[image: image1.jpg]


REVIEW OF “EKATI DIAMOND MINE PROPOSED CHLORIDE DISCHARGE CRITERION FOR THE SABLE KIMBERLITE PIPE DEVELOPMENT (WATER LICENCE MV2001L2-0008)”

Report prepared for:

WEK’EEZHII LAND AND WATER BOARD

#1 4905 48th Street

Yellowknife, NT    X1A 3S3

Report prepared by:

ECOMETRIX INCORPORATED

6800 Campobello Road

Mississauga, ON  L5N 2L8

and

GARTNER LEE LIMITED

4912 49th Street, P.O. Box 98

Yellowknife, NT    X1A 2N1

Ref. 07-1408

October 2007

[image: image2.jpg]


[image: image3.jpg]


REVIEW OF “EKATI DIAMOND MINE PROPOSED CHLORIDE DISCHARGE CRITERION FOR THE SABLE KIMBERLITE PIPE DEVELOPMENT (WATER LICENCE MV2001L2-0008)”

[image: image8.png]



Donald R. Hart, Ph.D

EcoMetrix Incorporated

[image: image4.png]1.0000

o000

08000

v=04348L0() - 27935
0983

07000

0000

05000

0.4000

03000

02000

01000

00000
100

1000

10000





Neil Hutchinson, Ph.D.

Gartner Lee Limited

TABLE OF CONTENTS





Page
1.0
INTRODUCTION
1.1

2.0
DERIVATION OF THE CHLORIDE CRITERION
2.1

2.1
Review of Other Derivations
2.1

2.2
Species and Data Selection
2.2

2.3
Methodological Aspects
2.4

2.4
Modifying Factors
2.6

3.0
ESTIMATION OF THE DILUTION FACTOR
3.1
3.1
The 100-m Evaluation Point
3.1

3.2
The 21-Day Averaging Period
3.2

3.3
Other Assumptions and Uncertainties
3.3

4.0
POTENTIAL FOR CHLORIDE ACCUMULATION IN THE LAKE
4.1
4.1
Assessment of Chloride Discharge
4.1

5.0
SUMMARY AND RECOMMENDATIONS
5.1
6.0
REFERENCES
6.1

APPENDIX 1:
Variations on Chronic Criterion Calculations
1.0
INTRODUCTION

BHP Billiton Diamonds Inc. (BHPB) has submitted a report to the Wek’eezhii Land and Water Board, titled “EKATI Diamond Mine Proposed Chloride Discharge Criterion for the Sable Kimberlite Pipe Development (Water Licence MV2001L2-0008), by Rescan Environmental Services Ltd. (Rescan), dated January 2007.  This report presents an overview of the Sable pipe development in the Horseshoe Lake watershed, of aquatic receptors present in Horseshoe Lake, and of water quality guidelines for chloride in other jurisdictions, proceeds to develop a proposed criterion for Horseshoe Lake receiving waters, considers minimum dilution between the Two Rock Lake Sedimentation Pond and the Horseshoe Lake receiver and, based on this, proposes a chloride criterion for the discharge from Two Rock Lake.  The Water Board has requested EcoMetrix Incorporated (EcoMetrix) and Gartner Lee Limited (Gartner Lee) to jointly review the Rescan (2007) report.

In performing this review, EcoMetrix/Gartner Lee have also reviewed portions of the BHPB (2001) Environmental Assessment Report, the water licence, an EVS (2004) Tier 1 Ecological Risk Assessment for chloride, and stakeholder comments on the Rescan (2007) report.  The latter included comments from Environment Canada, Indian and Northern Affairs Canada (INAC), the North Slave Metis Alliance, and the Independent Environmental Monitoring Agency.  We have not provided comment on the comments, per se, but have tried to ensure that key issues raised by stakeholders were considered in our review of the Rescan report.

We have reviewed the chloride toxicity test data sources cited by Rescan (2007), have reproduced the chronic criterion calculation, and have explored the sensitivity of the calculation to some alternate method and data choices.  Any errors or omissions in these calculations are our own and should not be attributed to the original authors.

2.0
DERIVATION OF THE CHLORIDE CRITERION 

Rescan (2007) has derived a chronic criterion for chloride of 313 mg/L.  This was multiplied by an estimated minimum dilution factor (DF) of 4.26 between Two Rock Lake and Horseshoe Lake (lowest 21-day average DF) to produce a recommended chronic discharge criterion of 1,332 mg/L.  This section addresses issues around the derivation of the chronic criterion (313 mg/L).  Dilution factor issues are discussed in Section 3.0 below.

The chronic criterion was derived using a species sensitivity distribution (SSD) approach.  Variations on this approach have been widely used in derivation of risk-based criteria for protection of aquatic life (e.g., Stephan et al., 1985, U.S. EPA; ANZECC/ARMCANZ, 2000; RIVM, 2001; European Commission, 2003).  The approach considers the distribution of chronic toxicity threshold concentrations for different aquatic species (or genera), and estimates the 5th percentile of the distribution (HC5) which is a concentration expected to be protective of 95% of species.

Key issues or questions raised around the chronic criterion derivation as presented by Rescan (2007) have included:

· review of other derivations – why was the SSD value of 213 mg/L cited by Environment Canada (2001) not utilized?

· species and data selection – which species (or data) were utilized, which were excluded, and why?

· methodological aspects – which SSD method documents were followed, were there methodological deviations, and why? – why was a safety factor not applied to the derived criterion, or a lower confidence limit utilized?

· modifying factors – will hardness effects and/or specific ion interactions be important and, if so, were they appropriately, considered in the criterion derivation.

We discuss these issues below, consider their implications for the chronic criterion, and suggest where possible how the issues might be resolved with assistance from Rescan and/or BHP Billiton.

2.1
Review of Other Derivations
Rescan (2007) has reviewed a number of other chloride criterion derivations, including the BCMWLAP (2003) value of 150 mg/L, and the U.S. EPA (1988) value of 230 mg/L.  The BCMWLAP criterion was not adopted, based on its use of a five-fold safety factor (applied to a chronic EC50 for the cladoceran Ceriodaphnia dubia), and based on the “non-site-specific nature of the guideline”.  The latter criticism seems to be a poor justification since BHP/Rescan did not conduct site-specific studies either.  The U.S. EPA (1988) criterion was not adopted, due to the limited data supporting the acute-chronic ratio (ACR) used by EPA, and based on additional ACR data from toxicity tests performed for Rescan by Nautilus Environmental suggesting that a smaller ACR is appropriate.

