handling and storage of samples to ensure their integrity; 
• Procedures in place to address issues that may arise during testing and ensure the 

implementation of appropriate corrective actions; and  
• Rigorous review of data by a Registered Professional Biologist to ensure they are of 

good quality and scientifically defensible prior to releasing to the client. 
 
 



 

Table 1. Summary of test conditions: Ceriodaphnia dubia survival and reproduction test. 

Test organism Ceriodaphnia dubia 

Test organism source In-house culture 

Test organism age <24 hr old neonates produced within 12 hr 

Test type Static renewal 

Test duration 7 ± 1 day 

Test chamber 20 mL test tube 

Test solution volume 15 mL 

Number of replicates 10 

Control/dilution water 20% Perrier water (hardness 80-100mg/L CaCO3) 

Test solution renewal Daily 

Test temperature 25 ± 1°C 

Number of organisms/chamber 1 

Feeding Daily, with 0.1 ml Pseudokirchneriella subcapitata and 
0.05 mL YCT 

Light intensity 100 to 600 lux 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test protocol Environment Canada (2007), EPS 1/RM/21 

Test endpoints Survival and reproduction 

Test acceptability criterion for controls ≥80% survival; ≥15 young per surviving control; 
≥60% of controls producing three or more broods 

Reference Toxicant Sodium chloride 

 
 

  

 

 

 

 

 



 

3.0 RESULTS 
 
There were no effects on survival of Ceriodaphnia dubia; the LC50 value for all these samples was 
>100%.  Conversely, effects were observed on reproduction of C. dubia in both Mixtures 1 and 2.  
The IC50 was 28.4% for Mixture 1 and 49.8% for Mixture 2, respectively (Table 2).  No adverse 
effects on reproduction were observed in the toxicity tests using Mine Water. 
 
3.1  Quality Assurance/Quality Control 
 
All the tests reported here met the acceptability criteria for test validity specified in the 
respective protocol. Water quality parameters measured during the toxicity tests were within 
acceptable ranges and results of the reference toxicant tests conducted during the testing 
program were all within the in-house historical mean and range. The reference toxicant test 
results are summarized in Table 3.  
 
It should be noted that the Ditch water used in Mixture 2 was received in December 2010 and 
therefore exceeded holding time requirements. 
 
 



 

Table 2.  Toxicity test results for the Ceriodaphnia dubia survival and reproduction tests. 

 

 
LC = Lethal Concentration. 
IC = Inhibition Concentration. 
SD = Standard Deviation. 
CL = Confidence Limits. 

  

Table 3. Reference toxicant test results. 

Test 
Species 

Endpoint 
Mean (2SD 

Range) 
CV(%) 

Initiation 
Date 

C. dubia 

Survival (IC50): 1.7 g/L NaCl 1.8 (1.5-2.3) 11 
April 20, 

2011 Reproduction (IC50): 1.1 g/L 
NaCl 

1.2 (0.9-1.4) 12 

 

 Mine Water Mixture 1 Mixture 2 

(% v/v) 
Survival 

(%) 

Reproduction 

(# offspring) 

Survival 

(%) 

Reproduction 

(# offspring) 

Survival 

(%) 

Reproduction 

(# offspring) 

Control 100 22.8 ± 3.0 100 26.1 ± 4.3 100 24.2 ± 3.5 

5 100 20.9 ± 4.8 100 29.1 ± 5.3 100 29.8 ± 2.7 

10 100 25.9 ± 2.8 100 29.3 ± 3.6 100 27.9 ± 4.8 

20 90 23.7 ± 9.1 100 28.0 ± 4.7 100 27.6 ± 3.1 

40 100 31.3 ± 3.6 100 0.2 ± 0.6 100 27.0 ± 4.6 

60 100 22.6 ± 5.5 100 0.0 ± 0.0 100 2.2 ± 2.7 

80 100 25.7 ± 3.3 100 0.0 ± 0.0 100 0.6 ± 1.9 

100 100 21.9 ± 3.7 90 0.0 ± 0.0 100 0.0 ± 0.0 

Test endpoint (% v/v)      

LC50 >100 >100 >100 

IC25 (95% CL) >100 23.8 (22.4 – 23.9) 44.5 (42.7 – 44.9) 

IC50 (95% CL) >100 28.4 (27.2 – 28.6) 49.8 (48.3 – 50.4) 
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APPENDIX A – Ceriodaphnia dubia Toxicity Test Data 



Ceriodaphnia dubia Summary Sheet 

Client: 

Work Order No.: 

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): 

Avg No. young in first 3 broods of previous 7 d: · 

Mortality(%) in previous 7 d: 
Individual female# used ~8 young on test day 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

7-d LC50 (95% CL): 

7 -d IC50 (95% CL): 

l 

cdb6 

Ape.' 1 ao 1 1\ 

I· a (J.J-1.6) 

Start Date/Time: 

Set up by: 

c;y \ 9 n 
<24-h (within 12-h) 

C?.O 

g/L NaCL 

g/L NaCL 

7-d LC50 Reference Toxicant Mean (2SD Range): ---'-i;_. <6~(_1....:::6_-_~_:3 .... ) __ --""g/_L"""Na;;...c_L __ CV (%): 

7-d IC50 Reference Toxicant Mean (2SD Range): l• 'Q) ( O.lf- h lf) g/L NaCL CV (%): 

Test Results: 

Reviewed by: Date reviewed: ---------

March 4, 201 0; Ver. 1.4 Nautilus Environmental 



I 
I 

Client: 
Sample ID: 
Work Order#: \l~OO 

Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

DO(mgtL) h.J t.fi ····p '1-.o 1.<1 ~/1 q.S 1~.1- 3.0 1" .. Co "T.'8 ·G.,~ \. 

cond. (1.15/cm) ~lb 1.-11 ~lb 'dto atl &lO IHQ "' 
Initials c- ~ -'lQ. ~ cl '(.,\!? v ce, ~ ~ 

Concen)l:ation 
~ 

Hardness* 
Alkalinity* 

Control 

100 
_8"'\. 

100/. ("!.;) 

55() 
\'4 c.) 

Da s 

7 

Days 

'\ 

Analysts: 

Reviewed by: ~ 
* mg/L as CaC03 Date reviewed: ~ Z1{tt 

Samp~De~ription: 9~C~l~e~a~r~~~~~~~~~~~~~~~~~~~~~~~~~ 
Comments: Broodboard Used: OY. \(.\ ll 

Version 1.1 Issued July 29, 2009 Nautilus Environmental 



Client: \.\Ct\~dd I {w,ccd ~~ 1.-,"'c. 
Sample ID: M,·~t.Jt~ 
Work Order: I J :;}o<:) 

Chronic Freshwater Toxicity Test 
C. dubia Reproduction Data 

of~~ ~~-)_ 
start D•te on-, ~ ';o J (/ $ (1 '3. "-
stop Date & Time: (() II ll.fOOV) 

Set up by: T ,4.-..r 

G I H I I I J I lnit 
1 7 / / V / /- -/ 7_ / / ~ / / / 7 / / / / / r ,..... / / / / / / / / / /~ "" 
2 / /I/ / / / / / / 1/ lti.L8 / / / / / / / / / / lUi / / r / / / / / / / t\£ 
3 / v IV / ./ ../ :../ / .........,. / (tt'J ~ I J / ./ ./ v / ~ .., / (l~ v / / / _..- . - / --- - - [.(~ 
4 ; ro IS 3 ~ ../ 5 i'1 v ? 1Lle ,/ 3 5 1fo 41" ·'3 .:5 ~ ~ ~t~ 5_ ~y "t 4 ~ Y ~ "1 3 -s t:c(: 
5 10 \'? {'l:> \C ta I'\ \\ I~ «\ \0 lUI? '\ tO \0 "; C, "\ '\ '\ , '1 t.lf' \\ q ~ tt . (0 :,~- \t 1q to \I ,u.e 
6 q l(o' R \'d. ff ~ tO s '"' 1::{ 'i.,t~ \1.\ ·~I~ :g fO- \\' 9' C\. 1"!> \\ t.U$ \':> :\~ \'; tO \3 il-'i \0 II~ \ ~ ll I~ 
7 

8 

Totarla~ IW!I4CQ I~ 1~'51 \\o !~'a Ia\ l9.'3ld\\ I tL'I§lJW)Jm \1" I\\ Ia\ I \9 IW) ~~~ Ia? !'UJ?f;}J%, I asJ~[d(l[~e[~l{L~ll~la51itJ?. 
tfa !Concentration: b 0 --

~-=~=~~--,..---,--~=--.-.---.---.---t=:.=r='T-""-'-'-.----.~.---F-,..--1 -LG--=,1 -H--rl-r 'lr--J-.-I~it A I B I C I D I E I F I G I H I I I J I lnit 

1 !' / / / /. / / / / ,._--y~;; / -7-7-77 /-7r-; -.-7-7-7 7 /,_ / /- / / / " 
2~{/~////~/l~//////////k~///(//////~ 
3 ./1 v !/ '~ X / ./ ./ ..., ./ ~b v v v v . ./ v v .../ v v (\I; / ../I./ / r v ! / ./ t;V .../ (,lti 
4 5 15 I u. I ../ ./ "\ ~ I'-\ I J ~ 5 fc ·~ fo 4 ~ ··~ ['5 -;- rs I w s ~ ~ '"-""" v 0> ........ '-"" a \.{ Kt4~ 
5 l? \\ ~ '<; <& It\ lq i ~ IX.d7 \'\ \'7 \0 t\ _(\ ~.\P- \'? ·~· ·1\. \\ VJ.t,\~ ~q ~ 1-- 2 _t:o._ U Ito "\ ~ Ito l.tLe 
6 ,e;,. ,c;, t'-\ ,<7, 1~ l't tc:. . \~ ,,_ l·h6 \'i f:t 1S ''-' 1s- \S' \\n '~ 1'-t \l lt..c~ IS lJ.. ra '~ 11o 1 ,; 1 '"' \Y \3 t~ ltlf> 
7 

8 

Totari?:>?I"Z>\ 11<:> I ~01 0~ [,j'\ tall%\: I 'a(o la21u~l~51'?~ 1'3\ 13\ I'd~ I'?\ 13S ['QS ta.~ 13~htttJI~ llj I 'a ell lSI \lo 1<£6140 1\8 I'CN la't I u,t; 

I D I E I F I G I H I I I J I lnit 

1 ILl /I /J /L /j rl 7J /l7-171-~T/17r?J/T/lL'I~I~I /I /II"' 
2 1 ~""rl?f7T ?1 /"1 /1 zr /l /-__ 7r~ltL<?r /l /l_71_ /T /l /l/l/1 /I~~(,(,("> 
3 I ./I rry v I /1./- j/ ,- 7;1/T,..----\r& r Jl.TI\/-1~ [v 1..7-,;;/ 1./. , ....... I~ jy({1J 
4 1; IS I a I~ I a I~ IS IJ I~ IY I~~ B I"\ IY I 't 14 I~ f3 13 ~ I ~lt 
5 t\o l\~l~ ~\Ol~-f5CT"f1~ I~ l'tiJ171~~~-T"lJ\\ Jq_ 1'\-Tt\lO\-Itl.t' 
6 Lta_li"5Ti'iTISJAJ t'5 -111> I Yll t3l \'-{I ut; lr-;J_\\"3 I \'6-.l \0 II a ll~ l1o Ita I \'l I~ ltd~ 
7 

8 

Totarla~'f51~'31-a~T~I~Ta'ffV~~T'Otoi·~s-l~"ll!oJas la?L'delJa~ 19.:\-l~_\ l'a~ fa'\ ~~~I~ 
Notes: X= mortality. 

Sample Description: ----'+------------------------------------------------------------
Comments: Total# Young only based on the first 3 Broods. Fourth and subsequent broods not included in total count. 

Reviewed by: ~-~' 
Version 2.1 Issued July 29.2009 0 

Date reviewed: M~ ct)?-Oll c- -, 
Nautilus Environmental 



CETIS Analytical Report Report Date: 
Test Code: 

09 May-11 15:37 (p 1 of 4) 

11200c 1 15-5776-2313 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 10-6497-0093 
Analyzed: 09 May-11 15:34 

Endpoint: Reproduction 
Analysis: Linear Interpolation (ICPIN) 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Batch ID: 13-9282-0988 

Start Date: 30 Apr-11 11:30 

Ending Date: 06 May-11 14:00 

Duration: 6d 3h 

Sample ID: 02-3579-8115 

Sample Date: 28Apr-1116:00 

Receive Date: 28 Apr-11 16:00 

Sample Age: 44h 

Linear Interpolation Options 

Test Type: Reproduction-Survival (?d) 

Protocol: EC/EPS 1/RM/21 

Species: Ceriodaphnia dubia 

Source: In-House Culture 

Code: 

Material: 

Source: 

Station: 

EODFE63 

Water Sample 

Hatfield 

Mine Water 

Analyst: 

Diluent: 

Brine: 

Age: 

Client: Hatfield 

Project: 

X Transform Y Transform Seed Resamples Exp 95% CL Method 

Log(X+1) 

Point Estimates 

Level % 

IC5 83.87 

IC10 94.9 

IC15 >100 

IC20 

IC25 

IC40 

IC50 

>100 

>100 

>100 

>100 

Linear 1.275E+09 200 

95% LCL 95% UCL TU 

47.31 N/A 1.192 

55.93 N/A 1.054 

N/A N/A <1 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

<1 

<1 

<1 

<1 

Yes Two-Point Interpolation 

95% LCL 95% UCL 

N/A 2.114 

N/A 1.788 

N/A N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Reproduction Summary Calculated Variate 

Cone-% 

0 
5 
10 
20 
40 
60 
80 
100 

Control Type Count 

Negative Control 10 
10 
10 
10 
10 
10 
10 
10 

Reproduction Detail 

Cone-% 

0 
5 

10 

20 
40 

60 

80 

100 

Control Type Rep 1 
Negative Control 22 

27 

31 

33 

35 

32 

25 

16 

Mean 

22.8 
20.9 
25.9 
23.7 
31.3 
22.6 
25.7 
21.9 

Rep2 

25 

25 

26 

31 

36 

24 

30 

25 

-~-~ ··-----· ~-~· ·-----·· 

Min 

16 
11 
22 
0 
25 
15 
19 
16 

Rep3 
26 

23 

25 

26 

31 

22 

22 

23 

Max 

26 
27 
31 
33 
36 
32 
30 
27 

Rep4 
25 

17 

23 

20 

31 

15 

27 

20 

Std Err 

0.9638 
1.509 
0.9 
2.883 
1.126 
1.733 
1.055 
1.159 

RepS 

23 

11 

22 

0 

28 

16 

26 

23 

Std Dev 

3.048 
4.771 
2.846 
~.117 

3.561 
5.481 
3.335 
3.665 

RepS 

16 

21 

30 
24 

31 

28 

30 

27 

CV% 

13.37% 
22.83% 
10.99% 
38.47% 

%Effect 

0.0% 
8.33% 
-13.6% 
-3.95% 

11.38% -37.28% 
24.25% 0.88% 
12.98% -12.72% 
16.74% 3.95% 

Rep7 

26 

19 

24 

27 

35 

20 

27 

21 

RepS 
21 

18 

27 
27 

25 

18 

19 

24 

Rep9 
23 

25 

26 

26 

28 

24 

26 

24 

000-089-170-2 CETIS™ v1.8.0.11 Analyst: __ _ 

Rep 10 
21 

23 

25 

23 

33 

27 

25 

16 



CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 10-6497-0093 

Analyzed: 

Graphics 

35 

30 

c 
0 

~ 20 @ 

2 
0. 

~ 15 

10 

000-089-170-2 

09 May-11 15:34 

25 50 

Conc-0/o 

Endpoint: Reproduction 
Analysis: Linear Interpolation (ICPIN) 

75 100 

CETIS™ v1.8.0.11 

Report Date: 

Test Code: 

09 May-11 15:37 (p 2 of 4) 

11200c 1 15-5776-2313 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: __ _ 



CETIS Analytical Report Report Date: 

Test Code: 

09May-1115:37(p3of 4) 

11200c 1 15-5776-2313 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 08-0167-1560 
Analyzed: 

Batch ID: 

Start Date: 

09 May-11 15:34 

13-9282-0988 

;30 Apr-11 11:30 

Ending Date: 06 May-1114:00 

Duration: 6d 3h 

Sample ID: 02-3579-8115 

Sample Date: 28 Apr-11 16:00 

Receive Date: 28 Apr-11 16:00 

Sample Age: 44h 

Linear Interpolation Options 

X Transform Y Transform 

Log(X+1) Linear 

Point Estimates 

Endpoint: 6d Survival Rate 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Reproduction-Survival (7d) 

Protocol: EC/EPS 1/RM/21 

Species: Ceriodaphnia dubia 

Source: In-House Culture 

Code: EODFE63 

Material: Water Sample 

Source: Hatfield 

Station: Mine Water 

Seed Resamples Exp 95% CL Method 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: 

Diluent: 

Brine: 

Age: 

Client: Hatfield 

Project: 

1.599E+09 200 Yes Two-Point Interpolation 

Level % 95% LCL 95% UCL TU 95% LCL 95% UCL 

EC5 >100 N/A N/A <1 N/A N/A 

EC10 >100 N/A N/A <1 N/A N/A 

EC15 >100 N/A N/A <1 N/A N/A 
EC20 >100 N/A N/A <1 N/A N/A 
EC25 >100 N/A N/A <1 N/A N/A 
EC40 >100 N/A N/A <1 N/A N/A 

EC50 >100 N/A N/A <1 N/A N/A 

6d Survival Rate Summary _____________ £alcu~_!E!d Variate(AI~_) ---·--------· __ 

Cone-% Control Type Count Mean Min Max Std Err Std Dev CV% %Effect A 
0 Negative Control 10 0 0 0.0% 0.0% 10 
5 10 0 0 0.0% 0.0% 10 
10 10 1 0 0 0.0% 0.0% 10 
20 10 0.9 0 0.1 0.3162 35.14% 10.0% 9 
40 10 0 0 0.0% 0.0% 10 
60 10 0 0 0.0% 0.0% 10 
80 10 0 0 0.0% 0.0% 10 
100 10 0 0 0.0% 0.0% 10 

6d Survival Rate Detail 

Cone-% Control Type Rep 1 Rep 2 Rep3 Rep4 RepS RepS Rep7 RepS Rep9 
0 Negative Control 1 1 1 1 1 1 1 1 1 
5 
10 

20 0 
40 1 

60 

80 

100 

000-089-170-2 CETIS™ v1.8.0.11 Analyst: __ _ 

B 

10 
10 
10 
10 
10 
10 

10 
10 

Rep 10 
1 



CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 08-0167-1560 Endpoint: 6d Survival Rate 

Analyzed: 09 May-11 15:34 Analysis: Linear Interpolation (ICPIN) 

Graphics 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 L...L~~~...l_~~~_j_~~~'--'~~~-L-...J 

