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TECHNICAL MEMORANDUM 
  

To:  Dan Farmer (Chief Operating Officer, Allegiance Coal)  

From:  Bob Santore (Windward), David DeForest (Windward), Graham Matheson 
(Borealis), and Guy Gilron (Borealis) 

Subject:  Development of a Site Performance Objective (SPO) for Cadmium in Tenas 
Mine Receiving Waters 

Date:  October 4, 2021 

  

APPROACH FOR DEVELOPING A CADMIUM SITE PERFORMANCE OBJECTIVE 

The cadmium (Cd) guideline for British Columbia was based on the lowest observed 
effect approach (BCMOE 2015).  This approach has been the traditional guideline 
derivation method used by the British Columbia Ministry of Environment (BCMOE), 
now the British Columbia Ministry of Environment and Climate Change Strategy 
(BCMOECCS). However, most other jurisdictions, including: the Canadian Council of 
Ministers of the Environment (CCME), Environment and Climate Change Canada 
(ECCC), and other Canadian provinces use a different approach based on the 
distribution of the sensitivity of all species to cadmium (a species sensitivity 
distribution, or SSD).  SSD-based approaches derive the guideline from the 5th 
percentile of effect concentrations for the most sensitive toxicity endpoints for all 
aquatic species used to derive the guideline.  Recently, BCMOECCS has proposed a 
new approach that is also based on the 5th percentile of the SSD (BCMOECCS 2019).  
The BCMOECCS SSD-approach differs from the SSD-based approaches of CCME and 
ECCC, as it is based on a modeling-averaging technique (Schwarz and Tillmanns 2019).  
In the development of a Site Performance Objective (SPO) for Cd, we propose using the 
toxicity data from BCMOE (2015), with the modeling-averaging approach of Schwarz 
and Tillmans (2019). 
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DATA COMPILATION  

Chronic Cd toxicity data for aquatic life relevant to British Columbia were compiled 
from BCMOE (2015).  Species mean chronic values were based on the lowest 
toxicological effect observed for that species (e.g., survival, reproduction, growth), and 
averaged if multiple observations were available.  These data were normalized to a 
hardness of 50 mg/L as CaCO3, and are summarized in Table 1. 
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Table 1.  Toxicity data from BCMOE (2015) used in the derivation of the Cd SPO. The normalized effect values are 
adjusted to a hardness of 50 mg/L. 

Receptor Group/Species 

(all resident in BC) 

Selected Toxicity 

Test Endpoint Duration 

Normalized 

Effect 
Value 
(µg/L) 

Confidence 

Interval 
Lower 
Limit 

Confidence 

Interval 
Upper 
Limit 

Species 

Mean 
Value 
(µg/L) Reference 

Fish - Non-salmonid Species 

Catostomus commersoni LOEC; biomass 40-d 13   13 Eaton et al. (1978) 

Cottus bairdi LOEC; biomass 21-d 0.764   0.764 Besser et al. (2007) 

Esox lucius LOEC; biomass 35-d 13.9   13.9 Eaton et al. (1978) 

Pimephales promelas LOEC; growth 7-d 2.18   2.18 Castillo and Longley (2001) 

Pimephales promelas LC50 10-d 3.54 2.88 4.42  Suedel et al. (1997) 

Acipenser transmontanus LC20 27-d 6.79 6.17 7.42 6.79 Vardy et al. (2011) 

Fish - Salmonid Species 

Oncorhynchus kisutch LOEC; biomass 27-d 3.67   3.67 Eaton et al. (1978) 

Oncorhynchus mykiss LOEC; biomass 28-d 1.59    Besser et al. (2007) 

Oncorhynchus mykiss LC10 200-h 1.24 1.06 1.42  Chapman (1978) 

Oncorhynchus mykiss LC50 7-d 2.43 2.09 2.78  Cusimano et al. (1986) 

Oncorhynchus mykiss LOEC; mortality 30-d 4.69    Hollis et al. (1999) 

Oncorhynchus mykiss LOEC; mortality 30-d 3.19    Hollis et al. (2000) 

Oncorhynchus mykiss LOEC; growth 62-d 0.237   0.237 Mebane et al. (2008) 

Oncorhynchus tshawtscha LC10 200-h 2.13 1.59 2.48 2.13 Chapman (1978) 

Oncorhynchus tshawtscha LOEC; mortality 120-d 3.13    Chapman (1982) 