Environment Canada (2001) cited a chloride criterion of 213 mg/L, based on an acute toxicity data set presented by Evans and Frick (2001), and an SSD derivation using estimated chronic values derived by application of a large ACR to the acute data.  While the Evans and Frick data were cited by Rescan (2007) as contributing to the BCMWLAP data set, Rescan did not discuss the criterion cited by Environment Canada.  Reasons for not adopting this criterion should be provided.
2.2
Species and Data Selection
Rescan (2007) contracted with Nautilus Environmental to perform both acute and chronic toxicity tests on 9 aquatic species, including both resident and non-resident species (Table 3.3.1 of Rescan, 2007).  Chronic test durations ranged from 2 days (for the rotifer Brachionus calyciflorus) to 54 days (for the rainbow trout Oncorhynchus mykiss) according to the species life cycles.

The chronic test results (IC25) for 8 of the 9 test species (excluding Hyalella azteca) were utilized to develop the SSD, in conjunction with literature data for 2 algal species (Nitzchia, Chlamydomonas).  Hyalella was said to be excluded because it is non-resident in the study area (although 5 other non-resident species were included).  The 2 algal species were selected because they are sensitive (within the range of IC25 for the non-algal species) while 3 algal species (Anabaena, Chlorella, Anacystis) (EVS, 2004) were excluded because they were less sensitive.

All algal test results were considered by Rescan (2007) to be chronic, because the test durations extend over several life cycles.  We concur with this approach.

While the rationale for excluding Hyalella (specifically) is unclear, the effect of including this taxon would be to increase the calculated HC5 from 313 mg/L to 339 mg/L (Appendix 1).  Thus, the exclusion is conservative.

The exclusion of non-sensitive algae is not necessarily conservative.  Including these results at the top of the SSD would have the effect of changing the slope of the cumulative probability line such that a lower HC5 would be calculated at the bottom of the SSD.  However, it would also substantially reduce the statistical fit, raising the question of whether these algae belong to the same sensitivity distribution.  Most importantly, it would mean that the lower end of the cumulative probability line would not pass through the data points for the most sensitive species.  Specifically, the HC5 would suggest greater sensitivity than supported by the sensitive species data.

This issue highlights a limitation of the “distribution free” approach utilized by Rescan.  The untransformed probability scale on the vertical axis of the SSD generally does a poor job of representing both tails of the distribution.  A way around this problem is to drop “high end” data, thereby improving the representation of the “low end” data (which Rescan has done).  This methodological issue is discussed further in Section 2.3 (below).  However, in the context of species selection, given the statistical method used, the dropping of high and algal data is justified.

Other literature data, from BCMWLAP (2003) and EVS (2004), also were not utilized by Rescan (2007).  The reasons for excluding these data were not discussed.  The BCMWLAP data were chronic IC50 data.  They could have been used to estimate IC25 (as done by Rescan for Nitzchia).  The EVS (2004) data were acute LC50 data for non-algal species, and (arguably) chronic IC50 data for algal species.  They could have been used to estimate IC25 (as done by Rescan for the alga Chlamydomonas) possibly using an acute-chronic ratio (ACR) for non-algal species.

While the rationale for excluding most of the data from these other sources is unclear, it appears that the effect of including these additional data (for a data set of n=28 species) would be to increase the calculated HC5 from 313 mg/L to 432 mg/L (Appendix 1).  Thus, Rescan’s use of a smaller data set seems to be conservative.

The chronic IC50 data for algae that were utilized by Rescan from other literature sources were divided by 2 to provide an estimate of IC25.  It should be noted that this estimation procedure assumes a 1:1 relationship between percent response and concentration, over the specified response range, which may or may not be consistent with the actual dose-response relationship.  Some justification for this assumption would be appropriate.

Chronic data were available from U.S. EPA (1988) for 3 species (D. pulex, P. promelas and S. gairdneri=O. mykiss).  These data were averaged with the chronic test data from Nautilus for the same species, or genera in the case of Daphnia (D. pulex and D. magna were averaged).  However, data available for Nitzchia from BCMWLAP and EVS were apparently not averaged (the BCMWLAP value was used).  The approach to data averaging was not discussed or rationalized.  Some sort of averaging seems appropriate, at least within species.  Use of an average value for Nitzchia would produce only a small change in the calculated HC5, from 313 mg/L to 308 mg/L (Appendix 1).

The preponderance of non-resident species in the chronic data set raises questions about how well it represents the resident aquatic community.  This should be addressed to the extent possible by explaining how the non-resident species retained act as surrogates for taxonomically-related resident species.  The species at the lower end of the SSD, i.e., the cladocera, are particularly important.  While it is not a simple matter to develop culture and test methods for new species, work toward this objective should be encouraged, perhaps in collaboration with Environment Canada.

Overall, while some aspects of species and data selection were not fully explained by Rescan (2007), it does not appear that the decisions made have produced a high bias in the calculated HC5.  In general, the decisions made have worked the other way, to produce a conservative result.  However, better rationale should be provided for the species selections (both resident and surrogate species) and for considering the final data set to be a reasonable representation of the aquatic community in the receiving environment.

2.3
Methodological Aspects

Methodological issues raised, apart from species and data selection, include the general issue of method citation, the “distribution free” approach, and the use of HC5 directly as a criterion (rather than a lower confidence limit for HC5).  The decision to work from chronic data, rather than calculating an HC5 from acute data and applying an ACR, is also an important aspect of methodology.

While several references to SSD methodology have been provided by Rescan (2007), it is not clear what differences exist between the cited methods, whether any have been followed exactly, or whether there were deviations from the cited methods.  It would be appropriate for the authors to discuss this in detail, as part of their justification for the method actually used.

The so-called “distribution free” approach is one aspect of methodology, mentioned in Section 2.2 (above) in the context of implications for species selection.  The method followed uses untransformed cumulative probability on the vertical axis.  This will tend to fit the data poorly in the tails of the distribution.  The U.S. EPA (Stephan et al., 1985) uses this method to derive a Final Acute Value (FAV) which is the HC5 of the acute data distribution.  The FAV is divided by an ACR to estimate the chronic water quality criterion.  As a way around the tail problem, the U.S. EPA focuses on the lower tail data (the four lowest points) in estimating the HC5.  This ensures that the HC5 will be consistent with observed data for the most sensitive species.

In contrast, Rescan (2007) has used most of the chronic data range (the ten lowest points in the selected data set) excluding the high end data ((2,600 mg/L) which would depart substantially from linearity.  If the U.S. EPA procedure were used on the Rescan data set, the HC5 estimate would change from 313 mg/L to 346 mg/L.  The higher value would be slightly more consistent with data for the four most sensitive species.  It should be noted that the U.S. EPA procedure also has a slightly different method of computing cumulative probability (P=Rank/(N+1) vs. P=Rank/N).  This contributes to the difference in results between the Rescan and U.S. EPA methods.