0 25 50 75 100 

000-089-170-2 CETIS™ v1.8.0.11 

Report Date: 

Test Code: 

09 May-11 15:37 (p 4 of 4) 

11200c 115-5776-2313 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: __ _ 



Ceriodaphnia dubia Summary Sheet 

Client: 

Work Order No.: I \'aDO 

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): 

Avg No. young in first 3 broods of previous 7 d: 

Mortality(%) in previous 7 d: 
Individual female# used ;::::8 young on test day 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

7 -d LC50 (95% CL): 

7 -d IC50 (95% CL): LCJ ( J,J-/.6) 

7-d LC50 Reference Toxicant Mean (2SD Range): 

7-d IC50 Reference Toxicant Mean (2SD Range): 

Test Results: 

Reviewed by: 

March 4, 201 0; Ver. 1.4 

Start Date/Time: A:po"--1 dB,~ <0 lot Sh 
Set up by: _ _,K'-"=L....._.B'--------

C>Y.l "111 
<24-h (within 12-h) 

o.o 

g/L NaCL 

g/L NaCL 

_t_"'<6___..;;...(_1....;;..5_-=-;)-. o"""')'"o---""'-gi_L N_a_CL __ CV (% ): 

_.._(.-=l'-"(.....,()o..:.,_....J_-...;;../._ll~) _ ____.g=/L;_;_N=aC:..::L'---- CV {%): l'!l 

Survival 

Date reviewed: ---------

Nautilus Environmental 



I 
I 

Client: 
Sample ID: 
Work Order#: 

% (v/v) 

Concentration 

Concentration 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Sample Description: 

Comments: 

Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

1-t :I fYI il(\u(C.{8c"/. fYiil)f WQ\-er, alit. PrC(eV Wt<iel'") 

~l\atx> 

Control 100'1.("/J) 
1N) fDSO 
.1''-\ \\.V) 

Cleat 
Brood board Used: 04!Lll I 

Start Date & Time: A~r :t a q Ill @ to If" 
Stop Date: M~S/ll@. t'k)?b 

Test Species: Cerio aphma dub1a 

Analysts: 

Reviewed by: -~3=-¥!:(--+----+--­
Date reviewed: -"-'AJ'-""-'-~---->....;( 0=+-/....._{,__( _ 

{ 

Version 1.1 Issued July 29, 2009 Nautilus Environmental 



Chronic Freshwater Toxicity Test 
C. dubia Reproduction Data 

Client: \\a.\til'ld 
Sample ID: ,_,'-\,..',\_,_,fll_,_,~<=---re-:l:-:!o,.---,-'t.:-:M•,-,.,e-\Q-c-g-:\-e.r_a_o_·,.'B'ro_t_t'S!._W_a_\er) 

Work Order: ~ I \~00 
'(.ll" .,. ~"') 

Days Concentration: C0V'1\.("0JL Concentration: b 
A B C D E F G H I J I nit A B c D E F G H I 

1 / / L_ /_ / / '/ I / .. / r ~ / ,r / / / ,r / / 
2 / / / / / / / L L / - / /, / / / r / / / 
3 .f I/ ~ v I v v / v v' V\.~ v' v v J ll.\ ~ :_V_ v v 
4 ~ '1> J '"\ s l<o l\ ~ {o 1.\ Ob. '-\ "\ "\ s J "' t.\. s "\ 
5 tt "l It) I~ <\ v. I~ ~ \0 ,o tl \\ 1C \\ \~ \0 ,, -'\C) \0 10 
6 

,,. ,:, \\o \\ ,., \~ itO \'~ \\o \S UfJ t'? ·,';} l\o \\o l\'a-. ,; \1- ,,. tB ,. 
7 

8 

Total I~ ~"> ;o ~r~ a'\ \% ll~ ';1o '.l-~ !d.«\ u.f1 l1S l~ I~\ I'D?, I'J\a :,~ I~ I~ I~ 

Days Concentration: dO Concentration: 40 
A B C D E F G H I J I nit A B c D E F G H I 

1 / / / / / ,-:/ ,/ / / ( r- / / ,.../ / / / r ·r .. / 

2 /' /; / ,.r '/ ~ /j';_ / / ,- / ~ ~- / / / r: .r· 
I 

3 lq J o/ / / v' v "" ~ -../ 'L\' J J / v ~ 
,/ ../ ...,. ....... 

4 J '-\ d.. 14 t; 5 \o "\ v '-\ tJj ...r v V" ~ IV V' v v v 
5 \\ \ ~ \0 \'"\ ~~ \'1 I~ q ItO u ,/_ -a.. ../ ...._..... \/' 

_. 
-./ ../ v 

6 It:; \~ 1<\ l(D v '5 ./ \8 ,& !\l UfJ .../ v ./ v ./ !/ .......... ./' --
7 

8 

Total ~() 'i? ~() ~0 \'\ d5 l'l\ ?~ 3\ ~\ \t\.P ~ ~ C) \) 0 0 () c 0 

Days Concentration: ~0 Concentration: 100 
A B C D E F G H I J I nit A B c D E F G H I 

1 r / -~ ,r / / / I" / / ,... / / ,/ ./ / / ,/ / / 
2 / ~ / / / .L ~ ~ / / ,._. / ,. I/ / /: / ""/ / ...--r 
3 ../ ./ J v ./ ./ ~ V' v ,_/ YJ.~ ,/ .../. ./ ./ v ./ ../ / / 

4 ./ ../ v / ../ ./ v V' v v w, fA v v v .../ ./ ,/ ../ <.V 

5 / ./' ...- -- -- '-"""' ._..- ._..... (...-- lltf> 1'-'"""""' -- .......--· -- --- ............ _,. ....... .......... 

6 v v IV ./ v v v ../ V". -../ it .tb / ...,..- ...,.. -- -- -- -- ~ 

7 

8 -"' 

Total f) 0 0 (} C) Q_ L__Q ~ c2 ~ _j ,t..t ff () 0 () 0 _Q_ C2 0 0 

Notes: X= mortality. 

Sample Description: 
Comments: Total# Young only based on the first 3 Broods. Fourth and subsequent broods not included in total count. 

Reviewed by: _l .. ~ 
Version2.11ssuedJuly29,2009 -------0 

start Date & Time: ~~Q_a_q/11 E? JO )e;\A 
Stop Date & Time: t+j51tl € I 00~ 

Set up by: "ILLS 

Concentration: IO 
J I nit A B c D E F G H I J I nit 

~ ,- ,/ /" /" / r ,r / I" ,r r ,... 
I" r-: / / / / / I / / / /_ ...... 

V' tee ./ ~ ..,. / 1"1,. 5 v ~ v . ....,...., 
"A,\;( 

./ !t\.f' ~ ~ ~ 4 \0 ..; ''1 1'-\ ; ~ I~ 
q ·~ R {5 ~ \\ ./ ID q' 1\' \\ I~ w 
\? t~b l'l \ts f~ 

,,.. ll ~0 \1- 1\\o '~ \?I I~ 
7 n '-· 

\:f.. ue a~ ?0 a a ~~ ~0 ?.}? I~ 17,\ =3Q ds 't\.6 

! Concentration: (oO 
J I nit A B c D E F G H I J I nit 

/ ,.... / / 
.· /' ~--./ ··,r -/ ./ .r'/ ..---/ ....... 

v/ -- / / / / / /' ·,r / /' ··,..-· "--· 
/ (,~ v /' ./ v _/ ../ / .../ --· ~ .!.l€ 
../ I u-P ~- v ./ J / ./ / ./ o/ / it f. -- l((j .;-· \;"""' I./" /" / ./ ....,/ - v ,./ IGU 
........- lU.e v \./" ..,/" -- ..._..,. v- ./ -- ........... - (l.O 

C) 'lrd'; tJ I{) 0 0 0 It') 0 0 C) 0 ~o: 

Concentration: 
J I nit A B c D E F G H I J I nit 

,/ ,.,... 
~-/ /"-

...,- KAt ...,. '(..tjJ -- t~ -- rJf-: 

0 l(0° - '---··· . - - - --

Date reviewed: ~ [0 l '2.0l/ 
Nautilus Environmental 



CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 12-4446-6416 

Analyzed: 

Batch ID: 

Start Date: 

09 May-11 15:33 

1 0-5584-27 52 

29Apr-1110:15 

Ending Date: 05 May-11 14:15 

Duration: 6d 4h 

Sample ID: 20-7896-6862 

Sample Date: 28Apr-1116:00 

ReceiveDate: 28Apr-1116:00 

Sample Age: 18h 

Linear Interpolation Options 

Endpoint: Reproduction 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Reproduction-Survival (?d) 

Protocol: EC/EPS 1/RM/21 

Species: Ceriodaphnia dubia 

Source: In-House Culture 

Code: 7BEA844E 

Material: Water Sample 

Source: Hatfield 

Station: 4:1 Mixture 

Report Date: 

Test Code: 

09 May-11 15:35 (p 1 of 4) 

1120ob 1 15-2917-3949 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: 

Diluent: 

Brine: 

Age: 

Client: Hatfield 

Project: 

X Transform YTransform Seed Resamples Exp 95% CL Method 
Log(X+1) Linear 2.068E+09 200 Yes Two-Point Interpolation 

Point Estimates 

Level % 95% LCL 95% UCL TU 95% LCL 95% UCL 

IC5 20.64 12.68 20.73 4.846 4.824 7.887 

IC10 21.38 18.95 21.49 4.677 4.654 5.276 

IC15 22.15 20.67 22.27 4.514 4.491 4.838 

IC20 22.95 21.5 23.08 4.357 4.333 4.65 

IC25 23.78 22.37 23.91 4.205 4.182 4.47 

IC40 26.43 25.18 26.6 3.783 3.759 3.972 

IC50 28.35 27.24 28.56 3.527 3.502 3.672 

Reproduction Summary Calculated Variate 
--~---~~~--~----·---~ -···-----~ 

Cone-% Control Type Count Mean Min Max Std Err Std Dev CV% %Effect 

0 Negative Control 10 26.1 18 32 1.37 4.332 16.6% 0.0% 
5 10 29.1 17 36 1.67 5.28 18.14% -11.49% 
10 10 29.3 22 35 1.146 3.622 12.36% -12.26% 
20 10 28 19 33 1.483 4.69 16.75% -7.28% 
40 10 0.2 0 2 0.2 0.6325 316.2% 99.23% 
60 10 0 0 0 0 0 100.0% 
80 10 0 0 0 0 0 100.0% 
100 10 0 0 0 0 0 100.0% 

Reproduction Detail 

Cone-% Control Type Rep 1 Rep2 Rep 3 Rep4 RepS Rep6 Rep? RepS Rep9 Rep 10 
0 Negative Control 30 23 30 23 27 18 23 26 32 29 
5 28 26 31 33 26 30 36 32 32 17 
10 28 30 22 32 30 35 30 31 30 25 
20 30 33 30 30 19 25 21 30 31 31 
40 0 2 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 
100 0 0 0 0 0 0 0 0 0 0 

000-089-170-2 CETIS™ v1.8.0.11 Analyst: __ _ 



CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 12-4446-6416 
Analyzed: 09 May-11 15:33 

Graphics 

30 •• 

c 
0 g 

25 

20 

-e 15 ... 
~ 

10 

Endpoint: Reproduction 
Analysis: Linear Interpolation (ICPIN) 

o~~~~J_~~~~~~~~~~~~~ 

0 25 50 75 100 

Conc~O/o 

000-089-170-2 CETISTM v1.8.0.11 

Report Date: 

Test Code: 

09 May-11 15:35 (p 2 of 4) 

11200b 115-2917-3949 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: __ _ OA~o{11 



CETIS Analytical Report Report Date: 

Test Code: 

09 May-11 15:35 (p 3 of 4) 

11200b 115-2917-3949 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 10-2650-9634 

Analyzed: 09 May-11 15:33 

Batch ID: 10-5584-2752 

Start Date: 29 Apr-11 10:15 

Ending Date: 05 May-11 14:15 

Duration: 6d 4h 

Sample ID: 20-7896-6862 

Sample Date: 28 Apr-11 16:00 

Receive Date: 28 Apr-11 16:00 

Sample Age: 18h 

Linear Interpolation Options 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

6d Survival Rate CETIS Version: CETISv1.8.0 

Linear Interpolation (ICPIN) Official Results: Yes 

Reproduction-Survival (?d) Analyst: 

EC/EPS 1/RM/21 Diluent: 

Ceriodaphnia dubia Brine: 

In-House Culture Age: 

7BEA844E Client: Hatfield 

Water Sample Project: 

Hatfield 

4:1 Mixture 

X Transform YTransform Seed Resamples Exp 95% CL Method 

Log(X+1) Linear 1.252E+09 200 

Point Estimates 

Level % 95% LCL 95% UCL 

EC5 89.45 83.03 N/A 

EC10 100 86.18 N/A 

EC15 >100 N/A N/A 

EC20 >100 N/A N/A 

EC25 >100 N/A N/A 

EC40 >100 N/A N/A 

EC50 >100 N/A N/A 

6d Survival Rate Summary 

Cone-% Control Type Count 

0 Negative Control 10 

5 10 

10 10 

20 10 

40 10 

60 10 

80 10 

100 10 

6d Survival Rate Detail 

Cone-% Control Type Rep 1 

0 

5 

10 

20 

40 

60 

80 

100 

000-089-170-2 

Negative Control 1 

1 

0 

TU 

1.118 

<1 

<1 

<1 

<1 

<1 

Mean 

1 

0.9 

Rep2 

Yes Two-Point Interpolation 

95% LCL 95% UCL 

N/A 1.204 

N/A 1.16 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

Calculated Variate(AIB) 
·---~-----------

Min Max Std Err Std Dev 

1 0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
1 0 0 

0 0.1 0.3162 

Rep3 Rep4 Rep5 RepS 

CETIS™ v1.8.0.11 

CV% 

0.0% 

0.0% 

0.0% 
0.0% 

0.0% 

0.0% 

0.0% 

35.14% 

Rep 7 

%Effect 

0.0% 

0.0% 
0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

10.0% 

RepS 

A 

10 
10 

10 
10 

10 

10 

10 

9 

Rep9 

1 

1 

Analyst: __ _ 

B 

10 
10 

10 

10 

10 

10 

10 

10 

Rep 10 
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Ceriodaphnia dubia Summary Sheet 

Client: 

Work Order No.: 

Sample Information: 

Start Date/Time: A-ptl B9 
1
Qo1/\ €,iex;o~ 

Set up by: __,_K=L-:.....8~-------

\S"PB 
sample ID: ~ .. tv <6: \ fh_~tv(Q-
Sample Date: APr\\ 9-CBJ ~~I 
Date Received: Apra 26; ()C) tl 
Sample Volume: _..Lk_XI~=-=--------

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): 

Avg No. young in first 3 broods of previous 7 d: 

Mortality(%) in previous 7 d: 
Individual female # used :2:8 young on test day 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

7-d LC50 (95% CL): 

7-d IC50 (95% CL): 

7-d LC50 Reference Toxicant Mean (2SD Range): 

7-d IC50 Reference Toxicant Mean (2SD Range): 

Test Results: 

Reviewed by: 

March 4, 201 0; Ver. 1.4 

<24-h (within 12-h) 

0.0 

g/L NaCL 

g/L NaCL 

_.L,l·..::~....:::(_l . ..::o;_:......:d;_· '3=-).L..;:--_ _.g=tL;_N;.;:..;ac:;;.:;;L:....--_ cv (% ): 

_..L;t .'"""a~c o'-"-'--.5._-...... 1~. t..J-1 )...______,g'-tL_N""""ac;_L __ cv (%): 

I I 
\d. 

Date reviewed: ----------
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Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: \k-\iie\d Start Date & Time: A@rL(.l9/u (!~IOoo~ 
Sample ID: C3 ~ \ 11'\ioc(:v .q·f./Yh'le ~kc 19,'f/. fro~s~Wq\er 1(:,.~'/. Y>."tc.h w._krJ Stop Date: ~')ll \ @ t'1L~h 
Work Order#: ~1\QOO Test Species: Cerio aphnia dubia 

Cfo JJ-!) 
Concen /atio/1 

Lorvl-~ 

Days 

Concentration 0 1 2 3 4 5 6 7 
. in!t~i·F Qld''' ' il~W· .. ol~$:; ' rlfi!W< ;?!old;·\ Jl~w ,§:~ld . "IJ~w [fr Qld~t' ne~ ' "P:Id';l• ;\11~;16'"; fin~f 

'f'o Days 

Concentration 0 1 2 3 4 5 6 7 

Cond. (IJS/cm) tt43 9'U ~ E\41' lOlO tt84 q1,; 1" 

Control _l&b1.Grt") Analysts: 

L Hardness* \00 w 
I Alkalinity* ~ l~ Reviewed by: 
* mg/L as CaC03 Date reviewed: 

Sample Description: c!w 
Comments: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Chronic Freshwater Toxicity Test 
C. dubia Reproduction Data 

Client: 
Sample ID: l "l\.'l'/. N'li11e IJ«ter l~.'t'/ . .Pro£mW«ttr 1~. 'l..'l. t'>o'tc..i-,IJ£tW) a ',l MiJI.W4 

\-\a+f,elcl 

Work Order: ~ll'aoo 
'\C.~ .,, ~l\1) 

-.,. 

Days Concentration: (a"~ ro.t Concentration: S 
A B C D E F G H I J I nit A B c D E F G H I 

1 / /' I' I / I / /. / /_ r- r / / / / / / / / 
2 L (__ ( ( L L /__ / / f ,.._; / I'_ / / / / r I( r 
3 ~ v /. v .../ v './ / ./ v ~tfo v s ·~ ll\ l..t 1..\ 

"'" 
..; h/ 

4 a I? a (() ·o. '-\ ~ J \.\ I~ -L\" fJ v v ~- \(, "b ./ "? s 
5 (Q lv tO ./' 1\C ~ 'd (() g ,o ~ " tO ' I ..I tC> IJ \.0 ~ ~ 
6 l\o_ '~ IS. \~ J\o. \"2_, '~ 

,, \':, \a '(l~ -~ I \le \~ I~ ~& He ,?, \1- \R 
7 '!li . 1-P' 1"', 

8 ~ ... ,10 '2.::-
Total a"\ ao I~'+ 1'aC lb "a Co ds \CJ )S ar.o 'L~ ~ I '?l l l'dR ~ ';~ a~ •').1 1~8 ~ 

Days Concentration: dO Concentration: 'iO 
A B C D E F G H I J I nit A B c D E F G H I 

1 r / / / / / / .. /_ / / ,- ~- ,/ 1""' ./ _./_ ./ / '/ / 
2 / ;: I / / / ( r /, ( r ,.r::· / / // / If, I/". ~ ~--
3 J_ I./ I"? II '.J_ 'j_ v_ ../ v v v ~ I ,/ I J ~ /_ t/ IV' J 
4 ., "\ ..; IU.. ~ "\ t.\ 'l '? ?. ru t?\0 li. ~ ., !J lA q 1.\ It\ 
5 (o tO @ llO q "l {o 10 <t tO fLlj~ + lO ~- \0 9r lO ../ \\ v' 
6 l~ '" l(o \(& !\S 'fo \~ \+ 11- l'o I'Ll~ rr- lS 11- ,~r tS IS' tS '\o '~ 
7 

8 

Total ~a 30 a:t ~ a::J. l;}:l d? ~ ag 'J'8 I'Ll!~ I?Q ~ 'a~ l?b ld± dl- dll 1~\ IIJA 

Days Concentration: ~0 Concentration: lOO 
A B C D E F G H I J I nit A B c D E F G H I 

1 / / / / / / / / / / ,- .,., / / /'' / / / / / 

2 / / / /' / / / / .. / 
/ ! / / / r / / / / I 

3 / v v ./ ./ v / ../ v v' (lf, ../ \,/ v v ../ I./ ../ ../ ../ 

4 / ..._/ J J / ./ ./ v ~ I./ iJj \f ../ ./ ,/ V' ../ v v ,/ 

5 L ..._., / v v v ../ ...,. v v ~ ·v ._;' v ...,. ........... -- \.,./ ....,/ ...,.r 
"'"' 

6 ../ ./ v v ./ ......, v v v / ~6 / ..../ 
""""" ~ 

v v v '-""""' v 
7 

8 

Total 0 0 0 {) 0 c) () () Ctr b ~ 0 0 0 0 0 0 0 () 0 
Notes: X= mortality. 

