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APPENDIX A 
 
 

Summary of Literature Reported Long-Term (Chronic) Aquatic Toxicity Testing Data:  
NaCl, KCl, CaCl2 and MgCl2 Salts 
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APPENDIX B 
 

SUMMARY OF PTAC-SPONSORED TOXICITY TESTING WORK  
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B-1. The University of Georgia Research Foundation (UGARF) 2016(a):  
Anodonta subangulata, Lampsilis siliquoidea, Lamplsilis fasciola, and 

Pimephales promelas Chloride Toxicity Testing 
 

Methods for measuring the toxic effect of sodium chloride on mussel glochidia were focused on chronic 
duration endpoints for use in the derivation of a chronic hardness-dependent chloride aquatic toxicity 
guidelines.  Testing was conducted on three mussel species (A. subangulata, L. siliquoidea, and L. 
fasciola) and one fish species (P. promelas).  The species were tested with the following toxicological 
endpoints measured:  
 

1. 24-hour glochidia functional survival/ viability test for three unionid mussel species; 
2. 168-hour survival/ mortality test for one fish species 

 
Target chloride concentrations followed a 0.5 dilution series and included concentrations of 0 (control), 
625, 1250, 2500, 5000, and 10000 mg/L NaCl.  A control group was tested in association with each 
set of NaCl treatments for the six reconstituted waters (see description below).  
 
The experiments were conducted in USEPA re-constituted water (with one higher hardness exception) 
to allow for comparison with other published toxicity testing data and the consistent control of 
parameters that may relate to toxicity.  Below is a table outlining the target ion concentrations of the six 
reconstituted waters (hardness expressed as CaCO3): 

 
Hardness 

level 
Reconstituted Water Hardness* Na K Mg Ca Cl SO4 HCO3 

(type) (as CaCO3) (mg/L) 

1 Very soft; or 11 3.3 0.3 1.5 1.7 0.2 10.2 8.7 
Soft 42 13.1 1.0 6.1 7.0 1.0 40.7 34.9 

2 Moderately hard 85 26.3 2.1 12.1 14.0 1.9 81.4 69.7 
3 Hard 169 52.5 4.2 24.2 27.9 3.8 162.7 139.5 
4 Very hard 338 105.1 8.4 48.5 55.9 7.6 325.4 278.9 
5 Extremely hard 677 210.2 16.8 96.9 111.7 15.2 650.9 557.8 

* Hardness calculated based on Ca and Mg concentrations (2.5[Ca} + 4.1[Mg]). 
 
Chemical analysis of chloride, sulphate, potassium, sodium, calcium, and magnesium ions along with 
hardness, alkalinity, pH, and conductivity was conducted for each batch of different hardness water 
and each initial 100% NaCl treatment for each species.  Select analytical data and experimental 
records are summarized in Table B-1.1 through Table B-1.4.  Corresponding toxicological endpoints, 
calculated with BMDS 2.7.0.4. software, and used for the guideline derivation, are present in Figure B-
1.1, B-1.2, and B-1.3. 
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Figure B-1.1. Anodonta subangulata (UGARF, 2016a) EC10 Estimation 
 

a) Soft Water (42 mg CaO3/L) 
 

BMDS Input Table: Log-logistic Dichotomous Model 
 

Dose N Effect 
0 239 25 

379 292 16 
758 219 17 

1,517 498 385 
3,033 343 343 
6,066 367 367 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 1,262 mg/L 
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Figure B-1.1. Anodonta subangulata (UGARF, 2016a) EC10 Estimation 
 

b) Moderately Hard Water (78 mg CaO3/L) 
 

BMDS Input Table: Log-logistic Dichotomous Model 
 

Dose N Effect 
0 199 11 

379 287 7 
758 233 19 

1,517 237 193 
3,033 233 233 
6,066 210 210 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 877 mg/L 
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Figure B-1.1. Anodonta subangulata (UGARF, 2016a) EC10 Estimation 
 

c) Hard Water (150 mg CaO3/L) 
 

BMDS Input Table: Log-logistic Dichotomous Model 
 

Dose N Effect 
0 239 8 

379 342 30 
758 316 14 

1,517 296 86 
3,033 172 172 
6,066 182 182 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 1,429 mg/L 
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Figure B-1.1. Anodonta subangulata (UGARF, 2016a) EC10 Estimation 
 

d) Very Hard Water (310 mg CaO3/L) 
 

BMDS Input Table: Weibull Dichotomous Model 
 

Dose N Effect 
0 167 1 

379 246 17 
758 204 13 

1,517 182 20 
3,033 162 53 
6,066 210 210 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 2,246 mg/L 
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Figure B-1.1. Anodonta subangulata (UGARF, 2016a) EC10 Estimation 
 

e) Extremely Hard Water (548 mg CaO3/L) 
 

BMDS Input Table: Weibull Dichotomous Model 
 

Dose N Effect 
0 224 11 

379 252 18 
758 208 25 

1,517 189 27 
3,033 195 48 
6,066 178 178 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 2,701 mg/L 
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Figure B-1.2. Lampsilis fasciola (UGARF, 2016a) EC10 Estimation 
 

a) Soft Water (44 mg CaO3/L) 
 

BMDS Input Table: Gamma Dichotomous Model 
 

Dose N Effect 
0 223 0 

379 326 60 
758 296 175 

1,517 346 296 
3,033 296 296 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 247 mg/L 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

247 



2022 AUPRF/PTAC Report Chloride Aquatic Life Guideline & Hardness: Supplemental Data Appendices 
 

Equilibrium Environmental Inc. Page 13  
 

Figure B-1.2. Lampsilis fasciola (UGARF, 2016a) EC10 Estimation 
 

b) Moderately Hard Water (80 mg CaO3/L) 
 

BMDS Input Table: Weibull Dichotomous Model 
 

Dose N Effect 
0 209 1 

379 351 114 
758 317 100 

1,517 309 175 
3,033 273 273 
6,066 397 397 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 212 mg/L 
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Figure B-1.2. Lampsilis fasciola (UGARF, 2016a) EC10 Estimation 
 

c) Very Hard Water (324 mg CaO3/L) 
 

BMDS Input Table: Probit Dichotomous Model 
 

Dose N Effect 
0 231 0 

379 512 35 
758 536 18 

1,517 182 57 
3,033 339 278 
6,066 217 217 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 964 mg/L 
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Figure B-1.3. Lampsilis siliquoidea (UGARF, 2016a) EC10 Estimation 
 

a) Soft Water (42 mg CaO3/L) 
 

BMDS Input Table: Logistic Dichotomous Model 
 

Dose N Effect 
0 374 2 

379 311 7 
758 507 112 

1,517 382 143 
3,033 304 304 
6,066 430 430 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 730 mg/L 
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Figure B-1.3. Lampsilis siliquoidea (UGARF, 2016a) EC10 Estimation 
 

b) Moderately Hard Water (82 mg CaO3/L) 
 

BMDS Input Table: Log-Probit Dichotomous Model 
 

Dose N Effect 
0 344 0 

379 220 10 
758 338 17 

1,517 410 134 
3,033 453 289 
6,066 265 177 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 681 mg/L 
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Figure B-1.3. Lampsilis siliquoidea (UGARF, 2016a) EC10 Estimation 
 

c) Hard Water (168 mg CaO3/L) 
 

BMDS Input Table: Log-Logistic Dichotomous Model 
 

Dose N Effect 
0 205 3 

379 346 0 
758 299 0 

1,517 327 5 
3,033 446 102 
6,066 421 421 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 2,877 mg/L 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