A widely used alternative is to assume a particular statistical distribution for the species sensitivity data, such as a log-normal distribution (RIVM, 2001; European Commission, 2003).  For the log-normal, the natural log of the species threshold values follows a normal distribution, and the probit transformation of cumulative probability tends to be linear with log concentration.  The HC5 is found where probit = 3.355 (corresponding to P=0.05) on the vertical axis.  Using this method, with the Rescan chronic data set, the HC5 estimate would change from 313 mg/L to 282 mg/L (Appendix 1).  Using this method with the more comprehensive data set of 28 species (mentioned in Section 2.2), the HC5 estimate would change from 432 mg/L to 399 mg/L.  This method tends to produce a slightly lower result, and is equally valid assuming the data actually follow a log-normal distribution.  The chloride data seem to do so, based on the R2, which is marginally higher using the log-normal approach.

It is possible that other distribution types could fit as well or better than the log-normal (e.g., log-logistic, Gompertz).  We have not explored other distribution assumptions.  At present, given the variability related to distribution assumptions, a rounded HC5 criterion of about 300 mg/L seems to be supported for the species assemblage that was considered.  

Another important aspect of methodology is the choice of HC5 as the criterion, rather than the lower confidence limit of HC5.  Obviously, the lower 95% confidence limit would be a more conservative value.  If we use the lower limit, we would be 95% certain that the true HC5 is higher than this value.  Nevertheless, the HC5 would continue to be our best estimate of the concentration that is protective of 95% of the species considered.

The HC5 itself is widely considered to be an adequate level of protection, in jurisdictions where SSDs are explicitly considered (e.g., U.S. EPA, RIVM, ANZ, EC), although minimum numbers of organisms and additional taxonomic constraints may be specified in order to limit the uncertainty in the estimate.  For example, the U.S. EPA (Stephan et al., 1985) requires at least one organism in each of 8 different taxonomic groups to estimate the acute HC5, and there are additional data requirements for the ACR that is subsequently applied to this to estimate the chronic criterion.

Confidence intervals may be generated from the regression model for the SSD line, assuming normality of residuals at any point on the concentration axis.  Alternatively, they may be calculated by bootstrapping methods, which require no such assumptions.  Using the regression model approach, and the Rescan (2007) chronic data set (n=10), the 95% confidence interval around the HC5 of 313 mg/L is approximately 215 to 433 mg/L (Appendix 1).  Newman et al. (2000) note that the number of species required to minimize the confidence interval around the HC5 estimate is typically around 30, well above the sample sizes usually required for regulatory purposes.

There is no right or wrong answer to the question of how much change (% of species affected), or how much uncertainty about the degree of change, we are willing to accept.  This is a societal judgement, and is usually delegated to the regulatory authorities that define or approve environmental guidelines.  In our opinion, based on precedent in other jurisdictions, a best estimate HC5 value, for a species assemblage considered representative of the receiving environment, affords a reasonable level of environmental protection.  However, in this instance, there seems to be uncertainty regarding the site-specific representativeness of the species assemblage utilized.  Until this is resolved, in our opinion, there is a rationale for a more conservative approach using a lower confidence limit or a safety/uncertainty factor. 

A further aspect of methodology is the choice to work from a chronic data set, producing a chronic HC5 as the criterion, rather than using an acute data set to produce an acute HC5, and dividing this by an ACR (the U.S. EPA method).  Rescan (2007) developed an improved ACR of 3.5, which was considered superior to the U.S. EPA (1988) value of 7.59, based on more acute-chronic data than were available to the U.S. EPA at the time.  However, application of this ACR to the acute HC5 of 1,644 mg/L produced a criterion of 470 mg/L, which was rejected as being non-protective of the most sensitive test species (Daphnia and Ceriodaphnia).  Both species tested are non-resident in the receiving environment, but were considered reasonable surrogates for resident cladocera.

The Iowa DNR (2003) recently went through a similar exercise of updating the U.S. EPA (1988) ACR, and found that a value of 3.797 was more appropriate, applied this to the U.S. EPA FAV of 1,720 mg/L, and rejected the calculated criterion of 453 mg/L as non-protective for Daphnia.  A final chronic criterion of 372 mg/L was recommended, which was the chronic value for Daphnia pulex (from EPA), the lowest value in the chronic data set.

We support the Rescan (2007) decision not to use the ACR approach, based on concern for resident cladocera.  The sensitivity of resident cladocera (e.g., D. middendorffiana, Eurycerus glacialis, Ophyroxus gracilis) is an important unknown, since these are likely to be among the most sensitive resident species.  Their sensitivity is currently represented by standard cladoceran test species.  Work on development of chronic test methods for resident species, and obtaining toxicity data for these species, should be encouraged.

Overall, the SSD methods used seem reasonable, but the details should be attributed to a specific method document, where possible, or otherwise justified.  In particular, an approach assuming log-normality seems defensible and would produce a somewhat lower criterion value (282 vs. 313 mg/L) for the chronic data set as defined.  Moreover, due to the uncertain site-specific representativeness of this data set at present, a lower confidence limit on HC5, or application of a safety/uncertainty factor, seems warranted.

2.4
Modifying Factors

The Rescan (2007) report alludes to preliminary test results suggesting that Ceriodaphnia may be less sensitive to chloride in harder waters (more sensitive in soft waters).  The data to support this statement were not presented in the report.  If the observation is correct, and if it is applicable to resident cladocera, the details of the hardness relationship will be very important, because hardness in the effluent plume will covary with chloride as both are diluted in the soft receiving waters of Horseshoe Lake.  It is unclear where in the lake hardness of 80 to 100 mg/L, consistent with Rescan toxicity tests, will be observed.

It should be noted that Ceriodaphnia is not a soft water species, and may be subject to trace nutrient deficiencies in soft water cultures, unless trace nutrients are added.  Therefore, toxicity tests in soft water can be subject to confounding stresses related to nutrient deficiency.  Without details of the tests performed, it is difficult to judge the reality or the implications of the suggested hardness effect.