Sample Description: 
Comments: Total# Young only based on the first 3 Broods. Fourth and subsequent broods not included in total count. 

-4~~ Reviewed by: 

() Version 2.1 Issued July 29, 2009 

Start Date & Time: fkrli~ fl ( (/) IQ ro\A 
Stop Date & Time: ~tl.M~ Itt(! \t\ t~ 

Set up by: _,'t='--=-(;_v __ _ 

Concentration: I() 
J I nit A B c D E F G H 

/ r- r r / / / / /_ / 

/ ,_ /'_ L / _/ r:_ (_ /_ / 
\.\ !l'tb ./ 1\.( ~ J / s. ./ lv 
.J "L\;fJ a ~; ,./ "'\ 

"" 
II ') 1?7 

0 ~ ~- \0 tO to I~ 1- ~~ 1" 
\4 lui \5 lg· t1- '~ '"' \8 v lL(n 

'I 

1a1? I>Lte 114 1~1 1~1 ?,(l la<a 10 \l- I~ 
Concentration: _bQ_ 

J I nit A B c D E F G H 

/ ,..., / / / / / / / r 
r' r- / / -·/ /- ··/:. 

~ r: / 
l'l.:l lJJ ../ ./ ~ / ./ v .( ~--
..1 tu .,/ ../ / v ./ .,/ , 

" '£,(;(1 v """"" 
../ "-""" ~ - - _.. 

lao w. J":f- .a a e . .,/" ./ 'a v 
I~ 
1.~ Y.J.f:. 'T ~ ';). ~ 0 0 ·~ 0 

Concentration: 
J I nit A B c D E F G H 

/ /'<... 

/ 1"-
/ (.~ 

,/ ~ ·. 

....... '(..(~ 
............ rL.\6 

0 luf .. 

I 

/ r 
,/ 

l\ 
\0 
l!o 
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I 

r-· 
r-
./ 

1---
,/ 

7-

I 
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CETIS Analytical Report Report Date: 

Test Code: 

09 May-11 15:34 (p 1 of 4) 

11200a 1 19-1455-8098 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 02-7523-4331 
Analyzed: 

Batch ID: 

Start Date: 

09 May-11 15:32 

10-2191-8202 

29 Apr-11 10:00 

Ending Date: 05 May-1114:15 

Duration: 6d 4h 

Sample ID: 00-0037-4702 

Sample Date: 28 Apr-11 16:00 

Receive Date: 28Apr-1116:00 

Sample Age: 18h 

Linear Interpolation Options 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 
Station: 

Reproduction 
Linear Interpolation (ICPIN) 

Reproduction-Survival (7d) 

EC/EPS 1/RM/21 

Ceriodaphnia dubia 

In-House Culture 

5B7AE 

Water Sample 

Hatfield 

8:1 Mixture 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: 

Diluent: 

Brine: 

Age: 

Client: Hatfield 

Project: 

X Transform Y Transform Seed Resamples Exp 95% CL Method 

Log(X+1) Linear 1 .833E+09 200 Yes Two-Point Interpolation 

Point Estimates 

Level % 95% LCL 95% UCL TU 95% LCL 95% UCL 

IC5 40.66 19.88 40.93 2.46 2.443 5.031 

IC10 41.58 33.16 41.89 2.405 2.387 3.016 

IC15 42.53 40.52 42.86 2.352 2.333 2.468 

IC20 43.49 41.66 43.86 2.299 2.28 2.401 

IC25 44.48 42.72 44.88 2.248 2.228 2.341 

IC40 47.57 45.9 48.11 2.102 2.079 2.179 

IC50 49.75 48.25 50.39 2.01 1.985 2.072 

Reproduction Summary Calculated Variate 

Cone-% Control Type Count Mean Min Max Std Err Std Dev CV% %Effect 

0 Negative Control 10 24.2 19 30 1.114 3.521 14.55% 0.0% 
5 10 29.8 27 36 0.8537 2.7 9.06% -23.14% 
10 10 27.9 17 33 1.516 4.795 17.19% -15.29% 

20 10 27.6 22 32 0.9798 3.098 11.23% -14.05% 

40 10 27 16 32 1.468 4.643 17.2% -11.57% 
60 10 2.2 0 7 0.8537 2.7 122.7% 90.91% 
80 10 0.6 0 6 0.6 1.897 316.2% 97.52% 
100 10 0 0 0 0 0 100.0% 

Reproduction Detail 

Cone-% Control Type Rep 1 Rep2 Rep 3 Rep4 RepS RepS Rep? RepS Rep9 

0 Negative Control 24 20 27 20 30 26 25 19 25 

5 30 31 28 30 36 28 27 28 32 

10 24 31 33 30 26 30 17 26 30 

20 22 30 27 30 27 29 23 32 28 

40 30 25 28 30 27 27 24 31 16 

60 7 2 2 2 0 0 2 0 7 

80 0 0 0 0 0 0 0 0 6 
100 0 0 0 0 0 0 0 0 0 

000-089-170-2 CETIS™ v1.8.0.11 Analyst:, __ _ 

Rep 10 
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CETIS Analytical Report Report Date: 

Test Code: 

09 May-11 15:34 (p 3 of 4) 

11200a 1 19-1455-8098 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 10-8727-1085 

Analyzed: 

Batch ID: 

Start Date: 

09 May-1115:32 

10-2191-8202 

29 Apr-11 1 0:00 

Ending Date: 05 May-11 14:15 

Duration: 6d 4h 

Sample ID: 00-0037-4702 

Sample Date: 28 Apr-11 16:00 

ReceiveDate: 28Apr-1116:00 

Sample Age: 18h 

Linear Interpolation Options 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

6d Survival Rate CETIS Version: CETISv1.8.0 
Linear Interpolation (ICPIN) Official Results: Yes 

Reproduction-Survival (?d) Analyst: 

EC/EPS 1/RM/21 Diluent: 

Ceriodaphnia dubia Brine: 

In-House Culture Age: 

5B7AE Client: Hatfield 

Water Sample Project: 

Hatfield 

8:1 Mixture 

X Transform Y Transform Seed Resamples Exp 95% CL Method 
Log(X+1) Linear 1 .259E+09 200 Yes Two-Point Interpolation 

Point Estimates 

Level % 95% LCL 95% UCL TU 95% LCL 95% UCL 

EC5 >100 N/A N/A <1 N/A N/A 

EC10 >100 N/A N/A <1 N/A N/A 

EC15 >100 N/A N/A <1 N/A N/A 

EC20 >100 N/A N/A <1 N/A N/A 

EC25 >100 N/A N/A <1 N/A N/A 
EC40 >100 N/A N/A <1 N/A N/A 

EC50 >100 N/A N/A <1 N/A N/A 

6d Survival Rate Summary Calculated Variate(A!B) 
----- --· -··--·-----

Cone-% Control Type Count Mean Min Max Std Err Std Dev CV% %Effect A 
0 Negative Control 10 0 0 0.0% 0.0% 10 
5 10 0 0 0.0% 0.0% 10 
10 10 0 0 0.0% 0.0% 10 
20 10 0 0 0.0% 0.0% 10 
40 10 0 0 0.0% 0.0% 10 
60 10 0 0 0.0% 0.0% 10 
80 10 0 0 0.0% 0.0% 10 
100 10 0 0 0.0% 0.0% 10 

6d Survival Rate Detail 

Cone-% Control Type Rep 1 Rep2 Rep3 Rep4 RepS Rep6 Rep7 RepS Rep 9 
0 Negative Control 1 1 1 1 1 1 1 1 1 
5 

10 

20 

40 

60 

80 

100 
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1.0 INTRODUCTION 

 

Nautilus Environmental conducted acute and chronic toxicity tests for Hatfield Consultants on 

samples identified as Mixture 1 and Mixture 2, prepared on January 28, 2011. The mixtures 

were prepared in the laboratory from samples identified as Process Water, Mine Water and 

Ditch Water.  

 

Mixture 1 was a 4:1 combination of Mine Water (80%) and Mill Water (20%) and Mixture 2 was 

a combination of Mine Water (77%), Mill Water (11%), and Ditch Water (12%), reflecting a 7:1 

ratio of Mine to Mill Water, with a small contribution of Ditch Water. The following toxicity 

tests were performed on the Mixture 1 and Mixture 2 samples: 

 

 7-d Ceriodaphnia dubia survival and reproduction test 

 7-d Lemna minor growth inhibition test 

 96-h rainbow trout  (Oncorhynchus mykiss) acute toxicity test (conducted with lab water and 

Prairie Creek water as dilution water) 

 48-h Daphnia magna acute toxicity test (conducted with lab water and Prairie Creek water as 

dilution water) 

 

In addition, a single concentration screening test was conducted with D. magna on the full-

strength Mine Water sample. Due to a technician error in producing Mixture 2, there was 

insufficient volume of remaining Mine Water sample available to conduct a 96-h single 

concentration screening test with rainbow trout. 

 

This report describes the results of these toxicity tests. Copies of raw laboratory data sheets and 

statistical analysis for each test species are provided in Appendices A through F.  
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2.0 METHODS 

 

Methods for the toxicity tests are summarized in Tables 1 through 6. Testing was conducted 

according to procedures described by Environment Canada (2000a, 2000b, 2007a and 2007b).  

 

Statistical analyses for the tests were performed using CETIS (Tidepool Scientific Software, 

2009). 

  

2.1 Quality Assurance/Quality Control (QA/QC) 

 

Nautilus follows a comprehensive QA/QC program to ensure that the data generated are of 

high quality and are scientifically defensible. To meet these objectives, Nautilus has 

implemented a number of quality control procedures that include the following:  

 

 Negative controls to ensure that appropriate testing performance criteria are met; 

 Positive controls to assess the health and sensitivity of the test organisms; 

 Use of appropriate species and life stage to meet the study objectives; 

 Appropriate number of replicates to allow proper statistical analyses; 

 Calibration and proper maintenance of instruments to ensure accurate measurements; 

 Proper documentation and recordkeeping to allow traceability of performance; 

 Adequate supervision and training of staff to ensure that methods are followed; 

 Proper handling and storage of samples to ensure their integrity; 

 Procedures in place to address issues that may arise during testing and ensure the 

implementation of appropriate corrective actions; and  

 Rigorous review of data by a Registered Professional Biologist to ensure they are of 

good quality and scientifically defensible prior to releasing to the client. 
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Table 1. Summary of test conditions: Ceriodaphnia dubia survival and reproduction test. 

Test organism Ceriodaphnia dubia 

Test organism source In-house culture 

Test organism age <24 hr old neonates produced within 12 hr 

Test type Static renewal 

Test duration 7  1 day 

Test chamber 20 mL test tube 

Test solution volume 15 mL 

Number of replicates 10 

Control/dilution water 20% Perrier water (hardness 80-100mg/L CaCO3) 

Test solution renewal Daily 

Test temperature 25 ± 1°C 

Number of organisms/chamber 1 

Feeding Daily, with 0.1 ml Pseudokirchneriella subcapitata and 
0.05 mL YCT 

Light intensity 100 to 600 lux 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test protocol Environment Canada (2007a), EPS 1/RM/21 

Test endpoints Survival and reproduction 

Test acceptability criterion for controls ≥80% survival; ≥15 young per surviving control; 
≥60% of controls producing three or more broods 

Reference Toxicant Sodium chloride 
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Table 2. Summary of test conditions: Lemna minor growth inhibition test. 

Test organism Lemna minor 

Test organism source In-house culture 

Test organism age 7- to 10-day old 

Test type Static 

Test duration 7 days 

Test chamber 250-mL glass containers 

Test solution volume 150 mL 

Number of replicates 4 

Control/Dilution water Deionized or distilled water with nutrients added 

Test solution renewal None 

Test temperature 25 ± 2°C 

Number of organisms/chamber Two 3-frond plants 

Light intensity 3600 to 4400 lux full spectrum light 

Photoperiod Continuous 

Aeration None 

Test protocol Environment Canada (2007b), EPS 1/RM/37 

Test endpoint Number of fronds and dry weight 

Test acceptability criteria for controls  8-fold increase in number of fronds 

Reference toxicant Potassium chloride 
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Table 3. Summary of test conditions: 96-h rainbow trout test. 

Test organism Oncorhynchus mykiss 

Test organism source Commercial hatchery 

Test organism age Juveniles 

Test type Static 

Test duration 96 hours 

Test chamber 20 L glass aquarium 

Test solution volume 10 L 

Number of replicates 1 

Control/Dilution water 
Dechlorinated municipal tapwater;  

and Prairie Creek Water 

Test solution renewal None 

Test temperature 15 ± 1°C 

Number of organisms/chamber Ten 

Feeding None 

Light intensity 100 to 500 lux 

Photoperiod 16 hours light/8 hours dark 

Aeration 6.5 ± 1 mL/min/L 

Test protocol Environment Canada (2000a), EPS 1/RM/13 

Test endpoint 96-h LC50 

Test acceptability criteria for controls Survival  90% 

Reference toxicant Sodium dodecyl sulphate 
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Table 4.  Summary of test conditions: 48-h Daphnia magna test. 

Test organism Daphnia magna 

Test organism source In-house culture 

Test organism age < 24 h 

Test type Static 

Test duration 48 hours 

Test chamber 250-mL glass beakers 

Test solution volume 200 mL 

Number of replicates 
Three (Single Concentration Screening), One 

(LC50) 

Control/Dilution water 
Moderately-hard reconstituted water (hardness 80-

100 mg/L); and Prairie Creek Water  

Test solution renewal None 

Test temperature 20 ± 2°C 

Number of organisms/chamber Ten 

Feeding None 

Light intensity 400 to 800 lux 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test protocol Environment Canada (2000b), EPS 1/RM/14 

Test endpoint 48-h LC50 

Test acceptability criteria for controls Survival  90% 

Reference toxicant Sodium chloride 
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3.0 RESULTS 

 

Effects on survival of Ceriodaphnia dubia were minimal; the LC50 value for both samples was 

>100%.  Conversely, effects were observed on reproduction of C. dubia in all concentrations of 

both Mixtures 1 and 2.  The IC25 was <5% in both samples, and the IC50 was <5% for Mixture 1 

and 16.1% for Mixture 2, respectively (Table 5).  These values indicate that more than a 25% 

reduction in reproduction was observed in all test concentrations of both mixtures (the lowest 

test concentration was 5% sample).   

 

The Lemna minor growth inhibition test exhibited enhanced growth in all test concentrations 

compared to the negative control for both Mixture 1 and Mixture 2 (Table 6). The IC25 and IC50 

values for both samples were >97%, indicating that there was no evidence of an adverse 

toxicological effect associated with either of the samples to this species. 

 

Acute toxicity tests using rainbow trout tests exhibited 100% survival in all concentration tested 

with Mixtures 1 and 2, using both dechlorinated and Prairie Creek water for dilution (Tables 7 

and 8).  Therefore the 96-h LC50 results were >100%, and there was no evidence of an adverse 

toxicological effect to this species.  

 

Acute toxicity tests using Daphnia magna resulted in an LC50 value of 89% for Mixture 1 and 

>100% for Mixture 2 when diluted with laboratory-prepared moderately hard water (Table 9).  

The samples diluted with Prairie Creek water exhibited an unusual pattern of mortality in both 

tests; specifically, elevated mortality was observed at the lower concentrations of sample, and 

not in higher concentrations (Table 10).  This is an unusual result, since you would typically 

anticipate a larger adverse effect associated with a larger dose, and in this case, the opposite 

occurred.  This finding suggests that toxicity occurred as a result of some interaction between 

the water types.  Regardless, the fact that mortalities were not observed in the higher 

concentrations of sample tends to suggest that this was not indicative of a substantial degree of 

toxicity in the samples. 

 

It should be noted that the full-strength Mixture 1 elicited a 60% reduction in survival of 

Daphnia magna in one test (the one using moderately hard water) and no reduction in survival in 

the other (using Prairie Creek water for dilution).  Since there is no dilution in the full-strength 

sample, these two treatments are equivalent to one another, and reflect two, somewhat different 

measures of effect in the Mixture 1 sample.  Based on the partial effect observed in one of the 
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two tests, and the lack of effect in the second test, it would appear that this mixture contained a 

toxicant at close to its threshold for toxicity to this species.   

 

In the Daphnia magna 48-h single concentration screening test with Mine Water, survival was 

100% in the undiluted sample, indicating that the Mine Water did not exhibit an adverse effect 

on this species (Table 11). 

 

Collectively, the results indicated that rainbow trout and duckweed were not sensitive to the 

samples.  Conversely, C. dubia displayed a substantial reduction in reproduction in both 

mixtures, with a greater adverse effect associated with Mixture 1 than Mixture 2.  Consistent 

with this finding, Mixture 1 exhibited a small degree of adverse effect on survival of D. magna, 

whereas Mixture 2 did not.  These results suggest that the toxicity observed to cladocerans was 

from the Mill Water sample, since Mixture 1 contained a higher concentration of Mill Water 

than Mixture 2.  This conclusion is supported by the fact that the full-strength Mine Water did 

not have any adverse effect on D. magna. 

 

3.1  Quality Assurance/Quality Control 

 

All the tests reported here met the acceptability criteria for test validity specified in the 

respective protocol. Water quality parameters measured during the toxicity tests were within 

acceptable ranges and results of the reference toxicant tests conducted during the testing 

program were all within the in-house historical mean  two standard deviations. The reference 

toxicant test results are summarized in Table 12.  