Prosopium williamsoni IC20; biomass 90-d 1.33   1.33 Brinkman and Viera (2008) 

Salmo trutta IC20; biomass 30-d 1.29   1.29 Brinkman and Hansen (2007) 

Salmo trutta LOEC; biomass 63-d 4    Eaton et al. (1978) 

Salvelinus confluentus LOEC; growth 55-d 1.13    Hansen et al. (2002) 

Salvelinus fontinalis  LOEC; biomass 150-d 4.11   4.315 Eaton et al. (1978) 

Salvelinus fontinalis  LOEC; growth 60-d 4.53    Sauter et al. (1976) 

Salvelinus namaycush LOEC; biomass 74-d 13.3   13.3 Eaton et al. (1978) 



 

Table 1.  Toxicity data from BCMOE (2015) used in the derivation of the Cd SPO. The normalized effect values are 
adjusted to a hardness of 50 mg/L. (cont’d.) 

Receptor Group/Species 

(all resident in BC) 

Selected Toxicity 

Test Endpoint Duration 

Normalized 

Effect 
Value 
(µg/L) 

Confidence 

Interval 
Lower 
Limit 

Confidence 

Interval 
Upper 
Limit 

Species 

Mean 
Value 
(µg/L) Reference 

Invertebrates 

Baetis rhodani LC50 120-h 1000   1000 Gerhardt (1992) 

Chironomus riparius LC50 10-d 382 273 545 382 Watts and Pascoe (2000) 

Chironomus dilutus LOEC; growth 14-d 221   221 Suedel et al. (1997) 

Chironomus dilutus LC50 10-d 403 273 600  Watts and Pascoe (2000) 

Leptophlebia marginata LC50 120-h 3600   3600 Gerhardt (1992) 

Rhithrogena hageni LOEC; mortality 10-d 3630   3630 Brinkman & Johnston (2008) 

Gammarus pulex LOEC; mortality 120-h 2.29   2.29 Felten et al. (2008) 

Hyalella azteca IC20; biomass 28-d 0.253 0 1.11 0.253 Chadwick Ecological Consultants (2004) 

Hyalella azteca LOEC; mortality 14-d 0.553    Suedel et al. (1997) 

Ceriodaphnia dubia LOEC; reproduction 14-d 8.85   8.85 Suedel et al. (1997) 

Daphnia magna IC20; reproduction 21-d 1.35 1.16 1.73 1.35 Chadwick Ecological Consultants (2004) 

Daphnia magna LC50 14-d 6.2 5.48 6.92  Suedel et al. (1997) 

Daphnia pulex IC20; mortality 18-d 1.41 0.358 n/c 1.41 Chadwick Ecological Consultants (2004) 

Daphnia pulex LOEC; mortality 60-d 5.75    Ingersoll & Winner (1982) 

Orconectes virilis LC50 14-d 1130 809 1590 1130 Mirenda (1986) 

Plants/Algae 

Lemna minor EC50; growth rate 7-d 88.5   88.5 Drost et al. (2007) 

Pseudokirchneriella 
subcapitata 

EC20; growth rate 72-h 23.3 15.9 35 23.3 Källqvist (2009) 

Amphibians 

Ambystoma gracile LOEC; growth 24-d 209   209 Nebeker et al. (1995) 

EC20 – 20% effect concentration; EC50 – 50% effect concentration; IC20 – 20% inhibition concentration; LC50 – 50% lethal concentration; LOEC – lowest observed effect 
concentration; n/c – not calculable 
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SSD FITTING 

The model averaging approach was conducted using the Shiny app made available by 
BCMOE (https://bcgov-env.shinyapps.io/ssdtools/) and applied to the toxicity data 
presented in Table 1.  The shiny app includes log-logistic, log-normal, and gamma 
distributions by default; however, none of these were good approximations of the shape 
of the Cd SSD.  The log-Gumbel was a better description of the Cd SSD and that 
distribution was also considered in the modeling-averaging approach.  The BCMOE 
approach uses a weighted average to combine the results from these different 
distribution methods, where the weighting factor is based on goodness-of-fit, as defined 
by Akaike’s Information Criterion corrected for sample size. The 5th percentile of each of 
these distributions is shown in Table 2, along with the model-average result of 0.292 
µg/L. 

 
Table 2.  Calculation of the 5th percentile Cd values (µg/L) using toxicity data in Table 1. 

