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500 - 4260 Still Creek Drive, Burnaby, British Columbia, Canada V5C 6C6 

Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com 
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

 
   Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation. 

 

 

1.0 BACKGROUND AND INTRODUCTION 

Golder Associates Ltd (Golder 2013) developed a total dissolved solids (TDS) benchmark for aquatic life for 
Snap Lake based on a literature review, problem formulation, and site-specific toxicity tests with phytoplankton, 
zooplankton, benthic invertebrates, and fish species representative of aquatic receptors in Snap Lake. Most 
species tested showed no adverse effects at TDS concentrations greater than (>) 1,400 milligrams per litre 
(mg/L); however, two daphnid species were more sensitive to TDS and showed adverse effects at lower TDS 
concentrations. Although daphnids comprise an average of approximately 2 percent (%) of the zooplankton 
community in Snap Lake, a conservative site-specific water quality objective (SSWQO) of 684 mg/L was 
proposed based on the IC20 (20% inhibition concentration) from a single Daphnia magna 21-day (d) toxicity test 
performed by Nautilus Environmental (Burnaby, BC) and reported in Golder (2013). 

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

As a result of the discussion regarding test repeatability, De Beers Canada Inc (De Beers) requested that Golder 
repeat the 21-day D. magna test that provides the basis for the proposed TDS SSWQO. A previous technical 
memorandum (Golder 2014) provided the methods and results from this repeat testing (Test 2 performed by 
Nautilus Environmental), which resulted in an IC20 of > 1,477 mg/L, and discussed the results relative to the 
proposed SSWQO. 

Given the very different results from these two tests, it was suggested by reviewing parties at the Technical 
Session for the Snap Lake Water Licence Amendment (April 15 to 16, 2014 in Yellowknife) that an additional test 
should be conducted for a total of three, one of which should be conducted by a different toxicity testing 
laboratory. In response, De Beers requested Golder to commission three additional 21-day D. magna tests (two 
tests to be performed by Nautilus Environmental and one by HydroQual Laboratories [Calgary, AB]), for a total of 
five tests. 

The present technical memorandum provides the methods and results from this repeat testing and discusses the 
results relative to the proposed SSWQO. 

 

 DATE June 10, 2014 PROJECT No. 14-1349-0003/1500/1503 

TO Erica Bonhomme, Snap Lake Environmental Manager 
De Beers Canada Inc.(DBCI) 

CC Tasha Hall and Alison Snow (Golder); Alexandra Hood (DBCI) 

FROM Peter M. Chapman EMAIL pmchapman@golder.com 

ADDITIONAL DAPHNIA MAGNA 21-DAY TDS TOXICITY TEST RESULTS 
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2.0 METHODS 

Synthetic lake water samples were prepared, with the same ratio of major ions in Snap Lake but at a nominal 
TDS concentration of 1,500 mg/L. The samples were prepared by Nautilus Environmental, the same laboratory 
that prepared samples for previous TDS testing reported in Golder (2013, 2014); a portion of sample was 
shipped to HydroQual for testing. The synthetic lake water was analysed for its ionic composition to assess 
concentrations of the major ions and to calculate TDS concentrations. Results of those analyses determined that 
the calculated TDS concentrations for the three synthetic lake water samples were very close to the target 
nominal concentration of 1,500 mg/L: 1,510 mg/L for Test 3; 1,435 mg/L for Test 4; and, 1,460 mg/L for Test 5.  

21-d D. magna survival and reproduction toxicity tests were conducted by Nautilus Environmental (Tests 3 and 
4) and HydroQual Laboratories (Test 5) following ASTM (2004) procedures. The Nautilus Environmental data 
reports are provided as Attachments 1 (Test 3) and 2 (Test 4). The HydroQual Laboratories data report is 
provided as Attachment 3 (Test 5). All data reports include the chemical analyses for TDS in the synthetic lake 
water samples. 

3.0 RESULTS 

As is apparent from Figure 1, all five D. magna toxicity tests produced a similar dose-response. However, the 
20% inhibition concentration (IC20) differed as follows: 

 Test 1 IC20 684 mg/L TDS; 

 Test 2 IC20 >1,477 mg/L TDS; 

 Test 3 IC20 >1,510 mg/L TDS; 

 Test 4 IC20 >1,435 mg/L TDS; 

 Test 5 IC20 > 733 mg/L TDS. 

As noted in the previous Technical Memorandum (Golder 2014) regarding Tests 1 and 2, the flatness of the 
dose-response explains these differences, which are not unreasonably large (Cherr et al. 1994). 

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

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

The Canadian Council of Ministers of the Environment (CCME 2007; Part II, Section 1-10 and 1-11) states 
“Multiple comparable records for the same endpoint are to be combined by the geometric mean of these records 
to represent the averaged species effects endpoint.” CCME (2007, Part II, Section 3.1-2) similarly states, twice, 
“If there is more than one comparable record for a preferred endpoint, then the species effects endpoint is to be 
represented by the geometric mean of these records.” 

Previous SSWQOs developed for the Ekati Diamond Mine followed the above approach. Specifically, in cases 
where more than one acceptable value was available for an individual species endpoint, the values were 
combined using the geometric mean to produce a single value for each species (Elphick et al. 2011; 
Ekati 2012a,b,c). This approach was specifically applied to daphnid toxicity data in Elphick et al. (2011) and 
Ekati (2012c) 

The geometric mean of the five IC20 values (Tests 1 to 5) for D. magna is >1,099 mg/L TDS. Based on CCME 
(2007) and previous precedent in the NWT, the value of 1,099 mg/L could reasonably be considered as a Snap 
Lake TDS SSWQO. 

5.0 CLOSURE 

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

GOLDER ASSOCIATES LTD. 

Prepared by: Reviewed by: 
 

  
Peter M Chapman, PhD Cathy A McPherson, BSc 
Principal, Senior Environmental Scientist Senior Environmental Scientist 
 
PMC/CAM/me 
 
Att. 
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ATTACHMENT 1 
NAUTILUS ENVIRONMENTAL DATA REPORT: Test 3 



 

Nautilus Environmental Company Inc. 
8664 Commerce Court, Burnaby, BC, Canada, V5A 4N7 |+1 604 420 8773  

 
Golder Associates Ltd. Report Date: April 7, 2014 
ATTN: Dr. Peter Chapman Work Order: 14122 
200 – 420 West Hastings Street   
Vancouver, BC  
V6B 1L1  
 

Data report 
  

Species: Daphnia magna 
Protocol: ASTM E1193 - 97 

 
 
Table 1. Results for the 21-d Daphnia magna life-cycle toxicity test. 
 

Sample ID Sample Date 21-d IC20 mg/L TDS 

TDS blend Laboratory prepared >1510 

 
The tests met performance criteria and there were no deviations from the test methods.  The 
results presented here relate only to the sample tested. 
 
 
 
 
  

 

 

 
  Reviewed By: 

Jeslin Wijaya, B.Sc.  James Elphick, R.P.Bio 
Laboratory Biologist  Senior Reviewer 

 



Daphnia magna Summary Sheet 

Client: 
Work Order No.: 1411.'1. 

Sample Information: 

Sample ID: iO~ 

Sample Date: 

Date Received: 

Sample Volume: 

MC\I'CI'\ 1'2 I IL\- ( Mo.cte ll\- nOU~~) 
(\1\C\I"Ch 1'2- /II.\- ( MO.d..e 11\ - \\OU<;.e) 

~JW I..\OL 

Test Organism Information: 

Broodstock No.: 
Age of young (Day 0): <24 h 

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: Otn tl(, 

Stock Solution ID: 

Date Initiated: 
48-h LC50 (95% CL): 

Start DatefTime: l\1\0JC.h Ill- , ·2011.\ @ ti..IOOh 
Test Species: Daphnia magna 

Set up by: _"J:..:lN ______ _ 

Test Validity Criteria: 
~70% survival in the control treatment(s) 

Average of ~60 young/adult produced in the control 

No ephippia were produced in the control treatment(s) 

WQRanges: 
T (°C) = 20 ± 2; DO (mg/l) = 3.0 to 9.4; pH = 6 to 8.5 

g/LNaCL 

Reference Toxicant Mean and Historical Range~:'-4.:...·..:..o_(:..:.3_.'f.:....-__.:.4-_· 4..:..)c__ _ ___,gi2!.1:.L!..!N!!:aC::::L=---

Reference Toxicant CV (%): _4-______________ _ 

Test Results: The 21- ct LC SO 1<; > 1Sif. \'f\9/L lOS . 

ihe 21- ct IC ZD G '1 \Slf> m9 IL 10S . 

Reviewed by: 

Version 1.0; Issued February 19, 2014 

Date reviewed: --1--11-V __ ... _1-__,/_l_f.!...,__ 
I 

Nautilus Environmental 



Summary of test conditions for the Daphnia magna life-cycle toxicity test. 

 
Test organism Daphnia magna 

Test organism source In-house culture 

Test organism age <24-h old neonates  

Test type Static-renewal 

Test duration 21 days 

Test chamber 250-mL glass beaker 

Test solution volume 100 mL 

Test concentrations (mg/L TDS ) Five concentrations, plus laboratory control 

Number of replicates 10 

Control/dilution water Moderately hard water  
(hardness 80-100 mg/L CaCO3) 

Test solution renewal Three times weekly  

Test temperature 20 ± 2°C 

Number of organisms/chamber 1 

Feeding Daily, with Pseudokirchneriella subcapitata and 
digested yeast, cerophyll and trout chow 

Light intensity 400 to 800 lux 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test protocol ASTM E1193 - 97 

Test endpoints Survival and reproduction 

Test acceptability criterion for controls ≥70% survival; average of ≥60 young per 
surviving control female 

Reference Toxicant Sodium Chloride 

Test Start/End Date March 14, 2014/ April 4, 2014 

 

 

References 

ASTM.  2004. Standard Guide for Conducting Daphnia magna Life-Cycle Toxicity Tests. Method: 
E1193 - 97 (Reapproved 2004). In: Annual Book of ASTM Standards. Volume 11.06. 
Biological Effects and Environmental Fate; Biotechnology, Water and Environmental 
Technology, American Society for Testing and Materials. Philadelphia, PA. 

 



Client: 
SampleiD: 
Work Order#: 

Version 1.0; Issued June 1, 2006 

Gotc\QI 
iDS 
\l\-\'2.'2. 

21-d Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: MO.rcl,r\ N IN @? NOOh · 
Stop Date & Time: Apt"\\ y. f N @ I33Dh 

Test Species: Daphnia magna 

fU. 'je \ tJt c~. 

G) Control 

Hardness• 

Alkalinity* 

• mg/L as CaC03 

Sample ISOO rtB/L 
Description: 105 \Y\Cicte 
ll\-hOUSe MC\rt:lr\ l'2 ( tl.l, 

Comments: CD Ploo~e 
retQr to Ha;ral\e~c; 9.. ct\I(.0;\1 "'+~ 
da\0$\-\~ 

Analysts: AINO I :JifJ,. BTL 

Reviewed by: 

Date reviewed: ~~~ 

Nautilus Environmental 



Client: 
Sample ID: 
Work Order#: 

Concentration 

Version 1.0; Issued June 1, 2006 

Go\C\er 
IDS 
N\11. 

21-d Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: MQtC~ \4 / (l\ @ 11..\00 h 
Stop Date & Time: AP\'il 1.\- I 14- @ \3'30h 

Test Species: Daphnia magna 

IXA9e 2 ot ~ 

CD Control 

[Hardness* 

[Aikalin~ 
* mg/L as CaC03 

Sample 
Description: 

-

11?00 1'1'\9/L 
IDS 1'1'\00<2 

II\ -1'\ouse MOre~ 111 IL\ 

Comments: CY P\eac;e 
r€fer to t\0.\dl\ec;s ~ 

Q\KQ\it\it~ clerto.s:hee\ • 

Analysts: 

Reviewed by: 

Date reviewed: 

0\J'lt AINI> I Q,\L 

dCo-&­
kk· 4(tlf 

Nautilus Environmental 



Client: GO\d~r 
Sample ID: :;:10~S~----------

Work Order: 14121. --------------------------

Days Concentration: COM:rol 
A B c D E F" G 

1 / /, / 1/ / / / 
2 / / / / / / / 

3 v v \/ v v .../ v 
4 v v v v ..., ../ v 
5 ./ ..., v v ..,/ v ../ 

6 ../ v v v v v v 
7 ·.../ v .../ ...,!' -./ ,./ V'~ 
8 / / / / /_ /, / 
9 ji/J/ _,"' / / / / / 
10 :2p4 2~ 2'4- 22 11- 12 :>·~i9(:::1o 

11 ./ v v v v q .../ 

12 ../ .../ ../ ../ v 2.2 -../ 

13 1l\ 20 21- 23 2€. v 21-
14 \0 v . ../ . )<.. .../ .../ ,. 

15 // / / / ,/ / 
16 ./ / / / =f. / 
17 2(:. 14- IS 'f.. 2"1. .../ 

18 ../ \/ v ...., ·./ 

19 .../ ../ 
' 

./ 2~ v 
20 2S Ho ll' ..., '2.B 
21 ..,/ ,/ ../ 'l=t ..../ 

,Total 
C\'\ '%> ~s LiS')< 4G ~ 1'2..~ :J~ 

-==lS 

Notes: X= mortality. 

Brood Source: 011'214 A 

IA?-9<G. t 0~ '=!> 

21-d Chronic Freshwater Toxicity Test 
Daphnia magna Reproduction Data 

H I 
/ / 

v v 
\/ v 
v v 
v ...., 
v' ../ 
v ./ 

./· ./ 
/ / 

19 19 
v v 
.../ -./ 
29 24 
v__- I 

v / 
/ / 

14- IC\ 
·./ v 
.../ ../ 

1S 1'0 
..../ v 

~=t 8\ 

Start Date & Time: tv'Arch \4 ( 1\..1. @ (l\.COh 
Stop Date & Time: Af\iL 1.\ IN @ t3'30h 

Analysts: J\N , A\NO 

Concentration: 2C\~ tfl9 f L 1DS 
J I nit A B c D __-· E__- F G H 

/ /h / / / / IL ~ v ~/ 

// />--- / / / / r / / / 
\/ ow v v .../ v .../ ../ v v 
v ~IN ...., v v v ..,/ .../ ..,/ ..., 
v 'JW ·../ v " ..,/ ..,/ v v ..,/ 

v JW v v ...., v ....., v v v 
v' 0\N ...,/ -../ - v ...,/ ../ v .../ 

/ ... PI-"? / / /. v / / / / 
/ ~ / -/ / / / / / /' 

24 JiN tc;3 13- :2\ 21 2\ '" IS 20 
-./ :::liN v v v .../ -./ .../ ._./ ..,/ 

v J\i\) ...., .../ ../ ../ ../ ....,- ../ v 
2k> ow 29 :24 22 :28 2S 2::3> '1.:; 2'? 