The Rescan (2007) report mentions the possibility that other major ions may influence chloride toxicity.  This effect is well documented (U.S. EPA, 1988), based on studies by Biesinger and Christensen (1972) with the cladoceran D. magna, and by Trama (1954) with bluegill.  Both studies utilized soft water for dilution (hardness 39 to 45 mg/L).  Both studies found chloride administered as NaCl to be least toxic, and chloride as KCl to be most toxic, with intermediate results for other salts.  For Daphnia, there was a 30-fold difference in EC50, while for bluegill there was an 8-fold difference in LC50.  The toxicity tests performed by Rescan, and those utilized from the literature, involved NaCl.  It is likely that this is the predominant form in the effluent; however, effluent characterization was not provided.

Since major ions are potentially important modifiers of effluent toxicity, and since a hardness effect has been suggested, effluent characterization should be provided and should include these important effluent properties.  The influence of modifying factors can then be considered, in conjunction with effluent dilution in the receiver, to better understand the zone of potential effect in Horseshoe Lake arising from the proposed discharge.

The possibility of ionic strength effects related to total dissolved solids (TDS) was noted by Rescan (2007).  The EVS (2004) report notes that the sum of cations (related to TDS) is approximately three times the chloride concentration in seepage samples.  A recent review of TDS effects (Scannell and Jacobs, 2001) found that, while effects are influenced by ionic composition, TDS in the range of 750 mg/L reduces fertilization and hatching rates in salmon.  Assuming that the cation:chloride ratio is similar in effluent and seepage, a chloride concentration around 300 mg/L may have cations around 900 mg/L and TDS around 1,800 mg/L.  Therefore, TDS should be included in the effluent characterization, and its possible contribution to toxicity, along with chloride, should be considered.
3.0
ESTIMATION OF THE DILUTION FACTOR

Rescan (2007) has estimated a minimum dilution factor (DF) of 4.26 between Two Rock Lake and Horseshoe Lake, which was multiplied by the chronic criterion of 313 mg/L to produce a recommended chronic discharge criterion of 1,332 mg/L.  This section addresses issues around the estimation of the dilution factor.

The dilution factor was estimated for a point 100 m into Horseshoe Lake, using the MIKE3 hydrodynamic model.  The model considered rates of inflow from Two Rock Stream, as well as wind-driven mixing in the lake.  The stream hydrograph and wind conditions were assumed to vary naturally, and dilution factors were determined for the worst 2-day period and the worst 21-day period.  The 21-day average DF value of 4.26 was used with the chronic criterion of 313 mg/L to estimate the chronic discharge criterion.

The 2-day average DF value of 2.62 was also utilized, with the acute criterion of 1,644 mg/L, to derive an acute discharge criterion.  However, only the chronic discharge criterion was proposed as a regulatory limit.  The licence requirement for effluent to be non-acutely toxic (to D. magna and rainbow trout) at the point of discharge will likely ensure that acute toxicity does not occur in Horseshoe Lake.  However, we note that one acute LC50 value (1,044 mg/L, for Ceriodaphnia dubia) is exceeded by the proposed discharge criterion.

Key issues or questions raised around the dilution factor estimation as presented by Rescan (2007) have included:

· the 100 m evaluation point – are chronic effects likely within 100 m and are they acceptable?

· the 21-day averaging period – why 21 days and is this an appropriate period?

· other assumptions and uncertainties – are assumptions reasonable and is the DF estimate reliable?

We discuss these issues below, consider their implications for the dilution factor, and suggest where possible how the issues might be resolved with assistance from Rescan and BHP Billiton.

3.1
The 100-m Evaluation Point

The use of a 100-m distance, or any distance for that matter, essentially defines a mixing zone with that radius within which lake water concentrations, averaged over 21 days, may sometimes exceed the chronic criterion for receiving water.

Most licensed discharges have mixing zones, because licensed effluents generally have one or more parameters exceeding water quality objectives at some time.  If this was not the case, there would be little need for licensing.  The licensing process allows explicit consideration of the likely extent of the mixing zone, the potential for adverse effects in this zone, and monitoring requirements or other controls to ensure that the zone and effects are not larger than anticipated.  The process generally attempts to keep the mixing zone as small as possible, but as large as necessary to permit operation, using good practices, without frequent non-compliance situations and without unacceptable impacts.

Rescan (2007) has offered little justification of need for a 100-m mixing zone, although it may be needed.  Discussion of anticipated effluent quality and quantity would help to clarify the need for the requested mixing zone.  Rescan suggests that the 100-m distance is conservative, because the SMP compliance monitoring station (0008-Sa6) has been placed at 500 m.  However, it is unclear what reasoning was behind that placement.

The 100-m radius may encompass some 8,000 m2 of lake surface area, which is a small fraction of Horseshoe Lake.  However, it is large enough to encompass small fish and invertebrate home ranges, so that individuals of sensitive species within the area may be expected to experience effects that were associated with the more sensitive chronic toxicity tests, when exposed for similar durations.  Given the size of the lake, it is unlikely that effects would be observable at a population level; however, a description of the expected near-field effects of chloride is required, since the Environmental Assessment for the Sable Pit has not addressed this issue. Elaboration of the expected effects within the proposed mixing zone would allow assessment of the significance of a) chloride concentrations in the mixing zone and b) the size and duration of the mixing zone, which have not been assessed.
Overall, a 100-m mixing zone in Horseshoe Lake, if needed, does not seem unreasonable.  However, information to demonstrate the need, based on anticipated effluent quality and quantity, and application of DFs for different distances, should be provided, as well as documentation of the expected ecological effects (within the context of CEAA) within the mixing zone..

3.2
The 21-Day Averaging Period

The dilution factor is defined by Rescan (2007) to represent the worst 21-day period, based on hydrograph and wind records over the course of the year.  No justification was provided for use of this averaging period.

Averaging periods used to develop exposure estimates (hence dilution factors) should be similar to the exposure periods that were involved in the toxicity tests behind the chronic criterion.  The 21-day period corresponds to the chronic test duration for D. magna, which was the most sensitive species in the set of nine species tested by Rescan.  It is unclear how well this duration represents the life-cycle of resident cladocera that are supposed to be protected by the proposed criterion; however, it seems reasonable to associate the life cycle duration of the most sensitive species with the criterion.  The average test duration for the set of chronic test species was 24.5 days.

The second most sensitive species in the chronic data set was Ceriodaphnia dubia, another non-resident cladoceran.  Its life cycle (test) duration is seven days.  Rescan (2007) notes that wind conditions causing the plume to hug the southwestern shoreline, with probably very little dilution, occur 2% of the time, which is equivalent to 7 days each year.  If there are resident cladocera with chronic values near the criterion, and with similarly short life cycles, these species may dictate an averaging period less than 21 days.  The life cycle duration of resident D. middendorffiana is similar to that of D. magna (Yurista and O’Brien, 2001); however, we are not aware of data for other resident cladocera.