Distribution 5th percentile Std error Lower confidence limit Upper confidence limit 

Weighted-Average 0.292 0.248 0.127 1.02 

Log-logistic 0.086 0.173 0.0124 0.586 

Gamma 0.00141 0.131 6.42E-06 0.246 

Log-normal 0.143 0.24 0.0308 0.876 

Log-Gumbel 0.34 0.248 0.142 1.04 

 
The fitted distribution is illustrated in Figure 1. 
 

SPO DEVELOPMENT 

The proposed Cd SPO is based on this 5th percentile of the Cd SSD adjusted using an 
assessment factor of 2  and a hardness slope that are consistent with what was BCMOE 
(2015).       

Allowing for hardness adjustment of this value results in the following SPO equation: 

Cd SPO (µg/L) = e(0.736* ln(hardness)- 4.8034) 

The intent of specifying the SPO in the form of a hardness equation is to provide means 
for adjusting the value of the SPO to match hardness conditions at the site. Examples of 
values for other hardness concentrations are provided in Table 3. 

 

https://bcgov-env.shinyapps.io/ssdtools/


 

 
Figure 1.  Cadmium SSD illustrating toxicity data from Table 1 and the model average-
fitted curve provided by the fitting routine (as described in Schwarz and Tillmans (2019)). 

 

Table 3.  Comparison of BCMOE 2015 and the Cd SPO for different hardness conditions.  

  

Hardness 
(mg/L as 
CaCO3) 

BCMOE 2015 
Cd Aquatic Life 
Guideline (µg 

Cd/L) 

Cd SPO 
(µg Cd/L) 

25 0.0762 0.0877 

50 0.127 0.146 

100 0.212 0.243 

200 0.352 0.405 

285 0.457 0.526 

 

  



 

 

CLOSURE 

We trust that this technical memorandum meets your needs. Please do not hesitate to let 
either of the undersigned know if you have any questions or require additional 
information. 

 

 

   

 
Guy Gilron, MSc, RPBio, ICD.D   David DeForest 
Principal, Borealis Environmental   Partner, Windward Environmental LLC 

 
 

 
  



 

REFERENCES 

BCMOE. 2015. Ambient water quality guidelines for cadmium. Technical report. Water 
Protection & Sustainability Branch, Environmental Sustainability and Strategic Policy 
Division, BC Ministry of Environment. 114 pp. 

BCMOECSS. 2019. Derivation of water quality guidelines for the protection of aquatic 
life in British Columbia. Water Protection & Sustainability Branch, BC Ministry of 
Environment and Climate Change Strategy. 50 pp. 

Besser JM, Mebane CA, Mount DR, Ivey CD, Kunz JL, Greer IE, May TW, Ingersoll CG. 
2007. Sensitivity of mottled sculpins (Cottus bairdi) and rainbow trout (Oncorhynchus 
mykiss) to acute and chronic toxicity of cadmium, copper, and zinc. Environ Toxicol 
Chem 26:1657-1665. 

Brinkman SF, Hansen DL. 2007. Toxicity of cadmium to early life stages of brown trout 
(Salmo trutta) at multiple water hardnesses. Environ Toxicol Chem 26:1666-1671. 

Brinkman S, Vieira N. 2008. Water pollution studies: Federal Aid Project F-243-R15. 38 
pp. 

Castillo V, Longley G. 2001. Comparison of EPA target toxicity aquatic test organisms to 
the fountain darter: 7 day chronic toxicity test using cadmium chloride, performed 
11/12/99-3/6/00 (5 parts). Federal Assistance Agreement No. X-986345-01. 

Chadwick Ecological Consultants, Inc. 2004. Chronic toxicity of cadmium to freshwater 
crustaceans at different water hardness concentrations. Chadwick Ecological 
Consultants, Incorporated 1-64. 

Chapman GA. 1978. Toxicities of cadmium, copper, and zinc to four juvenile stages of 
chinook salmon and steelhead. Trans Am Fish Soc 107:841-847. 

Chapman GA. 1982. Chinook salmon early life stage tests with cadmium, copper, and 
zinc. Letter of December 6, 1982 to Charles Stephan, U.S. EPA Environmental Research 
Laboratory, Duluth, MN. 4 pp. 