 

It should be noted that the samples produced for this testing project were derived from samples 

that had been collected previously, and treated in a manner that was similar to that anticipated 

at the mine site.  Consequently, holding times associated with these samples exceeded those 

specified in the test methods.  However, the time period in between preparation of the treated 

Mine and Mill Water samples and initiation of the toxicity tests fell within the required holding 

times associated with the various tests. 
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Table 5.  Toxicity test results for the Ceriodaphnia dubia survival and reproduction tests. 

 

 
LC = Lethal Concentration. 
IC = Inhibition Concentration. 
SD = Standard Deviation. 
CL = Confidence Limits. 

  

 
 

Concentration 

(% v/v) 

Mean ± SD 

Mixture 1 Mixture 2 

Survival 

(%) 

Reproduction  

(No. of Young/Female) 

Survival 

(%) 

Reproduction  

(No. of Young/Female) 

Control 100 16.1 ± 4.5 100 16.1 ± 1.9 

5 100 6.3 ± 3.5 100 11.6 ± 2.6 

10 100 7.1 ± 3.8 100 11.2 ± 3.2 

20 100 9.1 ± 1.4 90 6.6 ± 2.8 

40 100 0.0 ± 0.0 80 3.0 ± 3.1 

60 90 0.0 ± 0.0 100 0.0 ± 0.0 

80 80 0.0 ± 0.0 70 0.0 ± 0.0 

100 100 0.0 ± 0.0 100 0.0 ± 0.0 

Test endpoint 

(% v/v) 
    

LC50 >100 -- >100 -- 

IC25 (95% CL) -- < 5% -- < 5% 

IC50 (95% CL) -- < 5% -- 16.1 (13.1 – 20.2) % 
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Table 6. Toxicity test results for the Lemna minor growth inhibition tests. 

 

Concentration 

(% v/v) 

Mean ± SD 

Mixture 1 Mixture 2 

Frond Growth 

(No. of Fronds) 

Dry Weight 

(mg) 

Frond Growth 

(No. of Fronds) 

Dry Weight 

(mg) 

Control 67.8 ± 5.6 6.7 ± 0.4 69.0 ± 6.0 7.0 ± 0.9 

1.5 92.2 ± 22.0 9.1 ± 1.6 69.2 ± 7.9 7.2 ± 1.1 

3.0 90.5 ± 14.5 8.7 ± 1.5 89.0 ± 16.5 9.3 ± 1.3 

6.1 104.0 ± 9.9 10.1 ± 1.0 83.0 ± 10.9 8.7 ± 1.0 

12.1 122.8 ± 23.2 12.6 ± 2.6 107.8 ± 25.0 11.1 ± 2.7 

24.2 120.3 ± 14.5 11.9 ± 0.9 103.8 ± 16.5 10.9 ± 1.2 

48.5 116.5± 12.4 13.9 ± 2.9 111.3± 22.9 12.0 ± 2.7 

97 122.8 ± 14.0 14.7 ± 0.5 101.3 ± 32.3 13.9 ± 2.6 

Test endpoint 

(% v/v) 
    

IC25 >97 >97 >97 >97 

IC50 >97 >97 >97 >97 
 
IC = Inhibition Concentration. 
SD = Standard Deviation. 
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Table 7. Acute toxicity test results for rainbow trout using dechlorinated water for dilution. 

Concentration (% v/v) 
% Survival 

Mixture 1 Mixture 2 

Control 100 100 

6.25 100 100 

12.5 100 100 

25.0 100 100 

50.0 100 100 

100.0 100  100  

Test endpoint   

LC50  >100 >100 

 

 

Table 8. Acute toxicity test results for rainbow trout using Prairie Creek water for dilution. 

Concentration (% v/v) 
% Survival 

Mixture 1 Mixture 2 

Control 100 100 

6.25 100 100 

12.5 100 100 

25.0 100 100 

50.0 100 100 

100.0 100  100  

Test endpoint   

LC50 >100 >100 
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Table 9. Acute toxicity test results for Daphnia magna using moderately hard water for 

dilution. 

Concentration (% v/v) 
% Survival 

Mixture 1 Mixture 2 

Control 100 100 

6.25 90 80 

12.5 100 90 

25.0 100 90 

50.0 100 80 

100.0 40  90  

Test endpoint   

LC50 (95% CL)  89 (65 and 100) >100 
 
CL = Confidence Limits. 

 

Table 10 . Acute toxicity test results for Daphnia magna using Prairie Creek water for dilution. 

Concentration (% v/v) 
% Survival 

Mixture 1 Mixture 2 

Control 100 100 

6.25 30 50 

12.5 40 60 

25.0 70 90 

50.0 100 100 

100.0 100  100  

Test endpoint   

LC50  >100  1 >100  1 
 

1 See text for discussion of results. 



 

Nautilus Environmental   

WO# 11064-67 

13

Table 11. Acute toxicity test results for Daphnia magna single concentration screening test using 
Mine Water. 

 

Concentration (% v/v) Survival (%) 

Control 100 

100 100 
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Table 12. Reference toxicant test results. 

Test Species Endpoint Mean (2SD Range) CV(%) Initiation Date 

C. dubia 
Survival (IC50): 1.7 g/L NaCl 1.8 (1.4 – 2.3) 12 

January 27, 2011 
Reproduction (IC50): 1.1 g/L NaCl 1.2 (0.9 – 1.5) 13 

L.minor Frond Count (IC50): 3.6 mg/L KCL 3.7 (2.8 – 5.0) 15 January 19, 2011 

O.mykiss Survival (LC50): 5.0 mg/L SDS 5.2  (4.4 – 6.1) 8 December 16, 2010 

D. magna Survival (LC50): 4.2 g/L NaCl 4.0 (3.6 – 4.3) 5 January 21, 2011 
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APPENDIX A – Ceriodaphnia dubia Toxicity Test Data 



Ceriodaphnia dubia Summary Sheet 

Client: 
Work Order No.: 

Sample Information: 

Sample ID: 
Sample Date: 
Date Received: 
Sample Volume: 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): 

Avg No. young in first 3 broods of previous 7 d: 

Mortality(%) in previous 7 d: 
Individual female# used ~8 young on test day 
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Stock Solution ID: 
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Chronic Freshwater Toxicity Test 
C. dubia Reproduction Data 
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CETIS Analytical Report Report Date: 

Test Code: 

09 Feb-11 17:20 (p 1 of 2) 

11063a 117-1586-0743 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 06-7520-1693 
Analyzed: 

Batch ID: 

Start Date: 

09Feb-1117:05 

03-7225-77 49 

29 Jan-11 11:00 

Ending Date: 04 Feb-1112:00 

Duration: 6d 1 h 

Sample ID: 08-2902-6478 

Sample Date: 28 Jan-11 

Receive Date: 28 Jan-11 

Sample Age: 35h 

Linear Interpolation Options 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

6d Survival Rate 
Linear Interpolation (ICPIN) 

Reproduction-Survival (7d) 

EC/EPS 1/RM/21 

Ceriodaphnia dubia 

3169FOAE 

Water Sample 

Hatfield 

Mixture 1 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: Krysta Banack 

Diluent: Perrier Water 

Brine: 

Age: 

Client: Hatfield 

Project: 

X Transform YTransform Seed Resamples Exp 95% CL Method 

Log(X+1) Linear 2.08E+09 200 

Point Estimates 

Level % 95% LCL 95% UCL 

EC5 49.01 44.28 N/A 

EC10 100 49.01 N/A 

EC15 >100 N/A N/A 

EC20 >100 N/A N/A 

EC25 >100 N/A N/A 

EC40 >100 N/A N/A 

EC50 >100 N/A N/A 

6d Survival Rate Summary 

Cone-% Control Type Count 

0 Negative Controi 10 
5 10 
10 10 
20 10 
40 10 
60 10 
80 10 
100 10 

6d Survival Rate Detail 

Cone-% Control Type Rep 1 
0 

5 

10 

20 

40 

60 

80 
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000-089-170-1 

Negative Control 1 

1 

0 

TU 

2.04 

1 
<1 

<1 

<1 

<1 

<1 

Mean 

1 

0.9 
0.8 

Rep2 

95% LCL 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Min 

0 
0 
1 

Rep3 

Yes Two-Point Interpolation 

95% UCL 

2.258 

2.04 

N/A 

N/A 

N/A 

N/A 

N/A 

Calculated Variate(AIB) 

Max Std Err Std Dev 

1 0 0 
0 0 
0 0 
0 0 
0 0 
0.1 0.3162 
0.1333 0.4216 
0 0 

Rep4 RepS Rep6 

CV% 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
35.14% 
52.7% 
0.0% 

Rep7 

1 

0 

CETIS™ v1.8.0.11 

%Effect A 

0.0% 10 
0.0% 10 
0.0% 10 
0.0% 10 
0.0% 10 
10.0% 9 
20.0% 8 
0.0% 10 

RepS Rep9 

0 

Analyst: __ _ 

B 
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10 
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10 
10 
10 
10 . 

Rep10 



CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 06-7520-1693 Endpoint: 6d Survival Rate 
Analyzed: 09 Feb-11 17:05 Analysis: Linear Interpolation (ICPIN) 
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CETIS Analytical Report Report Date: 09 Feb-11 17:20 (p 1 of 2) 

11063a 117-1586-0743 Test Code: 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 20-8319-6722 
Analyzed: 09Feb-1116:58 

Batch ID: 03-7225-77 49 

29 Jan-11 11:00 Start Date: 

Ending Date: 04 Feb-11 12:00 

Duration: 6d 1 h 

Sample ID: 08-2902-6478 

Sample Date: 28 Jan-11 

Receive Date: 28 Jan-11 

Sample Age: 35h 

Linear Interpolation Options 

X Transform Y Transform 

Log(X+1) Linear 

Point Estimates 

Level % 95% LCL 

IC5 0.1826 0.1546 

IC10 0.3985 0.333 

IC15 0.6539 0.539 

IC20 0.9559 0.7769 

IC25 1.313 1.052 

IC40 2.826 2.157 

IC50 4.35 3.209 

Reproduction Summary 

Cone-% Control Type 
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Reproduction Detail 
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0 Negative Control 
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Endpoint: Reproduction 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Reproduction-Survival (7d) 

Protocol: EC/EPS 1/RM/21 

Species: Ceriodaphnia dubia 

Source: 

Code: 3169FOAE 

Material: Water Sample 

Source: Hatfield 

Station: Mixture 1 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: Krysta Banack 

Diluent: Perrier Water 

Brine: 

Age: 

Client: Hatfield 

Project: 

Seed Resamples Exp 95% CL Method 

1.639E+09 200 Yes Two-Point Interpolation 

95% UCL TU 95% LCL 95% UCL 

0.2432 547.6 411.1 647 

0.5456 250.9 183.3 300.3 

0.9216 152.9 108.5 185.5 

1.389 104.6 72 128.7 

1.97 76.16 50.76 95.1 

4.707 35.39 21.24 46.35 

22.22 22.99 4.5 31.16 

Calculated Variate 

Count Mean Min Max Std Err Std Dev CV% %Effect 
10 16.1 10 23 1.433 4.533 28.15% 0.0% 
10 6.3 1 10 1.096 3.466 55.01% . 60.87% 
10 7.1 0 13 1.215 3.843 54.12% 55.9% 
10 9.1 6 11 0.4583 1.449 15.92% 43.48% 
10 0 0 0 0 0 100.0% 
10 0 0 0 0 0 100.0% 
10 0 0 0 0 0 100.0% 
10 0 0 0 0 0 100.0% 

Rep 1 Rep2 Rep3 Rep4 RepS RepS Rep7 RepS Rep9 
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000-089-170-1 CETIS™ v1.8.0.11 

Report Date: 

Test Code: 

09 Feb-11 17:20 (p 2 of 2) 

11063a 117-1586-0743 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: __ _ 



Ceriodaphnia dubia Summary Sheet 

Client: 

Work Order No.: 
Start Date/Time: ."= J o/Jl£ /I r6't 

Set up by: __ {>~-L-.!!::t.=u=-7 ___ _ 

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: 01 lllJ 
Age of young (Day 0): <24-h (within 12-h) 

Avg No. young in first 3 broods of previous 7 d: 

Mortality(%) in previous 7 d: 
Individual female# used :::::8 young on test day I L k 5', (, , .. ) J) I"::!. 

11~ 1 I -

0 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: /p tie;. of 
Date Initiated: 

7-d LC50 (95% CL): 

7 -d IC50 (95% CL): f • I ( 0 1 ' ' /. <( ) giL NaCL 

7-d LC50 Reference Toxicant Mean (2SD Range): 

7-d JC50 Reference Toxicant Mean (2SD Range): 

Test Results: 

Reviewed by: 

March 4, 201 0; Ver. 1.4 

_(_. _f'_(_f_, 'f.:__' .:;,.Z,...:.::J...:.)-..,...-_s;..g/::...:L N..:.::a~CL;;___CV (o/o ): 

_t_;;. 2-~(-~__,_v-"1"""'~'---""l~=):.....,.).___..._gt.;;;...L '"'"'Na...;;.c=L __ CV (%): 

\v:;. 

/2.­
t3 

Date reviewed: ~e.t.._ :2::5 { ?-D/1 

Nautilus Environmental 



I 
I 

Client: 
Sample ID: 
Work Order #: 

% (v/v) 

Concentration 

Concentration 

Concentration 

Concentration 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

Control 
j(!O 

~(e, 

Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: :k,(\ jo 1-o tl .t2.. l( 1"1\ 
------~~:_~~~~~----

·StopDate: ~ b 1-o•~ e__ /l•UJ;::.~ 
Test Species: Ceriodaphnia dubia 

100 '/,lvfv) Analysts: 
2)0 
HD Reviewed by: ftr · 

Date reviewed: 44:¥"rd.- ~f, ;2.011 
' 

sample Description: (D f ~y-~J ~ ....... rfh...._ 

Comments: Brood board Used: 0 I 1.8" 11 

Version 1.1 Issued July 29, 2009 Nautilus Environmental 



Chronic Freshwater Toxicity Test 
C. dubia Reproduction Data 

Client: H ~+ ~eQL .-- V"\~ >£..t..6 
Start Date & Time: , \"'"3D '2.-DI ( @..~u· J t\lSh 
Stop Date & Time: .7: d.)" 1.-o \ ( Q. ~o-1-... SampleiD: 

Work Order: 
N\1+-hna....«-

II u b(/'\ 
%(v/v) 

Set up by: ~ ~ t 1,>rv? 

I 
10 

D I E I F I G I H I I I J I lnit 

1?//// /~//7~/L////////~//////////~ 
2 / / / / / / / / t~tt!" vJf., / / / / / / / / / / 1~ / / / / / / / / / / h~ 
3 ./ /, ./ I v .., v v '-\ ~~Y"l.l \.Uh "" v ./ v v ./ v ? ~ ./ t.t:~ ... """ v ,/ IV (/ / <./ I.,/ V' v' ((.1:> 
4 J, lv' 136)~/ ./ '3 ./ v ./ 4 VJh v -../ v v v \,./ .., ..- ........- 4 i\Llb J \.i 4 C{ v I:; v" '"/ ~ H ~L~3 
5 .l.l 15 I.J 5 v I \L -a (£ 5" t _t.d; 4 IJo 14 '3 S Co 2. ~ .a la.Aftl8 u 4 ll.L Co ._k It{ (.(. .'~ S" ~ tu.t 
6 q ·~ 'f 1$ ·te ~ {... ~ /'f·· vf M _3. l.p L) Jis'· ~ ~ (c.. v v' v "' ~·~ 'f' v 3 // tf v / "-
7 ' r II'' " r &:J. q: / ./ r .-. b "r 4 / tl' G> 1/ cs r- f, ,._.. v 71"' "f ~ ~ r/ ~ 5 · v- b ""' 
8 / - 1"'/' .. 

Total!r{]tr 1(51}~ I fi.=[trltffi(l p;f[[s I~ I~ I r:no j(.b-Ut::J lfrk'fl H 1---.H r ,-8L'l-ii?Llfy ,-:fT "ll\ I t-1 .~ 
60 

D I E I F I G I H I I I J I lnit 

1 / L / / L L / // /~/ / // / / / /./ /Lll> ~/ // L /vLv/·L_·/'LJ.l>l 
2 / / / / / / / / / / ~l~ / / / / / / / / / /nt , ..r ___. (. f-.·· ,..........,.. _... ,./ ..... - ·r:.uf> 
3 v v v v v ./ v 'd v v ~LLt / v V ./ ./ v ./ ./ '-""" ...... ru.; ./ _...- v1v ""'·\,./' ..., ~ ""' ,./ t:.<.J! 
4 .J rio ..., I.J ./ vi~ ? IJ t~.-fl ./ v / J I>! v- l/ v 1/k/ ~v1J1? v v ../ v-.../ ../ v ./ v' v ,c"tt 
5 't J .... r I I~ ~'3 d. ~/ ~ '1 /~'fJ 0 ?... Itt e; J . v 3 v v v .\l.t6 v vi ....... .....- ........ ./ \...!--' .......... !--' ..... rt<..$ 
6 I/ ~ v ./ (_ ~ { / ~ ~ ,v 'f... ./ / ;; 3 1~1.1> .. ~ "- ¢'/ _!"" / L / ,.......-r: / L ,.,.. . "' 
1 6 6 C!;?i " " 6 V" :?. . .f_ ~"- .r 1 "' 'l). / ; v I / r ,_ / ,/ / I/ / / / r / / .,...... 
8 I I 

Totall9 1.0 't\ 1ft ~ 'l ~ R '1 Cf ,_I:!. lPt"' cf- r;O ot-T '31 t., 11---1 b T ~ 1- T.oT 1 1 
1 1 ] I,..._ 

I 

D I E I F I G I H I I I J I lnit 

1 1J I v·1 v'l vl v-·1 ._,. I /L ._,. L vr I <./ltcl:>l viL/ ~ I <-71 ..,.j.......-1 ..---:1 ... -1 ----1 .,..---1 n~ 
2 1X 1 v"!JT ./IV' 1-0 -~'":1 -qx !WI v!V'Y.rT./1\/fV'J ~~-T~.tl 
3 I I I /I v·i ./]vi"""' J j./ I /j 'I ,~,··\("jvV J~I./L vj /j '-"'t vt-1«~ 
4 1 1 1 vj v I ZLV'f )( I ~l./1 JTl I 1.~?! V'l-/(" ~,./'j 71 ./ I./ I __ ,. I v 1-. IlL t6 
51, lvlvlv" 1/L\ I/IJ'I\2CTiitH?I7VVI/1~1 ........... 1.........-I._./I-J~ 
6 I ' I / ];.//[ .<r...-:1 l I /T //fl I t-.-1 /I .A' /I A/ I /1 A /I /t'/1' ""'H· 

7 I I I /I F'V j/' I I I /1-11 ?lT , . ..._-T/17171/1 /!"'/fA /F/1''71 A 

T!J:itjid=4:) 1~ 1-o I blol_o=h_.l_o~L I e>J I E_=r=E_.I .I I ·I ~[h 
Notes: X = mortality. 