]IJ\1 ...., I v ../ .../ L\ v ..,/ .• 
/ ~ / / / C. ~ c ~ ~ 
/ lb 2,{;:, 2\ / L .L / ,/ / -
~~ ::J'IN 2. v IC\ 21.(. '45 2} 2'2 2S 
v ::liN ._./ ../ .../ ../ ..,/ ...,- " ..../ 

../ JIN '2<4 ./ ../ .../ .J .../ .J .../ 

21 ::J(/V ..., .,_..,. 
2~ 2S 2t;;, 2(, 30 32 

v ::JIN ../ .../ ../ ../ -../ v -../ ../ 
:::11/J 

<1,() ~- 0\,1\) \()L\ 90 \0\ IOD 9b 9'1 \()1. 
- --- ·-

1(31j) 
Previous Brood Previous 7-d 

I J 
/ / 

/ / 
V' v 
../ ../ 

v ...,!' 

v ....,-- -./ 

/ / 
~- .,.,--
22. 1.4 
v v 
v ../ 

2~ 28 
v- v 
~ ~· 
/ 2S 

2.2 ·,/ 

v ../ 
.../ ../ 

2L\ 30 
v v 

q~ toi 
-

In it 

"*-
;'r, 

iJu\J 
::!IN 
'J~ 
'JIN 
JVV 
·r 

,N-\ 

JW 
::JlN 
J~\) 

ow 
::JIN 
A:. 
(>-

.::J\10 
:J!N 

:J!J>.} 
ON 
~IN 

:J\.N 

Avg. young/daphnid: l<t, __ .....:;,_ ____ _ % mortality: 0 ---------------------
#Days to 1st Brood: (Q --------------------

Sample Description: \SOO 1'1\9IL iOS 1'1\ode \1"1- 1\ouc;e MO.rch 11/14 . 
Comments: 

Reviewed by: ~ Date reviewed: ~ • 9-( I 'f 

Version 1.0; Issued June 1, 2006 Nautilus Environmental 



Client: Go\dQt' 

Sample ID: 10S 
Work Order: _1:....;4~1'1:..:2=-------------

Days 
Concentration: l.\1.\4 fl\'3 I L \OS 

A B c D E F G 
1 / / / / / / /. 
2 / / / / / / / 
3 -../ / v -../ -../ -../ ,./ 

4 v ../ ,./ -../ v v v 
5 v .../ v .../ ../ ../ .../ 

---6 -- --./ v' ../ v v' -./ v 

7 -./ .../ .../ ../ -../ -./ """ 8 / _/ / / / / / 
9 / / / / / / / 
10 \9 5 ../ tO 2~ 9 ...../ 
11 v II !C\ -./ ·./ v v 
12 ../ lD V' ../ ../ ../ 1-o 
13 31 v v' 20 ::2'1 v' .../ 

14 v ../ 1'3 ../. ...// ~- V/ 

15 / / / / / ?<... / 

16 2'3 2.2 / / / 1(0 

17 ..../ -../ 2\ m 2\ v 
18 ../ ../ v ../ ../ ../ 

19 .../ 2(:, v ../ -../ 23 
20 32 -./ 33 2(, 30 ../ 
21 v ../ ../ ../ ../ v 

Total \01- 'T'\ B6. -=l4 ID3 q')<, SL. 

Notes: X = mortality. 

Brood Source: 0'212.14 A 

pqr~~ ;,1 Of 6 

21-d Chronic Freshwater Toxicity Test 
Daphnia magna Reproduction Data 

H I J I nit 

Start Date & Time: iV\CII"'C~ 14- I \4 @ tl\-OOh 
Stop Date & Time: IW''"'I ~ I N· @ \330\r­

Analysts: 0\N, /\\NO 

Concentration: f:(,=f ti\'3 f L 1DS 
A B c D E F G H I 

/ // / /'- / / / /. / / / / ./ 
/ / / ~ / / / / / / / / / 
-../ ,./ v JW •../ v ...., ../ v v v- v v 
,./ .../ v :Jv-J -../ v -../ 

..., ../ ...., v v v 
../ ../ -./ :JW v ,./ -../ 'i- v- v -../ v v 
v -../ v :Juv v v ../ )'( v v v ...., _,-

v v """'~ ::J\f\.1 ../ ../ v ../ ../ / v: ,./ 

/ / .. / .;ft. / /. / / / / / / 

/ / / (Y> / r / / '/ r / / 
,2:; 2.0 11- :J(N ~4 :2~ 21 21- 1.S 19 1=1- ;24 

v --./ ,./ ::J\,1\J .../ .../ -.../ v v '-./ v -../ 

.../ ./ v :::JIN ......... .../ .../ .../ ...., ../ -./Vii' v 
../ 23 21- .:JvJ 29 3\ 4) 28 .../ .../ 291(; ../ 

1':!.- ..// ..// JW ../ .../ ../ -./ 11 .,./ v ~4-
/ / / /d> / L_ / / / / / / 
r / 20 ~ / / 20 ~4 / / .24 / 

2.9, :24 ... .../ ~\rJ 30 -=t..X ../ -../ 1'2. 7<. ../ 20 
../ v v :jlf\) v' ../ v' ../ ...., v 

v' ·../ 11- jif'.l .../ ../ v ../ v ../ 
32 2(; -../ ::J{J\) 28 34 33 31 30 29 
../ ../ ../ :::1\tJ ../ ../ v ../ ../ -../ 

\\{) a;?, en -::!IN \II G:f 10<1 o..,. \\L. eq 1911 qq q'{ 
........ -

Previous Brood Previous 7-d 

J 
/ 
/ 
-../ 

v 
-../ 

-../ 

.../ 

/ 
/ 
v 
-../ 

../ 
lb ...., 
/ 
lb 
v 
../ 

1l 
../ 
v 

S9 

I nit 
/'"'>_ 
/"'--, 

Ot;v 
,JIJ\) 

ow 
::JIN 
:::J\N 
,.._, 
/"-, 

~11\1 
J\AJ 
ow 
JtN 
-:JIN 
,A;:.. 
.A.. 
OiN 
J\N 
JW 
.:JIN 
-:)1/J 

:::liN 

Avg. young/daphnid: \8 ----· 
% mortality: __ o ________ _ 

#Days to 1st Brood: lO --------------------
Sample Description: \SOO \'i\.9/L \OS ~roc\e \1\- nouse Mo.rc\\ tl/ tl.\ 
Comments: 

Reviewed by: 0C9iv Date reviewed: ~, ~ /1 'f 
I 

Version 1.0; Issued June 1, 2006 Nautilus Environmental 



Client: Go\di~\' 

Sample ID: 10S 
Work Order: ...:I:...;Li..:.;\'2=-::'2.=------------

Concentration: 1000 m911_ 10S 
Days 

A B c D E F G 
1 / / / / /_ / / 
2 / /_ / / / / / 
3 -../ -/ \/ v v .,/ \/ 

4 .,/ v \/ v \/ ..,/ ../ 

5 ../ ../ v ../ v v ../ 

6 ../ ../ \/ v ../ \/ ../ 

7 v' ./ ../ ../ -./ .._,/ .../ 

8 / /: / / / / /. 
9 / / / / / / / 

10 22 20 1'4 -/ 24 .../ 22. 
11 ./ ../ ../ ../ ./ ../ ../ 

12 ../ ../ t '" ../ II ../ 

13 w 20 2~ -./ 24 ../ 1C\ 
14 t;, ../ ../ J 2.1 ../__. 

15 X / / / / / / 
16 /, / 29 / / / 
17 1e 26 v 11- '2D ../ 

18 v ../ v ../ ../ 'X 
19 ../ ../ 24 -../ v I 
20 I "21- 3B ../ 32 2-=!- I 
21 r v ../ 'lS v ../ I 

Total S1"' C\0 !01- 93 \0~ =t-'1 41)( 

Notes: X= mortality. 

Brood Source: 021'211.\- A 

21-d Chronic Freshwater Toxicity Test 
Daphnia magna Reproduction Data 

H- I 
/ / 
/ / 
\/ ./ 

./ ../ 

v v 
v ../ 

./ ../ 

/ / 
/ / 

H 2.'2 
../ v 
.../ ../ 
:28 30 
../ ../ 

// / 
/ 2.2 
iq v 
v v 

../ ../ 

'2.S 3l.l-
v ./ 

C\'1. \OS 

Start Date & Time: Mo.rch \4 I \4 @ t40Dh 
Stop Date & Time: Mrl\ '-* f 11.1: @ \330h 

Analysts: :::liN ( AWO 

Concentration: tSOO 1:1'\9/f- \OS 
J I nit A B c D E F G H 
/ /h ~ / // // // / / / 
/ !>-> / / / / / / / / 
v :JvJ ../ v .../ v ..., v .../ ....,-

v ~IN v ../ v \/ v \/ v ...., 
../ :JW v \/ \/ v \/ v v V' 

v J~J v v \/ ../ ../ v V' \/ 

../ JIN ..../ ....,/ .../ -.../ ..../ ..../ ../ ~ 
' 

/ ,k> ~- /_ / / / / / / 
/ ,.,..., / / I"' / / / / / 
2.0 iJ\10 ~~ 1e 2.0 20 13 lr? '22. '21 
../ .Jlf'l ../ / v v ,/ ../ ../ ,/ 
../ JW ../ ../ ../ ../ ../ ../ ../ ....,/ 

23 \)~ 23 IC\ :Z.Ib 19> 2\ 20 IS 19 
. ..// JIN ../ I ..,I ../ ../ ../ ../ v 
/ _A:> ,--- / / -A /"' / / / 
Ft h / / / / / / / 
../ 'j\N 13 II.\- ~, i2. 20 •,/ 20 
v -:!IN ../ 

,.., v v ..,/ v v 

../ "J\1'1 ../ ../ ../ ../ ../ ../ ../ 
'3~ ~IN '.2.'2. 2i- 35 3'2. 28 ..../ 32 
../ 0\N v ../ v v ./ ./ v 

q~ iJlN '9-\ -=A \04 36" ~s Sf, 3-=t iOl 

Previous Brood Previous 7-d 

\]0'1'C :::5 f.Jt 6 

! 

I J I nit 
/ / ~ 
/ / _..... 

v \/ JIN -- ..., ~!)\I 

v \/ ow 
v v JIIV 
"V' v Jlf\l 

--- ~ fr> 
/ / (>-, 

t4 22. CJVV 
.../ ../ :J(/\) 
../ .../ ::JIN 
22 22__ JvJ 
../ I ::JtN 

/ / )-.. 

2'2. / .A 
-.../ 2.b :Jvv 
/ ../ :JiN 

:;;::; ../ J!N 
v 3\ :::JN 
../ v ow 

0.\ tO'L :JW 
---

Avg. young/daphnid: _\...:£) ___ _ % mortality: _ ___;o ________ _ 

# Days to 1st Brood: lD ----------------- ) 
Sample Description: \SOO l'i\9 /L \OS IY\Ode II\- nol.l<;e MO.rd\ l2 /14 

Comments: 

Reviewed by: uGtL Date reviewed: th;cc, f / l'f 
I 

Version 1.0; Issued June 1, 2006 Nautilus Environmental 



CETIS Analytical Report 

Daphnia Magna 21-Day Life Cycle Test 

Analysis ID: 17-0774-0673 
Analyzed: 04 Apr-14 14:28 

Batch ID: 

Start Date: 

19-3235-7899 

14 Mar-14 14:00 

Ending Date: 04 Apr-14 13:30 

Duration: 20d 23h 

Sample ID: 12-6453-6091 

Sample Date: 12 Mar-14 

Receive Date: 12 Mar-14 

Sample Age: 62h 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1) Linear 

Point Estimates 

Level mg/L 9S% LCL 

LC5 527.1 325.4 
LC10 638.6 362.3 
LC15 >1516 N/A 
LC20 >1516 N/A 
LC25 >1516 N/A 
LC40 >1516 N/A 
LC50 >1516 N/A 

Survival Rate Summary 

C-mg/L CD Control Type 

217.5 Negative Control 
292.3 
435 
666.4 
1002.6 
1516 

Survival Rate Detail 

C-mg/L Control Type 

217.5 Negative Control 

292.3 

435 

666.4 

1002.6 

1516 

Survival Rate Binomials 

C-mg/L Control Type 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

Seed 
500192 

9S% UCL 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Count Mean 
10 0.8 
10 
10 0.9 
10 0.7 
10 0.8 
10 0.9 

Rep 1 Rep2 
1 1 

0 

0 

1 

Rep 1 Rep2 

217.5 Negative Control 1/1 1/1 

292.3 1/1 1/1 

435 1/1 1/1 

666.4 1/1 0/1 

1002.6 0/1 1/1 

1516 1/1 1/1 

Survival Rate 
Linear Interpolation (ICPIN) 

Survival-Reproduction 

ASTM E1193-97 (1997) 

Daphnia magna 

In-House Culture 

4B5F4A1B 

Total Dissolved Solids 

Golder 

TDS 

Report Date: 

Test Code: 

07 Apr-14 09:03 (p 1 of 2) 

14122 1 06-4698-8065 

Nautilus Environmental 

CETIS Version: CETISv1.8.7 
Official Results: Yes 

Analyst: Jeslin Wijaya 

Diluent: Mod-Hard Synthetic Water 

Brine: 

Age: <24h 

Client: Golder 

Project: 

Resamples Exp 9S% CL Method 

200 Yes Two-Point Interpolation 

Calculated Variate(AIB) 

Min Max Std Err Std Dev CV% %Effect A B 
0 1 0.1333 0.4216 52.7% 0.0% 8 10 

0 0 0.0% -25.0% 10 10 
0 0.1 0.3162 35.14% -12.5% 9 10 
0 0.1528 0.483 69.01% 12.5% 7 10 
0 0.1333 0.4216 52.7% 0.0% 8 10 
0 0.1 0.3162 35.14% -12.5% 9 10 

Rep3 Rep4 RepS RepS Rep7 RepS Rep9 Rep 10 
1 0 0 1 1 1 1 1 
1 1 1 

0 1 

0 0 

1 0 

0 

Rep3 Rep4 RepS RepS Rep7 RepS Rep9 Rep 10 
1/1 0/1 0/1 1/1 1/1 1/1 1/1 1/1 

1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 

1/1 1/1 1/1 0/1 1/1 1/1 1/1 1/1 

1/1 0/1 1/1 1/1 0/1 1/1 1/1 1/1 

1/1 1/1 1/1 1/1 0/1 1/1 1/1 1/1 

1/1 0/1 1/1 1/1 1/1 1/1 1/1 1/1 

CD iOS Meo.suremen\s qre oo.sea cl\ 001;:!0 cneM~!'Y. 