Cusimano RF, Brakke DF, Chapman GA. 1986. Effects of pH on the toxicities of 
cadmium, copper, and zinc to steelhead trout (Salmo gairdneri). Can J Fish Aquat Sci 
43:1497-1503. 

Drost W, Matzke M, Backhaus T. 2007. Heavy metal toxicity to Lemna minor: Studies on 
the time dependence of growth inhibition and the recovery after exposure. 
Chemosphere 67:36-43. 

Eaton J G, McKim JM, Holcombe GW. 1978. Metal toxicity to embryos and larvae of 
seven freshwater fish species - I. Cadmium. Bull Environ Contam Toxicol 19:95-103. 

Felten V, Charmantier G, Mons R, Geffard A, Rousselle P, Coquery M. 2008. 
Physiological and behavioural responses of Gammarus pulex (Crustacea Amphipoda) 
exposed to cadmium. Aquat Toxicol 86:413-425. 

Gerhardt, A. 1992. Acute toxicity of Cd in stream invertebrates in relation to pH and test 
design. Hydrobiologia 239:93-100. 



 

Hansen JA, Welsh PG, Lipton J, Suedkamp MJ. 2002. The effects of long-term cadmium 
exposure on the growth and survival of juvenile bull trout (Salvelinus confluentus). 
Aquat Toxicol 58:165-174. 

Hollis L, McGeer JC, McDonald DG, Wood CM. 1999. Cadmium accumulation, gill Cd 
binding, acclimation, and physiological effects during long-term sublethal Cd exposure 
in rainbow trout. Aquat Toxicol 46:101-119. 

Hollis L, McGeer JC, McDonald DG, Wood CM. 2000. Protective effects of calcium 
against chronic waterborne cadmium exposure to juvenile rainbow trout. Environ 
Toxicol Chem 19:2725-2734. 

Ingersoll CG, Winner RW. 1982. Effect on Daphnia pulex (de Geer) of daily pulse 
exposures to copper and cadmium. Environ Toxicol Chem 1:321-327. 

Källqvist T. 2009. Effect of water hardness on the toxicity of cadmium to the green alga 
Pseudokirchneriella subcapitata in an artificial growth medium and nutrient-spiked 
natural lake waters. J Toxicol Environ Health Part A 72:277-283. 

Mebane CA, Hennessy DP, Dillon FS. 2008. Developing acute-to-chronic toxicity ratios 
for lead, cadmium, and zinc using rainbow trout, a mayfly, and a midge. Water Air Soil 
Pollut 188:41-66. 

Mirenda RJ. 1986. Toxicity and accumulation of cadmium in the crayfish, Orconectes 
virilis (Hagen). Arch Environ Contam Toxicol 15:401-407. 

Nebeker AV, Schuytema GS, Ott SL. 1995. Effects of cadmium on growth and 
bioaccumulation in the Northwestern salamander Ambystoma gracile. Arch Environ 
Contam Toxicol 29:492-499.  

Sauter S, Buxton KS, Macek KJ, Petrocelli SR. 1976. Effects of exposure to heavy metals 
on selected fresh water fish: Toxicity of copper, cadmium, chromium and lead to eggs 
and fry of seven fish species. Environmental Research Laboratory, Office of Research 
and Development, U.S. Environmental Protection Agency. EPA-600/3-76-105. 

Schwarz CJ, Tillmans A. 2019. Improving statistical methods for modeling species 
sensitivity distributions. Water Science Series, WSS2019-07. BC Ministry of Environment 
and Climate Change Strategy, Victoria, B.C.  

Suedel BC, Rodgers Jr JH, Deaver E. 1997. Experimental factors that may affect toxicity 
of cadmium to freshwater organisms. Arch Environ Contam Toxicol 33:188-193. 

Vardy DW, Tompsett AR, Sigurdson JL, Doering JA, Zhang X, Giesy JP, Hecker M. 
2011. Effects of sub-chronic exposure of early life stages of white sturgeon (Acipenser 
transmontanus) to copper, cadmium, and zinc. Environ Toxicol Chem 30:2497-2505. 

Watts MM, Pascoe D. 2000. A comparative study of Chironomus riparius Meigen and 
Chironomus tentans Fabricius (Diptera: Chironomidae) in aquatic toxicity tests. Arch 
Environ Contam Toxicol 39:299-306. 


	Approach for Developing a Cadmium Site Performance Objective
	Data Compilation
	SSD Fitting
	SPO Development
	Closure
	References