Overall, while there is uncertainty about appropriate averaging periods for comparison of exposure concentrations to chronic criteria, the chosen value seems at present to be defensible.  If lower chronic values are obtained in future for resident cladocera with shorter life cycles, it may be appropriate to reduce the averaging period accordingly, which would reduce the dilution factor.  

3.3
Other Assumptions and Uncertainties

A key assumption in the derivation of the dilution factor was that operational discharges will track rather than change the natural flow patterns in the watershed.  Thus, it is assumed that there will be no discharge to Horseshoe Lake when the lake is ice-covered.

It has been suggested that pit dewatering at times of ice cover on Horseshoe Lake may necessitate discharge during the ice-covered period, and that redirection of groundwater to surface water in general may require the discharge to deviate from natural flow patterns.  This is essentially a water management problem.  Rescan (2007) did not present the seasonal water balance calculations that would demonstrate how effluent discharge can be managed to track natural flow patterns; however, we expect that BHP Billiton could provide them in support of licensing.

We also noted some internal inconsistencies within the report and apparent contradictions with requirements of the Water Licence.  Section 4.5, para. 2 of the derivation document (Rescan, 2007). “During operations, it was assumed that there will be negligible ice cover on Horseshoe Lake …” and “…On the other hand, Sable Pit water discharge may occur during ice covered conditions in Horseshoe Lake “. What is the difference between “operational discharges”  (which may include ground water inflow to the pit) and “Sable Pit water discharge” ? We note that p. 3-8, final line, states that “…hardness would likely increase with the discharge of any potential saline underground water …” and so BHP appear to accept that there will be groundwater in the Sable Pit discharge. Section 11c (Part F) of expansion Licence MV2001L2-0008 states that “There are to be no under ice discharges from the Two Rock Sedimentation Pond”. These inconsistencies need to be clarified.
The hydrograph data (2005) and wind data (2004/2005) provided to the MIKE3 model provide the basis for determination of the minimum 21-day average dilution factor.  It is possible that data for other years would produce somewhat different minimum dilution factors for the specified averaging period.  This year-to-year variability would represent uncertainty in the minimum dilution factor, over and above the uncertainty about the appropriate averaging period and mixing zone radius.  If data are available for other years, the model runs could be repeated to provide an estimate of this uncertainty; however, we do not believe this is critical.  We consider the choice of averaging time and mixing zone radius to be the major uncertainties associated with the dilution factor.

It should be noted that we are discussing uncertainty in the minimum dilution factor for the specified averaging period.  Actual dilution is expected to be greater than this most of the time. This can and should be verified by monitoring once the mine is operating.  One or more monitoring points at the agreed mixing zone radius, in addition to monitoring of the effluent discharge, would be needed to permit such verification.  Monitoring parameters should not be limited to chloride, but should include other major ions, TDS and hardness, as factors relevant to potential ion effects.

4.0
POTENTIAL FOR CHLORIDE ACCUMULATION IN THE LAKE

Rescan (2007) has not discussed the potential for chloride accumulation in Horseshoe Lake, and the modelling analysis performed does not contemplate such accumulation.  However, this issue was raised by one stakeholder.  If accumulation did occur such that lake-wide salinity was increased, major ecological effects could be anticipated.

There would have to be a chloride retention mechanism to cause such accumulation.  Since chloride is highly soluble, it would not be expected to partition appreciably to sediments, so this retention mechanism seems unlikely.  Another potential mechanism of accumulation could be development of a chemocline.  Since the lake is relatively shallow (maximum 8 m), wind-driven vertical mixing during the open water period would act against such stratification.

Rescan (2007) has stated that thermal stratification in Horseshoe Lake is unlikely, due to wind-driven vertical mixing.  No further detail supporting this determination is provided.  Similar arguments may be applicable to the question of chemical stratification.  

It would be reasonable to expect BHP Billiton to present the arguments in detail, supported by long-term modelling of chloride in Horseshoe Lake as a whole, over the period of pit development, and over the recovery period if any changes at the lake outlet are anticipated.  Even if whole lake changes in chloride are not expected, the analysis would serve to alleviate concerns around this issue.

The modeling of chloride in Horseshoe Lake will require characterization of the discharge over the period of pit development, as further discussed in Section 4.1 below.

4.1
Assessment of Chloride Discharge 

The Tier 1 Ecological Risk Assessment for chloride that was prepared by EVS (April 2004) provides a review of chloride concentrations in on site water bodies, distant and reference water bodies and seeps.  What is missing from all documents is an assessment of the likely levels of chloride in the Sable Pit discharge itself.  The risk assessment does not address the source of the chloride and so the environmental risk cannot be determined.   What are the chloride levels expected in the discharge and how do they change over the mine life? As discussed in Section 3.1, without this source characterization, it is not possible to assess the likelihood that BHP will need a discharge limit of chloride at the levels proposed, or the risk of non-compliance inherent in any limit adopted by the Board.  For example, there is no point in setting a limit at 1,332 mg/L and accepting a mixing zone of 100 m, if the expected discharge was 700 mg/L or lower with a correspondingly smaller mixing zone.  We recommend that BHP-billiton provide the Board with a summary of expected volumes and chemical characteristics of the Sable Pit discharge over the life of the mine.  

5.0
SUMMARY AND RECOMMENDATIONS

Based on this review, our main comments and recommendations are as follows:

· Existing chloride criteria of 150 mg/L (BCMWLAP) and 230 mg/L (U.S. EPA) were reviewed by Rescan, and rejected in favour of a new SSD derivation, producing a proposed criterion of 313 mg/L.  We recommend that the criterion of 213 mg/L cited by Environment Canada (2001) should also be reviewed, considered and, if not adopted, justification should be provided.

· An SSD approach to derivation of a chloride criterion is reasonable, but a number of methodological variations are possible, and results depend on species selected for inclusion in the analysis.  Most of the available toxicity data, and the data utilized by Rescan, are for non-resident species.

· The selected chronic toxicity data set (n=10) is a subset of available chronic data, and the rationale for some species and data exclusions is unclear.  We recommend that BHP/Rescan should explain why the selected data set is considered to be representative of the resident aquatic community.

· We recommend that the SSD method used should be attributed to a specific method document, noting any method deviations, or should be otherwise justified.  In particular, the influence of distribution assumptions on the chronic criterion should be discussed, and the preferred distribution approach should be justified.

· Given the preponderance of non-resident species in the chronic toxicity data set, and particularly the absence of resident cladocera in the data set, we recommend that work on development of resident species tests should be initiated, perhaps in collaboration with Environment Canada.  