2,877 



2022 AUPRF/PTAC Report Chloride Aquatic Life Guideline & Hardness: Supplemental Data Appendices 
 

Equilibrium Environmental Inc. Page 18  
 

Figure B-1.3. Lampsilis siliquoidea (UGARF, 2016a) EC10 Estimation 
 

d) Very Hard Water (298 mg CaO3/L) 
 

BMDS Input Table: Logistic Dichotomous Model 
 

Dose N Effect 
0 353 6 

379 277 1 
758 219 5 

1,517 293 30 
3,033 279 136 
6,066 288 288 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 1,662 mg/L 
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Figure B-1.3. Lampsilis siliquoidea (UGARF, 2016a) EC10 Estimation 
 

e) Extremely Hard Water (464 mg CaO3/L) 
 

BMDS Input Table: Log-Logistic Dichotomous Model 
 

Dose N Effect 
0 254 4 

379 130 6 
758 241 33 

1,517 416 266 
3,033 234 176 
6,066 224 224 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
 

BMDS Output Plot: EC10 = 565 mg/L 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:  
The calculated value of 565 mg/L was not used in the final SSD, due to potential toxicological interference in 
extremely hard waters. Such interference suggested that ameliorating effect of hardness may drop with increasing 
salt concentrations (discussed in the main text).  
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B-2. The University of Georgia Research Foundation (UGARF) 2016(b):  
Lampsilis siliquoidea Multi-Salt Toxicity Testing 

 
The primary objective of this work was to establish toxicological relationships between commonly 
occurring salt ions in natural aquatic environments, namely Na+, K+, Ca2+, Mg2+, Cl , SO4 , and HCO3 .  
The toxicity of the various combinations of these ions in the moderately hard water (water hardness of 
100 mg CaCO3 mg/L) was examined using the unionid mussel L. siliquoidea, 24-hour glochidia 
functional survival/ viability test. 
 
Calculated toxicity values on the whole salt basis are summarized in Table B-2.1, and calculated 
toxicity values on the anion basis are shown in Table B-2.1.   
 

Table B-2.1. L. siliquoidea Toxicity Endpoint Summary: Whole Salt Basis 
 

Salt LC50 LCI UCI 
NaCl 4.04 3.57 4.51 
MgCl2 2.801 2.543 3.059 
CaCl2 3.286 2.599 3.974 
KCl 0.0102 0.0097 0.0107 
Na2SO4 2.195 2.033 2.357 
MgSO4 0.492 0.389 0.595 
CaSO4 0.293 0.27 0.316 
NaHCO3 2.713 2.449 2.976 

LCI – Lower Confidence Interval 
UCI – Upper Confidence Interval 
 

Table B-2.2. L. siliquoidea Toxicity Endpoint Summary: Anion Basis 
 

Salt LC50 LCI UCI 
NaCl 2.462 2.168 2.755 
MgCl2 1.845 1.683 2.006 
CaCl2 2.103 1.663 2.543 
KCl 0.0049 0.00465 0.00516 
Na2SO4 1.492 1.382 1.604 
MgSO4 0.394 0.312 0.476 
CaSO4 0.209 0.19 0.229 
NaHCO3 1.984 1.792 2.176 

LCI – Lower Confidence Interval 
UCI – Upper Confidence Interval 
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B-3.  Wisconsin State Laboratory of Hygiene (WSLH) 2016:  
Ceriodaphnia dubia and Pseudokirchneriella subcapitata Chloride Toxicity 

Testing 
 
In 2016, WSLH conducted a sodium chloride toxicity study at six different hardness levels, ranging 
from the very soft water (10 mg/L) to extremely hard water (576 mg/L).  The C. dubia (water flea) and 
P. subcapitata (microalgae) were tested for key toxicological endpoints.  
 
C. dubia tests were 168 hours static-renewal chronic tests assessing mortality and reproduction.  P. 
subcapitata static tests lasted 96 hours and assessed growth.  The experimental records for P. 
subcapitata are shown in Table B-3.1.  The experimental records for C. dubia are shown in Table B-
3.2.  Corresponding toxicological endpoints, calculated with BMDS 2.7.0.4. software, and used for the 
guideline derivation, are present in Figure B-3.1 and B.3.2. 
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Figure B-3.1. Ceriodaphnia dubia (WSLH, 2016) EC10 Estimation 
 

a) Very Soft Water (11 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Neonates St. Dev. 
0 10 28 3.86 

47 10 24 7.15 
95 10 22 4.69 

190 10 15 6.45 
379 10 3 4.47 
758 10 0 0 

1517 10 0 0 
 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; neonates – number of juveniles in the end 
of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 80 mg/L 
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Figure B-3.1. Ceriodaphnia dubia (WSLH, 2016) EC10 Estimation 
 

b) Soft Water (44 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Neonates St. Dev. 
0 10 30.5 5.10 

47 10 33.6 3.24 
95 10 26.9 4.18 

190 10 30.7 4.27 
379 10 23.3 8.55 
758 10 12.2 6.68 

1517 10 0 0 
 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; neonates – number of juveniles in the end 
of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 236 mg/L 
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Figure B-3.1. Ceriodaphnia dubia (WSLH, 2016) EC10 Estimation 
 

c) Moderately Hard Water (89 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Neonates St. Dev. 
0 10 26.1 5.78 

47 10 29.2 3.43 
95 10 29.2 1.99 

190 10 24.9 5.36 
379 10 23 7.67 
758 10 10.4 5.91 

1517 10 0 0 
 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; neonates – number of juveniles in the end 
of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 279 mg/L 
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Figure B-3.1. Ceriodaphnia dubia (WSLH, 2016) EC10 Estimation 
 

d) Hard Water (173 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Neonates St. Dev. 
0 10 30 4.7 

47 10 27 9.5 
95 10 32 2.4 

190 10 31 2.8 
379 10 28 4.7 
758 10 21 4.9 

1517 10 0 0 
 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; neonates – number of juveniles in the end 
of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 492 mg/L 
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Figure B-3.1. Ceriodaphnia dubia (WSLH, 2016) EC10 Estimation 
 

e) Very Hard Water (350 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Neonates St. Dev. 
0 10 23 8.2 

47 10 24 2.5 
95 10 22 5.5 

190 10 25 1.8 
379 10 23 2.8 
758 10 14 8.0 

1517 10 0 0.0 
 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; neonates – number of juveniles in the end 
of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 540 mg/L 
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Figure B-3.2. Raphidocelis subcapitata (WSLH, 2016) EC10 Estimation 
 

a) Very Soft Water (11 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Growth St. Dev. 
0 4 617 23 

97 4 640 32 
194 4 634 23 
382 4 589 37 
758 4 493 15 

1517 4 343 11 
3033 4 63 2 
6066 4 4 3 

 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; growth – measured as fluorescence in the 
end of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 741 mg/L 
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Figure B-3.2. Raphidocelis subcapitata (WSLH, 2016) EC10 Estimation 
 

b) Soft Water (44 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Growth St. Dev. 
0 4 687 8 

97 4 680 13 
194 4 661 15 
382 4 667 15 
758 4 617 5 

1517 4 511 24 
3033 4 125 8 
6066 4 8 2 

 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; growth – measured as fluorescence in the 
end of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 1,139 mg/L 
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Figure B-3.2. Raphidocelis subcapitata (WSLH, 2016) EC10 Estimation 
 

c) Moderately Hard Water (89 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Growth St. Dev. 
0 4 601 13 