Sample Description: _____ _;-=----------------------------· 
Comments: Total# Young only based on the first 3 Broods. Fourth and subsequent broods not included In total count. , 
Reviewed by: Date reviewed: /lA&-~ ?-l.f 1 2{)/ I 

t 

Version 2.1 Issued July 29, 2009 
Nautilus Environmental 



CETIS Analytical Report Report Date: 24 Mar-1116:46 (p 1 of 2) 

11 066b 1 08-0216-2913 Test Code: 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 11-6431-9337 

Analyzed: 24 Mar-11 16:46 

Batch ID: 01-6136-4903 

Start Date: 30 Jan-11 11:15 

Ending Date: 06 Feb-11 14:00 

Duration: 7d 3h 

Sample ID: 11-7008-1972 

Sample Date: 28 Jan-11 

Receive Date: 28 Jan-11 

Sample Age: 59h 

Linear Interpolation Options 

X Transform Y Transform 

Log(X+1) Linear 

Point Estimates 

Level % 95% LCL 

IC5 0.3779 0.2763 

IC10 0.8985 0.6289 

IC15 1.616 1.079 

IC20 2.604 1.653 

IC25 3.966 2.386 

IC40 12.66 8.251 

IC50 16.13 12.3 

Reproduction Summary 

Cone-% Control Type 

0 Negative Control 

5 
10 
20 

40 

60 
80 
100 

Reproduction Detail 

Cone-% Control Type 

0 Negative Control 

5 

10 

20 

40 

60 

80 

100 

000-089-170-1 

Endpoint: Reproduction CETIS Version: CETISv1.8.0 

Analysis: Linear Interpolation (ICPIN) Official Results: Yes 

Test Type: Reproduction-Survival (7d) Analyst: Krysta Banack 

Protocol: EC/EPS 1/RM/21 Diluent: Perrier Water 

Species: Ceriodaphnia dubia Brine: 

Source: Age: 

Code: 45BE08B4 Client: Hatfield 

Material: Water Sample Project: 

Source: Hatfield 

Station: Mixture 2 

Seed Resamples Exp 95% CL Method 

2.025E+09 200 Yes Two-Point Interpolation 

95% UCL TU 95% LCL 95% UCL 

0.6173 264.7 162 361.9 

1.616 111.3 61.89 159 

3.231 61.89 30.95 92.68 

7.782 38.4 12.85 60.48 

10.85 25.21 9.212 41.9 

15.71 7.9 6.367 12.12 

20.8 6.201 4.809 8.127 

Calculated Variate 

Count Mean Min Max Std Err Std Dev CV% %Effect 

10 16.1 12 18 0.6046 1.912 11.88% 0.0% 
10 11.6 8 16 0.8327 2.633 22.7% 27.95% 
10 11.2 7 16 0.9978 3.155 28.17% 30.43% 
10 6.6 3 10 0.8844 2.797 42.38% 59.01% 
10 3 0 10 0.9888 3.127 104.2% 81.37% 
10 0 0 0 0 0 100.0% 
10 0 0 0 0 0 100.0% 
10 0 0 0 0 0 100.0% 

Rep 1 Rep2 Rep3 Rep4 RepS Rep6 Rep7 RepS Rep9 Rep 10 
15 18 15 16 12 18 17 18 17 15 
13 14 13 8 10 16 8 10 13 11 
8 16 12 15 14 7 9 11 8 12 
9 10 9 4 3 3 7 8 9 4 
3 2 4 10 0 3 6 2 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

CETIS™ v1.8.0.10 Analyst: __ _ 



CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 11-6431-9337 Endpoint: Reproduction 

Analyzed: 24 Mar-1116:46 Analysis: Linear Interpolation (ICPIN) 
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000-089-170-1 CETIS™ v1.8.0.1 0 

Report Date: 

Test Code: 

24Mar-1116:46(p2of 2) 

11 066b 1 08-0216-2913 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: __ _ 



CETIS Analytical Report Report Date: 

Test Code: 

09 Feb-1117:17 (p 1 of 2) 

11066b 108-0216-2913 

Ceriodaphnia 7-d Survival and Reproduction Test Nautilus Environmental 

Analysis ID: 12-1557-5387 
Analyzed: 09Feb-1117:17 

Batch ID: 01-6136-4903 

Start Date: 30 Jan-11 11:15 

Ending Date: 06 Feb-11 14:00 

Duration: 7d 3h 

Sample ID: 11-7008-1972 

Sample Date: 28 Jan-11 

Receive Date: 28 Jan-11 

Sample Age: 59h 

Linear Interpolation Options 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

7d Survival Rate 
Linear Interpolation (ICPIN) 

Reproduction-Survival (7d) 

EC/EPS 1/RM/21 

Ceriodaphnia dubia 

45BE08B4 

Water Sample 

Hatfield 

Mixture 2 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: Krysta Banack 

Diluent: Perrier Water 

Brine: 

Age: 

Client: Hatfield 

Project: 

X Transform YTransform Seed Resamples Exp 95% CL Method 

Log(X+1} Linear 1.328E+09 200 

Point Estimates 

Level % 95% LCL 95% UCL 

EC5 14.2 12.35 69.29 

EC10 60 15.21 N/A 

EC15 100 18.69 N/A 

EC20 >100 N/A N/A 

EC25 >100 N/A N/A 

EC40 >100 N/A N/A 

EC50 >100 N/A N/A 

7d Survival Rate Summary 

Cone-% Control Type Count 

0 Negative Control 10 
5 10 
10 10 
20 10 
40 10 
60 10 

80 10 
100 10 

7d Survival Rate Detail 

Cone-% Control Type Rep 1 
0 

5 

10 

20 

40 

60 

80 

100 

000-089-170-1 

Negative Control 1 

0 

1 

TU 
7.043 

1.667 

<1 

<1 

<1 

<1 

Mean 

1 

0.9 
0.8 

0.7 

Yes Two-Point Interpolation 

95% LCL 95% UCL 
1.443 8.094 

N/A 6.573 

N/A 5.352 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

Calculated Variate(AIB) 

Min Max Std Err Std Dev CV% %Effect A 
1 0 0 0.0% 0.0% 10 

0 0 0.0% 0.0% 10 
0 0 0.0% 0.0% 10 

0 0.1 0.3162 35.14% 10.0% 9 
0 0.1333 0.4216 52.7% 20.0% 8 
1 0 0 0.0% 0.0% 10 
0 0.1528 0.483 69.01% 30.0% 7 

0 0 0.0% 0.0% 10 

Rep7 RepS Rep9 

CETISlM v1.8.0.11 Analyst: __ _ 
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10 
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CETIS Analytical Report 

Ceriodaphnia 7-d Survival and Reproduction Test 

Analysis ID: 12-1557-5387 Endpoint: 7d Survival Rate 

Analyzed: 09Feb-1117:17 Analysis: Linear Interpolation (ICPIN) 

Graphics 
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Report Date: 
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11066b 108-0216-2913 
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CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst:, __ _ 
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APPENDIX B - Lemna minor Toxicity Test Data 



Lemna minor Summary Sheet 

Client: 

Work Order No.: 

Sample Information: 

Sample 10: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Culture Date: 

Age of culture (Day 0): 

>8X growth in APHA ?: 

KCI Reference Toxicant Results: 

Reference Toxicant 10: 

Date Initiated: 

7-d No. of Fronds IC50 (95% CL): 

Start Date: ----.,£-=rq...--_if_i.,-1-t __ 1-ol. P_;_.·;_l ___ _ 

Set up by: _.::!_rr __ ....:.~-=-==------

7-d No. Fronds IC50 Reference Toxicant Mean (2 SO Range): "3 1- ( 2-..P:- :S):>JCV (%): l"SJ 

Number of Fronds Dry Weiqht 

Test Results: IC25 %(v/v) (95% CL) ">91- > ~+ 
IC50 %(v/v) (95% CU ">7?-- / '1 ;:y· 

Reviewed by: Date reviewed: A).;u-e.a._ 2-'f-1 'J_Ol t 

October 1, 2009; Ver. 1.2 Nautilus Environmental 



Client: 

Sample ID: 

Work Order No.: 

Culture Source: 

Test Culture Age: 

Plant Growth Inhibition Toxicity Test 
Water Quality Measurements 

Setup by: ____ v_,_-"_J_.::_~:..:::...:D=-----

Test Date: _ __,(£~-.et.~· · :!...,.._=--'9--:....sL.. __ "l--_l~l __ 

Test Species: -=L:::.:em.:..:.:n.:::a..:.:m::;.in:.::.or:......_ _____ _ 

> 8X Growth? (YIN): ~ l J t fro!), J.J) 
Light Intensity Range: ___ t.f..!.:/~t>=-~---___,'-(:..L.::;:;J=----- Date Measured: _JJ.J,ILl' V'l~a...!o!i>..!..!tl!..!..l ______ _ 

Day 

Shelf Temp (0C) 

Initials 

Sample Characteristics 

Temperature (°C) 

DO (mg/L) 

pH 

Conductivity (!JS) 

0 

iN.s-
¥-t..-& 

~4.0 

~~:ce(~iiJ) 
Control I 

1.5 

3.05 

6.1 

12.1 

24.2 

48.5 

97 

Initials 

1 2 

fl1/(')( 1<,~ 

1¥-

Temperature {°C) 

Dayo Day7 

~.D' 
~~ 

~b.• 

Q.4.s -~ 
' 

J4.) dl0 
~4.5 :ifo,) 
JY.5 :ilo.S 
'a4,S ~lo/i 
:iYS ~lO 

~4.5 4-lO 
,.../ \U-b 

3 4 5 6 7 

J!,,Q cl(o,D g.(ci.O ~0 fi-1-.D 
~<A? 1((.(? )LL() ~h tt& 

Aeration? min 

&s.o 

pH Conductivity (!IS) 

DayO Day7 Oh ., 

~'~ ~.~ 1-~ I 
~ %.'d q.\ Cio(o 

8·;?:> ~.q qsto 
%.~ 1.1 ib'i(o 

8.S q,~ \~~"i 

~.g 9,D )(;(QS" 

q,o ~.q ~ ;}j() 

q,l 8.~ 3Ytc 
I'"" 'l.-(..,Q:,. A.. 

Thermometer: Calibrated Thermometer Cond. Meter:___::.C-....:.1 _____ pH meter: ----!:.:pH~-1.:.._ ____ _ 

Sample Description: -""'""""'-{''----------------------------

Comments: 

Reviewed: --~A.:::!II-"4'--~"""""---1'<-----Date Reviewed: 

Version 1.1 Issued May 27, 2008 Nautilus Environmental 



Lemna minor Toxicity Test Data Sheet -7-d Frond Counts 

Client: \4 ~-\--A ~\ L 
Sample ID: IY\·+~\ 
Work Order#: ll .o 1{>1-

")o \J}J J I . I . I I Abnormal . . Concentration Rep Chlorosis Necros1s Yellow . I G1bbos1ty 
SIZe 

Single 
fronds 

Start Date: 0-tr-. ~<( '2.-01 \ 
Termination Date: ttb 4' ')..::>\ l 

Test set up by: rc(.....s I Mo 

Root I Loss of 
destruction buoyancy Comments Initials 

Control I ~ I \~ I ~ I I I J I I I I I ~~ ~6 I 
c I I 11-r 
D I I lent{ 

. F I I I t I I 1.5 1 ~ 1 ' ~~~q I F 
c I I L'fl 
D I I 1~\ 

3.05 1 ~ 1 1 lit =J I I I J I I ±I 
c I I IH~ 
D I I 112 

6
.
1 I ~ I t I \') I I I I I I I I I I I I 

c I I I C\1-
D I I I ll 

I 16, I I I I 12.1 I ~ I N~ I I I I I I 
c I I I C\4 
D I I I \~0 

I A I l I \~tf I I I I 24.2 sl~ I I I I I I I I 
c I I, I \l\(.J 
D I_~ ~0(() ¥ 

Comments: 

Reviewed by: A.~6 Date Reviewed: ))61-('c.L ?-Cfl ?.,Ol{ 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Lemna minor Toxicity Test Data Sheet· 7-d Frond Counts ·-

Client: K cA-£ e-1L Start Date: 'S """' Q<{? 'Lo l \ 

Sample ID: fY\ , ..J- \-urc \ 
Work Order#: \\10 lbj-

Termination Date: r.cb Y '2--o l ~ 
Test set up by: lies ~ 

0~0 ~~L1lo No. of fronds Abnormal Single Root Loss of Comments Initials Co cen ron Rep Chlorosis Necrosis Yellow 
size 

Gibbosity 
fronds destruction buoyancy DayO Day? 

48.5 A <o \~~ (U/?::> 
B \:~~ \ 
c t.\:::t I I 
D \b'\ 1 

97 A "~ 
B \'\\ 
c Ya\ 
D \~o W' 
A 
B 
c 
D 
A 
B 
c 
D 
A 
B 
c 
D 
A 
B 
c 
D 

Comments: 

Reviewed by: d.~ Date Reviewed: ;{;{CJ-C~ :2-<f:. -:2-0tl 
I 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



7 -d Lemna minor Weight Data Sheet 

Client: 

Sample ID: 

/14f-J7 ~ f L Start Date: ~ ~ ')..o t 1 

fY) 'f-~rr!.- \ Termination Date: ====rz&;::~:=Y==~'}..o==t=(== 
II o fo'f 

c 
D 

1.5 A 

B 

c 
D 

3.05 A 

B 

c 
D 

6.1 A 

B 

c 
D 

12.1 A 

B 

c 
D 

24.2 A 

B 

c 
D 

48.5 A 

B 

c 
D 

Comments: 

Reviewed by: 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



7 -d Lemna minor Weight Data Sheet 

Client: 
Sample ID: )Y),~l 

Start Date: AI ~8 1..0 t I 

Termination Date: ====u;:?<h::::::::l·_q:==L=o~L=I=== 
il OftJ1 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

Comments: 

Reviewed by: Date Reviewed: ;1/wcL- 7-'f ?-Qll 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



CETIS Analytical Report Report Date: 09 Feb-11 15:56 (p 1 of 2) 

11067a 101-3402-0664 

Lemna Growth Inhibition Test 

Analysis ID: 17-1959-8257 
Analyzed: 

Batch ID: 

Start Date: 

09 Feb-11 15:55 

14-8278-7197 

28 Jan-11 

Ending Date: 04 Feb-11 

Duration: 7d Oh 

Sample ID: 20-5730-8353 

Sample Date: 28 Jan-11 

Receive Date: 28 Jan-11 

Sample Age: N/A 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1) Linear 

Point Estimates 

Level % 95% LCL 

IC5 >97 N/A 

IC10 >97 N/A 

IC15 >97 N/A 

IC20 >97 N/A 

IC25 >97 N/A 

IC40 >97 N/A 

IC50 >97 N/A 

Frond Count Summary 

Cone-% Control Type 

0 Negative Control 
1.5 
3.05 
6.1 
12.1 
24.2 
48.5 
97 

Frond Count Detail 

Cone-% Control Type 
0 Negative Control 

1.5 

3.05 

6.1 

12.1 

24.2 

48.5 

97 

000-089-170-1 

Endpoint: Frond Count 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Lemna Growth 

Protocol: EC/EPS 1/RM/37 

Species: Lemna minor 

Source: UTCC#490 

Code: 7AA008C1 

Material: Water Sample 

Source: Hatfield 

Station: Mixture 1 

Test Code: 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: Krysta Banack 

Diluent: 

Brine: 

Age: 9d 

Client: Hatfield 

Project: 

Seed Resamples Exp 95% CL Method 

241544450 200 Yes Two-Point Interpolation 

95% UCL TU 95% LCL 95% UCL 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

Calculated Variate 

Count Mean Min Max Std Err Std Dev CV% %Effect 
4 67.75 63 74 2.81 5.62 8.3% 0.0% 
4 92.25 75 123 10.98 21.96 23.81% -36.16% 
4 90.5 71 106 7.24 14.48 16.0% -33.58% 
4 104 91 115 4.933 9.866 9.49% -53.51% 
4 122.8 88 136 11.6 23.2 18.9% -81.18% 
4 120.3 100 134 7.261 14.52 12.08% -77.49% 
4 116.5 103 132 6.225 12.45 10.69% -71.96% 
4 122.8 107 135 6.981 13.96 11.37% -81.18% 

Rep 1 Rep2 Rep3 Rep4 
63 74 71 63 

78 123 93 75 

93 71 106 92 

115 105 91 105 

133 136 88 134 

121 126 134 100 

120 132 111 103 

107 135 115 134 

CETIS™ v1.8.0.11 Analyst: \l.LB 



CETIS Analytical Report 

Lemna Growth Inhibition Test 

Analysis 10: 17-1959-8257 Endpoint: Frond Count 

Analyzed: 09Feb-1115:55 Analysis: Linear Interpolation (ICPIN) 

Graphics 
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Conc-0/o 

000-089-170-1 CETIS™ v1.8.0.11 

Report Date: 
Test Code: 

09 Feb-11 15:56 (p 2 of 2) 

11067a 101-3402-0664 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: )LL-8 



CETIS Analytical Report Report Date: 09 Feb-11 15:56 (p 1 of 2) 

11067a 101-3402-0664 

Lemna Growth Inhibition Test 

Analysis ID: 02-8606-1810 
Analyzed: 09 Feb-11 15:55 

Batch ID: 14-8278-7197 

Start Date: 28 Jan-11 

Ending Date: 04 Feb-11 

Duration: 7d Oh 

Sample ID: 20-5730-8353 

Sample Date: 28 Jan-11 

Receive Date: 28 Jan-11 

Sample Age: N/A 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1) Linear 

Point Esti!llates 

Level % 95% LCL 

IC5 >97 N/A 

IC10 >97 N/A 

IC15 >97 N/A 

IC20 >97 N/A 

IC25 >97 N/A 

IC40 >97 N/A 

IC50 >97 N/A 

Total Dry Weight-mg Summary 

Cone-% Control Type 

0 Negative Control 
1.5 
3.05 
6.1 
12.1 
24.2 
48.5 
97 

Total Dry Weight-mg Detail 

Cone-% Control Type 
0 Negative Control 

1.5 

3.05 

6.1 

12.1 

24.2 

48.5 

97 

000-089-170-1 

Endpoint: Total Dry Weight-mg 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Lemna Growth 

Protocol: EC/EPS 1/RM/37 

Species: Lemna minor 

Source: UTCC#490 

Code: 7AA008C1 

Material: Water Sample 

Source: Hatfield 

Station: Mixture 1 

Seed Resamples Exp 95% CL Method 

Test Code: 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: Krysta Banack 

Diluent: 

Brine: 

Age: 9 d 

Client: Hatfield 

Project: 