· Given uncertainty about how well the species used represent the resident aquatic community, and particularly the sensitive resident species, and since the proposed criterion for chronic exposure exceeds the three criteria reviewed, BHP/Rescan should consider use of a safety or uncertainty factor, or a lower confidence limit on the HC5 estimate, in order to accommodate the uncertainty.  This could be revisited when and if test data for sensitive resident species, including cladocera, are obtained.

· A minimum dilution factor of 4.26 between Two Rock Lake and Horseshoe Lake (at 100 m) was derived by hydrodynamic modelling, and used by Rescan to derive a chronic discharge criterion of 1,332 mg/L, based on the proposed surface water criterion of 313 mg/L.  We recommend that the 21-day averaging time implicit in the dilution factor should be justified, if possible with reference to chronic exposure periods for sensitive resident species.

· In order to clarify the need for a 100-m mixing zone, we recommend that the expected effluent quality and volume should be characterized over the period of pit development.  This characterization should include chloride, other major ions, TDS and hardness.  Based on this, expected concentrations in Horseshoe Lake near the discharge should be estimated, and the zone corresponding to 80 to 100 mg/L hardness, comparable to toxicity test conditions, should be indicated.  Considering chloride interactions with other ions and/or hardness as appropriate, zones of potential effect on different species should be discussed.  The expected near-field effects should be described since chloride effects were not specifically addressed in the Environmental Assessment for the Sable Pit.

· The modelling on which the dilution factor is based assumes that the natural flow from Two Rock Lake into Horseshoe Lake will not be altered by effluent discharge.  We recommend that seasonal water balance calculations should be presented to demonstrate how effluent quantity can be regulated to approximate natural flows from Two Rock Lake into Horseshoe Lake.  This should include consideration of any groundwater from the pit area redirected to surface flow.

· The dispersion model used by Rescan in deriving the proposed discharge criterion only addresses spatial changes in chloride concentration.  We recommend that a long-term model of chloride concentration and hardness in all of Horseshoe Lake should be presented.  This should estimate changes (if any) at the outflow for each year of discharge and for the recovery period back to baseline.  The analysis is required because these changes were not considered in the Environmental Assessment for the Sable Pit.

· We recommend that one or more monitoring stations should be located in Horseshoe Lake near the edge of the agreed mixing zone to verify that the model-based minimum dilution is being achieved, and that the chronic criterion is being met at these locations.  Monitoring parameters should include chloride, other major ions, TDS and hardness, as factors relevant to potential ion effects.  A sampling frequency should be proposed, and should be sufficient to capture the minimum dilution conditions.  Concurrent discharge samples should be available so that dilution factors can be empirically determined.
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APPENDIX 1

Variations on Chronic Criterion Calculations

TABLE A1: TOXICITY DATA AVAILABLE FROM CITED DATA SOURCES

	 
	 Acute  
	
	 Chronic  
	
	
	
	

	 
	 Test LC50  
	
	 Test IC25  
	
	
	
	

	Genus  
	 (mg/L Cl)  
	ACR
	 (mg/L Cl)  
	IC50
	Reference, Comment

	
	
	
	
	
	
	
	

	Daphnia magna
	3630
	
	421
	
	Rescan, 2007
	

	Ceriodaphnia dubia
	1044
	
	450
	
	Rescan, 2007
	

	Tubifex 
	5678
	
	606
	
	Rescan, 2007
	

	Pimephales 
	4079
	
	704
	
	Rescan, 2007
	

	Lumbriculus
	3100
	
	825
	
	Rescan, 2007
	

	Oncorhynchus
	6030
	
	1174
	
	Rescan, 2007
	

	Hyalella
	1383
	
	1186
	
	Rescan, 2007
	

	Brachionus
	1645
	
	1505
	
	Rescan, 2007
	

	Chironomus
	5867
	
	2590
	
	Rescan, 2007
	

	Ceriodaphnia dubia
	
	
	367.5
	735
	BCMWLAP, 2003, IC50/2

	Pimephales promelas
	
	
	437
	874
	BCMWLAP, 2003, IC50/2

	Ceriodaphnia dubia
	
	
	534
	1068
	BCMWLAP, 2003, IC50/2

	Onchorhynchus mykiss
	
	
	728
	1456
	BCMWLAP, 2003, IC50/2

	Nitzchia
	
	
	737.5
	1475
	BCMWLAP, 2003, IC50/2

	Xenopus leavis
	
	
	762
	1524
	BCMWLAP, 2003, IC50/2

	Onchorhynchus mykiss
	
	
	797.5
	1595
	BCMWLAP, 2003, IC50/2

	Daphnia magna
	
	
	1225.5
	2451
	BCMWLAP, 2003, IC50/2

	Pimephales promelas (larvae)
	
	
	1514.5
	3029
	BCMWLAP, 2003, IC50/2

	Lemna minor
	
	
	1575
	3150
	BCMWLAP, 2003, IC50/2

	Myriophyllum spicatum
	
	
	2145.5
	4291
	BCMWLAP, 2003, IC50/2

	Myriophyllum spicatum
	
	
	2340.5
	4681
	BCMWLAP, 2003, IC50/2

	Daphnia pulex
	
	
	372.1
	
	USEPA, 1988, CV
	

	Pimephales promelas
	
	
	433.1
	
	USEPA, 1988, CV
	

	Salmo gairdneri
	
	
	922.7
	
	USEPA, 1988, CV
	

	Nitzchia
	
	
	619.5
	1239
	EVS, 2004, IC50/2
	

	Chlamydomonas
	
	
	1507.0
	3014
	EVS, 2004, IC50/2
	

	Anabaena
	
	
	7150.0
	14300
	EVS, 2004, IC50/2
	

	Chironomus
	4074
	3.5
	1164.0
	
	EVS, 2004, AV/ACR
	

	Chlorella
	
	
	3500.0
	7000
	EVS, 2004, IC50/2
	

	Crictopus
	3795
	3.5
	1084.3
	
	EVS, 2004, AV/ACR
	

	Daphnia 
	3047
	3.5
	870.6
	
	EVS, 2004, AV/ACR
	

	Hydroptila
	4039
	3.5
	1154.0
	
	EVS, 2004, AV/ACR
	

	Limnephilus
	4255
	3.5
	1215.7
	
	EVS, 2004, AV/ACR
	

	Nais
	2569
	3.5
	734.0
	
	EVS, 2004, AV/ACR
	

	Tubifex 
	1204
	3.5
	344.0
	
	EVS, 2004, AV/ACR
	

	Anabolia
	4255
	3.5
	1215.7
	
	EVS, 2004, AV/ACR
	

	Crictopus
	3795
	3.5
	1084.3
	
	EVS, 2004, AV/ACR
	

	Hexagenia
	6300
	3.5
	1800.0
	
	EVS, 2004, AV/ACR
	

	Hydropsyche
	13308
	3.5
	3802.3
	
	EVS, 2004, AV/ACR
	

	Lepidostoma
	6000
	3.5
	1714.3
	
	EVS, 2004, AV/ACR
	

	Limnodrilus
	6200
	3.5
	1771.4
	
	EVS, 2004, AV/ACR
	

	Pycnopsyche
	3526
	3.5
	1007.4
	
	EVS, 2004, AV/ACR
	

	Stenonema
	2500
	3.5
	714.3
	 
	EVS, 2004, AV/ACR
	 


	
	 