000-469-187-2 CETIS™ v1.8.7.16 Analyst: ()\JJ QA: -J'{J(__ 
A'.-tv--1- } 

James
Typewritten Text
LC20 and LC50 are >1510 based on average of 

James
Typewritten Text
measured TDS at initiation and termination



CETIS Analytical Report 

Daphnia Magna 21-Day Life Cycle Test 

Analysis ID: 17-0774-0673 Endpoint: Survival Rate 
Analyzed: 04 Apr-14 14:28 Analysis: Linear Interpolation (ICPIN) 

Graphics 

C-mg/L 

000-469-187-2 CETIS™ v1.8.7.16 

Report Date: 

Test Code: 

07 Apr-14 09:03 (p 2 of 2) 

14122 1 06-4698-8065 

Nautilus Environmental 

CETIS Version: CETISv1.8.7 
Official Results: Yes 

Analyst:_0_V'J __ 



CETIS Analytical Report 

Daphnia Magna 21-Day Life Cycle Test 

Analysis ID: 06-0581-7059 
Analyzed: 07 Apr-14 9:02 

Batch ID: 19-3235-7899 

Start Date: 14 Mar-14 14:00 

Ending Date: 04 Apr-14 13:30 

Duration: 20d 23h 

SampleiD: 12-6453-6091 

Sample Date: 12 Mar-14 

Receive Date: 12 Mar-14 

Sample Age: 62h 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1) Linear 

Point Estimates 

Level mg/L 95% LCL 

IC5 364 324 
IC10 >1516 N/A 
IC15 >1516 N/A 
IC20 >1516 N/A 
IC25 >1516 N/A 
IC40 >1516 N/A 
IC50 >1516 N/A 

Reproduction Summary 

C-mg/L G) Control Type 

217.5 Negative Control 
292.3 
435 
666.4 
1002.6 
1516 

Reproduction Detail 

C-mg/L Control Type 

217.5 Negative Control 

292.3 

435 

666.4 

1002.6 

1516 

000-469-187-2 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

Seed 

403923 

95% UCL 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Count Mean 
10 78.8 
10 98.4 
10 79.9 
10 75.6 
10 86.2 
10 79.8 

Rep1 Rep2 

99 76 

104 90 
107 74 

111 63 

52 90 

71 79 

Reproduction 
Linear Interpolation (ICPIN) 

Survival-Reproduction 

ASTM E 1193-97 ( 1997) 

Daphnia magna 

In-House Culture 

4B5F4A1B 

Total Dissolved Solids 

Golder 

TDS 

Report Date: 

Test Code: 

07 Apr-14 09:02 (p 1 of 2) 

14122 1 06-4698-8065 

Nautilus Environmental 

CETIS Version: CETISv1.8.7 
Official Results: Yes 

Analyst: Jeslin Wijaya 

Diluent: Mod-Hard Synthetic Water 

Brine: 

Age: <24h 

Client: Golder 

Project: 

Resamples Exp 95% CL Method 

200 Yes Two-Point Interpolation 

Calculated Variate 

Min Max Std Err Std Dev CV% %Effect 
45 127 7.561 23.91 30.34% 0.0% 
90 107 1.759 5.562 5.65% -24.87% 
9 110 9.65 30.52 38.19% -1.4% 
0 112 12.54 39.64 52.43% 4.06% 
41 108 7.261 22.96 26.64% -9.39% 
37 104 7.789 24.63 30.86% -1.27% 

Rep3 Rep4 Rep5 Rep6 Rep7 RepS Rep9 Rep 10 
75 45 45 127 75 77 81 88 
90 101 100 96 97 102 97 107 
86 74 103 9 52 110 93 91 
109 0 112 89 19 97 97 59 
107 93 107 79 41 92 108 93 
104 38 88 86 37 102 91 102 

CETIS™ v1.8.7.16 Analyst: J\N 

James
Typewritten Text
IC20 and IC50 values are >1510 mg/L based on

James
Typewritten Text
average measured TDS at test initiation and 

James
Typewritten Text
termination



CETIS Analytical Report 

Daphnia Magna 21-Day Life Cycle Test 

Analysis ID: 06-0581-7059 Endpoint: Reproduction 
Analyzed: 07 Apr-14 9:02 Analysis: Linear Interpolation (ICPIN) 

Graphics 

~ 

~ ~-~-----~~------·---------~~~­- .. --

Comg/L 

000-469-187-2 CETIS™ v1.8.7.16 

Report Date: 

Test Code: 

07 Apr-14 09:02 (p 2 of 2) 

14122 1 06-4698-8065 

Nautilus Environmental 

CETIS Version: CETISv1.8.7 
Official Results: Yes 

Analyst: J\N QA: (JC~ 
, -:r /' 



Client: Go\O.er-

W.O.#:_II.\....;.;\_'2..'2..:......_ __ _ Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
Sample (ml) 0.02N (ml) of 0.02N Sample 0.01M Total 
Volume HCUH2S04 HCUH2S04 Total Alkalinity Volume EDTA Hardness 

Sample ID Sample Date (ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

Mt\IN Ma.rcn l~ (14 50 z,.s; 3.G G'O so 5·0 lOO Jv-.l 
<:JW so Z,.(:, so 100 Ju-l M\1\N March 11- Ill\- 3-S GS !?·0 

tv\11\N MGII'Ch \Q. /14- so ~.(; 3.~ -=!-0 so S-O lOU ::liN 

M\1\N Mo.\C~ il/14 so 3.~ 3.~ ~?. 50 S·O {00 JW 

M\-1\fJ I'J)QfC~ '2.1/tl.\- t?D 3.-=j- 3.B 1-'2.. so 5·0 100 JIN 

M+\\N March ~ /14- 50 "?J.(, 3.1- 1-0 so S·O \00 JIN 

\1:]00 m0/ L \OS Mo.rch 14 /N so £.0 '?>-\ q£) 10 CD 8-q gqo Jl!-J 

Notes: <D DI\U\€0. -to 100 ML w; Ol 1-\2() . 

Reviewed by: '-)GL Date Reviewed: dyv-r · Y / f lf 

Version 1.0 Issued June 26, 2006 Nautilus Environmental 



[This report shall not be reproduced except in full without the written authority of the Laboratory.]

14-MAR-14

Lab Work Order #:  L1432679

Date Received:NAUTILUS ENVIRONMENTAL

8664 Commerce Court
Imperial Square Lake City
Burnaby  BC  V5A 4N7

ATTN: Jeslin Wijaya
FINAL   
21-MAR-14 17:26 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-420-8773

Job Reference: 
NOT SUBMITTEDProject P.O. #: 

1C of C Numbers: 
Legal Site Desc: 

James
Typewritten Text
Chemistry at test initiation



21-MAR-14 17:26 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1432679 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water Water Water Water Water
14-MAR-14 14-MAR-14 14-MAR-14 14-MAR-14 14-MAR-14

CONTROL 296 MG/L TDS 444 MG/L TDS 667 MG/L TDS 1000 MG/L TDS

L1432679-1 L1432679-2 L1432679-3 L1432679-4 L1432679-5

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

209 361 529 783 1140

76.9 21.7 32.1 45.6 73.7

2.25 147 218 339 515

97.6 26.3 38.2 58.8 84

16.6 61.6 91.8 138 204

13.7 7.08 10.7 15.8 23.6

2.8 3.0 4.5 6.5 9.8

38.4 34.3 52.5 80.9 122

Physical Tests

Anions and 
Nutrients

Total Metals



21-MAR-14 17:26 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1432679 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water
14-MAR-14

1500 MG/L TDS

L1432679-6

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

1790

111

772

135

304

37.4

15.0

186

Physical Tests

Anions and 
Nutrients

Total Metals



Reference Information

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

21-MAR-14 17:26 (MT)

L1432679 CONTD....

4PAGE of

ALK-COL-VA

ANIONS-CL-IC-VA

ANIONS-SO4-IC-VA

MET-TOT-ICP-VA

TDS-VA

Alkalinity by Colourimetric (Automated)

Chloride by Ion Chromatography

Sulfate by Ion Chromatography

Total Metals in Water by ICPOES

Total Dissolved Solids by Gravimetric

This analysis is carried out using procedures adapted from EPA Method 310.2 "Alkalinity". Total Alkalinity is determined using the methyl orange 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

ALS Test Code Test Description

Water

Water

Water

Water

Water

EPA 310.2

APHA 4110 B.

APHA 4110 B.

EPA SW-846 3005A/6010B

APHA 2540 C - GRAVIMETRIC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

1

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1432679-1, -2, -3, -4, -5, -6Calcium (Ca)-Total MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike

QC Type Description

4





[This report shall not be reproduced except in full without the written authority of the Laboratory.]

04-APR-14

Lab Work Order #:  L1440078

Date Received:NAUTILUS ENVIRONMENTAL

8664 Commerce Court
Imperial Square Lake City
Burnaby  BC  V5A 4N7

ATTN: Jeslin Wijaya
FINAL   
10-APR-14 14:31 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-420-8773

Job Reference: 
NOT SUBMITTEDProject P.O. #: 

C of C Numbers: 
Legal Site Desc: 

James
Typewritten Text
Chemistry at test termination



10-APR-14 14:31 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1440078 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water Water Water Water Water
04-APR-14 04-APR-14 04-APR-14 04-APR-14 04-APR-14

CONTROL MHW 296 MG/L TDS 444 MG/L TDS 667 MG/L TDS 1000 MG/L TDS

L1440078-1 L1440078-2 L1440078-3 L1440078-4 L1440078-5

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

209 444 626 897 1250

80.8 22.1 33.7 47.5 80.2

2.20 149 227 343 518

97.7 26.8 39.5 60.2 90

16.8 59.5 89.7 136 205

13.7 7.28 11.0 16.8 25.2

2.4 2.8 4.3 6.5 9.8

33.8 34.5 51.9 78.2 119

Physical Tests

Anions and 
Nutrients

Total Metals



10-APR-14 14:31 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1440078 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water
04-APR-14

1500 MG/L TDS

L1440078-6

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

1950

111

774

134

299

37.1

14.8

179

Physical Tests

Anions and 
Nutrients

Total Metals



Reference Information

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

10-APR-14 14:31 (MT)

L1440078 CONTD....

4PAGE of

ALK-COL-VA

ANIONS-CL-IC-VA

ANIONS-SO4-IC-VA

MET-TOT-ICP-VA

TDS-VA

Alkalinity by Colourimetric (Automated)

Chloride by Ion Chromatography

Sulfate by Ion Chromatography

Total Metals in Water by ICPOES

Total Dissolved Solids by Gravimetric

This analysis is carried out using procedures adapted from EPA Method 310.2 "Alkalinity". Total Alkalinity is determined using the methyl orange 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

ALS Test Code Test Description

Water

Water

Water

Water

Water

EPA 310.2

APHA 4110 B.

APHA 4110 B.

EPA SW-846 3005A/6010B

APHA 2540 C - GRAVIMETRIC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1440078-1, -2, -3, -4, -5, -6
L1440078-1, -2, -3, -4, -5, -6

Calcium (Ca)-Total
Magnesium (Mg)-Total

MS-B
MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike
Matrix Spike

QC Type Description

4





Nominal TDS  mg/L Control 296 444 667 1000 1500

Alkalinity mg/L 76.9 21.7 32.1 45.6 73.7 111

Cl mg/L 2.25 147 218 339 515 772

SO4 mg/L 97.6 26.3 38.2 58.8 84 135

Ca mg/L 16.6 61.6 91.8 138 204 304

Mg mg/L 13.7 7.08 10.7 15.8 23.6 37.4

K mg/L 2.8 3 4.5 6.5 9.8 15

Na mg/L 38.4 34.3 52.5 80.9 122 186

Calculated TDS mg/L 217.5 292.3 435.0 666.4 1002.6 1516.0

Nominal TDS  mg/L Control 296 444 667 1000 1500

Alkalinity mg/L 80.8 22.1 33.7 47.5 80.2 111

Cl mg/L 2.2 149 227 343 518 774

SO4 mg/L 97.7 26.8 39.5 60.2 90 134

Ca mg/L 16.8 59.5 89.7 136 205 299

Mg mg/L 13.7 7.28 11 16.8 25.2 37.1

K mg/L 2.4 2.8 4.3 6.5 9.8 14.8

Na mg/L 33.8 34.5 51.9 78.2 119 179

Calculated TDS mg/L 215.1 293.1 443.6 669.2 1015.1 1504.5

Average TDS mg/L 216.3 292.7 439.3 667.8 1008.9 1510.3

Day 0 ‐ March 14, 2014

Day 21 ‐ April 4, 2014

James
Typewritten Text

James
Typewritten Text

James
Typewritten Text



Erica Bonhomme, Snap Lake Environmental Manager 14-1349-0003/1500/1503 
De Beers Canada Inc.(DBCI) June 10, 2014 

 

 

  
 

ATTACHMENT 2 
NAUTILUS ENVIRONMENTAL DATA REPORT: Test 4 



 

Nautilus Environmental Company Inc. 
8664 Commerce Court, Burnaby, BC, Canada, V5A 4N7 |+1 604 420 8773  

 
Golder Associates Ltd. Report Date: May 2, 2014 
ATTN: Peter Chapman Work Order: 14123 
200 – 420 West Hastings Street   
Vancouver, BC  
V6B 1L1  
 

Data report 
  

Species: Daphnia magna 
Protocol: ASTM E1193 - 97 

 
 
Table 1. Results for the 21-d Daphnia magna life-cycle toxicity test. 
 

Sample ID Sample Date 21-d IC20 mg/L TDS 

TDS Laboratory prepared >1435 

 
The test met performance criteria and there were no deviations from the test methods.  The 
results presented here relate only to the sample tested. 
 
 
 
 
  

 

 

 
  Reviewed By: 

Jeslin Wijaya, B.Sc.  James Elphick, R.P.Bio 
Laboratory Biologist  Senior Reviewer 

 



Daphnia magna Summary Sheet 

Client: 
Work Order No.: 11.\-1'23 

Sample Information: 

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

MO.I"'Ch ::l4/t4 ( MC\Cie II\- houc;e) 

Mai'Ch ~1.\-/tl\- (MO.de il\- hCU~~) 

\ 'I< :::10 L 

Test Organism Information: 

Broodstock No.: 
Age of young (Day 0): <24 h 

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: Dm 111 

Stock Solution ID: N NC\ 0\ 

Date Initiated: A{lri\ 6 , 2014 

48-h LC50 (95% CL): 

Start Date/Time: MO.rch :lS IN @ l:lOOh 

Test Species: Daphnia magna 
Set up by: _J_I.N ______ _ 

Test Validity Criteria: 
~70% survival in the control treatment(s) 

Average of ~60 young/adult produced in the control 

No ephippia were produced in the control treatment(s) 

WQ Ranges: 

T (°C) = 20 ± 2; DO (mg/L) = 3.0 to 9.4; pH = 6 to 8.5 

g/LNaCL 

Reference Toxicant Mean and Historical Range::..::_4...:..·_o_(.:....?:._.1_-_4_·_4_) __ __;;z;9/c.=L..:..N:.:a~c=-L-
Reference Toxicant CV (%): _1.\ ______________ _ 

Test Results: lh~ :21- ct LC SO Is -, \43S l'fi0(L 10S · 

1h~ :::!1 - ct tc 20 lS '7 N% ll\9 IL \OS · 

Reviewed by: Date reviewed: __ h_c:-;-+_1--J/:......-Ilf~--
~/ 

Version 1.0; Issued February 19, 2014 Nautilus Environmental 



Summary of test conditions for the Daphnia magna life-cycle toxicity test. 