97 4 630 13 
194 4 615 12 
382 4 590 31 
758 4 545 22 

1517 4 477 17 
3033 4 143 7 
6066 4 7 1 

 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; growth – measured as fluorescence in the 
end of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 1,152 mg/L 
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Figure B-3.2. Raphidocelis subcapitata (WSLH, 2016) EC10 Estimation 
 

d) Hard Water (173 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Growth St. Dev. 
0 4 674 9 

97 4 676 9 
194 4 667 8 
382 4 677 11 
758 4 642 13 

1,517 4 596 11 
3,033 4 229 13 
6,066 4 9 1 

 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; growth – measured as fluorescence in the 
end of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 1,460 mg/L 
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Figure B-3.2. Raphidocelis subcapitata (WSLH, 2016) EC10 Estimation 
 

e) Very Hard Water (350 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Growth St. Dev. 
0 4 600 6 

97 4 605 5 
194 4 599 9 
382 4 591 9 
758 4 568 11 

1,517 4 521 18 
3,033 4 270 27 
6,066 4 14 3 

 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; growth – measured as fluorescence in the 
end of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 1,338 mg/L 
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Figure B-3.2. Raphidocelis subcapitata (WSLH, 2016) EC10 Estimation 
 

f) Extremely Hard Water (576 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Cl, mg/L N Growth St. Dev. 
0 4 564 6 

97 4 572 9 
194 4 556 16 
382 4 550 23 
758 4 543 4 

1,517 4 507 7 
3,033 4 264 17 
6,066 4 8 1 

 
Notes:  
Dose was entered as chloride concentration (mg/L); N -replicate number; growth – measured as fluorescence in the 
end of the test; st.dev. – standard deviation 
 

BMDS Output Plot: EC10 = 1,529 mg/L 
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B-4.  Wisconsin State Laboratory of Hygiene (WSLH) 2017:  
Pseudokirchneriella subcapitata Multi-Salt Toxicity Testing 

 
In 2017, WSLH completed the multi-salt test to compare the Cl toxicity from NaCl, Na2SO4, NaHCO3, 
MgCl2, MgSO4, CaCl2, CaSO4, and KCl in the moderately hard reconstituted water (MHRW).  First, 
algae were tested in a medium with a standard nutrient volume (all 0.1 mL/100mL), and next, the 10X 
phosphorus (P) and 10X selenium/molybdenum (Se/Mo) were added.   
 
The derived IC50, IC20, and IC10 are summarized in Table B-4.1. Figure B-4.1 to B-4.7 show the derived 
dose-response curves. 
 

Salt  
Solution IC50 IC20 IC10 Variance 

Model 
2015 Hardness Testing 

NaCl - Very Soft Water 2465 1536 1210 LTS 
NaCl - Soft Water 2967 1753 1345 LTS 
NaCl – Mod Hard 3762 2770 2316 LLG 
NaCl – Hard 4259 3220 2735 LLG 
NaCl – Very Hard 4589 2811 2388 LL 
NaCl – Extremely Hard 4719 2968 2542 LL 

2016-2017 Multi Salt 
Na2SO4 5179 3923 3335 LLG 
KCl 3801 2559 2096 LTS 
NaCl 3857 2562 2085 LTS 
MgCl2 2130 1112 801 LTS 
CaSO4 1728 313 133 LLG 
NaHCO3 2593 2142 1916 LLG 
MgSO4 4536 3095 2552 LTS 
CaCl2 3189 2259 1847 LLG 

2016-2017 Multi Salt – Nutrient Sup 
MgCl2 2552 1932 1641 LLG 
CaSO4 >Sat >Sat 537 BMDS - Hill 
MgSO4 5231 3884 3263 LLG 
CaCl2 3177 2430 2123 LTS 

2016-2017 Multi Salt – 10x Nutrient 
CaCl2 502 300 222 LLG 
KCl 3447 2541 2126 LLG 
Na2SO4 6056 4336 3879 LLG 
MgCl2 2799 2160 1856 LLG 
CaSO4 596 276 176 LLG 
NaCl 4229 2872 2363 LTS 
MgSO4 3464 1705 1346 LL 
NaHCO3 3158 2297 1907 LLG 

LL = log linear variance model; LLG = log logistic variance model, LTS =log threshold sigma variance 
model, BMDS-Hill = USEPA Benchmark Dose Software – Hill model – unless indicated USEPA TRAP 
software used. 
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B-5.  Nautilus Environmental 2016 and 2019:  
Lithobates pipiens and Centroptilum (Neocloeon) triangulifer  

Chloride Toxicity Testing 
 
In 2016 and 2019 Nautilus Environmental (Nautilus) examined the ameliorating effects of hardness on 
sodium chloride toxicity for the following species: 
 
L. pipiens (northern leopard frog); 
C. (Neocloeon) triangulifer (mayfly). 
 
The long-term static-renewal test for L. pipiens (tadpole stage) lasted for 2,040-2,136 hours, and 
included three water hardness levels, such as very soft, moderately hard, and very hard water (8, 90, 
and 300 mg/L, respectively).  Mortality, biomass, and length biological endpoints were measured.  By 
the end of the work, Nautilus (2016) provided a draft report with detail methodology and laboratory 
records, attached in the end of Appendix B.  The EC20 values, based on the biomass toxicological 
endpoint, of 801 mg/kg, 2,723 mg/kg, and 2,800 mg/kg were calculated by EEI for the very soft, 
moderately hard, and very hard water, respectively.  The EC20 values were calculated using BMDS 3.2 
software, with continuous model.  Corresponding toxicological endpoints, calculated with BMDS 3.2 
software, and used for the guideline derivation, are present in Figure B-5.1. 
 
 
The long-term static-renewal test for C. triangulifer was conducted on the organisms <48 hr old, and 
lasted for 28 days, comparing the soft (42 mg/L), moderately hard (84 mg/L), hard (85 mg/L) and very 
hard (300 mg/L) water levels.  Biological endpoints, such as mortality, emergence, and biomass, were 
measured.  By the end of the work, Nautilus (2019) provided a final report with detail methodology and 
laboratory records, attached in the end of Appendix B.  The LC20 values, based on the survival 
toxicological endpoint, of 361 mg/kg, 243 mg/kg, 373, and 502 mg/kg were calculated by EEI, for the 
soft, moderately hard, hard, and very hard water, respectively.  The LC20 values were calculated using 
BMDS 2.7.04 software, with dichotomous or continuous model.  Corresponding toxicological 
endpoints, calculated with BMDS 2.7.0.4. software, and used for the guideline derivation, are present 
in Figure B-5.2. 
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Figure B-5.1. Lithobates pipiens EC20 Estimation 
 

a) Very Soft Water (8 mg CaO3/L) 
 

BMDS Input Table: Exponential Degree 2 Model 
 

Dose N Mean Response St. Dev. 
2.7 4 2.02 0.21 
143 4 1.76 0.37 
297 4 1.69 0.14 
605 4 1.89 0.25 

1,204 4 1.43 0.38 
2,426 4 1.51 0.14 
4,910 4 0.00 0.00 

 
Notes:  
Dose- Chloride, mg/L; N -replicate number; mean response – biomass in grams in the end of the test; st.dev. – 
standard deviation 
Original data report prepared by Nautilus (2016) is provided in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 801 mg/L 
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Figure B-5.1. Lithobates pipiens EC20 Estimation 
 

b) Moderately Hard Water (90 mg CaO3/L) 
 