2.001 E+09 200 Yes Two-Point Interpolation 

95% UCL TU 95% LCL 95% UCL 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

Calculated Variate 

Count Mean Min Max Std Err Std Dev CV% %Effect 

4 6.655 6.4 7.25 0.2023 0.4047 6.08% 0.0% 
4 9.122 6.86 10.62 0.8089 1.618 17.73% -37.08% 
4 8.685 6.58 9.84 0.7275 1.455 16.75% -30.5% 
4 10.07 8.73 10.76 0.4727 0.9455 9.39% -51.35% 
4 12.6 8.82 14.37 1.274 2.549 20.22% -89.41% 
4 11.89 10.67 12.76 0.463 0.9261 7.79% -78.66% 
4 13.87 11.19 17.28 1.456 2.913 21.0% -108.4% 
4 14.66 13.19 15.31 0.4966 0.9931 6.77% -120.3% 

Rep 1 Rep2 Rep3 Rep4 
6.4 6.57 7.25 6.4 

6.86 10.62 9.19 9.82 

9.42 6.58 9.84 8.9 

10.09 10.71 8.73 10.76 

14.37 13.67 8.82 13.56 

11.7 12.76 12.43 10.67 

15.29 17.28 11.19 11.72 

15.31 15.21 13.19 14.93 

CETIS™ v1.8.0.11 Analyst: ~L.f) 



CETIS Analytical Report 

Lemna Growth Inhibition Test 

Analysis ID: 02-8606-1810 
Analyzed: 09Feb-1115:55 

Graphics 

16 

14 

12 

Endpoint: Total Dry Weight-mg 
Analysis: Linear Interpolation (ICPIN) 

o~~~~~~~~-L~~~~~~~~ 

0 25 50 75 100 

000-089-170-1 CETIS™ v1.8.0.11 

Report Date: 

Test Code: 

09Feb-1115:56(p2of 2) 

11067a 101-3402-0664 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: ~ 



Lemna minor Summary Sheet 

Client: 

Work Order No.: 

Start Date: _.,...a&--'1--_if_k:.-1-t~-1-oi-C.:.:..J ___ _ 
Set up by:-~[/ __ ....;_.=...:: ____ _ 

Sample Information: 

Sample ID: (() ( 1-~ '1..---

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Culture Date: 

Age of culture{Day 0): 

>8X growth in APHA?: 

:r~ 1:-iJ I( 

KCI Reference Toxicant Results: 

Reference Toxicant ID: 

' ' •...; 

,j A l( 

Date Initiated: ~ 1'1/tl 

7-d No. of Fronds IC50 (95% CL): 

7-d No. Fronds IC50 Reference Toxicant Mean (2 SD Range): 3 I ( 2.-,f=- s.~)cv (%): (4\3 

Number of Fronds Drv Weiqht 

Test Results: IC25 %(v/v) (95% CL) ">91- > ~+ 
IC50 %(v/v) (95% CL) ~71- / '7 .::)"' 

Reviewed by: Date reviewed: A/fa..rce._ -::2-'f ':20t/ 

October 1, 2009; Ver. 1.2 Nautilus Environmental 



Plant Growth Inhibition Toxicity Test 
Water Quality Measurements 

Client: 

SampleiD: 

Work Order No.: 

/ 

N\ • ~~un.. ?_{_ f • lJ 
ll(?{o1-

Culture Source: \.) 1 C.C.. tf ~ 9 0 

Test Culture Age: ~ d. a_$ 
Light Intensity Range: r..ft 00 ""' lft~ 

Day 0 2 

Shelf Temp rc) 

Initials 

Sample Characteristics 

Temperature (°C) _,;)~1{~·:.:0 ________ _ 

DO {mg/L) ___:'f..;;.' l..!----------
pH ~~~·..:...s~--------
conductivity (pS) _l!...:~:..:q~r;~--------

~~:ceGiiJ) 
Temperature {°C) 

DayO Day7 

• Control T 
~ a1-to 

1.5 JY.~ ~1,0 
3.05 

~.D a:r,o 
6.1 

aL\.o ~.0 
12.1 

~~.D ;)::(,o 
24.2 

;>'\,D ~·lo 
48.5 

d-4.0 ~i.o 
97 d"\.0 ~i.O 

Initials ,- 1.-l~ 

Setup by: ____ V_i _F.L...::....~.:.....;_O ___ _ -Test Date: ---L' )~...-.=._..:..;..,!...-_'4"'~_1-0__::l..:...l __ 

Test Species: -=Le:::.;.;m;.;.:.;n=-a :..:..;;mi;:.:.;no:;;..r _______ B.\~ 'oeaiJlfS 

> ax Growth? (YIN): 

Date Measured: .... J.~.~.~ll4!.0.wP.ug.u.lull ______ _ 

3 4 5 6 7 

Aeration? 2..0 min 

~.Q 

Cl.l 

pH Conductivity (pS) 

Dayo Day7 Oh 

~~ 9.~ ~(, \ 
• 

g -~ Cf~o ~'1~ 
~.3 q,o qdy 

'8 .l.\ 8.& 9:JCf 

z.s q_o \Ci1/ 

<6.lb q,o \3o\ 

tl.D lf, I ':l~lbq~ 
tJ. \ cc I JYIO 

"' IC..tf.,. 

Thermometer: Calibrated Thermometer Cond. Meter:_C;;;_-1;;;...... ____ pH meter: --~::PH.::-1!..-____ _ 

Sample Description: __,C.:.>..e::::>a."'-r-------------------------

Comments: 

Reviewed: _.-A=~·L~....l.)o~="''E----Date Reviewed: 

Version 1.1 Issued May 27.2008 Nautilus Environmental 



Lemna minor Toxicity Test Data Sheet- 7-d Frond Counts 

Client: H et ~,A e\ L 
Sample ID: 'Y\•+h/\900.2 
Work Order#: ll .t:> ¥:>1-

0

}
0 \J)J} I . I . I I Abnormal I . . I Single Concentration Rep Chlorosis Necros1s Yellow size G1bbos1ty fronds 

Control A lc I <t'?> 
B (Q~ 
c 0& 
D R·l 

1.5 A U_ 
B g, 
c lffi" 
D Ra__d 

3.05 A ~a 
B 'to 
c '-05 
D ~t., 

6.1 A ':Jc; 
B I~ 

c t\C\ 
D 1&'<> 

12.1 A ~fc_ 
B ((';)0 

c ta'\ 
D l'!D_ 

24.2 A U_2 
B '~\:\ 
c ~<c 
D 1,., _H{Q_ 

Comments: 

Reviewed by: JQ-;;;Ap, --o 
Version 1.0 Issued June 26, 2006 

Start Date: J"l." (;?~ ~ 1 \ 

Termination Date: 't;Cb ~ "')..o' l 
Test set up by: k=~e=S 

1 
Mo 

Root I Loss of 
destruction buoyancy Comments Initials 

I~ 

1 
.JJ 

Date Reviewed: ,&16/.\ci... -::2-cf. 7-0l{ 
I 

Nautilus Environmental 



Lemna minor Toxicity Test Data Sheet -7-d Frond Counts 

Client: H~+f.et[ Start Date: 0 &\."' @~ 'Lo ' \ 
Sample ID: fV\, +- \--un:. ~ 
Work Order #: \ l tO(/{\ 

Termination Date: rd. 4 yo I ( 
Test set up by: ICCa ~ 

I 

0l0 ~~~~lo1 No. of fronds Abnormal Single Root loss of Comments Initials I Co cen ton Rep Chlorosis Necrosis Yellow 
size 

Gibbosity 
fronds destruction buoyancy DayO Day7 

48.5 A -~ B_\ L'ic..B. 
B tblo "' 

c £\ 
D _n 

97 A -'8_2 
B "'3b 
c \.3_q 
D l \~\ \V 
A 
B 
c 
D 
A 
B 
c 
D 
A 
B 
c 
D 
A 
B 
c 
D 

Comments: 

Reviewed by: ~ Date Reviewed: Ma..cci..... '2-<f 1 '20 If 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



Client 

Sample ID: 

1.5 

3.05 

6.1 

12.1 

24.2 

48.5 

Comments: 

Reviewed by: 

7 -d Lemna minor Weight Data Sheet 

11 ttl-.I; ~ f L Start Date: ~ a_g 1-o' 1 

fY) 1rf<tre..::J. Termination Date: ====(/&;=!<.~d.:>::\f:~~'J..o:~,=l == 
II orc,q 

8 

c 
D 

A 

8 

c 
D 

A 

8 

c 
D 

A 

8 

c 
D 

A 

8 

c 
D 

A 

8 

c 
D 

A 

8 

c 
D 

A.~ 
Version 1.0 Issued June 26, 2006 Nautilus Environmental 



7 -d Lemna minor Weight Data Sheet 

Client: 

Sample ID: /lll,~ 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

A 

B 

c 
D 

Comments: 

Reviewed by: 

Version 1.0 Issued June 26, 2006 

Start Date: --~gp:.~=..;:?::~...~::::...;...l.O_t;..:.l __ 

Termination Date: __ u;"'-r<h=_Lf'--_L_o_l:..~l __ 

Date Reviewed: ,AAau c£- 2-'{ , :2/)11 
I 

Nautilus Environmental 



CETIS Analytical Report Report Date: 09Feb-1115:55(p 1 of 2) 

11 067b 1 01-1544-3984 

Lemna Growth Inhibition Test 

Analysis ID: 18-8027-6706 
Analyzed: 09 Feb-11 15:54 

Batch ID: 07-7819-4315 

Start Date: 28 Jan-11 

Ending Date: 04 Feb-11 

Duration: 7d Oh 

Sample ID: 03-5204-2099 

Sample Date: 28 Jan-11 

Receive Date: 04 Feb-11 

Sample Age: N/A 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1) Linear 

Point Estimates 

Level % 95% LCL 

IC5 >97 N/A 

IC10 >97 N/A 

IC15 >97 N/A 

IC20 >97 N/A 

IC25 >97 N/A 

IC40 >97 N/A 

IC50 >97 N/A 

Frond Count Summary 

Cone-% Control Type 

0 Negative Control 
1.5 
3.05 
6.1 
12.1 
24.2 
48.5 
97 

Frond Count Detail 

Cone-% Control Type 

0 Negative Control 

1.5 

3.05 

6.1 

12.1 

24.2 

48.5 

97 

000-089-170-1 

Endpoint: Frond Count 
Analysis: Linear Interpolation (ICPIN) 

Test Type: Lemna Growth 

Protocol: EC/EPS 1/RM/37 

Species: Lemna minor 

Source: UTCC#490 

Code: 14FBBC73 

Material: Water Sample 

Source: Hatfield 

Station: Mixture 2 

Test Code: 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: Krysta Banack 

Diluent: 

Brine: 

Age: 9d 

Client: Hatfield 

Project: 

Seed Resamples Exp 95% CL Method 

1.034E+09 200 Yes Two-Point Interpolation 

95% UCL TU 95% LCL 95% UCL 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

Calculated Variate 

Count Mean Min Max Std Err Std Dev CV% %Effect 

4 69 56 81 5.958 11.92 17.27% 0.0% 
4 69.25 59 76 3.966 7.932 11.45% -0.36% 
4 89 67 104 8.256 16.51 18.55% -28.99% 
4 83 69 93 5.431 10.86 13.09% -20.29% 
4 107.8 80 134 12.52 25.04 23.24% -56.16% 
4 103.8 80 118 8.25 16.5 15.9% -50.36% 
4 111.3 85 135 11.43 22.87 20.55% -61.23% 
4 101.3 70 133 16.17 32.34 31.94% -46.74% 

Rep 1 Rep2 Rep3 Rep4 
77 56 62 81 

67 75 59 76 

86 104 99 67 

69 90 93 80 

80 94 123 134 

107 118 80 110 

125 100 135 85 

77 70 133 125 

CETIS™ v1.8.0.11 Analyst: uB 



CETIS Analytical Report 

Lemna Growth Inhibition Test 

Analysis 10: 18-8027-6706 
Analyzed: 09 Feb-11 15:54 

Graphics 

120 
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I 

Endpoint: Frond Count 
Analysis: Linear Interpolation (ICPIN) 

o~~~~~~~~L-~~~~~~~ 
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Conc-0/o 

000-089-170-1 CETIS™ v1.8.0.11 

Report Date: 

Test Code: 

09 Feb-11 15:55 (p 2 of 2) 

11 067b 1 01-1544-3984 

Nautilus Environmental 

CETIS Version: CETISv1.8.0 

Official Results: Yes 

Analyst: 'it.€ 



CETIS Analytical Report Report Date: 09 Feb-11 15:55 (p 1 of 2) 

11067b 101-1544-3984 

Lemna Growth Inhibition Test 

Analysis ID: 05-2626-0683 
Analyzed: 09 Feb-11 15:54 

Batch ID: 

Start Date: 

07-7819-4315 

28 Jan-11 

Ending Date: 04 Feb-11 

Duration: 7d Oh 

Sample ID: · 03-5204-2099 

Sample Date: 28 Jan-11 

Receive Date: 04 Feb-11 

Sample Age: N/A 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1) Linear 

Point Estimates 

Level % 95% LCL 

IC5 >97 N/A 

IC10 >97 N/A 

IC15 >97 N/A 

IC20 >97 N/A 

IC25 >97 N/A 

IC40 >97 N/A 

IC50 >97 N/A 

Total Dry Weight-mg Summary 

Cone-% Control Type 

0 Negative Control 

1.5 
3.05 
6.1 
12.1 
24.2 
48.5 
97 

Total Dry Weight-mg Detail 

Cone-% Control Type 

0 Negative Control 

1.5 

3.05 

6.1 

12.1 

24.2 

48.5 

97 

000-089-170-1 

Test Code: 

Nautilus Environmental 

Endpoint: Total Dry Weight-mg CETIS Version: CETISv1.8.0 

Analysis: Linear Interpolation (ICPIN) Official Results: Yes 

Test Type: Lemna Growth Analyst: Krysta Banack 

Protocol: EC/EPS 1/RM/37 Diluent: 

Species: Lemna minor Brine: 

Source: UTCC#490 Age: 9d 

Code: 14FBBC73 Client: Hatfield 

Material: Water Sample Project: 

Source: Hatfield 

Station: Mixture 2 

Seed Resamples Exp 95% CL Method 

1.614E+09 200 Yes Two-Point Interpolation 

95% UCL TU 95% LCL 95% UCL 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

N/A <1.031 N/A N/A 

Calculated Variate 

Count Mean Min Max Std Err Std Dev CV% %Effect 

4 7.02 6.17 7.86 0.4267 0.8533 12.16% 0.0% 
4 7.215 5.68 8.12 0.5513 1.103 15.28% -2.78% 

4 9.327 7.6 10.33 0.6468 1.294 13.87% -32.87% 
4 8.722 7.27 9.71 0.517 1.034 11.85% -24.25% 
4 11.12 7.88 13.79 1.332 2.663 23.94% -58.44% 
4 10.9 9.22 11.95 0.607 1.214 11.14% -55.23% 
4 12.03 8.64 14.59 1.366 2.732 22.71% -71.37% 
4 13.87 11.73 17.41 1.29 2.58 18.6% -97.54% 

Rep 1 Rep2 Rep3 Rep4 

7.64 6.17 6.41 7.86 

7.16 7.9 5.68 8.12 

9.07 10.33 10.31 7.6 

7.27 9.71 9.04 8.87 

7.88 10.09 12.73 13.79 

10.82 11.95 9.22 11.6 

13.86 11.03 14.59 8.64 

11.73 12.2 17.41 14.13 

CETIS™ v1.8.0.11 Analyst: \l.LB 



CETIS Analytical Report 

Lemna Growth Inhibition Test 

Analysis ID: 05-2626-0683 
Analyzed: 09Feb-1115:54 

Graphics 

Endpoint: Total Dry Weight-mg 
Analysis: Linear Interpolation (ICPIN} 

a~~~~~~~~~~~~~~~~~ 

0 25 50 75 100 

Conc-0/o 

000-089-170-1 CETIS™ v1.8.0.11 

Report Date: 

Test Code: 

09 Feb-11 15:55 (p 2 of 2) 

11 067b 1 01-1544-3984 

Nautilus Environmental 

CETIS Version: CET1Sv1.8.0 

Official Results: Yes 

Analyst: VLB 



 

 

APPENDIX C - Rainbow Trout Toxicity Test Data 



Rainbow Trout Summary Sheet 

Client Start Date/Time: dOn 31//1 <2. {6 30h 

Work Order No.: Test Species: Oncorhynchus mykiss 

Sample Information: 

Sample 10: 

Sample Date: 

Date Received: ~V\ J~/1\ 
Sample Volume: 

Other: 

Dilution Water: 

Type: Dechlorinated Municipal Tap Water 
Hardness (mg/L CaC03): 

Alkalinity (mg/L CaC03): 

Test Organism Information: 

Batch No.: 

Source: 

No. FishNolume (L): fO/iOL 
Loading Density: 

Mean Length ± SO (mm): Range: _.::::3~3::...----14'--Y~...--__ _ 
Mean Weight ± SO (g): Range:~()~' vc...3~0:....-.....!0o.£'L' f..t-::.4~--

SDS Reference Toxicant Results: 

Reference Toxicant 10: _..LB..._....--'-:-1 E>""'-'=6'----------
Stock Solution 10: _....:.I0~5..!..i ~o ________ _ 
Date Initiated: _..,.O.:;e,c=e..'--!.J7b...L/_.i..:.:0~-..,..-----
96-h LCSO (95% CL): 5o ('1,3.;?-6.&) 

Reference Toxicant Mean (2SD Range): S.J ("\.'-(~b.\) 
Reference Toxicant CV (%): ___ 8~·--S~---------

Test Results: 

Reviewed by: Date reviewed: JAcucL ?-'f l ";lOll 

Issued February 20, 201 0; VeL 1.1 Nautilus Environmental 



96-Hour Rainbow Trout Toxicity Test Data Sheet 

Client/Project#: 

Sample I.D. 