	Indicates data utilized by Rescan (2007)
	
	


TABLE A2:  CHRONIC TOXICITY DATA USED TO CALCULATE HC5 = 313 mg/L
	
	
	
	 Chronic  
	
	
	
	

	 
	
	
	Test IC25  
	
	
	

	 Genus  
	 
	 
	 (mg/L Cl)  
	CumFreq
	Reference, Comment

	
	
	
	
	
	
	
	

	Daphnia pulex / Daphnia magna
	396
	0.1
	USEPA, 1988, CV; Rescan, 2007

	Ceriodaphnia dubia
	
	450
	0.2
	Rescan, 2007
	

	Pimephales promelas
	552
	0.3
	USEPA, 1988, CV; Rescan, 2007

	Tubifex 
	
	
	606
	0.4
	Rescan, 2007
	

	Nitzchia
	
	
	738
	0.5
	BCMWLAP,2003,IC50/2

	Lumbriculus
	
	825
	0.6
	Rescan, 2007
	

	Oncorhynchus mykiss/ Salmo gairdneri
	1041
	0.7
	USEPA, 1988, CV; Rescan 2007

	Brachionus
	
	1505
	0.8
	Rescan, 2007
	

	Chlamydomonas 
	
	1507
	0.9
	EVS, 2004, IC50/2
	

	Chironomus
	 
	2590
	1
	Rescan, 2007
	 

	Bold indicates GM value
	
	
	
	
	

	
	
	
	
	
	
	
	

	Regression Estimate of HC5 :
	313
	0.049721
	R2=0.963
	
	

	Estimate of HC5 using GM for Nitzchia:
	308
	0.049779
	R2=0.9582
	  GM=676
	

	Estimate of HC5 using IC25 for Hyalella:
	339
	0.050755
	R2=0.9747
	  IC25=1186
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	TABLE A3:  REGRESSION STATISTICS FOR CHRONIC DATA SET (N=10)

	
	
	
	
	
	
	

	x dev2
	X
	x=Ln X
	Y at X
	95% CI
	UCL
	LCL

	
	
	
	
	
	
	

	1.922607
	215
	5.370638
	-0.13611
	0.185
	0.049
	-0.322

	1.022153
	313
	5.746203
	0.049721
	0.170
	0.219
	-0.120

	0.471257
	433
	6.070738
	0.210301
	0.159
	0.369
	0.051

	0.042493
	700
	6.55108
	0.447975
	0.150
	0.598
	0.298

	1.13812
	2500
	7.824046
	1.077838
	0.172
	1.249
	0.906

	 
	
	
	
	
	
	

	R Square
	0.962968
	x mean
	6.7572
	 x dev2
	3.2450
	

	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	0.794449
	0.794449
	208.0318
	5.22E-07
	

	Residual
	8
	0.030551
	0.003819
	
	
	

	Total
	9
	0.825
	
	
	
	

	
	
	
	
	
	
	

	 
	Coefficients
	St Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	-2.79346
	0.232632
	-12.0081
	2.13E-06
	-3.32991
	-2.25701

	Var x =LnX
	0.494799
	0.034305
	14.42331
	5.22E-07
	0.41569
	0.57391

	
	
	
	
	
	
	


TABLE A4:  EPA PROCEDURE FOR FAV APPLIED TO CHRONIC DATA

	Genus
	MCV
	lnMCV
	(lnMCV)2
	P=R/(N+1)
	Sqrt(P)

	
	
	
	
	
	

	Daphnia pulex / D. magna
	396
	5.981414
	35.77732
	0.090909
	0.301511

	Ceriodaphnia dubia
	450
	6.109248
	37.32291
	0.181818
	0.426401

	Pimephales promelas
	552
	6.313548
	39.86089
	0.272727
	0.522233

	Tubifex 
	606
	6.40688
	41.04811
	0.363636
	0.603023

	
	
	
	
	
	

	
	Sum
	24.81109
	154.0092
	0.909091
	1.853168

	
	
	
	
	
	

	
	S2
	2.210009
	
	
	

	
	S
	1.48661
	
	
	

	
	L
	5.514038
	
	
	

	
	A
	5.846454
	
	
	

	
	FCV
	346.0052
	
	
	


TABLE A5:  CALCULATION OF HC5 ASSUMING LOG-NORMALITY

	
	
	
	Chronic 
	
	
	
	

	 
	
	
	Test IC25
	Probit
	
	
	

	 Genus  
	 
	 
	(mg/L Cl)
	CumFreq
	R/N
	Reference, Comment

	
	
	
	
	
	
	
	
	

	Daphnia pulex / Daphnia magna
	396
	0.1
	3.72
	USEPA, 1988, CV; Rescan, 2007

	Ceriodaphnia dubia
	
	450
	0.2
	4.16
	Rescan, 2007
	

	Pimephales promelas
	552
	0.3
	4.48
	USEPA, 1988, CV; Rescan, 2007

	Tubifex 
	
	
	606
	0.4
	4.75
	Rescan, 2007
	

	Nitzchia
	
	
	738
	0.5
	5.00
	BCMWLAP,2003,IC50/2

	Lumbriculus
	
	825
	0.6
	5.25
	Rescan, 2007
	

	Oncorhynchus mykiss/ Salmo gairdneri
	1041
	0.7
	5.52
	USEPA, 1988, CV; Rescan 2007

	Brachionus
	
	1505
	0.8
	5.84
	Rescan, 2007
	

	Chlamydomonas 
	
	1507
	0.9
	6.28
	EVS, 2004, IC50/2
	

	Chironomus
	 
	2590
	1
	-
	Rescan, 2007
	 

	Bold indicates GM value
	
	
	High value dropped to avoid P=100%

	
	
	
	
	
	
	
	
	

	Probit Regression Estimate of HC5 :
	282
	3.355237
	R2=0.9669
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TABLE A6: CALCULATION OF HC 5 USING FULL DATA SET