BMDS Input Table: Polynomial Degree 3 Model 
 

Dose N Mean Response St. Dev. 
4.9 4 1.41 0.38 
148 4 1.58 0.14 
306 4 1.68 0.25 
601 4 1.35 0.31 

1,200 4 1.42 0.26 
2,396 4 1.77 0.16 
4,600 4 0.00 0.00 

 
Notes:  
Dose- Chloride, mg/L; N -replicate number; mean response – biomass in grams in the end of the test; st.dev. – 
standard deviation 
Original data report prepared by Nautilus (2016) is provided in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 2,723 mg/L 
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Figure B-5.1. Lithobates pipiens EC20 Estimation 
 

c) Very Hard Water (300 mg CaO3/L) 
 

BMDS Input Table: Polynomial Degree 3 Model 
 

Dose N Mean Response St. Dev. 
10.5 4 1.57 0.31 
162 4 1.53 0.39 
320 4 1.74 0.19 
614 4 1.62 0.20 

1,242 4 1.60 0.31 
2,330 4 1.62 0.06 
4,770 4 0.00 0.00 

 
Notes:  
Dose- Chloride, mg/L; N -replicate number; mean response – biomass in grams in the end of the test; st.dev. – 
standard deviation 
Original data report prepared by Nautilus (2016) is provided in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 2,800 mg/L 
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Figure B-5.2. Centroptilum (Neocloeon) triangulifer LC20 Estimation 
 

a) Soft Water (42 mg CaO3/L) 
 

BMDS Input Table: Hill Continuous Model 
 

Dose N Mean Response St. Dev. 
1.21 3* 67 8.9 
78 4 65 10 

154 4 68 16.3 
326 4 60 8.2 
646 4 2.5 5 

1,280 4 0 0 
 
Notes:  
Dose- Chloride, mg/L; N -replicate number; mean response – survival percentage; st.dev. – standard deviation 
*High mortality in one replicate was observed due to dropped DO (Nautilus, 2019); and this replicate was not included 
in the final statistics; 
Original data report prepared by Nautilus (2019) is provided in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 361 mg/L 
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Figure B-5.2. Centroptilum (Neocloeon) triangulifer LC20 Estimation 
 

b) Moderately Hard Water 
 

BMDS Input Table: Log-Logistic Dichotomous Model 
 

Dose N Effect 
2.25 40 5 
78 40 8 

154 40 15 
324 39 17 
640 40 33 

1,280 40 40 
 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
Original data report prepared by Nautilus (2019) is provided in in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 243 mg/L 
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Figure B-5.2. Centroptilum (Neocloeon) triangulifer LC20 Estimation 
 
c) Hard Water 

 
BMDS Input Table: Hill Continuous Model 

 
Dose N Mean Response St. Dev. 
1.21 3* 77.5 8.9 
78 4 75.0 10.0 

154 4 64.2 16.3 
326 4 70.0 8.2 
646 4 17.5 5.0 

1,280 4 0 0 
 
Notes:  
Dose- Chloride, mg/L; N -replicate number; mean response –survival percentage, relative to control; st.dev. – 
standard deviation 
*High mortality in one replicate was observed due to dropped DO (Nautilus, 2019); and this replicate was not included 
in the final statistics; 
Original data report prepared by Nautilus (2019) is provided in in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 373 mg/L 
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Figure B-5.2. Centroptilum (Neocloeon) triangulifer LC20 Estimation 
 

d) Very Hard Water 
 
 

BMDS Input Table: Gamma Dichotomous Model 
 

Dose N Effect 
8.66 40 24 
81.6 40 21 
166 40 19 
344 40 20 
668 40 33 
1333 40 40 

 
Notes:  
Dose- Chloride, mg/L; N – number of organisms per dose, effect – number of organisms affected 
Original data report prepared by Nautilus (2019) is provided in in the end of Appendix B. 
 

BMDS Output Plot: LC20 = 502 mg/L 
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1.0 INTRODUCTION 

 
Chloride generally occurs in aquatic environments as the highly soluble Cl- ion, which is readily 
dissociated from major cations such as Na+, K+, Ca2+ and Mg2+. The ion can occur at elevated 
concentrations in aquatic systems both naturally and due to anthropogenic activities. 
Anthropogenic sources of chloride include wastewater effluents, road runoff, groundwater, and 
application and storage of road salt (Evans and Frick, 2001; Chapra et al., 2009). High levels of 
chloride are of toxicological concern due to the potential to disrupt ion balance in aquatic 
organisms. Aquatic organisms pump ions, such as chloride, against an osmotic gradient to 
maintain ionic stasis in hypo-osmotic environments (Hobe et al., 1984; Perry, 1997). Therefore, 
increasing chloride in surface waters may affect the ability of an aquatic organism to 
osmoregulate, potentially affecting endocrine balance, oxygen consumption and general 
changes in physiological processes (Holland et al., 2010).  

 
The potential for chronic effects of chloride on amphibians is not well understood. A study by 
Beak (1999) reported a 7-day LC10 of 1,307 mg/L using Xenopus laevis while Doe (2010) 
reported a 108-day MATC (survival) of 3,431 mg/L using Lithobates pipiens. This limited dataset, 
which does not include sublethal effects, suggests further study is required to understand the 
potential impact of chloride in aquatic systems. In addition, the possibility of modifying factors 
(e.g., water hardness) affecting chloride toxicity on amphibians should be further explored. 
Water hardness has been shown to decrease the acute toxicity of chloride in a freshwater water 
flea (Ceriodaphnia dubia), fingernail clams (Sphaerium simile and Musculium transversum), a 
worm (Tubifex tubifex), and a freshwater mussel (Lampsilis siloquoidea) (Elphick et al. 2011, 
Soucek et al., 2011, Gillis, 2011).  
 
A standardized method for assessing toxicity in amphibians is currently being developed by 
Environment Canada for the Northern Leopard frog (L. pipiens, formerly Rana pipiens) due, in 
part, to its broad distribution and relevance to Canadian environments.  L. pipiens is a green or 
brown frog with large spots, light coloured dorsolateral ridges and white belly.  They are present 
in every Canadian province and territory except the Yukon and are found in a variety of habitats 
including prairies, woodland and tundra (Canadian Herpetological Society, 2012). 
 
This study evaluated the toxic effect of chloride on the Northern leopard frog, L. pipiens, in three 
water types; very soft, moderately hard and very hard water. Tadpoles were exposed from an 
early pre-metamorphic developmental stage to the onset of metamorphosis and, in addition to 
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observing lethality, sublethal endpoints relating to growth and development were assessed at 
three time points during the exposure.  
 
2.0 METHODS 
 
Exposures were initiated using L. pipiens tadpoles reared from two egg masses spawned at the 
Nautilus Environmental laboratory (Burnaby, BC). Tadpoles were pre-metamorphic, at Gosner 
developmental stage 25. The organisms were visually inspected for overall health and gross 
deformities prior to healthy tadpoles being randomly distributed among aquaria. Tadpoles were 
exposed to a range of chloride treatments (151, 303, 607, 1213 2426 and 4853 mg/L) in three 
different water types. A control was maintained for each water type and all treatments were 
tested in quadruplicate. Sodium chloride was diluted in each water type to make stock solutions 
of 100 g/L chloride. The water types were very soft water (Metro Vancouver dechlorinated 
municipal tap water), synthetic moderately hard water and synthetic very hard water.  The 
moderately hard and very hard water were prepared according to the recipe described in USEPA 
(2002).  The approximate hardness ranges of these waters were 6-10, 80-100 and 280-320 mg/L 
as CaCO3, respectively. All chemical salts used in the exposures were reagent grade. 
 