W.O.# 

RBT Batch#: 

Date Collected/Time: 

Date Setup/Time: 

Sample Setup By: 

D.O. meter: 

pH meter: 

Cond. Meter: 

Wet ·rfte, I J 
f\1.1;0-.. n .. e~ f 
{l0G,5 

vtl210 
~ ~<tf /1( 1.4-Wl 
CftM '3 r /1' r!../&30 

:Jl.rf> 

D0-1 

pH-1 

C-1 

Number FishNolume: I 0 /.I C L 
----~------------------------------

7 -d % Mortality: __ _,C::...,~"=-:.::~~'%-=0=---------------
Total Pre-aeration Time (mins): 3D 

----~~------~~-------
Aeration rate adjusted to 6.5 ± 1 mllmin/L? (Y/N): Yes _....."""'-==---------

Undiluted Sample WQ 

Parameters Initial WQ Adjustmerf' 30 min WQ 

Temp°C ILl t; / /L-{, s 
pH q,q / q~'-1 

D.O. (mg/L) q,a, L ~.e:; 
Cond. (IJS/cm) -;),1/D / 29-t 0 --

c~~ert~ion #Survivors Temperature (0 C) Dissolved Oxygen (mg/L) pH Conductivity 

~tJ! (IJS/cm) 

.( / 1 2 4 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 : 72 96 0 96 

~·~ro.( lo (0 "' 1.0 H.o N,o llf.o tl{.b llf.D '/:( \0.6 (u.n C,~tit 14.~ 1-.\ '·" 1.1 ~I 9~0 ~(? 3t.\ 
~."JS lb {t) tO 10 ll\.0 l'\,0 i't-'0 1~0 l1t0 4.8 (o,o ct.9 10·' "1.'1 q.,_~ :},\ ~z. -~.3 "3 .. 1.. 'd.~~ d.-1a 
l'd.S tO lO ,o to V-\.0 Ito l'f.O ·~.() Lf.o [D,t) ~.~ (\.'\ I~Sl '}.~ ~.9 f-.:1 ~J 1,4 :}J.{ 1./~~ 4~~ 
"dvtb \C> to \b \0 l!.t.O ("\.0 ltf.o 1~.6 (f{,D q.~ ,,, h }\ IG.<a ~.i3 'iJ 1."\ 7-S ,.~, 1-.S ~00 <lo i-
J)O ll 0 (O lO \0 14S litt.O f'fJo ~~.s N.~ 1.<2 lf.~ Cf~+ '· '} ~!fo 9.~ 1.1' t-.f' ~t ~Jb ILj(/1 tL\-:ra, 
~00 (0 fo 10 ~0 ILlS 1"\ .. 0 !it-t> l't5 I~ 'S 1.'1 q,c;s' 9.-'\ ~i 1.11 t!.f_ !~.o ~-0 )/r ?vtR ;;. /-(0 a~o 

Initials ~~~$~~~~~~~~~~~~~~~m~~ S-A-6 

Sample Description/Comments: 

Fish Description at 96? AU £\'"'-0'1{1/}ec r ol< ---------u-1 

Other Observations: ______________________________________________ _ 

Reviewed by: .J' ~ Date Reviewed: jj~cf... 2-'f-l r;l.Ol( 

Issued October 29, 2008; Ver. 2.0 Nautilus Environmental 



Rainbow Trout Summary Sheet 

Client: Start Dateffime: ja II\ '3\ f 1\ @.. I b 15 h 

Work Order No.: \1065 Test Species: Oncorhynchus mykiss 

Sample Information: 

Sample 10: 

Sample Date: 

Date Received: 

Sample Volume: 

Other: -
Dilution Water: 

Type: Dechlorinated Municipal Tap Water 
Hardness (mg/L CaC03): i~ 
Alkalinity (mg/L CaC03): 

Test Organism Information: 

Batch No.: 1\ l~IO 
Source: 

No. FishNolume (L): fO/;oL 
Loading Density: 

Mean Length ± SO (mm): 

Mean Weight ± SO (g): 

SDS Reference Toxicant Results: 

Reference Toxicant 10: 

Stock Solution 10: 

Date Initiated: Dee. l'-/10 
96-h LCSO (95% CL): 

Range: '3 Lf - Ll "3 
Range: 0; 31-o. t; 1 

Reference Toxicant Mean (2SD Range): __ 5='J:;....:o.(....!'l..::...4..!..-....:b:::..:•:...:.\).:..._ _____ _ 

Reference Toxicant CV (%): s.s 

Test Results: 

Reviewed by: Date reviewed: JA.a..,cc.L. ?-cf. ?.Dlt 
l· 

Issued February 20, 201 0; Ver. 1.1 Nautilus Environmental 



96-Hour Rainbow Trout Toxicity Test Data Sheet 

Client/Project#: 

Sample I.D. 

W.O.# 
RBT Batch#: 

Date Collected/Time: 

Date Setup/Time: 
Sample Setup By: 

D.O. meter: 

pH meter: 

Cond. Meter: 

H01+h'p)J 
m.'t:tvre, :l 
tto6~ 

Ut<6~D 

u" ').g 1t1 A-M 
:\ttlll, ;,, I II ~ ~'I? 
..., ~ 

D0-1 

pH-1 

C-1 

Number FishNolume: 

7 -d % Mortality: 

{0/{6L-

I") .;;2 ~0 

Total Pre'-aeration Time (mins): -~3=..;:0:;..._ __________ _ 
Aeration rate adjusted to 6.5 ± 1 mllmin/L? (Y/N): Yes 

Undiluted Sample WQ I 

Parameters Initial WQ Adjustmeny 30 min WQ 

Temp oc I 'I.~ / ll.fr eJ 

pH '7.';) / ?,~ 
D.O. (mg/L) 1.5? / cr.cr 

Cond. (IJS/cm) ~(),0 / :lo '?-0 
--

Concentration #Survivors Temperature (0 C} Dissolved Oxygen (mg/L) pH Conductivity 

ro JjrJ (IJS/cm) 

1 2 4 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 96 

Gh\ 1.6 to ~~ to 14,() llJ5 14-5 1'1.b l'-\.5 {0.0 10.0 (().( 10.0 ~~'1 1,! ':/_() ·,-:;..f) 1-,t 1~.0 ·~o 35 
C:,,'Jf? tO {0 to lO ~~.o 1'{.$ ILl S N.o ''b lt>.o IO.D 'U1 10.0 h.~ 'f-,b 71 -:'tl 7.-~ 1-.1 1~1- ~0( 
1l}7 10 (0 to lO ~4.0 ll{.c; ('f.{ 1~.0 1~6 IO.d 9.'l 't& ~.~ ll.i g.; 1,( '?-I 1.3 } .. 'l '53~ 33") 
'd-fl to ro (O to 11-f,O !'{, '1 14-~ ll( 0 I" LiS (O.'() (0,\:) Cf}l 7.t 1'1.1 ~-~ 1.3 4·~ f.S l~ bJo '(~ 
~0 lO ro w lo t'{,O Lq, fj \~..r l~.o \~.5 qL, IO.o 'l.:f' ~-'1 !q,'f ;.a l-7.6 q_~ l.S' "1.1- IIOb Ju-:r 
\00 \0 (Q tO \\;) !lA{,O IY ,c, \lf,Q l~.o i,.s 19.1 10.0 9-~ 110.0 ,,'}- ~.2. 7.9 \-.. b ~.o "hiJ ;;26 'to ::~o?D. 

Initials ;JWI, jc.jt,.. s~ ~f) ::17\13 1:-ng ~ ~6 ~p, UM3 I JAB ~ JflB 6~ 01\0 frArfl f.jL SA9 !UA-J ;)tl-13 cJ4B 
~ 

Sample Description/Comments: 5 }i"'>t.-:r o r0- fA I!,..(, • d '( tlr 
v ··----'.) J 

Fish Description at 96? All reM~~"'!"'e. r~~ t..cC\Oec·(O \{. 
7 n~r~ 

Other Observations: ______________________________________________ _ 

Reviewed by: )., , Date Reviewed: MCKcL. -:J-'f1 21Jl { 

Issued October 29, 2008; Ver. 2.0 Nautilus Environmental 



Rainbow Trout Summary Sheet 

Client: Start Date/Time: ~V\ 31 /ll ~ (6 30 h. 

Work Order No.: ttOGS Test Species: Oncorhynchus mykiss 

Sample Information: 

Sample 10: 

Sample Date: 

Date Received: 

Sample Volume: 

Other: 

Dilution Water: 

Type: 
Hardness (mg/L CaC03): 

Alkalinity (mg/L CaC03): 

-
PrcA~~'""•'e C~'"ee. k: vJ"'ru 

Decfilorlnatea Mumc1pai I ap u ii!!Uer"JAG 
~T-tte 3C'O 

Test Organism Information: 

Batch No.: 

Source: 

No. FishNolume (L): fO/jOL 
Loading Density: 0.45? 
Mean Length± SO (mm): 

Mean Weight± SO (g): 

SDS Reference Toxicant Results: 

Reference Toxicant 10: 

Stock Solution 10: 

Date Initiated: Oe.c lb/10 
96-h LCSO (95% CL): 

Range: _..::::3:_3~--L....:...l_~:........... __ _ 

Range: ---lot!J~·:....3~'?,~-~C>:...:.·....LT.....!~~-

Reference Toxicant Mean (2SD Range): -~5:..:..:·J~('-'l:..:..4...!--.=b..;;..· \;;...::);.__ _____ _ 
Reference Toxicant CV (%): $. S 

Test Results: 

Reviewed by: 

Issued February 20, 201 0; Ver. 1.1 Nautilus Environmental 



96-Hour Rainbow Trout Toxicity Test Data Sheet 

Client/Project#: 

Sample I.D. 

W.O.# 

RBT Batch#: 

Date Collected/Time: 

Date Setup/Time: 
Sample Setup By: 

D.O. meter: 

pH meter: 

Cond. Meter: 

He.~~'~'~ 
M ';- l<. 1-vre...-J - Pro. \r ~e- Cree> \( 
' IC067 
"\~\ 0 
GO .... ~ e6 /II e.- .AJN\ 
~et"' 31. I I \ @.. lh30 lr.. 

~+At3 

D0-1 

pH-1 

C-1 

Number FishNolume: 

7-d% Mortality: 
{0/tOL-
n.2 ~;-=-

Total Pre-aeration Time (mins): __ 3 ... t>"'-·-""'-''"'"'"'.s;;..._ ___ --:------
Aeration rate adjusted to 6.5 ± 1 mllmin/L? (Y/N): ~~S 

Undiluted Sample WQ 

Parameters Initial WQ Adjustme.¢'" 30 min WQ 

Temp oc ( 1../' t:., / 1'1. ~ 
pH q. ~t / 1.1-/ 

D.O. (mg/L) -qp, / c; 9 
Cond. (IJS/cm) ;;)·:il 0 /_ '3?! () 

Concentration #Survivors Temperature (0 C) Dissolved Oxygen (mg/L) pH Conductivity 

"/~ ( vlv) (IJS/cm) 

1 2 4 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 96 

C:t>f\'fro f t() 10 {0 !0 ~~.o 114,0 ~~-0 14.0 11,5 tt.7 Cf.'1 fO.o IO.I ~.~ gp 8.1 W-_? ~3 '!J3 5<8L.I .S~'7 
G.15 10 tO jO to t \{ .0 14·0 \lt-o ltf.o ·I "f.~ q,, 1c.o {o.o IO.l qG~ ~ < t $. f ~- 2- c&.~ i.'l '731 }3C, 

I 'a..? 10 (0 \0 tO ~ 1{.0 14.0 llLo /'i.o 14.5 ~.~ 4.'7 1~'1 9.~ 11~ ~.a g, l ~-2.. ~.~ 7tl <stJ5 <kSY 
~? I() tO IC 10 ~~.o \ l\.0 \l\.Q tv.o 1'it5 9.~ '7.1'1 ji),O tO:J- ltt-3 ~.6 fS.O I~- '2. S\a ~.\ II?C:. l('{8 

5o \0 lo I() 10 i't·~ 14.0 14.0 /I{.{) tt.t~S t;.J- 9. 9- q_q \(),0 ~-~ fVvf g. I ?J.2.- ~.'d, ~d IbrtJ t "'1 t..( 
IOD to \ 0 10 to t~h IJ'{. o \'·\. t> at.o 11.~ Ci,C, '1.~ ~-c\ !Jo.O lq:a 1.~ ~.0 &-·D ~.~ J.1 'Ji'/0 ~~() 

Initials 
··-

m {(JL ~ JM; J'M3, -J/£ ~-::51... ~ ;JA; lT~ oA-B "K..)L.- J.\13 ~ 01-\1?> 1".48 /LJL Stt-8 .14cf) 0AB ____ Jic6 

Sample Description/Comments: _C:_f.:..ea..::.r....:1!---l!lve;..!~+S.l.l' \L:..~3rt:h:..!.+-.!.....!::::our0\Ja.lll~5~e...=--~--------------------------
Fish Description at 96? A\\ ce.yv\~( ... ~") b)h 1~' of:. 
Other Observations: -------------------------------------------------------------------------------------------------
Reviewed by: _.,I.-~ Date Reviewed: ~cl..- '2--'( '2-0ll 

' 

Issued October 29, 2008; Ver. 2.0 Nautilus Environmental 



Rainbow Trout Summary Sheet 

Client: Start Date/Time: ..:Je.V\ ZS 1 II} @. tb I·Z>t, 

Work Order No.: Test Species: Oncorhynchus rnykiss 

Sample Information: 

Sample ID: (\1\\.d-vre. ')-Po:.! n~ Cieef< 
Sample Date: $.~ 2'8/11 
Date Received: 

Sample Volume: 

Other: 

Dilution Water: 

Type: 
Pre.l'rt'e Creek lf.ht·f.-t _ _.., 

'13eeliloi ilIa ted MOl 1icipal Tap-'N'ater ~ 
Hardness (mg/L CaC03): ~crAP ~0 
Alkalinity (mg/L CaC03): 

Test Organism Information: 

Batch No.: 

Source: 

No. FishNolume (L): fO/iOL 
Loading Density: 

Mean Length ± SO (mm): 

Mean Weight ± SO (g): OA<l ± o, 1\ 

SDS Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: I05io 
Date Initiated: Oe.c.. i'=>liO 
96-h LC50 (95% CL): 

Range: _""3=:'-f:-:-----"l~-.... 3~-­
Range: ___;;{);;_;.~'3~Y!_-_;C>:;.__:_,:.'9--;_a=---

Reference Toxicant Mean (2SD Range): _-..!o::5:.:..:.:l::::....::(-.'i!.:..4....!.....-=b..:.· \:...::);...__ _____ _ 

Reference Toxicant CV (%): g, S 

Test Results: 

Reviewed by: Date reviewed: ___ :~:....::....;.~-=c/L-==--~-<f-4-2.0--ll - { 

Issued February 20, 201 0; Ver. 1.1 Nautilus Environmental 



96-Hour Rainbow Trout Toxicity Test Data Sheet 

Client/Project#: 

Sample I.D. 

W.O.# 
RBT Batch#: 

Date Collected/Time: 

Date Setup/Time: 
Sample Setup By: 

D.O. meter: 

pH meter: 

Cond. Meter: 

Uckf'u . .l~ 
t'\'tM.Jre..- 1 ~ P~'n'e_ Cfll!-c.-f< 

tfo65 
/II~'Sto 

l':"'"'\ a. 1J /II %P AM 
Cft:t""' 3l/ll €-- lbtGh. 

,lffi 

D0-1 

pH-1 

C-1 

Number FishNolume: 

7 -d % Mortality: 

jD/ tOt_ 

O,Ol o/c 

Total Pre-aeration Time (mins): __ ..... 3"--""0"'-----~:-;-------
Aeration rate adjusted to 6.5 ± 1 mllmin/L? (Y/N): Ve ~ 

Undiluted Sample WQ 
Parameters Initial WQ Adjustmer)K'' 30 min WQ 

Temp oc tl\.S / L(\.,...., 
pH '1.d. / C,:I_ 

D.O. (mg/L) <4~ / 9. 9 
Cond. (IJS/cm) 

L____ aobO / '1('") ".f.tz_ ___ 

Concentration #Survivors Temperature (0 C) Dissolved Oxygen (mg/L) pH Conductivity 

%v/v (!JS/cm) 

1 2 4 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 96 

Gtv [ lD (0 tO IO ji.f.O \4·S \4.0 (~.() IJL<.? 1.9 ~.~ '1-S" lto.o 1:<2 $.\ g.j ~-1 g,3 ~;~ 51f~ 5S>:r 
~.~7 10 (O lO 10 ttt.o 11.{·5 ('t-O lV,O ~~., q.~ '1.1- Fr --~ I '1.~ 1~ 'l I~J ?.0 1~-1 ~.2 

cg ·' 01-o ~!g' 

J?vj5 \0 (0 lD I() llf.o fLI,S ~-0 1~.0 t'l~7 ~g q,q f1.or '1.~ 19.<7 ((.?- B'.l l:f .. (. f:;t t:t ·I "q60 tb~ 

"'5 lO (0 lO IO JJ-1 () I Lt.? l't,O 1lf.O I'{.~ '1.1 l~l1 l1 .. ~ 1.9 ~/? <6·1.{ ~C) }.'l R,'l ~·L 7'31..J 9t{( 

So \o (o tO 10 /'4.0 1"\·~ 14-o 1~.0 Nh Ot,q 1.1 q..'\ q,~ ((,:}- c;.-r ~,0 ~ ... ~~~ <8.0 J'Pf9 t?3o 
l0C> 10 {l? \C 10 11.1.0 1'-(.S \lie.() 

,,,; 
N.~ q,c:r <7.~ t'f.~1 Itt.~ (/,1- 1/J- 7.~ ~~o ~ t.Cf. )69-0 ;;o~o 

c4 'flO 

Initials s~~ ~~"' ~ I(W1 ~ S1c0 ~-:1\... JAS 1»\B jAB ~ \l:11,.. :f~ l:rffi. JAg ;rA-t> ·tbjt. r~ ~ :]'riB -.rfB 

Sample Description/Comments: ---~ooSl!i!17Jt)~h!:i!...f_:-t!l:..!,_n.::!!~""-::.!.:fr:,.~· c:::::::.!..!.{~.::...::et..:..:.r _______________________ ~------

Fish Description at 96? ,4-tl re~;VI:""j .f1"5~ ~p,~r C>l( 

Other Observations: ______________________________________________ _ 

Reviewed by: ..J , 4 Date Reviewed: M¥a/?... ::Z 'f t ?.all 

Issued October 29, 2008; Ver. 2.0 Nautilus Environmental 



 

 

APPENDIX D - Daphnia magna Toxicity Test Data 



Daphnia magna Summary Sheet 

Client: 
Work Order No.: 

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: 

Days to first brood: 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

48-h LCSO (95% CL): 

Reference Toxicant Mean (2SD Range): 

Reference Toxicant CV (%): 

Test Results: 

Reviewed by: 

Version 1.2 Issued February 13, 2009 

Start Date/Time: ~ f / II@.. /'1 :Jo 1.... 