 
Test organism Daphnia magna 

Test organism source In-house culture 

Test organism age <24-h old neonates  

Test type Static-renewal 

Test duration 21 days 

Test chamber 250-mL glass beaker 

Test solution volume 100 mL 

Test concentrations (mg/L TDS ) Five concentrations, plus laboratory control 

Number of replicates 10 

Control/dilution water Moderately hard water  
(hardness 80-100 mg/L CaCO3) 

Test solution renewal Three times weekly  

Test temperature 20 ± 2°C 

Number of organisms/chamber 1 

Feeding Daily, with Pseudokirchneriella subcapitata and 
digested yeast, cerophyll and trout chow 

Light intensity 400 to 800 lux 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test protocol ASTM E1193 - 97 

Test endpoints Survival and reproduction 

Test acceptability criterion for controls ≥70% survival; average of ≥60 young per 
surviving control female 

Reference Toxicant Sodium Chloride 

Test Start/End Date March 28, 2014/ April 18, 2014 

 

 

References 

ASTM.  2004. Standard Guide for Conducting Daphnia magna Life-Cycle Toxicity Tests. Method: 
E1193 - 97 (Reapproved 2004). In: Annual Book of ASTM Standards. Volume 11.06. 
Biological Effects and Environmental Fate; Biotechnology, Water and Environmental 
Technology, American Society for Testing and Materials. Philadelphia, PA. 

 



Client: 
Sample ID: 
Work Order #: 

Version 1.0; Issued June 1, 2006 

Gotder 
iDS 
141'23 

21-d Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: 1\f\0\Ch 28 /II.\ @ 1200 h 

Stop Date & Time: -April 18 ( 14 @ \2?:01A 
Test Species: Daphnia magna 

page I Of d. 

CD I Control 

Sample 11;()0 f1\9il 
ms macte 

\Jio.rc\'1 '2.\..1- f Ill-

Comments: (j) \)leQSe. lefe\ 
'iD \\o.rcl11ess ~ a\Ka\i. 11H'0 
~ata~'eei . 

JIJ'l, Y'il I A\!01> 

JGlL 

~'r 

Nautilus Environmental 



Client: 
Sample ID: 
Work Order#: 

Concentration 

Version 1.0; Issued June 1, 2006 

Go\cter 
lOS 
14\?..3 

21-d Chronic Freshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Start Date & Time: MQrch 28/1\.\ @ l20Dh 
Stop Date & Time: A?r\\ \9, IN @ 12 3Dh 

Test Species: Daphnia magna 

?09e ~ Of .1 

(D Control 

I Hardness* 

r Alkalinity* 

* mg/L as CaC03 

Sample 

Description: 

\\\- nouse oo 

ISOO l'l\9il 
11)S mo.cte 

Mo.rcn '21.1- /11.\-

Comments: (J) !?lease reFer 
to tlarctne.;s. ~ al\<aiini-t~ 
clmo.~hee1 · 

Analysts: :i~J\l I ffl ' AlNP 

Reviewed by: 

Date reviewed: 