Testing conditions were adapted from draft methodology described by Environment Canada (Lo 
et al., 2014). The exposures were conducted in environment controlled chambers at 23 ± 1°C 
with a photoperiod of 16 hours light: 8 hours dark and light intensity of 100-500 lux. Tadpoles 
were exposed in glass aquaria containing 8-L of water and each aquarium contained eight 
tadpoles. Water renewals were conducted three times per week and tadpoles were fed daily at a 
rate of 3% body weight, using Sera Micron; the food was prepared as a slurry immediately prior 
to feeding.  Tadpoles from one replicate of the very soft water control were weighed weekly and 
feeding rates were adjusted accordingly. Temperature and mortality observations were recorded 
daily, at which time mortalities were removed.  
 
Water renewals (75% replacement) occurred three times per week, at which time temperature, 
dissolved oxygen, pH and conductivity were measured before and after renewals.  Ammonia was 
measured in a subset of test containers twice per week. Chloride was measured in all treatments 
six times during the exposure period, and alkalinity, sulphate, calcium, magnesium, potassium, 
and sodium was measured twice during the exposures in each of the three water types. 
Analytical chemistry was conducted by ALS Environmental (Burnaby, BC). Chloride and sulphate 
were measured using ion chromatography and the cations were measured using inductively 
coupled plasma - optical emission spectrophotometry.  
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Exposures continued until 50-55% of control tadpoles had reached the onset of metamorphosis 
(Gosner 42). Test endpoints included development stage, length, snout to vent length, biomass 
(replicate wet weight divided by initial number of organisms) and mortality. These endpoints 
were recorded at 28 days, 56 days and at exposure termination. Assessments during the 
exposures were conducted non-lethally. At termination, all tadpoles were euthanized using a 
lethal dose (4 g/L) of tricaine methanesulfonate (MS-222).  
 
Linear interpolation was used to analyze mortality data and estimate LC20 values, since the data 
did not meet the statistical assumptions for probit analysis. With the exception of Gosner stage 
(development), exploratory analyses using linear regression were used to assess whether 
chloride exerted a negative sublethal effect on tadpoles. For endpoints where chloride appeared 
to have a significant effect, either non-linear regression (3-P log-logistic model) or linear 
interpolation was used to estimate IC20 values.  For Gosner stage, comparisons between 
treatments and control were assessed using the Dunnett’s model. Control tadpoles of each 
water type were also compared using analysis of variance to determine whether tadpole growth, 
development and survival were affected by different water hardness. Point estimates and 
comparisons were calculated using the statistical software CETIS (Tidepool Scientific Software, 
2013) and JMP (SAS, 2013), respectively.  
 

3.0 RESULTS AND DISCUSSION 
 
The exposures duration for very soft water was 85 days while moderately hard and very hard 
water was 89 days. Mean control survival was 87.5, 81.2 and 78.1% in very soft, moderately hard 
water and very hard water, respectively (Table 1). Control mortality, growth (length, snout to 
vent length and biomass) and development (Gosner stage) were not significantly different from 
one another across water types. One replicate of the 1242 mg/L chloride very hard water 
treatment was excluded from analyses due to suspected microbial or fungal contamination; at 
28 days, tadpoles in this replicate exhibited white tail fins and lethargy. Mortality was observed 
and within one week following the observation of illness, all tadpoles in the replicate were dead. 
The same symptoms and corresponding mortality was not observed in the remaining replicates 
or other treatments, suggesting mortality in this replicate was independent of chloride.  
 
Measured chloride concentrations were within 10% of nominal concentrations and mean 
measured chloride concentrations were used to summarize results and for statistical 
analyses.  Total ammonia concentrations remained below 4 mg/L throughout the exposure.  
  
The pattern of mortalities was largely similar in the three water types.  Complete mortality was 
observed in the highest treatment (4600-4910 mg/L chloride) in all water types while survival in 
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the second highest treatment (2330-2426 mg/L chloride) remained above 71% (Table 1). The 
LC20 estimates were largely similar, indicating that water hardness did not appear to alter the 
effect of chloride on survival of this species (Table 2). 
 

Table 1. Tadpole survival at test termination. 

Water type 
Very soft Moderately Hard Very Hard 

Chloride 
(mg/L) 

Mean Survival 
(%) 

Chloride 
(mg/L) 

Mean Survival 
(%) 

Chloride 
(mg/L) 

Mean Survival 
(%) 

2.7 87.5 ± 10.2 4.9 81.2 ± 21.6 10.5 78.1 ± 6.2 
143 87.5 ± 14.4 148 93.8 ± 7.2 162 84.4 ± 6.2 
297 96.9 ± 6.2 306 87.5 ± 17.7 320 87.5 ± 17.7 
605 93.8 ± 12.5 601 78.1 ± 6.2 614 84.4 ± 15.7 

1204 71.9 ± 21.3 1200 75.0 ± 22.8 1242 95.8 ± 7.2 
2426 71.9 ± 6.2 2396 87.5 ± 7.2 2330 81.2 ± 12.5 
4910 0.0 ± 0.0 4600 0.0 ± 0.0 4770 0.0 ± 0.0 

 

Table 2.  LC20 values for chloride in three water types. 

  LC20 (95% Confidence Limit) mg/L 
Water type 28-day 56-day Termination* 
Very soft 2690 (2509-2855) 2652 (2532-2797) 2471 (N/A-2683) 
Moderately hard 2665 (2539-2710) 2595 (2409-2749) 2609 (N/A-2806) 
Very hard 2529 (406-2745) 2523 (1498-2789) 2600 (2015-2743) 
 *Test termination: Day 85 for very soft water and Day 89 for moderately hard and very hard water 

 
Differences in tadpole developmental rate between chloride treatments and the controls were 
apparent, but changed over the course of the exposures.  After 28-days of exposure, the control 
tadpoles in very soft water were more developed than tadpoles in all of the chloride 
concentrations in this water type (p-value = 0.0014, or lower). The difference between mean 
Gosner development stages in the control and chloride treatments was approximately 1 to 1.5 
stages (Table 3). Interestingly, the controls for the moderately hard and hard water treatments 
were also at a lower Gosner stage than the very soft water control after 28 days of exposure.  
Thus, it appears that this effect (i.e., the faster developmental rate in the very soft water control) 
was related to the low ionic strength of the very soft water control, rather than being associated 
with differences in chloride concentration specifically. 
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In moderately hard water, tadpole development was significantly different from control in the 
601 and 1200 mg/L chloride treatments (p-value = 0.0032 and 0.0009), while in very hard water, 
only the 1242 mg/L chloride treatment was significantly different from the control (p-value = 
0.0066). As the exposures progressed, these differences in developmental stage decreased. At 
56-days, only the highest chloride treatment (2426 mg/L chloride) in the very soft water was 
significantly different from control (p-value = 0.0021) and no significant differences were 
observed between control and chloride concentrations in moderately hard or very hard water. At 
test termination, no significant differences in development were observed in any of the water 
types tested.  Thus, chloride may have caused a minor effect on developmental timing during 
the earlier stages of development. However, this effect was transient, and not likely to be of 
ecological consequence.  
 

Table 3. Tadpole development (Gosner stage). 