Test Species: ==o=·=m=a=gn=a====/ ========== Set up by: ____ ___.:.14..!!-=:c.__ __ _ 

o /I Cj 11 A 

< 24 hours 

{O Nt>.Of 
Jo...... 7,.-t/11 

7 
J 

/;j 

D 

g/L NaCL 

~J 75::;/~ 
I 

Date reviewed: MMci- z6 t -:JOlt 

Nautilus Environmental 



Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

Client: qql R t-t)_ 
Sample ID: {Yl,-f..~ I { 4: I ) 

Work Order No.: __ ---l.JI/w.Q(oa~o<.-'y.__ _______ _ 

DO meter: D0-1 pH meter: __ ..~::P..:...;H:......-1~-- Conductivity meter: -=C:......-..:.1 ___ _ 

Number 
Live Organisms 

No. 
Immobilized 

Temperature 
CC) 

Dissolved oxygen 
(mg/L) 

pH Conductivity 
(IJS/cm) 

Rep 

Hardness* Alkalinity* lnitiaiWQ Adjustment AdiustedWQ 

Cone. *(mg/L as CaCo3) Temp (°C) qD.o ao.b 
Control (MHW) \00 tY DO (mg/L) 'R ,8 ~v& g_l( 
Highest cone. l\10 \OD pH "i,~ IA;fft~/·''"\IKJ'. ofW k M ~ ,..,,~/"( .,...,tJ.( &s 

Cond (IJS/cm) ':):J-ib a.1-1o 

Sample Description: 

Comments: Batch#:o\t<•\IIA 7-d previous# young/brood: a Day of 1st Brood:· &' Previous 7-d% Mortalitx:O 

Reviewed by: A. ~ 
Version 1.3 Issued November 26, 2008 

Date reviewed: ----L&...::......:.;~....;:dL;______;:::Z::............!tf-f/-=2=0..:..l.:.l __ _ 

Nautilus Environmental 



CETIS Analytical Report Report Date: 

Test Code: 

24Mar-1116:43(p1 of 1) 

11064 1 01-9925-297 4 

Daphnia magna 48-h Acute Survival Test Nautilus Environmental 

Analysis ID: . 17-8561-1589 Endpoint: Survival Rate CETIS Version: C~TISv1.8.0 

Analyzed: 24 Mar-11 16:32 Analysis: Trimmed Spearman-Karber Official Results: Yes 

Batch ID: 00-6731-0545 Test Type: Survival Analyst: andy diewald 

Start Date: 01 Feb-11 14:00 Protocol: EC/EPS 1/RM/14 Diluent: 

Ending Date: 03 Feb-11 15:05 Species: Daphnia magna Brine: 

Duration: 49h Source: Age: 

Sample ID: 14-5936-7144 Code: 56FC2CE8 Client: Hatfield 

Sample Date: 28 Jan-11 Material: Effluent Project: 

Receive Date: 28 Jan-11 Source: Hatfield 

Sample Age: 4d 14h Station: Mixture 1 

Trimmed Spearman-Karber Estimates 

Threshold Option Threshold Trim Mu Sigma EC50 95% LCL 95% UCL 

Control Threshold 0 40.00% 1.948 0.06715 88.64 65.06 120.8 

Survival Rate Summary 

Cone-% 

0 
6.25 
12.5 
25 
50 
100 

Control Type Count 

Negative Control 1 

Survival Rate Detail 

Cone-% 

0 

6.25 

12.5 

25 

50 

100 

Graphics 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 r 

Control Type Rep 1 

Negative Control 1 

0.9 

1 

0.4 

Ill Ill 

Ill 

O.!L 
0.0 

25 so 

Conc~0/o 

000-089-170-1 

Mean Min 

0.9 0.9 

0.4 0.4 

75 !00 

Calculated Variate(AIB) 

Max Std Err Std Dev CV% %Effect A 

0 0 0.0% 0.0% 10 
0.9 0 0 0.0% 10.0% 9 

0 0 0.0% 0.0% 10 
0 0 0.0% 0.0% 10 
0 0 0.0% 0.0% 10 

0.4 0 0 0.0% 60.0% 4 

CETIS™ v1.8.0.10 Analyst: __ _ 

B 

10 

10 
10 
10 
10 
10 



Daphnia magna Summary Sheet 

Client: 
WorK Order No.: 

Start Date/Time: ~ f /II@, /'I o:)L 

Test Species: ==o:.:m:a:g:na====~~=~=~~==~::: 
Set up by: ____ __:./c-tJ!-=:.::...._ __ _ 

Sample Information: 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: 

Age of young (Day 0): < 24 hours 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: D 

Days to first brood: 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

48-h LC50 (95% CL): 

Reference Toxicant Mean (2SD Range): g/L NaCL 

Reference Toxicant CV (%): 

Test Results: 

Reviewed by: Date reviewed: ~ 7-<fl "J-l)l { 

Version 1.2 Issued February 13, 2009 Nautilus Environmental 



Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

t.Lf> 

Client: t/ql R ,c)_ 
Sample ID: fYI,~-~twz-. 2.. ( f ;'I') 
Work Order No.: __ _..Lt/~O~Ic:.-Y..l.-________ _ 

ffb\ 
Start Date/Time: ~ 'btl Qt'1. o51r, 

No. Organisms/volume: _1~0:.:12::.::0~0:.:~.::·~------­
Test Organism: ..:D:...:.·;..:.;m:..=a:oz.gn:..:.:a=-----,------

Set up by: ____ ..::IGL&=· ::::::..:.........;. _ __;,_ __ 

DO meter: D0-1 pH meter: __ ..c:P.:..:H:.....-1=---- Conductivity meter: ..;::C:;..-..:.1 ___ _ 

Concentration 

Hardness* Alkalinity* 

Cone. *(m~/L as CaCo3) 

Control (MHW) to() -=tt-l 

Hiohest cone. ~00 \\D 

Sample Description: (\ear 

lnitiaiWQ Adiustment 

Temp c•c) gn.O 
DO Cmo/L) 5>.~ 
[pH Cf.3 I~_Mrt\,}~$l ~er 
Cond CuS/cm' lb''i?1 

{!) A.\ 
/-0{)~\.\.*d. -\c. p\t RS 

Conductivity 
(IJS/cm) 

AdiustedWQ 

w.o 
&~e 

~s 

[~I 

Comments: Batch#:C>WfWt 7-d previous# young/brood: rt-- Day of 1st Brood: & Previous 7-cl% Mortality:() 

Reviewed by: Date reviewed: ---'~!.,_____:__.:.:..ct__::.....::..-=~:..._.:r.f-l---=?-=--D_l_l __ _ 

Version 1.3 Issued November 26, 2008 Nautilus Environmental 



Daphnia magna Summary Sheet 

Client: 

Work Order No.: 4 (0 '"'( 

Start Date/Time: ~ l I I { e 
Test Species: --=D::..:·.:.:..m:.:::a:>l:gn:..:.:a::____:_{ ____ _ 

Set up by: ____ ___:ta..(J=-=-=------

I J.JoL 

Sample Information: 

/YI f>"~ I { ~ ...Ji ft~1 r,e ~ W~) 
JCn tR' It( / 

Sample ID: 

Sample Date: 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: oln..t1 A 
Age of young (Day 0): < 24 hours 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: 0 

Days to first brood: 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

48-h LC50 (95% CL): ~ 

Reference Toxicant Mean (2SD Range): g/L NaCL 

Reference Toxicant CV (%): 

Test Results: 

Reviewed by: Date reviewed: Ma..aL ?Jfl '1-Dl I 

Version 1.2 Issued February 13, 2009 Nautilus Environmental 



Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

Client: ijqJ ficJ)_ 
Sample ID: fY),~~ I L 4 : i\ 

Start Daterrime: ~
. l 

btl Q \')3o'V! 
No. Organisms/volume: 10/200 

Work Order No.: ------'-'t/_..Q~(o"-V!4----------- Test Organism: -=D:..:;.m:.:..:..=aoz:gn:..:..;a=-----....,.------

DO meter: D0-1 

Concentration 

CD 
No. 

Immobilized 

Hardness* Alkalinity* 

Cone. *(mg/L as CaCo3) 
1.--. _j[~i'ii-f.!;~~~ ~t6 1 ~~t:l6 -=+4- .;)~"' ~·(S 
Highest cone. \{qo \(9() 

Set up by: 1c..t...-& 

pH meter: __ ...:;p.:....:H-'-1~-- Conductivity meter: ....:::C'----'-1 ___ _ 

Temperature 
(OC) 

Temp (0 C) 

DO (mg/L) 

pH 

Cond (IJS/cm' 

Dissolved oxygen 
(mg/L) 

pH 

lnitiaiWQ Adjustment 

;)f> .. O 
g,q 
q.3 ~, ........ ~~ 

"iv.~6'>"> o.rere 
~1-lb 

Conductivity 
(IJS/cm) 

Adjusted WQ 

'Q.e..O 
g,q 
~,S 
;;)11() 

Sample Description: C tar 

Comments: Batch#: 0\\l\IA 7-d previous# young/brood: Cb Day of 1st Brood: 9 Previous 7-d% Mortality: 0 

Reviewed by: A . ~ Date reviewed: -----'-M-"-"-:61-(i....:.-...ccJ._::..::....___;_~_rf:.....,t,_..,~:::;__::.-l-'-/---
(® ~_J_ 1 Pr~ ~ ~~ 

Version 1.3 Issued November 26, 2008 , . 
~ A,~:)v.:>J{Z\ ptf fc .,C: wi4'' t..\ _ ii.-J £1..-- ~:( .lL~~'-

Nautilus Environmental 
.~ ~,,Al) 



Daphnia magna Summary Sheet 

Client: 
Work Order No.: 4 /016 '( 

/'JJ . 
Start Date/Time: 1.-t:.fJ f / It@.. f.Jvl"')l 

Test Species: ==o:.:m:a:g:na====/~=~=~~==== 
Set up by: -----=/a..8==------

Sample Information: 

Sample ID: 

Sample Date: 

{n,.J-/w;._ 2-- ( U)~- ~) p~ C-uJl wdL-) 
JCn U/ t( ( 

Date Received: 

Sample Volume: 

Test Organism Information: 

Broodstock No.: otll--i( 4 
Age of young (Day 0): < 24 hours 

Avg No. young per brood in previous 7 d: 

Mortality(%) in previous 7 d: 0 

Days to first brood: 

NaCI Reference Toxicant Results: 

Reference Toxicant ID: 

Stock Solution ID: 

Date Initiated: 

48-h LC50 (95% CL): lf,d_,../-(~K" j /l ('Tr4u_ 

Reference Toxicant Mean (2SD Range): 'f.~ ( '3. \,- '13) g/L NaCL < ) Reference Toxicant CV (%): 

Test Results: 

Reviewed by: Date reviewed: .AA~ $'{1 'ZOL I 

Version 1.2 Issued February 13, 2009 Nautilus Environmental 



Client: ~9.1-fi"t).. 
Sample ID: (YI,~~ '2.. 
Work Order No.: II o\o'-\ 

DO meter: D0-1 

Concentration Number of 

~G Live Organisms 
Rep 

Freshwater Acute 
48 Hour Toxicity Test Data Sheet 

l.l-·. (~ 

No. 
Immobilized 

(,I.~ 
J1tf\ 

No. Organisms/volume: _1:...:0;:.;:/2=-=0:...:0;:.;;~=-------­
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1.0 INTRODUCTION 

 

Toxicity tests conducted on two mixtures of Mine Water and Mill Water produced to reflect 

future anticipated conditions at the Canadian Zinc operation indicated that reproduction of the 

freshwater cladoceran, Ceriodaphnia dubia, was adversely affected by the mixtures.  Conversely, 

rainbow trout and duckweed were not adversely affected in acute and chronic tests, 

respectively, and only a marginal adverse effect was apparent in one of the mixtures using 

acute tests with Daphnia magna.  The results of these tests are provided in a separate test report.   

 

Adverse effects on reproduction of Ceriodaphnia appeared to be derived from the Mill Water, 

since the degree of toxicity observed was related to the proportion of Mill Water in the samples, 

and the Mine Water tested alone exhibited no adverse effect on Daphnia.  Consequently, efforts 

were undertaken to establish the cause of toxicity to Ceriodaphnia in the Mill Water using a 

Toxicity Identification Evaluation.  This process involves conducting a series of physico-

chemical manipulations on the sample, following by toxicity tests on the treated and untreated 

samples.  Alterations in the degree of toxicity present as a result of the treatments provides an 

indication of the characteristics of the contaminant that is responsible for toxicity in the sample.  

The actual identity of the toxicant can then be established through a series of follow-up 

procedures. 

 

2.0 METHODS 

 

The following treatments were conducted: 

 

EDTA treatment – Chelation of the sample with EDTA was used to identify whether divalent 

metals, such as copper, cadmium and zinc, were responsible for toxicity.  This chemical binds to 

divalent metals and reduces their bioavailability and, therefore, toxicity.  Treatments were 

conducted at 5 mg/L EDTA. 

 

C18 solid phase extraction – Treatment of the sample through a C18 substrate was utilized to 

identify whether toxicity was caused by a non-polar organic contaminant.  This material binds 

and removes these materials and, therefore, if toxicity is reduced following treatment with C18, 

this indicates that organic contaminants are responsible for toxicity. 

 

Anion Exchange – Extraction of the sample through a strong anion exchange column was used 

to establish whether strong anions were responsible for toxicity.  This treatment is similar to the 
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C18 treatment, except that the substrate contains positively charged amine groups which have 

an affinity for anions in the sample.  Anions that would be expected to be removed include 

anionic surfactants, but not major anions such as sulphate, carbonate or chloride. 

 

Filtration – Filtration of the sample through a 0.45 µm filter was conducted to remove 

particulate-bound contaminants. 

 

pH adjustment – Adjustment of the pH of a sample can alter the characteristics of the toxicant, 

resulting in an alteration in toxicity, or a change in the effectiveness of other TIE procedures.  In 

this case, adjustment of the pH of the sample to 5 and 9 was used in conjunction with C18 and 

anion exchange in an attempt to establish whether the toxicant exhibited a higher affinity for 

these materials under different pH conditions.  In addition, the sample was filtered after 

adjustment to pH 10, which would be expected to remove metals, such as zinc.   

 

In order to evaluate the potential contribution to toxicity of a flocculent (Magnafloc 10) that was 

used in preparation of the sample, a sample of this chemical was obtained from SGS and 

evaluated for toxicity using Ceriodaphnia. 

 

Test procedures used here were consistent with those typically applied for chronic tests using 

this species, with the exception that the degree of replication was reduced from 10 to 5.  This 

stream-lining of the procedure is appropriate in Toxicity Identification Evaluations, where the 

purpose is to look for substantial changes in effect as a result of the treatments. 
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3.0 RESULTS 

 

Initial treatments were conducted on the Mill Water sample diluted to 10%.  None of the 

treatments (filtration, C18 extraction, anion exchange and EDTA) had an appreciable effect on 

toxicity to Ceriodaphnia, indicating that toxicity did not appear to be caused by particulate-

bound contaminants, non-polar organic contaminants, strong anions, or divalent metals (Table 

1).   

 

These treatments were repeated using a sample diluted to 5% in case there had been too much 

toxicity present in the 10% sample for the treatments to be effective; however, the results of 

these treatments were not useful because the reproduction in the untreated sample diluted to 

5% (21.2 ± 1.8 offspring per adult) were not significantly lower than the control (22.8 ± 2.9 

offspring per adult). Thus, since the 5% sample did not exhibit toxicity, no information with 

respect to the cause of toxicity could be obtained from these treatments. 

 

Adjusting the pH of the sample to 5 or 9 prior to treatment using C18 and anion exchange did 

not improve the effectiveness of these treatments at reducing toxicity in the 10% sample.  

Results of these treatments are also shown in Table 1. These results did not provide further 

indication as to the cause of toxicity, but are consistent with the initial findings described above. 

 

The results described above are consistent with a number of contaminants, including charged or 

highly soluble organic contaminants, cations, total dissolved solids, and other chemicals.  In 

order to establish whether one of the process chemicals used in preparation of the samples 

might have been responsible, the characteristics of the materials were reviewed and Magnafloc 

10 was identified as being potentially consistent with the results, and of unknown toxicity to 

Ceriodaphnia.  The results of a toxicity test conducted using this chemical are provided in Table 

2; in general, this chemical resulted in no adverse effect on reproduction at 1.25 mg/L or less, 

but reduced reproduction was observed in the 2.5 and 5 mg/L solutions.  Since the treatment 

rate of this material was 14 mg/L in the Mill Water, and most of the material would be expected 

to be removed during the treatment process, it appears unlikely that this was the cause of 

toxicity. 
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Table 1. Results of TIE treatments conducted on 10% Mill Water. 

 Survival  

(%) 

Reproduction  

(offspring per adult) 

Control 100 23.6 ± 5.2 

Untreated 100 1.2 ± 1.8 

Filtered sample 100 1.0 ± 1.4 

C18-treated sample 100 0.6 ± 1.3 

Anion Exchange-treated sample 100 2.6 ± 1.8 

EDTA treated sample 100 0.0 ± 0.0 

Control 100 18.0 ± 3.3 

Untreated  100 0.0 ± 0.0 

pH 5 + anion exchange  100 0.0 ± 0.0 

pH 9 + anion exchange 100 0.0 ± 0.0 

pH 5 + C18 100 0.0 ± 0.0 

pH 9 + C18 100 0.0 ± 0.0 

pH 10 + filtration 100 1.4 ± 1.9 

 

 

Table 2. Results of toxicity test conducted on Magnafloc 10. 

Mangafloc 10 (mg/L) Survival  

(%) 

Reproduction  

(offspring per adult) 

  Control 100 21.8 ± 6.6 

  0.08 100 22.2 ± 10.1 

  0.16 100 25.0 ± 2.0 

  0.31 100 20.8 ± 4.2 

  0.62 100 20.8 ± 6.9 

  1.25 100 20.2 ± 4.3 

  2.5 100 14.0 ± 5.7 

  5.0 100 13.2 ± 2.7 
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4.0 DISCUSSION 

 

The results of the TIE procedures described here were not conclusive in establishing the cause 

of toxicity in the Mill Water; however, the results indicate that non-polar organic contaminants, 

strong anions and divalent metals did not appear to be the primary cause of toxicity in the 

sample, although it should be noted that these materials may have contributed to toxicity at 

higher concentrations of sample.   

 

The concentration of sulphate present in the Mill Water would most likely have contributed 

some portion of the adverse effect observed to Ceriodaphnia.  For example, Elphick et al. (2011) 

reported an IC25 value for effects of sulphate for this species of 1212 mg/L sulphate at a 

hardness of 160 mg/L.  Since the Mill Water contained 4500 mg/L sulphate, there was clearly 

sufficient sulphate present to cause some proportion of the observed effect.  Total dissolved 

solids, in general, which includes sulphate and other major ions, such as calcium, magnesium, 

sodium, potassium, chloride and carbonate causes effects on this species when elevated as a 

result of osmotic stress, and so sulphate, or major ions in general, likely explains some of the 

observed effect.  However, the sample diluted to 10% would likely not have contained sufficient 

major ions to explain the effect observed in the diluted sample.  

 

The Mill Water exhibited toxicity to Ceriodaphnia in the sample diluted to 10%, but not when 

tested at 5%.  This result differs somewhat from the initial tests using the Mixtures, in which 

toxicity was observed in all concentrations tested, as low as 5% sample.  Since the Mixtures 

were comprised of only a portion of Mill Water, the adverse effect observed here with the Mill 

Water is not consistent with the extent of adverse effect observed in the mixtures.  This implies 

that either: 1) the toxicity of the Mill Water dissipated in between when the original test was 

conducted and when the TIE treatments were performed; 2) other components of the mixtures 

(i.e., Mine Water) also contributed to toxicity in the mixtures; or 3) there was some interaction 

between components in the mixture that exacerbated toxicity.  The most likely explanation 

would be that toxicity dissipated over time in the sample; however, additional investigation 

would be necessary to fully characterize and identify the cause of toxicity in this sample. 
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