	
	
	
	Chronic  
	
	
	
	

	
	
	
	Test IC25  
	
	
	

	Species
	 
	 
	(mg/L Cl)  
	CumFreq
	Reference, Comment

	
	
	
	
	
	
	
	

	Daphnia pulex
	
	372.1
	0.035714
	USEPA, 1988
	

	Ceriodaphnia dubia
	
	445.3
	0.071429
	BCMWLAP, 2003; Rescan, 2007

	Tubifex 
	
	
	456.6
	0.107143
	EVS, 2004; Rescan, 2007

	Pimephales promelas
	510.8
	0.142857
	USEPA, 1988; BCMWLAP, 2003

	Nitzchia
	
	
	675.9
	0.178571
	EVS, 2004; BCMWLAP, 2003

	Stenonema
	
	714
	0.214286
	EVS, 2004
	

	Nais
	
	
	734
	0.25
	EVS, 2004
	

	Xenopus leavis
	
	762
	0.285714
	BCMWLAP, 2003
	

	Daphnia magna
	
	765.8
	0.321429
	BCMWLAP, 2003; Rescan, 2007

	Lumbriculus
	
	825
	0.357143
	Rescan, 2007
	

	Oncorhynchus mykiss/ Salmo gairdneri
	890.5
	0.392857
	USEPA,1988;BCMWLAP,2003;Rescan,2007

	Pycnopsyche
	
	1007.0
	0.428571
	EVS, 2004
	

	Crictopus
	
	
	1084.0
	0.464286
	EVS, 2004
	

	Hydroptila
	
	
	1154
	0.5
	EVS, 2004
	

	Hyalella
	
	
	1186
	0.535714
	Rescan, 2007
	

	Limnephilus
	
	1215.7
	0.571429
	EVS, 2004
	

	Anabolia
	
	
	1215.7
	0.607143
	EVS, 2004
	

	Brachionus
	
	1505
	0.642857
	Rescan, 2007
	

	Chlamydomonas
	
	1507
	0.678571
	EVS, 2004
	

	Pimephales promelas (larvae)
	1514.5
	0.714286
	BCMWLAP, 2003
	

	Lemna minor
	
	1575
	0.75
	BCMWLAP, 2003
	

	Lepidostoma
	
	1714
	0.785714
	EVS, 2004
	

	Chironomus
	
	1736.3
	0.821429
	EVS, 2004; Rescan, 2007

	Limnodrilus
	
	1771
	0.857143
	EVS, 2004
	

	Hexagenia
	
	1800
	0.892857
	EVS, 2004
	

	Myriophyllum spicatum
	2240.9
	0.928571
	BCMWLAP, 2003
	

	Chlorella
	
	
	3500
	0.964286
	EVS, 2004
	

	Hydropsyche
	 
	3802
	1
	EVS, 2004
	 

	Bold indicates GM value
	
	
	
	
	

	
	
	
	
	
	
	
	

	Regression Estimate of HC5 :
	432
	0.049643
	R2=0.9507
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TABLE A7: CALCULATION OF HC 5 USING FULL DATA SET, ASSUMING LOG-NORMALITY

	
	
	
	Chronic  
	
	
	
	

	 
	
	
	Test IC25  
	Probit
	
	
	

	Species
	 
	 
	(mg/L Cl)
	CumFreq
	R/N
	Reference, Comment

	
	
	
	
	
	
	
	
	

	Daphnia pulex
	
	372.1
	0.035714
	3.20
	USEPA, 1988
	

	Ceriodaphnia dubia
	
	445.3
	0.071429
	3.53
	BCMWLAP, 2003; Rescan, 2007

	Tubifex 
	
	
	456.6
	0.107143
	3.76
	EVS, 2004; Rescan, 2007

	Pimephales promelas
	510.8
	0.142857
	3.93
	USEPA, 1988; BCMWLAP, 2003

	Nitzchia
	
	
	675.9
	0.178571
	4.08
	EVS, 2004; BCMWLAP, 2003

	Stenonema
	
	714
	0.214286
	4.21
	EVS, 2004
	

	Nais
	
	
	734
	0.25
	4.33
	EVS, 2004
	

	Xenopus leavis
	
	762
	0.285714
	4.43
	BCMWLAP, 2003
	

	Daphnia magna
	
	765.8
	0.321429
	4.54
	BCMWLAP, 2003; Rescan, 2007

	Lumbriculus
	
	825
	0.357143
	4.63
	Rescan, 2007
	

	Oncorhynchus mykiss/ Salmo gairdneri
	890.5
	0.392857
	4.73
	USEPA,1988;BCMWLAP,2003;Rescan,2007

	Pycnopsyche
	
	1007.0
	0.428571
	4.82
	EVS, 2004
	

	Crictopus
	
	
	1084.0
	0.464286
	4.91
	EVS, 2004
	

	Hydroptila
	
	
	1154
	0.5
	5.00
	EVS, 2004
	

	Hyalella
	
	
	1186
	0.535714
	5.09
	Rescan, 2007
	

	Limnephilus
	
	1215.7
	0.571429
	5.18
	EVS, 2004
	

	Anabolia
	
	
	1215.7
	0.607143
	5.27
	EVS, 2004
	

	Brachionus
	
	1505
	0.642857
	5.37
	Rescan, 2007
	

	Chlamydomonas
	
	1507
	0.678571
	5.46
	EVS, 2004
	

	Pimephales promelas (larvae)
	1514.5
	0.714286
	5.57
	BCMWLAP, 2003
	

	Lemna minor
	
	1575
	0.75
	5.67
	BCMWLAP, 2003
	

	Lepidostoma
	
	1714
	0.785714
	5.79
	EVS, 2004
	

	Chironomus
	
	1736.3
	0.821429
	5.92
	EVS, 2004; Rescan, 2007

	Limnodrilus
	
	1771
	0.857143
	6.07
	EVS, 2004
	

	Hexagenia
	
	1800
	0.892857
	6.24
	EVS, 2004
	

	Myriophyllum spicatum
	2240.9
	0.928571
	6.47
	BCMWLAP, 2003
	

	Chlorella
	
	
	3500
	0.964286
	6.80
	EVS, 2004
	

	Hydropsyche
	 
	3802
	1
	-
	EVS, 2004
	 

	Bold indicates GM value
	
	
	High value dropped to avoid P=100%

	
	
	
	
	
	
	
	
	

	Regression Estimate of HC5 :
	399
	3.355378
	R2=0.9768
	
	

	
	
	
	
	
	
	
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