Water type 
Chloride 
(mg/L) Mean Gosner stage ± Standard Deviation 

    28-days 56-days Termination 
Very soft 2.6 28.5 ± 0.3 34.0 ± 0.2 39.6 ± 0.6 

143 27.5* ± 0.2 33.4 ± 1.0 39.7 ± 0.7 
297 27.5* ± 0.3 34.2 ± 0.2 39.3 ± 0.4 
605 27.2* ± 0.2 33.9 ± 0.8 39.6 ± 1.4 

1204 27.3* ± 0.6 33.1 ± 1.0 38.1 ± 1.9 
  2426 27.0* ± 0.3 31.6* ± 1.0 39.1 ± 0.5 
Moderately hard 4.9 27.9 ± 0.4 32.7 ± 1.2 39.2 ± 0.3 

148 27.3 ± 0.5 32.0 ± 1.2 39.0 ± 1.1 
306 27.5 ± 0.4 33.0 ± 0.8 39.4 ± 0.7 
601 26.8* ± 0.3 32.6 ± 0.9 39.6 ± 0.9 

1200 26.6* ± 0.3 32.6 ± 1.1 39.4 ± 1.7 
  2396 27.2 ± 0.3 32.5 ± 0.7 39.8 ± 0.4 
Very hard 10.5 26.5 ± 0.1 32.4 ± 0.8 39.6 ± 2.0 

162 26.2 ± 0.2 31.3 ± 0.3 39.5 ± 1.2 
320 26.7 ± 0.2 32.3 ± 1.1 39.8 ± 1.0 
614 26.1 ± 0.3 31.1 ± 1.4 39.0 ± 0.5 

1242 25.8* ± 0.3 30.4 ± 1.2 37.2 ± 1.7 
  2330 26.1 ± 0.3 32.0 ± 0.9 38.9 ± 0.8 
*Significantly different from control 
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The effect of exposure to chloride on tadpole biomass is shown in Table 4. For all water types, 
the IC20 value was greater at test termination than at 28-days. Throughout the exposures, the 
biomass IC20 values were much higher in the moderately hard and very hard water compared to 
very soft water. Significant trends in tadpole length and snout to vent length were not observed 
in the exposures. All estimated IC20 values for the length endpoints were greater than the 
second highest chloride concentrations tested (2330-2426 mg/L); there was no survival in the 
highest concentration, and so no lengths were measured. 

Table 4. Chloride IC20 values for tadpole biomass 

  Biomass IC20 (95% Confidence Limit) 
Water type 28-day 56-day Termination* 
Very soft 476.3 (N/A-1733) 1754 (N/A-3009) 877 (N/A-3400) 
Moderately hard 2427 (N/A-2691) 2669 (2271-2766) 2688 (2385-2755) 
Very hard 2402 (N/A-2782) 2429 (N/A-2657) 2680 (2195-2694) 

 *Test termination: Day 85 for very soft water and Day 89 for moderately hard and very hard water 

 
 
The data suggest that similar to invertebrates, chloride toxicity in amphibians may be 
ameliorated by higher hardness; however, this effect was relatively limited. Decreases in growth 
in this study were observed mainly in very soft water. The IC20 (biomass) values at test 
termination were similar in moderately hard and very hard water (2688 and 2680 mg/L chloride, 
respectively).  
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APPENDIX A – Lithobates pipiens survival and development data  
  



 
 

 
 

Table A- 1.  Mean tadpole survival 

Water type 
Chloride 
(mg/L) Mean survival ± Standard deviation (%) 

    28-days 56-days Termination 
Very soft 2.66 100.0 ± 0.0 96.9 ± 6.2 87.5 ± 10.2 

143.25 100.0 ± 0.0 100.0 ± 0.0 87.5 ± 14.4 
297.00 100.0 ± 0.0 100.0 ± 0.0 96.9 ± 6.2 
605.20 100.0 ± 0.0 93.8 ± 7.2 93.8 ± 12.5 

1204.00 96.9 ± 6.2 96.9 ± 6.2 71.9 ± 21.3 
2426.00 93.8 ± 7.2 90.6 ± 6.2 71.9 ± 6.2 

  4910.00 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Moderately hard 4.93 100.0 ± 0.0 96.9 ± 6.2 81.2 ± 21.6 

148.20 93.8 ± 7.2 90.6 ± 6.2 93.8 ± 7.2 
306.00 93.8 ± 7.2 87.5 ± 17.7 87.5 ± 17.7 
601.00 96.9 ± 6.2 81.2 ± 7.2 78.1 ± 6.2 

1200.00 96.9 ± 6.2 90.6 ± 12.0 75.0 ± 22.8 
2396.00 96.9 ± 6.2 93.8 ± 7.2 87.5 ± 7.2 

  4600.00 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Very hard 10.50 96.9 ± 6.2 93.8 ± 12.5 78.1 ± 6.2 

162.20 96.9 ± 6.2 93.8 ± 7.2 84.4 ± 6.2 
320.00 90.6 ± 12.0 90.6 ± 12.0 87.5 ± 17.7 
614.00 100.0 ± 0.0 93.8 ± 7.2 84.4 ± 15.7 

1242.00 87.5 ± 17.7 95.8 ± 7.2 95.8 ± 7.2 
2330.00 87.5 ± 17.7 84.3 ± 15.7 81.2 ± 12.5 

  4770.00 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

 
  



 
 

 
 

Table A- 2.  Mean tadpole biomass 

Water type 
Chloride 
(mg/L) Mean Biomass (g) 

    28-days 56-days Termination 
Very soft 2.66 0.36 ± 0.05 1.21 ± 0.24 2.02 ± 0.21 

143.25 0.33 ± 0.02 1.18 ± 0.27 1.76 ± 0.37 
297.00 0.29 ± 0.02 1.10 ± 0.13 1.69 ± 0.14 
605.20 0.23 ± 0.04 1.08 ± 0.25 1.89 ± -0.25 

1204.00 0.26 ± 0.04 1.08 ± 0.18 1.43 ± 0.38 
2426.00 0.23 ± 0.02 0.87 ± 0.15 1.51 ± 0.14 
4910.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Moderately hard 4.90 0.31 ± 0.03 0.98 ± 0.15 1.41 ± 0.38 
148.20 0.22 ± 0.04 0.84 ± 0.19 1.58 ± 0.14 
306.00 0.27 ± 0.03 1.09 ± 0.25 1.68 ± 0.25 
601.00 0.23 ± 0.01 0.93 ± 0.27 1.35 ± 0.31 

1200.00 0.23 ± 0.01 0.88 ± 0.10 1.42 ± 0.26 
2396.00 0.31 ± 0.00 1.02 ± 0.14 1.77 ± 0.16 

  4600.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Very hard 10.50 0.23 ± 0.03 0.97 ± 0.15 1.57 ± 0.31 

162.20 0.26 ± 0.06 0.98 ± 0.15 1.53 ± 0.39 
320.00 0.26 ± 0.03 0.96 ± 0.17 1.74 ± 0.19 
614.00 0.20 ± 0.03 0.82 ± 0.17 1.62 ± 0.20 

1242.00 0.16 ± 0.05 0.76 ± 0.21 1.60 ± 0.31 
2330.00 0.23 ± 0.04 0.90 ± 0.08 1.62 ± 0.06 

  4770.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
 
  



 
 

 
 

Table A- 3.  Mean tadpole length 

Water type 
Chloride 
(mg/L) Mean Length ± Standard deviation (mm) 