.jCV--

h~ '1/'t 

Nautilus Environmental 



Client: Go\cle.r 
~~------------------

Sample ID: _i:..:.O:..:.S-:-----------
Work Order: \~l2.3 

~~~-----------------

Days Concentration: CQ!\110\ 

A B..-- c D E F G 
1 r / / L_ L_/ / 
2 / / / / / / / 
3 ../ (/ V' v v v -./ 

4 .,., ·./ ·./ ·./ v v' v 
5 ./ ./ .,/ v ../ v ../ 

6 /' / / / / / / 
7 / / / / / / / 
8 .- / / / / / / 
9 /"' .• / ./ / / /-
10 N· \S liJ lS 1'3 1'2. 12 
11 ../ ../ ..,/ v ../ ../ ./ 

12 ,,.,.- -- _, 
/ -- - / 

13 23 :2.~ ::2.4 2\ ~4:. 22. 1S 
14 ....,,.. ../ ../ ..; ../ ../ v 
15 r / / ./ c-. / / 
16 30 A "'L2 1«; at 'z:f IB 
17 v v ../ v ..,/ ../ v 
18 v ../ ../ ..,/ v ../ / 

19 3S. l~ 3\ ../_ it 2.f» ~ 
20 ./ v ../ ../ ../ v, .../ 
21 / / / / [_ r / 

Total !01. qo C\1 '7\ qq 69 l\ 

Notes: X = mortality. 

Brood Source: 03\'211..\ A 

21-d Chronic Freshwater Toxicity Test 
Daphnia magna Reproduction Data 

H I 
/...-- / 
/ / 
-./ v 
..,.,.. ../ 

..r ../ 

/ / 
/ / 

/ / 
/ / 

1'?7 ill-
../ ../ 

/ '1 
2~ ,/ 

v v 

/ r 
:25 30 
../' .../ 
./ ./ 

\9 1e 
./ ;., 
/ ~ 

l~ 1-<1 

Start Date & Time: Marc\'\ '29 I 1L\ @ QOOh 
Stop Date & Time: AI?\\\ \S ( \L\ @ 1'230\r­

Analysts: -Jlf\1, A\fJD, '<YL 

Concentration: 'AC, N\9 I L. 10 S 
J I nit A B c D E F G H 
/ A? / / v / -// I/ ',/ ,/ 
/ ft. / / / / / / / / 
,/ ;JW .....-- -./ "' 

.._,. -..;- '-"' -./ '-" 
.,/ I:Jw ·../ · .. / ..,. 

·./ ·.,/ v ·../ ../ 
../ ::rvv v ../ ../ v v v v .,.,--
/ ~ / / / / / / -- --,..-- VI,JV\L- --- ,..-- ~ 

--------
~ ---- -- --/ ~ / / / / / / / / 

/ .A. 
,.,.,.. '/' / / // / /' / 

12 OW 1S 9 l=t- 1=3 q j(_; 14 12 
../ 01f\1 \/ / ./ v v V' v ../ 

. .,/" '1M£..,. - / _... / _..... ,.,/ ._./' -----. 
23 :JW '2'2 .25 :2.8 2~ lq :24- 22 2S 

..,/ ow / _,./ ../. ../ ../ ./' ./' ./ 
~r· / 

"""" 
/ / / / / / / / 

2S .... 35 40 36 2t; .!""'. ,,.. 2'l 90 
v JW ../ ./ ../ v ..,. ..,. v 
./ OIN ../ v ../ ../ ./ ../ q 
/ ::JW 3>\ uo 3"t ?A *' 1e 1.0 

../ ;)IN ../ ../ v ../ ../ v ../ 

/ ~ ,/' /' / ~ / / / 

GD JlJ-.l tO~ lll\ ll'& 'l1. 2S 10'2... 83 tQb 

Previous Brood Previous 7-d 

(JQC)e I Of 3 

I J I nit 
/ / .A-
/ £ L'?_ 

/ ..,..- 'ZSIN ..., 
../ ·../ :l\iJ 

"- v JlN 
r - "\N;\.... 

----- .--- \;[/111... 

/ / ~ 
/ / --13 1l\ J(!J 
v v :JLN 

\CI (q ~ 
v ../ JlrJ 

v ../ Jli'l 

/ / .Lb 
~4 3(;, 1h 

v ..;' """ v ?1- _J_v-,1 
·::;--r_ .,/ Ji.N 
v v ::Jv...! 
/ / 11'-. 

\03 LOC::> ::Jtr-l 

Avg. young/daphnid: ___ 10. ______ _ % mortality: 0 
------~-------------

#Days to 1st Brood: q -----------------
Sample Description: \SOO {'(l(j ll \OS 1'1\C\c\e II\ ~MUSe 01\ MQrch 1\.\- , '2014 
Comments: 

Reviewed by: u~ Date reviewed: /teti I / l'f 
( 

Version 1.0; Issued June 1, 2006 Nautilus Environmental 



Client: Golde(' 
Sample ID: -::1:::0-=-s-----------

Work Order: ....:1....:4:..:.1'2:.::3~---------

Days 
Concentration: L\1..\-4 ffi9 fL 10S 

A B C.--- D E_ F_ G/ 
1 / // // // // // / / 

2 / / / / / / / 
3 -../ -../ ..., v v v v 
4 . v. ../ v ../ v ./ v 
5 v ../ v ./ ../ -../ .../ 

6 / / ../ / .../ / / 

7 ·/_ -- / / / / ../ 

8 / / / / / / / 
9 /. /""_ /' // / / / 

10 ~ 10 10 -../ -../ 11. N-
11 .../ v -../ v / v / 
12 \C\ ./_ / q i() ./ ,_/ 

13 v ":2?- 1S -../ ~ 2.\ 2'3 
14 ./ .../ v ../. v ..., v 

/ 

15 _L_ r / r / / / 
16 3'± 3(, :?I 8 / 2'0 3\\-
17 ../ -../ v -./ rca -../ -../ 

18 l:J. v .../ ../ 'll.\- ../ .../ 

19 ../ ~t;, 3~ 2S •./ ?!'=> 35 
20 ./ ../ v v v .../ v 
21 L / / /"" / / / 

Total B<O to+_ ({1- l\-1. so crt \Db 
- -- --

Notes: X= mortality. 

Brood Source: :.l:?.\1\U. A 

~age ;;l Of ? 

21-d Chronic Freshwater Toxicity Test 
Daphnia magna Reproduction Data 

H/ I/ 
// / 

/ / 
v ..../ 

v· v 
v v 
/ / 

../ ~ 

/ v 
/ / 

12 fl. 
.../ v 
../ .........-· 
IS 2.\ 
v v' 

/ / 
:!R 2=f 
v -../ 

.,/ .../ 

3'3 -;~ 
.../ ../ 
/' / 

qo 9CO 
L_ ·-

Start Date & Time: t\1\C\.rc:h 28 /1~ @ 12.00~ 
Stop Date & Time: -APr\\ t«6 I \L\- @ l230h.. 

Analysts: 011\l, A\illD, YY\.... 

Concentration: Gb=f l'fi9/L TOS 
J / I nit A B c D E F G/ H __ 

/ /""' -~ r-/ / ~L-, // /, / // // 
/ .fr> / L L / / / / / 

'../ ::Jv-.1 v v ..../ ....--- & v -....-- ~ 

v ::llJ\l ./ v .../ v / ../ .../ v 
-../ Jlf'l v v v ./ v -v-- ../ ../ 

/ 'V.MIL _./' _./' / ~ / ~ ~ ~ 

~- "-Vv\;L- ~ ----
~ ~ ~ ~ -· .,..-·-· 

,. 

'(' 

"" / / / / / / / / 
~-· / / / /" /' / / / / 

8 .:Juv I? ;ji~!l{ '1 II 0- tO 12 v .../ 

v JW -../ / v' v -../ v v -../ 

·?-2.- [\.(UL .;...-- / / ._/ -- ~ 10 l(o 
../ :J01 24 :21.\- 20 2\ 2\ 23 -../ -~ 
v :JW v v ...r ~ V' ~~../ v v 

/ Lh / 
.. / _/" / / ~ ~ 

. /" 

37 :34 :32 ~'-\- 210 2B 32 If:> 2.q 
-../ ::JIN v v -../ ·/ .../ ~ v ~-

-../ JIN ./ ../ .../ ./ .../ .../ ~ 2'0. 
~5 GIN 3-=f- 35 31- ')b 3-:r 2"T -../ ../ 
v JvJ v ./ .../ .../ .,/ ./ ./ .../ 
/ fh, _/ 

-----· 
/ ,.-· / / rO, 2-~ 

\00 ::JW lDI2> lOO (O'l. gr; Cl.b ct\.\- 1-\ lOO 
----

Previous Brood Previous 7-d 
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/ /'/ 
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-../ ../ 

30 50 
-./ v 
/ ~ 
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iJIN 
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Avg. young/daphnid: 1~ ----- %mortality: __ o _____________ _ 

#Days to 1st Brood: '\ --------------------
Sample Description: \SOD ~9 i L iOS roo. de il\- nouse 0\\ \-.1\o.tct-. 1.~ , 1011.\-
Comments: 

Reviewed by: vc~ Date reviewed: f1. (;l.f f/l'f 
I 

Version 1.0; Issued June 1, 2006 Nautilus Environmental 



Client: Go\der 
~7-------------------Sample ID: _l"_O_S __________ _ 

Work Order: _1'-'4:..:..12:...:3:.__ ________ _ 

Days Concentration: 1000 l'!\9/L. \OS 
A B c D E F G 

1 / / /' / / I-'/ // 
2 /' / / / / / / 
3 .../ v .../ ../ .../ .../ v' 

4 v .../ v .../ v .../ .../ 

5 .../ ../ ../ .../ .../ .../ ../ 

6 - ./ ./ / ./ . ./ ,/ 

7 .6' / / ,./; / / / 

8 / / /'_ / / / / 
9 / /'"'_ / I/ / , .. / 
10 v' \3 \1 1\ I? 12 II 
11 J ../ .../' J J v' .../ 
12 (_~ ./' ./ / .,./ ,/ ./ 

13 ./ IB 2_t; ~I? ~4 2~ ::24 
14 v v .J -.../ .../ .,./ v 
15 / / v / / / / 
16 S3 29, ss 32. 30 2'7 2G 
17 v v v ../ V' ../ v 
18 ?10 .../ ;;;; v .../ ../ .../ 

19 v 31- 42 10 2'1 tS 2'2. 
20 "!J5if v .../ J .../ .../ v 
21 '2.1--- / / /' /' r / 

Total lD'O Clb Ill\- ~A Clb ~ S3 
--- --L__ 

Notes: X = mortality. 

Brood Source: 031'2N· A 

21-d Chronic Freshwater Toxicity Test 
Daphnia magna Reproduction Data 

H I 
/ / 
/ / 
v v 
._/ v 
v J 

/ ,/ 

/ / 

/ / 
/ ~ 

q q 
.../ v' 
.,../ / 

111 22 
v .../ 

/ 
2.8 S5 

.../' .../' 
../ .../ 

3(:, / 
./ ·v 

/ / 

Cll ~b 
---

Start Date & Time: MOler. !L8 { tl.\ @ l200h 
Stop Date & Time: Apr\\ 18 1 11..\ @ 1230h 

Analysts: ;)\i'l, Alf\ll), YYL 

Concentration: ISOO l'f\9 IL. lOS 
J I nit A B c D E F G H 

/'/ /b / / /-/ / /' / / / 
/ /Y' / / / / / / / / 
._/ 'Cj\t\1 v .../ v v v' -.../ '-./" v 
._/ JIN v v .../ ./ v v ../ v-
v :::JlN v ../ ../ -./ .../ v ../ v 

/ I.'IMJ..._ --- ~ / ~ ~ / /.- ____.--

/ Y\!vt l --- / - _/ ..--- ·- / / 

/ /Jr7 / ~/ / / / / / / 
- / 

('n ~- / / r / /' /' / 
\1 JIJV II 13 I~ .../ ...,; v .../ J 
\/ J(l\) v v \/ ../ v .../ t3 v 

---- ~ 
(,.<" _.....,.- .-- ~ ,/ ib ./ \./" 

20 :J(j\} 1\ :2" :18 ./ 9, ../ :28 J 
v 'JW -./ ../ v lQ_ v v v v 

/ 

v / b / L _C_ L' ~- /_ / v 
1'3 11'\ % 31 3~ L ll 32 '30 2\ 
v ;JI/V ./ .../ ./ 32 ...,- V' v ../ 

J ;:}\!\) ../ ../ .J ../ .../ 'l=t .../' 2'1 
\9 :::liN '30 '2\f<. Q(; / .../' v 3T v 

v ::i\N v I .,/ I"~ ../ ../ v v 
/ A:::::> / I / }L,._.,.-,1:- r / .,.. ~ 

't?, JW s~ 0!\ lc:::b q?;, Vi ~ 1Ci(5 42> 
-- --

Previous Brood Previous 7-d 

I J I nit 
/ / ft> 

/ / A 
-../ v ::liN 
v v :liN 
v .../ :J(/'l 
_..-· -- l""''~e-

___.. __./ "1M(__. 

/ / A-

/ ___... 
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.,/ 14- :JIN 
v v Jlf\) 

......... '1-t; ~ 
s J JiJ'I 
v v Jvv 
~ ,- A-> 

':f. 2~ In 

v v .:n;V 
.../ .../' ow 
~ 2(:, :>W 
v v :J~ 

/ / ~ 

19 8B \liN 

Avg. young/daphnid: \9 ---'------ % mortality:--=()--'----------

# Days to 1st Brood: q ---'-------------
Sample Description: \SOD \'fi91L \OS \'flo.de \1\ - ~nou~ O\\ MOte\\ '21.\- , 'LOll\: 

Comments: 

Reviewed by: \)&L._ Date reviewed: ,Pl..t:t1 { J l'f 
{ 
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CETIS Analytical Report Report Date: 30Apr-1410:26 (p 1 of 2) 

Test Code: 14123 1 19-0880-4559 

Daphnia Magna 21-Day Life Cycle Test Nautilus Environmental 

Analysis ID: 08-7858-8833 Endpoint: Survival Rate CETIS Version: CET1Sv1.8. 7 

Analyzed: 30 Apr-14 10:25 Analysis: Linear Interpolation (ICPIN} Official Results: Yes 

Batch ID: 19-5330-0029 Test Type: Survival-Reproduction Analyst: Jeslin Wijaya 

Start Date: 28 Mar-14 12:00 Protocol: ASTM E 1193-97 ( 1997) Diluent: Mod-Hard Synthetic Water 

Ending Date: 18 Apr-14 12:30 Species: Daphnia magna Brine: 

Duration: 21d 1h Source: In-House Culture Age: <24h 

SampleiD: 13-7 452-0752 Code: 51ED85BO Client: Golder 

Sample Date: 24 Mar-14 Material: Total Dissolved Solids Project: 

Receive Date: 24 Mar-14 Source: Golder 

Sample Age: 4d 12h Station: TDS 

Linear Interpolation Options 

X Transform YTransform Seed Resamples Exp95% CL Method 

Log(X+1) Linear 853492 200 Yes Two-Point Interpolation 

Point Estimates 

Level mg/L 95% LCL 95% UCL 

LC5 1118 259.6 N/A 
LC10 1436 1064 N/A 
LC15 >1435 N/A N/A 
LC20 >1435 N/A N/A 
LC25 >1435 N/A N/A 
LC40 >1435 N/A N/A 
LC50 >1435 N/A N/A 

Survival Rate Summary Calculated Variate(AIB) 

C-mg/L Control Type Count Mean Min Max Std Err Std Dev CV% %Effect A B 
210.1 Negative Control 10 1 1 1 0 0 0.0% 0.0% 10 10 
288.5 10 0.9 0 1 0.1 0.3162 35.14% 10.0% 9 10 
435.9 10 0 0 0.0% 0.0% 10 10 
655.8 10 0 0 0.0% 0.0% 10 10 
987.2 10 1 1 0 0 0.0% 0.0% 10 10 
1435.5 10 0.9 0 0.1 0.3162 35.14% 10.0% 9 10 

Survival Rate Detail 

C-mg/L Control Type Rep1 Rep2 Rep3 Rep4 Rep5 Rep6 Rep7 RepS Rep9 Rep 10 
210.1 Negative Control 1 1 1 1 1 1 1 1 1 1 
288.5 1 0 

435.9 

655.8 

987.2 

1435.5 0 

Survival Rate Binomials 

C-mg/L Control Type Rep 1 Rep2 Rep3 Rep4 Rep5 Rep6 Rep7 RepS Rep9 Rep 10 
210.1 Negative Control 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 
288.5 1/1 1/1 1/1 1/1 0/1 1/1 1/1 1/1 1/1 1/1 
435.9 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 
655.8 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 
987.2 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 

1435.5 1/1 0/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 

000-469-187-2 CETIS™ v1.8.7.16 Analyst: iJ{tJ 



CETIS Analytical Report 

Daphnia Magna 21-Day Life Cycle Test 

Analysis ID: 08-7858-8833 Endpoint: Survival Rate 
Analyzed: 30 Apr-14 10:25 Analysis: Linear Interpolation (ICPIN) 

Graphics 

--·---·-
0.9 .. 

0.6 

C<ng/L 

000-469-187-2 CETISlM v1.8.7.16 

Report Date: 

Test Code: 

30 Apr-14 10:26 (p 2 of 2) 

14123 119-0880-4559 

Nautilus Environmental 

CETIS Version: CETISv1.8.7 
Official Results: Yes 

Analyst: Jlf\J QA:JG<A 
JV(~( 



..... 

CETIS Analytical Report Report Date: 

Test Code: 

30 Apr-14 10:26 (p 1 of 2) 

14123 119-0880-4559 

Daphnia Magna 21-Day Life Cycle Test Nautilus Environmental 

Analysis ID: 03-3877-5780 
Analyzed: 30 Apr-14 10:26 

Batch ID: 19-5330-0029 

Start Date: 28 Mar-14 12:00 

Ending Date: 18 Apr-14 12:30 

Duration: 21d 1h 

SampleiD: 13-7452-0752 

Sample Date: 24 Mar-14 

Receive Date: 24 Mar-14 

Sample Age: 4d 12h 

Linear Interpolation Options 

X Transform YTransform 

Log(X+1} Linear 

Point Estimates 

Level mg/L 95% LCL 

IC5 1100 369.8 
IC10 1226 832.6 
IC15 1366 1051 
IC20 >1435 N/A 
IC25 >1435 N/A 
IC40 >1435 N/A 
IC50 >1435 N/A 

Reproduction Summary 

C-mg/L Control Type 

210.1 v Negative Control 
288.5 v 
435.9 v 
655.8 v 
987.2,/ 
1435.5 ,/ 

Reproduction Detail 

C-mg/L Control Type 
210.1 / Negative Control 

288.5 

.·. 435.9 

655.8 
987.2 

1435.5 

000-469-187-2 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

Seed 

983847 

95% UCL 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Count Mean 
10 80.8 
10 93.5 
10 87.2 
10 90.9 
10 88.9 
10 73 

Rep1 Rep2 
102 90 

103 114 

88 104 

108 100 

108 96 

88 91 

Reproduction CETIS Version: CETISv1.8.7 
Linear Interpolation (ICPIN) Official Results: Yes 

Survival-Reproduction Analyst: Jeslin Wijaya 

ASTM E1193-97 (1997) Diluent: Mod-Hard Synthetic Water 

Daphnia magna Brine: 

In-House Culture Age: <24h 

51ED85BO Client: Golder 

Total Dissolved Solids Project: 

Golder 

TDS 

Resamples Exp 95% CL Method 

200 Yes Two-Point Interpolation 

Calculated Variate 

Min Max Std Err Std Dev CV% %Effect 
51 102 5.249 16.6 20.54% 0.0% 
28 118 8.089 25.58 27.36% -15.72% 
42 106 7.105 22.47 25.77% -7.92% 
71 108 4.065 12.85 14.14% -12.5% 
66 114 4.778 15.11 17.0% -10.02% 
19 108 10.66 33.7 46.17% 9.65% 

Rep3 Rep4 RepS Rep6 Rep7 RepS Rep9 Rep 10 
91 51 99 89 71 76 79 60 
118 92 28 102 83 86 103 106 
97 42 50 97 106 90 98 100 
102 85 96 94 71 100 73 80 
114 84 96 78 83 91 66 73 
106 93 19 75 108 43 19 88 

CETIS™ v1.8.7.16 Analyst: 'iJiN 
.jGV--

QA: 
..,--Pl-au.,-1 J I If 



CETIS Analytical Report 

Daphnia Magna 21-Day Life Cycle Test 

Analysis ID: 03-3877-5780 Endpoint: Reproduction 
Analyzed: 30Apr-1410:26 Analysis: Linear Interpolation (ICPIN) 

Graphics 

I .. 
l 

000-469-187-2 

--- - - -

""""'/L 

CETIS™ v1.8.7.16 

Report Date: 

Test Code: 

30 Apr-14 10:26 (p 2 of 2) 

14123 119-0880-4559 

Nautilus Environmental 

CETIS Version: CETISv1.8.7 
Official Results: Yes 

Analyst: J\}J QA:J&u­
llA.OUA I I 



Client: 6o\d-er 

W.O.#: \1.\-\23 Hardness and Alkalinity Datasheet 

Alkalinity Hardness 

Volume of 
Sample (ml) 0.02N (ml) of 0.02N Sample 0.01M Total 
Volume HCUH2S04 HCUH2S04 Total Alkalinity Volume EDTA Hardness 

Sample ID Sample Date (ml) used to pH 4.5 used to pH 4.2 (mg/LCaC03) (ml) Used (ml) (mg/L CaC03) Technician 

IS CO m9 ;L iOS lv'alttl ::11..\ f N So '3- \ '3~'2- roo {0 (]) /o •. s /0'60 011-0 