    28-days 56-days Termination 
Very soft 2.66 30.3 ± 1.0 48.1 ± 0.4 63.1 ± 3.6 

143.25 29.3 ± 0.9 45.3 ± 3.5 60.2 ± 4.3 
297.00 28.9 ± 0.8 46.1 ± 1.2 58.6 ± 1.1 
605.20 27.8 ± 1.7 46.6 ± 4.1 61.4 ± 4.2 

1204.00 28.0 ± 1.1 45.5 ± 2.7 60.1 ± 5.3 
2426.00 27.0 ± 1.6 40.9 ± 1.9 60.9 ± 3.4 
4910.00                   

Moderately hard 4.90 30.2 ± 1.1 46.1 ± 1.7 59.5 ± 1.7 
148.20 27.4 ± 2.0 44.0 ± 3.4 57.6 ± 2.4 
306.00 28.6 ± 1.5 47.9 ± 0.5 59.9 ± 1.8 
601.00 27.4 ± 0.7 47.1 ± 2.6 60.4 ± 1.3 

1200.00 26.7 ± 0.4 42.8 ± 2.9 60.1 ± 4.7 
2396.00 29.5 ± 0.8 44.9 ± 3.0 58.2 ± 2.0 

  4600.00                   
Very hard 10.50 26.1 ± 0.5 45.2 ± 4.2 61.6 ± 5.1 

162.20 26.6 ± 1.6 44.2 ± 2.4 58.6 ± 4.6 
320.00 28.3 ± 0.5 44.7 ± 1.6 61.0 ± 3.7 
614.00 26.7 ± 1.0 42.0 ± 1.3 59.5 ± 2.2 

1242.00 25.3 ± 3.2 39.8 ± 3.3 41.4 ± 27.7 
2330.00 27.3 ± 1.7 43.6 ± 5.6 59.8 ± 3.6 

  4700.00                   
 
  



 
 

 
 

Table A- 4.  Mean tadpole snout to vent length 

Water type 
Chloride 
(mg/L) Mean snout to vent length  ± Standard deviation (mm) 

    28-days 56-days Termination 
Very soft 2.66 10.64 ± 0.03 16.7 ± 1.9 21.6 ± 0.9 

143.25 9.69 ± 0.05 17.5 ± 1.8 21.0 ± 1.3 
297.00 9.67 ± 0.03 17.4 ± 0.7 19.7 ± 0.5 
605.20 9.41 ± 0.08 16.7 ± 2.4 20.4 ± 1.2 

1204.00 9.22 ± 0.04 17.2 ± 1.5 20.2 ± 2.2 
2426.00 9.30 ± 0.03 15.6 ± 1.4 20.7 ± 0.6 
4910.00                   

Moderately hard 4.90 10.0 ± 0.6 16.6 ± 1.3 19.6 ± 1.7 
148.20 9.5 ± 0.7 16.2 ± 1.8 19.8 ± 0.5 
306.00 10.0 ± 0.4 17.9 ± 1.2 19.8 ± 0.6 
601.00 9.3 ± 0.2 16.5 ± 1.5 19.7 ± 0.6 

1200.00 9.4 ± 0.4 15.2 ± 1.7 20.3 ± 1.7 
2396.00 10.2 ± 0.5 16.5 ± 1.1 20.6 ± 0.5 

  4600.00                   
Very hard 10.50 9.3 ± 0.2 16.5 ± 2.1 20.6 ± 1.0 

162.20 9.5 ± 0.6 15.6 ± 0.9 19.9 ± 2.3 
320.00 13.0 ± 6.0 15.4 ± 0.9 20.3 ± 1.4 
614.00 8.9 ± 0.4 14.4 ± 0.7 20.3 ± 1.6 

1242.00 8.9 ± 0.7 13.8 ± 1.1 13.7 ± 9.2 
2330.00 9.4 ± 0.7 15.2 ± 2.1 20.1 ± 1.7 

  4700.00                   
 
  



 
 

 
 

APPENDIX B – Major ion chemistry 
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Matrix:

Matrix:

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
 

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
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L2149383-26

L2149383-27

L2149383-28

L2149383-29

L2149383-30

L2149383-31

L2149383-32

L2149383-33

L2149383-34

L2149383-35

HW-75-02

HW-150-1

HW-150-02

HW-300-01

HW-300-02

HW-600-01

HW-600-02

HW-1200-01

HW-1200-02

VHW-75-01

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

75.6

156

158

313

305

619

622

1270

1250

78.9

0.50

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
 

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2149383-36

L2149383-37

L2149383-38

L2149383-39

L2149383-40

L2149383-41

L2149383-42

L2149383-43

L2149383-44

VHW-75-02

VHW-150-01

VHW-150-02

VHW-300-01

VHW-300-02

VHW-600-01

VHW-600-02

VHW-1200-01

VHW-1200-02

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

CLIENT on 17-AUG-18 @ 13:00

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

78.5

154

156

318

316

642

644

1310

1300

2.5

2.5

2.5

2.5

2.5

2.5

2.5

5.0

5.0

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498

R4180498



CL-IC-N-CL

MET-TOT-ICP-CL

SO4-IC-N-CL

Reference Information

Chloride in Water by IC

Total Metals in Water by ICPOES

Sulfate in Water by IC
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are digested with nitric and hydrochloric acids, and analyzed by inductively coupled plasma - optical emission spectrophotometry (EPA 
Method 6010B). Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

ALS Test Code Test Description

Water

Water

Water

DLHC Detection Limit Raised: Dilution required due to high concentration of test analyte(s).

Sample Parameter Qualifier Key:

Qualifiers  for Sample Submission Listed:

EXTEMP10 13 C - Samples Received with temperature >10 Degrees C

EPA 300.1 (mod)

EPA 200.2/6010B

EPA 300.1 (mod)

Method Reference** 

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

Description Qualifier    

Description      Qualifier      

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

CL ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
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 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
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.

Version:  FINAL   
7



Quality Control Report
Page 1 of

Client:

Contact:

Nautilus Environmental
4-6125 12th Street SE 
Calgary  AB  T2H 2K1
Madison Lehti

Report Date: 02-SEP-18Workorder: L2149383

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-CL

MET-TOT-ICP-CL

Water

Water

R4180498

R4185079

Batch

Batch

DUP

DUP

DUP

LCS

LCS

LCS

MB

MB

MB

MS

MS

LCS

LCS

MB

WG2856901-11

WG2856901-15

WG2856901-19

WG2856901-10

WG2856901-14

WG2856901-18

WG2856901-13

WG2856901-17

WG2856901-9

WG2856901-12

WG2856901-16

WG2859541-2

WG2859541-5

WG2859541-1

L2149383-15

L2149383-26

L2149383-42

L2149383-15

L2149383-26

TMRM

TMRM

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Calcium (Ca)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Calcium (Ca)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Calcium (Ca)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

76.0

75.9

641

101.7

100.2

101.2

<0.50

<0.50

<0.50

110.5

108.8

97.0

101.2

95.8

95.6

99.2

101.7

95.7

96.3

<0.10

<0.10

<0.50

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

20-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

0.1

0.4

0.4

20

20

20

90-110

90-110

90-110

75-125

75-125

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

mg/L

mg/L

mg/L

%

%

%

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

0.5

0.5

0.5

0.1

0.1

0.5

75.9

75.6

644

3



Quality Control Report
Page 2 ofReport Date: 02-SEP-18Workorder: L2149383

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-TOT-ICP-CL

SO4-IC-N-CL

Water

Water

R4185079

R4180498

Batch

Batch

MB

MB

LCS

MB

WG2859541-1

WG2859541-4

WG2856901-10

WG2856901-9

Sodium (Na)-Total

Calcium (Ca)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Sulfate (SO4)