M\i~'.) M Glfch ?1 IN so 3.1- 3.~ ":{'",l. so S·O too 

Mo.rd\ :lCIN-1- so 3.S 3-~ co'O so s,.o tOO 

Al'r\\ ::l /1'+ so 3.G 3.1- =fo so £·0 K:O 

A\7(\1 '=t I 14 so 3.=f 3·B 1-:;:l so 9·0 iOD 

Apr-tt 10 /11..\- so 3-1- 3.8 ,.~ so S·O 100 

'" A~r\1 N·/ N 50 3.0 6.~ 1-0 so S·O 100 -...v 

i 

Notes: tD :D"L\~ . _:fo 1 oo ,'V'.lr w \ D~ we..W 

Reviewed by: vGiL Date Reviewed: hu.i I /Itt 

' 
Version 1.0 Issued June 26, 2006 Nautilus Environmental 



[This report shall not be reproduced except in full without the written authority of the Laboratory.]

28-MAR-14

Lab Work Order #:  L1437653

Date Received:NAUTILUS ENVIRONMENTAL

8664 Commerce Court
Imperial Square Lake City
Burnaby  BC  V5A 4N7

ATTN: Jeslin Wijaya
FINAL   
03-APR-14 13:29 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-420-8773

Job Reference: 
NOT SUBMITTEDProject P.O. #: 

1C of C Numbers: 
Legal Site Desc: 

James
Typewritten Text
Chemistry measured at test initiation

James
Typewritten Text

James
Typewritten Text



03-APR-14 13:29 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1437653 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water Water Water Water Water
28-MAR-14 28-MAR-14 28-MAR-14 28-MAR-14 28-MAR-14

CONTROL 296 MG/L TDS 444 MG/L TDS 667 MG/L TDS 1000 MG/L TDS

L1437653-1 L1437653-2 L1437653-3 L1437653-4 L1437653-5

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

199 361 531 790 1000

74.0 19.5 29.0 41.3 65.6

2.2 142 225 344 507

96.6 25.7 35.3 57.0 88.2

17.0 62.0 92.3 137 202

14.1 7.56 11.3 17.0 25.0

2.4 2.8 4.1 6.1 9.0

32.5 33.2 49.2 74.9 110

Physical Tests

Anions and 
Nutrients

Total Metals



03-APR-14 13:29 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1437653 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water
28-MAR-14

1500 MG/L TDS

L1437653-6

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

1740

64.9

741

131

285

37.3

13.4

163

Physical Tests

Anions and 
Nutrients

Total Metals



Reference Information

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

03-APR-14 13:29 (MT)

L1437653 CONTD....

4PAGE of

ALK-COL-VA

CL-COL-VA

MET-TOT-ICP-VA

SO4-TUR-VA

TDS-VA

Alkalinity by Colourimetric (Automated)

Chloride by Colorimetric

Total Metals in Water by ICPOES

Sulfate(SO4) by Turbidity

Total Dissolved Solids by Gravimetric

This analysis is carried out using procedures adapted from EPA Method 310.2 "Alkalinity". Total Alkalinity is determined using the methyl orange 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 4500 E "Chloride". Chloride is determined using the ferricyanide 
colourimetric method.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 4500-SO4 "Sulfate". Sulfate is determined using the turbidimetric method.

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

ALS Test Code Test Description

Water

Water

Water

Water

Water

EPA 310.2

APHA 4500 E. CHLORIDE

EPA SW-846 3005A/6010B

APHA 4500-SO4 E. SULFATE

APHA 2540 C - GRAVIMETRIC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

1

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1437653-1, -2, -3, -4, -5, -6Chloride (Cl) MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike

QC Type Description

4





[This report shall not be reproduced except in full without the written authority of the Laboratory.]

23-APR-14

Lab Work Order #:  L1446494

Date Received:NAUTILUS ENVIRONMENTAL

8664 Commerce Court
Imperial Square Lake City
Burnaby  BC  V5A 4N7

ATTN: Jeslin Wijaya
FINAL   
29-APR-14 14:02 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-420-8773

Job Reference: 
10204 OAM10Project P.O. #: 

1C of C Numbers: 
Legal Site Desc: 

James
Typewritten Text
Chemistry measured at test termination



29-APR-14 14:02 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1446494 CONTD....
2PAGE of

Version: FINAL   

4

WATER

Water Water Water Water Water
18-APR-14 18-APR-14 18-APR-14 18-APR-14 18-APR-14

CONTROL 296 MG/L TDS 444 MG/L TDS 667 MG/L TDS 1000 MG/L TDS

L1446494-1 L1446494-2 L1446494-3 L1446494-4 L1446494-5

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

210 381 560 775 1120

80.5 19.8 30.8 43.1 66.3

2.77 150 228 334 514

96.5 27.3 40.1 59.3 89

15.9 60.8 89.1 135 203

13.0 6.98 10.3 15.6 23.9

2.9 2.7 3.9 6.0 9.2

31.6 32.4 47.3 75.0 115

Physical Tests

Anions and 
Nutrients

Total Metals



29-APR-14 14:02 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1446494 CONTD....
3PAGE of

Version: FINAL   

4

WATER

Water
18-APR-14

1500 MG/L TDS

L1446494-6

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

1750

63.8

772

138

289

36.2

13.9

174

Physical Tests

Anions and 
Nutrients

Total Metals



Reference Information 29-APR-14 14:02 (MT)

L1446494 CONTD....

4PAGE of

ALK-COL-VA

ANIONS-CL-IC-VA

ANIONS-SO4-IC-VA

MET-TOT-ICP-VA

TDS-VA

Alkalinity by Colourimetric (Automated)

Chloride by Ion Chromatography

Sulfate by Ion Chromatography

Total Metals in Water by ICPOES

Total Dissolved Solids by Gravimetric

This analysis is carried out using procedures adapted from EPA Method 310.2 "Alkalinity". Total Alkalinity is determined using the methyl orange 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

ALS Test Code Test Description

Water

Water

Water

Water

Water

EPA 310.2

APHA 4110 B.

APHA 4110 B.

EPA SW-846 3005A/6010B

APHA 2540 C - GRAVIMETRIC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

1

Version: FINAL   

4





Day 0 - March 28, 2014 
Control 296 444 667 1000 1500 

Alkalinity 74 19.5 29 41.3 65.6 64.9 

Cl 2.2 142 225 344 507 741 

504 96.6 25.7 35.3 57 88.2 131 
Ca 17 62 92.3 137 202 285 
Mg 14.1 7.56 11.3 17 25 37.3 

K 2.4 2.8 4.1 6.1 9 13.4 

Na 32.5 33.2 49.2 74.9 110 163 

TD5 209.2 284.96 434.6 660.78 980.56 1409.64 

Day 21 - April18, 2014 

Control 296 444 667 1000 1500 

Alkalinity 80.5 19.8 30.8 43.1 66.3 63.8 

Cl 2.77 150 228 334 514 772 

504 96.5 27.3 40.1 59.3 89 138 

Ca 15.9 60.8 89.1 135 203 289 

Mg 13 6.98 10.3 15.6 23.9 36.2 

K 2.9 2.7 3.9 6 9.2 13.9 

Na 31.6 32.4 47.3 75 115 174 

TD5 210.97 292.06 437.18 650.76 993.88 1461.38 

Average TD5 210.085 / 288.51 ./435.89 ./ 655.77 ,/ 987.22 v'1435.51 / 



Erica Bonhomme, Snap Lake Environmental Manager 14-1349-0003/1500/1503 
De Beers Canada Inc.(DBCI) June 10, 2014 

 

 

  
 

ATTACHMENT 3 
HYDROQUAL LABORATORIES DATA REPORT: Test 5 
 

 



 

Nautilus Environmental Company Inc. 
8664 Commerce Court, Burnaby, BC, Canada, V5A 4N7 |+1 604 420 8773  

 
Golder Associates Ltd. Report Date: May 31, 2014 
ATTN: Peter Chapman Work Order: 14123 
200 – 420 West Hastings Street   
Vancouver, BC  
V6B 1L1  
 

Data report 
  

Species: Daphnia magna 
Protocol: ASTM E1193 - 97 

 
 
Table 1. Results for the 21-d Daphnia magna life-cycle toxicity test. 
 

Sample ID Sample Date 
21-d IC20 mg/L TDS 

(95% CL) 
TDS blend Laboratory prepared 732.5 (381.7 – 1040) 

 
This test was conducted by Hydroqual Ltd., Calgary, AB.  The test met performance criteria and 
there were no deviations from the test methods.  The results presented here relate only to the 
sample tested. 
 
 
 
 
  

 

 

 
  Reviewed By: 

Jeslin Wijaya, B.Sc.  James Elphick, R.P.Bio 
Laboratory Biologist  Senior Reviewer 

 



























CETIS Analytical Report Report Date: 02 Jun-14 11:09 (p 1 of 2) 

TestCode: 14123_Hydroquall11-1262-4315 

Daphnia Magna 21-Day Life Cycle Test Nautilus Environmental 

Analysis ID: 16-8998-4372 

Analyzed: 02 Jun-1411:07 

Batch ID: 15-0506-0997 

Start Date: 28 Mar-14 

Ending Date: 18 Apr-14 

Duration: 21d Oh 

Sample ID: 00-0015-8774 

Sample Date: 24 Mar-14 

Receive Date: 24 Apr-14 

Sample Age: 96h 

Non-Linear Regression Options 

Endpoint: 
Analysis: 

Test Type: 

Protocol: 

Species: 

Source: 

Code: 

Material: 

Source: 

Station: 

Reproduction 
Nonlinear Regression 

Survival-Reproduction 

ASTM E1193-97 (1997) 

Daphnia magna 

26C36 

Total Dissolved Solids 

Golder 

Total Dissolved Solids 

CETIS Version: CET1Sv1.8.7 
Official Results: Yes 

Analyst: Jeslin Wijaya 

Diluent: 

Brine: 

Age: 

Client: Golder 

Project: 

Model Function X Transform YTransform Weighting Function 

3P Log-Gompertz EV [Y=A*exp(log(0.5)(X/D)AC)] None None Normal [W=1] 

Regression Summary 

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

14 -262 530.4 536.3 0.2272 Yes 1.454 2.776 0.2373 Non-Significant Lack of Fit 

Point Estimates 

Level mg/L 95%LCL 95%UCL 

IC5 294.7 N/A 618.2 
IC10 460.2 104.2 708.2 
IC15 601.9 250.1 885.3 
IC20 732.5 381.7 1040 
IC25 857.3 525.6 1168 
IC40 1223 922.2 1541 
IC50 JW +47'8 ~938 ~991'~ )\1..\-GO 

Regression Parameters 

Parameter Estimate Std Error 95% LCL 95% UCL tStat P-Value Decision(a:5%) 
A 172.8 22.8 128.1 217.5 7.576 <0.0001 Significant Parameter 
c 1.615 1.117 -0.5749 3.804 1.445 0.1538 Non-Significant Parameter 
D 1478 244.7" 998.3 1958 6.039 <0.0001 Significant Parameter 

ANOVATable 

Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%) 
Model 46475.28 46475.28 1 19.35 <0.0001 Significant 
Lack of Fit 10236.86 3412.285 3 1.454 0.2373 Non-Significant 
Pure Error 126694.8 2346.2 54 
Residual 136931.7 2402.31 57 

Residual Analysis 

Attribute Method Test Stat Critical P-Value Decision(a:5%) 
Variances Bartlett Equality of Variance 6.22 11.07 0.2854 Equal Variances 

Mod Levene Equality of Variance 1.99 2.386 0.0949 Equal Variances 
Distribution Shapiro-Wilk W Normality 0.9797 0.9605 0.4150 Normal Distribution 

Anderson-Darling A2 Normality 0.3837 2.492 0.4001 Normal Distribution 

Reproduction Summary Calculated Variate 

C-mg/L Control Type Count Mean Min Max Std Err Std Dev CV% %Effect 
236.9 Negative Control 10 183.2 120 272 15.99 50.57 27.6% 0.0% 
309.6 10 146.5 62 183 13.71 43.36 29.6% 20.03% 
425.8 10 145.7 69 250 14.5 45.85 31.47% 20.47% 
628.8 10 162.3 94 205 10.12 32.02 19.73% 11.41% 
954.9 10 117.2 38 155 12.61 39.88 34.03% 36.03% 
1460.1 10 87.9 0 187 22.19 70.16 79.82% 52.02% 

000-469-187-1 CETIS™ v1.8.7.16 Analyst: J\)\J 

PTBS Function 

Off[Y*=Y] 

QA: 
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CETIS Analytical Report Report Date: 02 Jun-14 11:09 (p 2 of 2) 

Test Code: 14123_Hydroqualj11-1262-4315 

Daphnia Magna 21-Day Life Cycle Test Nautilus Environmental 

Analysis ID: 16-8998-4372 Endpoint: Reproduction CETIS Version: CETISv1.8. 7 

Analyzed: 02 Jun-1411:07 Analysis: Nonlinear Regression Official Results: Yes 

Reproduction Detail 

C-mg/L Control Type Rep 1 Rep2 Rep3 Rep4 RepS Rep& Rep7 RepS Rep9 Rep 10 

236.9 Negative Control 125 154 272 228 206 185 229 120 136 177 

309.6 176 164 62 173 157 183 134 175 166 75 

425.8 137 136 69 179 138 250 135 130 156 127 

628.8 164 94 182 205 153 190 170 184 138 143 

954.9 58 144 118 136 109 38 142 155 118 154 

1460.1 150 28 0 31 145 158 99 81 187 0 
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Target TDS mg/L Control 296 444 667 1000 1500

Alkalinity mg/L   111 44 55 63 78 89

Cl mg/L   3.8 160 210 320 490 740

SO4 mg/L   87 29 41 58 90 140

Ca mg/L   28 57 85 130 190 280

Mg mg/L   12 7.1 11 16 24 35

K mg/L   2 2.6 4 6 9 14

Na mg/L   26 32 46 69 100 150

TDS (calculated) mg/L 225.4 314.1 430 636.8 949.8 1412.4

Target TDS mg/L Control 296 444 667 1000 1500

Alkalinity mg/L   129 28 39 48 63 73

Cl mg/L   4.8 160 210 310 500 800

SO4 mg/L   93 28 42 59 89 150

Ca mg/L   30 58 84 130 190 290

Mg mg/L   13 7.4 11 16 24 39

K mg/L   2.2 2.8 4.1 6.1 9.2 15

Na mg/L   28 32 47 71 110 170

TDS (calculated) mg/L 248.4 305 421.5 620.9 960 1507.8

Average TDS mg/L 236.9 309.55 425.75 628.85 954.9 1460.1

Day 0 ‐ March 28, 2014 HYDROQUAL

Day 21 ‐ April 18, 2014 HYDROQUAL



  
  

 

 
 

Golder Associates Ltd. 
500 - 4260 Still Creek Drive, Burnaby, British Columbia, Canada V5C 6C6 

Tel: +1 (604) 296 4200  Fax: +1 (604) 298 5253  www.golder.com 
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

 
   Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation. 

 

 

Please find attached the Nautilus Environmental report on toxicity testing conducted with the copepod species, 
Cyclops vernalis, exposed to synthetic lake water intended to simulate Snap Lake TDS conditions. Note that, 
although this specific species of copepod is not found in Snap Lake, the genus Cyclops is present in Snap Lake. 

The copepod test was conducted as a 20-day (d) test, with survival and growth (length) the endpoints measured. 
The IC20 (i.e., 20% inhibitory effect concentration) for growth effects derived from testing with this copepod 
species was > 1,508 mg/L. These findings of no effects at the highest tested TDS concentrations mirror those 
determined previously for algae, diatoms, rotifers, insect larvae, Lake Trout, and Artic Grayling (Golder 2013). As 
reported separately (Golder 2014), Daphnia magna (waterfleas) also showed no effects at the highest tested 
TDS concentrations in three of five 21-d tests performed to assess effects on survival and reproduction.  

The combined findings from all site-specific toxicity testing conducted to date indicate that the fish and the food 
chain upon which they depend in Snap Lake will not likely be adversely affected by TDS concentrations of up to 
1,000 mg/L and possibly higher. 

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

GOLDER ASSOCIATES LTD. 

Prepared by: Reviewed by: 
 

  
Peter M Chapman, PhD Cathy A McPherson, BSc 
Principal, Senior Environmental Scientist Senior Environmental Scientist 
 
PMC/CAM/me 
 
Att. 
  

 DATE June 10, 2014 PROJECT No. 14-1349-0003/1500/1503 

TO Erica Bonhomme, Snap Lake Environmental Manager 
De Beers Canada Inc.(DBCI) 

CC Tasha Hall and Alison Snow (Golder); Alexandra Hood (DBCI) 

FROM Peter M. Chapman EMAIL pmchapman@golder.com 

COPEPOD TDS TOXICITY TEST RESULTS 
 



Erica Bonhomme, Snap Lake Environmental Manager 14-1349-0003/1500/1503 
De Beers Canada Inc.(DBCI) June 10, 2014 
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1.0 INTRODUCTION 

 

Nautilus Environmental conducted a toxicity test for Golder Associates Ltd. (Golder) to 

evaluate the effects of a site-specific mixture of Total Dissolved Solids (TDS) on a freshwater 

copepod, Cyclops vernalis.  This species has not been widely used in toxicity testing before and 

standard methods for evaluating sensitivity of freshwater copepods have not been established.  

Consequently, test method development was necessary to establish appropriate endpoints for 

this test species.  The test method evaluated survival and growth over a 20-day exposure period 

as primary endpoints from the test.  A low rate of reproduction was also observed in the test; 

however, this endpoint exhibited a relatively high degree of variability unrelated to TDS 

exposure and was therefore not used for establishing effect levels in the test. 

 

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

provided in Appendix A. Results of analytical chemistry are provided in Appendix B.  
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2.0 METHODS 

 

2.1 Synthetic lake water and test solution preparation 

 

The composition of the synthetic lake water used for the study was based on concentrations of 

major ions present in Snap Lake.  The synthetic lake water was prepared by dissolving reagent-

grade sodium, potassium, calcium, and magnesium salts (i.e., NaCl, KCl, MgCl2.6H2O, MgSO4, 

CaCl2.2H2O, and NaHCO3) in reverse osmosis-treated (RO) water. The nominal TDS 

concentration of the synthetic lake water was 1,500 mg/L, with individual ions present in ratios 

representative of the current site-specific receiving environment conditions.  

 

Dilutions of the synthetic lake water were then prepared using deionized water and with a 0.67 

times dilution factor to achieve a nominal concentration series of 1,500, 1,000, 667, 444, and 296 

mg TDS/L. The test solutions were analyzed for ionic composition by ALS Laboratory Group 

(Burnaby, BC) to verify the concentrations of the major ions, which were then used to calculate 

TDS concentrations. One batch of the highest concentration of the TDS solutions (i.e., 1,500 

mg/L) was prepared prior to the test and was used for preparing dilutions throughout the test.  

 

Actual measured TDS concentrations presented in this report were calculated from measured 

concentrations of ionic constituents (a spreadsheet showing these TDS calculations and the ALS 

analytical reports are provided in Appendix B). 

 

2.2 Toxicity tests 

 

Copepods were initially obtained from Boreal Science, St Catharines, ON, on January 28, 2014, 

and were identified as Cyclops sp.  The species was subsequently identified as Cyclops vernalis by 

a taxonomist (Fraser Environmental, North Vancouver, BC) from a subsample of organisms 

collected from the culture and preserved in ethanol.   

 

The culture was maintained at 22±1°C under a 16:8 h light-dark photoperiod.  Culture water 

was prepared by reconstituting deionized water with reagent grade salts to achieve moderately 

hard water (80 to 100 mg/L as CaCO3); this is the same water type that is used in the laboratory 

for culturing Daphnia magna.  The culture was held in 1-L beakers and fed three times per week 

with a mixture of cells of a green alga, Pseudokirchneriella subcapitata, and digested yeast, 

cerophyll, and trout chow (dYCT).  The cuture water was provided with gentle aeration and the 

water was replaced weekly. 
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Once the culture was stable and reproduction appeared to be consistently occurring, nauplii of 

<0.2 mm size were obtained by gently filtering through a Nitex screen. 

 

Survival and growth tests were conducted using C. vernalis according to test conditions 

summarized in Table 1.  The test was conducted using four replicates for each test concentration 

and ten <0.2 mm nauplii in each test container.  The test containers were 375 mL glass jars 

containing approximately 300 mL of test solution. A screen-tube was placed in each jar; screen 

tubes were comprised of 1.5 inch inside diameter Plexiglass cylinders with a piece of 25 µm 

Nitex screen sandwiched between pieces of the Plexiglass cylinder (Figure 1). The test 

organisms were placed in the screen tube, above the Nitex screen.  This apparatus was designed 

to enable water changes to occur without disturbing or losing the test organisms since the test 

solution could be drawn down by syphoning the water from the glass jar, outside of the screen 

tube.  

 

The test organisms were observed daily, at which time mortalities were recorded and removed.  

In cases where an egg sac was observed on a female copepod, the female was removed from the 

test container using a glass pipette and isolated in test solution in a 20 mL glass test tube so that 

number of nauplii produced could be assessed; the adults were monitored daily, and nauplii 

were typically released from the egg sac within two to three days. 

 

The test was terminated after twenty days, at which time the final survival rate was recorded 

and the adult copepods were preserved in ethanol. Length, from the tip of the rostrum to the 

end of the pleopods was measured the following day using a dissecting microscope with a 

calibrated ocular micrometer.  Since male copepods of this species are smaller than females, the 

gender of the individuals was recorded so that growth of male and female copepods could be 

evaluated separately. 
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Figure 1. Test apparatus. 

375 mL glasss jar

Plexiglass cylinder

Exposure area

Nitex screen

 
 

 

Table 1.  Summary of test conditions: Cyclops vernalis survival and growth test. 

Test type Static renewal (weekly for the first week and twice 
weekly thereafter) 

Endpoints Survival and growth 
Organism source In-house culture, originally obtained from Boreal 

Science, St. Catharines, ON 
Organism age <24 hr old nauplii 
Feeding Pseudokirchneriella subcapitata and digested yeast, 

cerophyll, and trout chow (dYCT) 
Test chamber 375 mL glass jar 
Test volume 250 mL 
Test temperature 22 ± 1°C 
Control/Dilution water Moderately hard reconstituted water 
Number of organisms/replicate 10 
Number of replicates 4 
Photoperiod 16 hours light/8 hours dark 
Aeration None 
Test protocol Developed in house 
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2.3 QA/QC 

 

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

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

implemented quality control procedures:  

 

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

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

 Appropriate number of replicates to allow the 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 sample 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 that the data are 

of good quality and are scientifically defensible prior to release to the client. 
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3.0 RESULTS AND DISCUSSION 

 

Results of the toxicity test are shown in Table 2 and are discussed below on the basis of 

measured TDS concentrations.  Survival in the test solutions ranged from 60 to 78% in the 

various concentrations. No mortalities were observed until day 13 of the exposure, with 

occasional mortalities being observed in all replicates and test concentrations over the following 

seven days.  Cannibalism may have contributed to mortalities that were observed during the 

last week of the test, since C. vernalis adults are increasingly carnivorous.  Consequently, the 

growth endpoint from the test provides the most robust measure of the potential effects on the 

test organisms. 

 

For both male and female copepods, growth of copepods was generally similar to the control in 

the lowest (295 mg/L) and highest (1,508 mg/L) test concentrations, with higher growth rates 

being observed in the 441, 666, and 1,008 mg/L concentrations.  Thus, there was no adverse 

effects relative to the control in any of the test concentrations, with optimal growth rates being 

achieved between 441 and 1,008 mg/L TDS (Figure 2).  The data reported here for length 

exhibited a high degree of consistency between replicates, with coefficients of variation of 

approximately 6% for females and 10% for males. 

 

A low rate of reproduction was observed in the test, indicating that the copepods had reached 

maturity.  However, only six female copepods produced nauplii during the test: three in control 

replicates; and, one in each of the 293, 441, and 1,008 mg/L TDS solutions; brood sizes for these 

six females ranged from 8 to 16 nauplii.  In addition, three females in a control replicate, and 

one in the each of the 441, 666, and 1,508 mg/L TDS concentrations were holding eggs at the 

end of the test.  The rate of reproduction was too low to evaluate any differences between 

concentrations. 

 

Collectively, the data from this test indicate no evidence of adverse effects on C. vernalis growth 

relative to the control in concentrations of up to 1,508 mg/L TDS (the IC20).  Optimal growth 

rates occurred at concentrations between 441 and 1,008 mg/L TDS. 
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Table 2.  Test results for the Cyclops vernalis test with TDS. 

Concentration (mg/L TDS) Survival (%) 
Female length 

(mm) 

Male length  

(mm) 

Nominal Measured (mean ± SD) (mean ± SD) (mean ± SD) 

Control  78 ± 5 1.00 ± 0.06 0.72 ± 0.09 

296 295 63 ± 17 0.97 ± 0.10 0.74 ± 0.15 

444 441 73 ± 10 1.14 ± 0.06 0.91 ± 0.09 

667 666 70 ± 10 1.24 ± 0.06 0.93 ± 0.05 

1000 1008 60 ± 8 1.13 ± 0.07 0.94 ± 0.07 

1500 1508 60 ± 8 0.94 ± 0.04 0.71 ± 0.06 

Test endpoint     

LC50   >1508 -- -- 

IC20  -- >1508 >1508 

IC50   -- >1508  >1508  
IC = Inhibition Concentration. 
LC = Lethal Concentration. 
SD = Standard Deviation. 

 

Figure 2. Length (mean ± SD) of male and female Cyclops vernalis after 20 day exposure to 

TDS. 
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3.1 QA/QC 

 

This test organism has not been widely used in toxicity testing programs and, consequently, a 

standard test methodology and database of reference toxicant test results was not available for 

use in this test.  Regardless, the data presented here produced a high degree of consistency 

between replicates for growth.  Survival in the test concentrations ranged from 60 to 78% even 

though they may have been adversely affected by cannibalism towards the end of the test.  

Regardless, the test produced data that can be used to assess the potential for effects associated 

with Snap Lake TDS. 
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APPENDIX A – Cyclops vernalis Toxicity Test Data 
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Chronic Freshwater Toxicity Test 
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Sample ID: 
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I 

Test Species: Gerfeee13lmiB dl:IBfe C."I c 1 "() S' V?YVY.{ lLS 
eti-1\'Y\ 

Analysts: 

Reviewed by:--------
* mg/L as CaC03 i 

WQ Ranges: T (°C) = 25 ± 1; DO (mg/L) = 3.3 to 8.4 (riigtL) ; pH = 6 to 8.5 
Sample Description: 

Date reviewed: _______ _ 

Comments: Broodboard Used: 

Version 1.2 Issued Jan 26, 2011 Nautilus Environmental 
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I 
I 

' 
' 
' 

Chronic F~eshwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: 
Sample ID: 
Work Order#: 

Control 
Hardness* 100 
Alkalinity* ~o 

* mg/L as CaC03 I 

' 
' 

Analysts: 

Reviewed by:-------
Date reviewed: ______ _ 

WQ Ranges: T (°C) = 25 ± 1; DO (mg/L) = 3.3 to 8.4 ("1g/L) ; pH = 6 to 8.5 

Sample Description: --------+-! ----------------------
[ 

Comments: Broodboard Used: 

Version 1.2 Issued Jan 26, 2011 Nautilus Environmental 
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Client: 
Sample ID: 
Work Order#: 

Concentration 

Initials 

Concentration 

Initials 

Hardness* 
Alkalinity* 

* mg/L as CaC03 

I 
I 
I 

Chronic Fr~shwater Toxicity Test 
Initial and Final Water Quality Measurements 

I 
I 
I 

! C-o\rRe r 

Control 

startDate&Time: ~~ 2~aLl ~~~ 
StopDate&Time: apYCt6 L cc =r . 

Test Species: Ce.-iacfaphqfaa fi.u&B C.'V 1 <'{Z; v.e..vna\ \ q 

Analysts: Aw\21-ffi\W) 

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

WQ Ranges: T (°C) = 25 ± 1; DO (mg/L) = 3.3 to 8.4 (mg/L) ; pH = 6 to 8.5 
Sample Description: I 

...,.---------~!----------------------

Comments: Broodboard Used: 

Version 1.2 Issued Jan 26, 2011 Nautilus Environmental 
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Chronic Fr~shwater Toxicity Test 
I 

Initial and Final 'f ater Quality Measurements 

6ald.U I StartDate&Time: ~t{1: 1-1/IY lJJ tb36 
fQJ Stop Date & Time: JlJ2.tlI 10/(9 QJ IL!~ , 

Client: 
Sample ID: 

Test Species: GeFiedapfmia dubia Cv dqis ve.vna\\. ~ 
el"v\IY\ ,. 

Work Order#: 

.----~~~~-.-;;-~~--:-:-i--.~----:-7"77""..-+~--=--~"'-'-~~"'t'""i:~lf'-~H'>''--J~--1r-tt---:::;~-9-rn~ 

Control 
Hardness" Jfio I 

" mg/L as CaC03 I 
WQ Ranges: T (°C) = 25 ± 1; DO (mg/L) = 3.3 to 8.4 (mg/L) ; pH = 6 to 8.5 

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

Sample Description: I 
-------~!--------------------~ 

Comments: Broodboard Used: 

Version 1.2 Issued Jan 26, 2011 

i 
I 
I 
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pClCfLsb 

' 

Chronic Fr~shwater Toxicity Test 
Initial and Final Water Quality Measurements 

Client: 6ddeY 'I 

Sample ID: IOS 
Work Order#: 

Concentration 

Initials 

Control 

Hardness* ~ I 

* mg/L as CaC03 I 