Sulfate (SO4)

<1.0

<0.10

<0.10

<0.50

<1.0

98.7

<0.30

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

27-AUG-18

20-AUG-18

20-AUG-18

90-110

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

1

0.1

0.1

0.5

1

0.3

3



Quality Control Report
Page 3 ofReport Date: 02-SEP-18Workorder: L2149383

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

3



                                                      ____________________________________________ 



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2174648 CONTD....
2PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
 

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2174648-1

L2174648-2

L2174648-3

L2174648-4

L2174648-5

L2174648-6

SW-CTL-FINAL

HW-CTL-FINAL

MHW-CTL-FINAL

VHW-CTL-FINAL

SW-75-FINAL

SW-150-FINAL

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

water

water

water

water

water

water

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

Chloride (Cl)
Sulfate (SO4)

Calcium (Ca)-Total
Magnesium (Mg)-Total
Potassium (K)-Total
Sodium (Na)-Total

Chloride (Cl)
Sulfate (SO4)

Calcium (Ca)-Total
Magnesium (Mg)-Total
Potassium (K)-Total
Sodium (Na)-Total

Chloride (Cl)
Sulfate (SO4)

Calcium (Ca)-Total
Magnesium (Mg)-Total
Potassium (K)-Total
Sodium (Na)-Total

Chloride (Cl)
Sulfate (SO4)

Calcium (Ca)-Total
Magnesium (Mg)-Total
Potassium (K)-Total
Sodium (Na)-Total

Chloride (Cl)

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L

03-OCT-18
03-OCT-18

10-OCT-18
10-OCT-18
10-OCT-18
10-OCT-18

03-OCT-18
03-OCT-18

10-OCT-18
10-OCT-18
10-OCT-18
10-OCT-18

03-OCT-18
03-OCT-18

10-OCT-18
10-OCT-18
10-OCT-18
10-OCT-18

03-OCT-18
03-OCT-18

10-OCT-18
10-OCT-18
10-OCT-18
10-OCT-18

03-OCT-18

1.42
43.1

7.26
6.77
1.16
15.2

5.02
188

32.5
30.9
5.02
63.8

2.60
90.0

14.8
14.4
2.42
32.1

9.7
371

37.6
56.9
9.28
117

83.2

Total Metals in Water by ICPOES

Total Metals in Water by ICPOES

Total Metals in Water by ICPOES

Total Metals in Water by ICPOES

0.50
0.30

0.10
0.10
0.50
1.0

0.50
0.30

0.10
0.10
0.50
1.0

0.50
0.30

0.10
0.10
0.50
1.0

2.5
1.5

0.10
0.10
0.50
1.0

0.50

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

DLHC

DLHC

R4259530
R4259530

R4268110
R4268110
R4268110
R4268110

R4259530
R4259530

R4268110
R4268110
R4268110
R4268110

R4259530
R4259530

R4268110
R4268110
R4268110
R4268110

R4259530
R4259530

R4268110
R4268110
R4268110
R4268110

R4259530
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
 

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2174648-6

L2174648-7

L2174648-8

L2174648-9

L2174648-10

L2174648-11

L2174648-12

L2174648-13

L2174648-14

L2174648-15

SW-150-FINAL

SW-300-FINAL

SW-600-FINAL

SW-1200-FINAL

MHW-75-FINAL

MHW-150-FINAL

MHW-300-FINAL

MHW-600-FINAL

MHW-1200-FINAL

HW-75-FINAL

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 11:55

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

water

water

water

water

water

water

water

water

water

water

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

158

337

676

1370

81.8

163

358

673

1360

92.4

0.50

2.5

2.5

5.0

0.50

0.50

2.5

2.5

5.0

2.5

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
 

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2174648-16

L2174648-17

L2174648-18

L2174648-19

L2174648-20

L2174648-21

L2174648-22

L2174648-23

L2174648-24

HW-150-FINAL

HW-300-FINAL

HW-600-FINAL

HW-1200-FINAL

VHW-75-FINAL

VHW-150-FINAL

VHW-300-FINAL

VHW-600-FINAL

VHW-1200-FINAL

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

CLIENT on 02-OCT-18 @ 12:00

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

water

water

water

water

water

water

water

water

water

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

184

356

684

1380

87.3

187

397

719

1390

2.5

2.5

2.5

5.0

2.5

2.5

2.5

2.5

5.0

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

DLHC

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530

R4259530



CL-IC-N-CL

MET-TOT-ICP-CL

SO4-IC-N-CL

Reference Information

Chloride in Water by IC

Total Metals in Water by ICPOES

Sulfate in Water by IC
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are digested with nitric and hydrochloric acids, and analyzed by inductively coupled plasma - optical emission spectrophotometry (EPA 
Method 6010B). Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

ALS Test Code Test Description

Water

Water

Water

DLHC
MS-B

Detection Limit Raised: Dilution required due to high concentration of test analyte(s).
Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Sample Parameter Qualifier Key:

EPA 300.1 (mod)

EPA 200.2/6010B

EPA 300.1 (mod)

Method Reference** 

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

Description Qualifier    

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

CL ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
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 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
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.

Version:  FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

Nautilus Environmental
#4, 6125 - 12 Street SE 
Calgary  AB  T2H 2K1
Madison Lehti/ Jacklyn Poole

Report Date: 10-OCT-18Workorder: L2174648

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-CL

MET-TOT-ICP-CL

SO4-IC-N-CL

Water

Water

Water

R4259530

R4268110

R4259530

Batch

Batch

Batch

DUP

LCS

LCS

MB

MB

MS

LCS

MB

LCS

MB

WG2895381-7

WG2895381-10

WG2895381-6

WG2895381-5

WG2895381-9

WG2895381-8

WG2898808-2

WG2898808-1

WG2895381-6

WG2895381-5

L2174648-11

L2174648-11

TMRM

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Calcium (Ca)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Calcium (Ca)-Total

Magnesium (Mg)-Total

Potassium (K)-Total

Sodium (Na)-Total

Sulfate (SO4)

Sulfate (SO4)

163

101.5

101.5

<0.50

<0.50

N/A

102.7

103.9

95.9

98.1

<0.10

<0.10

<0.50

<1.0

101.8

<0.30

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

03-OCT-18

10-OCT-18

10-OCT-18

10-OCT-18

10-OCT-18

10-OCT-18

10-OCT-18

10-OCT-18

10-OCT-18

03-OCT-18

03-OCT-18

0.2 20

90-110

90-110

-

80-120

80-120

80-120

80-120

90-110

mg/L

%

%

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

%

mg/L

MS-B

0.5

0.5

0.1

0.1

0.5

1

0.3

163
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Quality Control Report
Page 2 ofReport Date: 10-OCT-18Workorder: L2174648

Sample Parameter Qualifier Definitions:

Description Qualifier      

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

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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APPENDIX C 
 

SUMMARY OF BMDS RECALCULATED VALUES  
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Musculium secures (Mackie, 1978) Benchmark Dose Calculation 
 

Figure C-1. BMDS Input and Output  
 

 
BMDS Input Table: Log-Probit Dichotomous Model 

 
Dose N Effect 

0 100 0 
121 100 46 
243 100 59 
364 100 84 
485 100 91 
607 100 100 

 
Notes:  
Dose- Chloride, mg/L; N – percent of organisms per dose, effect – percent of organisms affected  
Hardness: non-specified  
 
 

BMDS Output Plot: EC25 = 88 mg/L 
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