Start Date & Time: tvwrclA 2\/IL.f- OJ \630h 
Stop Date & Time: ffpn I 1

\CVIL/ <b IYOOh ' 
Test Species: ee1iot/ajJl111ia elr:Jl3ia D·fk>\2S verno.(l \ 

<en;\""' 

Analysts: 

Reviewed by:-------
Date reviewed: ______ _ 

WQ Ranges: T (°C) = 25 ± 1; DO (mg/L) = 3.3 to 8.4 (mg/L) ; pH = 6 to 8.5 
Sample Description: I 

Comments: Broodboard Used: 

Version 1.2 Issued Jan 26, 2011 Nautilus Environmental 
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Client: 
Sample ID: 
Work Order #: h I&. ,,/ 

d'{" ~ tlp\) ) \Jl\IM\tS 
.Embrye ~levin-Fry Toxicity Test · 

Daily Mortality 

Start Date & Time: IJ1tJ Y{/,q 2,'/f Lf aJ { {, '3 d 0 
Stop Date: AprH \o/IU, CP \400 

Test Species: Ck\ C!JtJ$ Vff'OtJh' 

D fl t 
- .1.. ___ .., 

I ay 0 es •nu• u~ ,_ • .,..,.,,_~-...., 
Total No. 

(]..,.., ~ Rep 
--- n 

'd i·v ~ ~ ~ ~ r' '° f 'J-- b 71 P IO 

Total 
Dead 
Fish 

Total 
Undeveloped Fry 

Total 
Exposed 

A Io i 0 i 0 I Cl \ID l , 1 D 
B I I \ 

i \ c 
rcntvu\ D 

A 
B 
c 
D 
A 
B 
c 
D 
A 
B '.] 
c 
D 
A 
B 

(000 c 
D 
A I 
B 
c J 

D ( .V I 

A I 

B 
c 
D 
A 
B 
c 
D 

Tech Initials 

Comments: 

Reviewed by: 
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Client: 
Sample ID: 
Work Order #: 

\DOD 

i60C> 

Tech Initials 

Comments: 

Reviewed by: 

C~dcp~ v~ltS' 
I 

Embf')·e~levin-FryToxicity Test 
eJ<-_ Daily Mortality 

ti !tJ / • I-

~ 

u 
Rep ff 
A 
B 
c 
D 
A 
B 
c 
D 
A 
B 
c 
D 

I 

Day ~f Test - No. of[Mort~itie~., Total 

~ ,qt'- ttJ \ rf i ~ I fl ~~:~ 
O u B 6 Q_ 0 

.._,;) (p) 0 
I 0, () 

I (\ I ,..,.,. 

I 0 \ 
! ·~ (3,, () 

I ~ I 
I J ! 0 I 

A () 0 0 Cl co 0 
B -

D 1 i 0 \. 
A f?> I 0 ~ 

Total Total No. Total 

Undeveloped Fry d ~~~~~ 

... II.A 

ii\ 

B_ ! 0 "),...,. 
J-::C:--+li..i.i_,' t---if---t-+-+--t-~Hl-+--H!L~f-l'(~"l)~~·""--1-------'l-----+---Vtl_'.?«.f..:..l,-..1 V-lf \) 

D i CS.Jr V"1s i \ l 
A I l 0 
B I .,_ y 
c / I o \ 
D ii/ ' 1.!? 

'""' A 
B 
c 
D 
A 
B 
c 
D 

I 
1 Date reviewed: 

~---------;.~ ------------
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Client: 
Sample ID: 
Work Order #: 

l ooo 

Tech Initials 

Comments: 

Reviewed by: 

I 
i 
I • 

~ c:Jcr~ Vil}'\ti l f ~ 

Embryo-~'evln-Fry Toxicity Test 
~aily Mortality 

·I 
i 
I 

=:i3S::ef:
1

:J(======== i 
~"~ :u 11 vt w lbs o 

stop Date: -UW-"'""""ri...J....\-Y ...... 1-=6/_ ............ l "'-'-t """""fD=--\_C/_V_O __ _ 
Start Date & Time: 

vJ (>.--- i Test Species: ___ (j""""~.._,C...,.A<t"'"'~"'-<i-S .......... ve~r ........ oo_\ \'-"'Q.__ __ _ 

A 0 
B 
c 
D 
A 
B 
c 
D 
A 
B 
c 
D 
A 
B I~.,· 

c IP-
D I 

A 
B 
c 
D 
A 
B 
C I 

D 1 

A 
B 
c 
D 
A 
B 
c 
D 

Day of Test - No. of!Mortalities 

I D () 
0 1iv~ D 0 
(J)?-i o D n 

CJ 0 0 
o l D J 

0 2-- u 0 r_;_ 
0 {]> 

I C> 

0 3 
0 0 (f) I --
\ u \! ' l!J o I 
I I p IV 

" C> I 0 [) 

Total 
Dead 
Fish 

Total 
Undeveloped 

Total No. Total 
~ ~ Exposed 

\I\ lP /};fr .I\~ 

I Date reviewed: 
~---------'-~ ~-----------
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Concentration (mg/L TDS) Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:  Control Mean SD

Control ‐ 0  A1 1.02 f B1 1.03 f 15 yng Survival 77.5% 5.0%

A2 1.06 f 39 eggs B2 0.98 f Growth 0.913 0.060

A4 0.84 f B3 0.74 f Female growth 1.005 0.061

A6 1 f B5 1 f Male growth 0.716 0.088

A8 0.92 f B6 1.15 f 4 eggs Ratio 67.9% 6.4%

A3 0.8 m B4 0.58 m

A5 0.62 m B7 0.83 m

A7 0.63 m B8 dead

A9 dead B9 dead

A10 dead B10 dead

AVG 0.86125 0.901428571

Fem 0.968 Fem 0.98

Mal 0.683333333 Mal 0.705

Ratio 63% Ratio 71%

Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:

C1 1.01 f D1 1.25 f 16 yng

C2 1.02 f D2 1.31 f 11 yng

C3 0.82 f D3 0.8 f

C4 1 f 19 eggs D7 1.12 f

  C6 0.95 f D8 1 f

C7 1.05 f D4 0.9 m

C5 0.74 m D5 0.72 m

C8 0.53 m D6 0.9 m

C9 dead D9 dead

C10 dead D10 dead

AVG 0.89 1.00

Fem 0.975 Fem 1.096

Mal 0.635 Mal 0.84

Ratio 75% Ratio 63%

296 Rep Length (mm) f/m comments: Rep Length (mm) f/m comments: 296 mg/L TDS

A1 1.02 f B1 0.8 f Survival 62.5% 17.1%

A3 1.05 f B2 1 f Growth 0.918 0.112

A4 1.1 f B3 1.05 f Female growth 0.973 0.100

A5 1.05 f B4 1.02 f Male growth 0.739 0.146

A7 1.02 f B5 1.2 f Ratio 76.8% 6.2%

A2 0.82 m B6 1.05 f 8 young

A6 0.82 m B7 0.78 m

A8 dead B8 0.85 m

A9 dead B9 dead

A10 dead B10 dead

AVG 0.982857143 0.96875

Fem 1.048 Fem 1.02

Mal 0.82 Mal 0.815

Ratio 71% Ratio 75%

Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:

C1 0.7 f D1 1 f

C3 0.8 f D3 1.05 f

C4 0.98 f D4 0.92 f

C2 0.52 m D5 1.05 f

C5 dead D6 1.08 f

C6 dead D7 0.88 f

C7 dead D2 0.8 m

C8 dead D8 dead

C9 dead D9 dead

C10 dead D10 dead

AVG 0.75 0.968571429

Fem 0.826666667 Fem 0.996666667

Mal 0.52 Mal 0.8

Ratio 75% Ratio 86%

1



444 Rep Length (mm) f/m comments: Rep Length (mm) f/m comments: 444 mg/L TDS Mean SD

A1 1.1 f 10 young B2 1.12 f Survival 72.5% 9.6%

A2 1.08 f ~20 eggs B4 1.25 f Growth 1.060 0.053

A3 1.02 f B5 1.12 f Female growth 1.138 0.055

A6 1.25 f B7 1.1 f Male growth 0.908 0.094

A7 0.8 f B1 0.88 m Ratio 65.3% 7.5%

A8 1.12 f B3 0.9 m

A4 0.8 m B6 0.98 m

A5 0.75 m B8

A9 dead B9 dead

A10 dead B10 dead

AVG 0.99 1.05

Fem 1.061666667 Fem 1.1475

Mal 0.775 Mal 0.92

Ratio 75% Ratio 57%

Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:

C1 0.95 f D2 1.2 f

C2 1.2 f D4 1.23 f

C5 1.15 f D5 1.3 f

C6 1.18 f D6 1.05 f

C7 1.25 f D1 0.89 m

C3 0.98 m D3 1 m

C4 1 m D7 dead

C8 1 m D8 dead

C9 dead D9 dead

C10 dead D10 dead

AVG 1.08875 1.111666667

Fem 1.146 Fem 1.195

Mal 0.993333333 Mal 0.945

Ratio 63% Ratio 67%

667 Rep Length (mm) f/m comments: Rep Length (mm) f/m comments: 667 mg/L TDS

A2 1.22 f B1 n/a *jar broken Survival 70.0% 10.0%

A3 1.28 f B2 n/a Growth 1.149 0.023

A4 1.35 f B3 n/a Female growth 1.243 0.060

A5 1.12 f B4 n/a Male growth 0.932 0.045

A6 1.4 f B5 n/a Ratio 71.8% 13.4%

A8 1.25 f B6 n/a

A1 0.98 m B7 n/a

A7 0.8 m B8 n/a

A9 dead B9 n/a

A10 dead B10 n/a

1.175 n/a

Fem 1.27

Mal 0.89

Ratio 0.75 Ratio

Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:

C1 1.2 f D4 1.22 f ~ 18 eggs

C2 1.12 f D5 1.22 f

C3 1.05 f D6 1.3 f

C4 1.3 f D7 1.4 f

C5 1.2 f D1 0.88 m

C6 0.98 m D2 0.9 m

C7 dead D3 1 m

C8 dead D8 dead

C9 dead D9 dead

C10 dead D10 dead

AVG 1.141666667 1.131428571

Fem 1.174 Fem 1.285

Mal 0.98 Mal 0.926666667

Ratio 83% Ratio 57%

2



1000 Rep Length (mm) f/m comments: Rep Length (mm) f/m comments: 1000 mg/L TDS Mean SD

A1 1.15 f B2 1.02 f Survival 60.0% 8.2%

A2 1.12 f B3 1.3 f Growth 1.078 0.043

A4 1.32 f B4 1.25 f Female growth 1.134 0.070

A6 1.02 f B6 1.32 f Male growth 0.945 0.069

A3 0.95 m B1 0.97 m Ratio 71.8% 12.1%

A5 1.05 m B5 0.9 m

A7 0.98 m B7 dead

A8 dead B8 dead

A9 dead B9 dead

A10 dead B10 dead

AVG 1.084285714 1.126666667

Fem 1.1525 Fem 1.2225

Mal 0.993333333 Mal 0.935

Ratio 57% Ratio 67%

Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:

C1 1.38 f D2 1.04 f

C2 1 f D3 1.12 f

C3 0.97 f D4 0.95 f

C4 0.91 f D5 1.25 f 11 yng

C5 0.85 m D6 1.11 f

C6 dead D1 1 m

C7 dead D7 dead

C8 dead D8 dead

C9 dead D9 dead

C10 dead D10 dead

AVG 1.022 1.078333333

Fem 1.065 Fem 1.094

Mal 0.85 Mal 1

Ratio 80% Ratio 83%

1500 Rep Length (mm) f/m comments: Rep Length (mm) f/m comments: 1500 mg/L TDS

A1 1.05 f ~ 13 eggs B1 0.8 f Survival 60.0% 8.2%

A2 0.95 f B2 0.78 f Growth 0.880 0.032

A5 0.95 f B3 1 f Female growth 0.938 0.038

A6 1 f B4 0.95 f Male growth 0.710 0.057

A3 0.75 m B5 0.95 f ratio 76.2% 16.0%

A4 0.8 m B6 dead * all females

A7 dead B7 dead

A8 dead B8 dead

A9 dead B9 dead

A10 dead B10 dead

AVG 0.916666667 0.896

Fem 0.9875 Fem 0.896

Mal 0.775 Mal

Ratio 67% Ratio 100%

Rep Length (mm) f/m comments: Rep Length (mm) f/m comments:

C1 0.98 f D1 1.05 f

C4 0.75 f D2 0.95 f

C5 0.9 f D3 0.8 f

C6 1.02 f D5 0.97 f

C7 0.97 f D4 0.62 m

C2 0.72 m D6 0.72 m

C3 0.65 m D7 dead

C8 dead D8 dead

C9 dead D9 dead

C10 dead D10 dead

AVG 0.855714286 0.851666667

Fem 0.924 Fem 0.9425

Mal 0.685 Mal 0.67

Ratio 71% Ratio 67%

Notes F   Female

M  Male

Eggs Unhatched eggs observed at test termination

Young Neonates that hatched during exposure

Ratio Ratio of females:males in the test cotainer

3
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14-MAR-14

Lab Work Order #:  L1432679

Date Received:NAUTILUS ENVIRONMENTAL

8664 Commerce Court
Imperial Square Lake City
Burnaby  BC  V5A 4N7

ATTN: Jeslin Wijaya
FINAL   
21-MAR-14 17:26 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-420-8773

Job Reference: 
NOT SUBMITTEDProject P.O. #: 

1C of C Numbers: 
Legal Site Desc: 



21-MAR-14 17:26 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1432679 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water Water Water Water Water
14-MAR-14 14-MAR-14 14-MAR-14 14-MAR-14 14-MAR-14

CONTROL 296 MG/L TDS 444 MG/L TDS 667 MG/L TDS 1000 MG/L TDS

L1432679-1 L1432679-2 L1432679-3 L1432679-4 L1432679-5

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

209 361 529 783 1140

76.9 21.7 32.1 45.6 73.7

2.25 147 218 339 515

97.6 26.3 38.2 58.8 84

16.6 61.6 91.8 138 204

13.7 7.08 10.7 15.8 23.6

2.8 3.0 4.5 6.5 9.8

38.4 34.3 52.5 80.9 122

Physical Tests

Anions and 
Nutrients

Total Metals



21-MAR-14 17:26 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1432679 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

4

WATER

Water
14-MAR-14

1500 MG/L TDS

L1432679-6

Total Dissolved Solids (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

1790

111

772

135

304

37.4

15.0

186

Physical Tests

Anions and 
Nutrients

Total Metals



Reference Information

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

21-MAR-14 17:26 (MT)

L1432679 CONTD....

4PAGE of

ALK-COL-VA

ANIONS-CL-IC-VA

ANIONS-SO4-IC-VA

MET-TOT-ICP-VA

TDS-VA

Alkalinity by Colourimetric (Automated)

Chloride by Ion Chromatography

Sulfate by Ion Chromatography

Total Metals in Water by ICPOES

Total Dissolved Solids by Gravimetric

This analysis is carried out using procedures adapted from EPA Method 310.2 "Alkalinity". Total Alkalinity is determined using the methyl orange 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

ALS Test Code Test Description

Water

Water

Water

Water

Water

EPA 310.2

APHA 4110 B.

APHA 4110 B.

EPA SW-846 3005A/6010B

APHA 2540 C - GRAVIMETRIC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

1

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1432679-1, -2, -3, -4, -5, -6Calcium (Ca)-Total MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike

QC Type Description

4
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16-APR-14

Lab Work Order #:  L1443825

Date Received:NAUTILUS ENVIRONMENTAL

8664 Commerce Court
Imperial Square Lake City
Burnaby  BC  V5A 4N7

ATTN: Emma Marcus
FINAL   
23-APR-14 15:10 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-420-8773

Job Reference: 
NOT SUBMITTEDProject P.O. #: 

C of C Numbers: 
Legal Site Desc: 



23-APR-14 15:10 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1443825 CONTD....
2PAGE of

Version: FINAL   

4

WATER

Water Water Water Water Water
11-APR-14 11-APR-14 11-APR-14 11-APR-14 11-APR-14

CTRL-0MG/L TDS 276 MG/L TDS 444 MG/L TDS 667 MG/L TDS 1000 MG/L TDS

L1443825-1 L1443825-2 L1443825-3 L1443825-4 L1443825-5

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

73.3 23.6 34.5 48.6 79.8

2.35 150 228 337 517

94.5 26.7 39.2 58.8 89

16.5 61.3 91.2 138 205

13.8 7.55 11.2 17.1 25.5

2.5 2.9 4.3 6.6 9.9

33.5 35.6 52.5 79.5 119

Anions and 
Nutrients

Total Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time
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WATER

Water
11-APR-14

1500 MG/L TDS

L1443825-6

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Sulfate (SO4) (mg/L)

Calcium (Ca)-Total (mg/L)

Magnesium (Mg)-Total (mg/L)

Potassium (K)-Total (mg/L)

Sodium (Na)-Total (mg/L)

95.6

780

136

295

38.0

14.7

178

Anions and 
Nutrients

Total Metals
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L1443825 CONTD....
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ALK-COL-VA

ANIONS-CL-IC-VA

ANIONS-SO4-IC-VA

MET-TOT-ICP-VA

Alkalinity by Colourimetric (Automated)

Chloride by Ion Chromatography

Sulfate by Ion Chromatography

Total Metals in Water by ICPOES

This analysis is carried out using procedures adapted from EPA Method 310.2 "Alkalinity". Total Alkalinity is determined using the methyl orange 
colourimetric method.

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from APHA Method 4110 B. "Ion Chromatography with Chemical Suppression of Eluent 
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by Ion Chromatography".

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or 
microwave oven (EPA Method 3005A).  Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method 
6010B).

ALS Test Code Test Description

Water

Water

Water

Water

EPA 310.2

APHA 4110 B.

APHA 4110 B.

EPA SW-846 3005A/6010B

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

Version: FINAL   
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mg/L TDS Control 296 444 667 1000 1500

mg/L  

Alkalinity 76.9 21.7 32.1 45.6 73.7 111

Cl 2.25 147 218 339 515 772

SO4 97.6 26.3 38.2 58.8 84 135

Ca 16.6 61.6 91.8 138 204 304

Mg 13.7 7.08 10.7 15.8 23.6 37.4

K 2.8 3 4.5 6.5 9.8 15

Na 38.4 34.3 52.5 80.9 122 186

Day 0 TDS 217.5 292.3 435.0 666.4 1002.6 1516.0

mg/L TDS Control 296 444 667 1000 1500

mg/L

Alkalinity 73.3 23.6 34.5 48.6 79.8 95.6

Cl 2.35 150 228 337 517 780

SO4 94.5 26.7 39.2 58.8 89 136

Ca 16.5 61.3 91.2 138 205 295

Mg 13.8 7.55 11.2 17.1 25.5 38

K 2.5 2.9 4.3 6.6 9.9 14.7

Na 33.5 35.6 52.5 79.5 119 178

Day 20 TDS 207.1 298.2 447.1 666.2 1013.3 1499.1

Average TDS 212.3 295.3 441.0 666.3 1008.0 1507.5

Day 0 ‐ March 21, 2014

Day 20 ‐ April 10, 2014
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