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AQUATIC EFFECTS TECHNOLOGY EVALUATION PROGRAM

Notice to Readers

Toxicity Assessment of Mining Effluents Using Up-Stream or 
Reference Site Waters and Test Organism Acclimation Techniques 

The Aquatic Effects Technology Evaluation (AETE) program was established to review
appropriate technologies for assessing the impacts of mine effluents on the aquatic
environment.  AETE is a cooperative program between the Canadian mining industry, several
federal government departments and a number of provincial governments; it is coordinated
by the Canada Centre for Mineral and Energy Technology (CANMET). The program was
designed to be of direct benefit to the industry, and to government. Through technical and
field evaluations, it identified cost-effective technologies to meet environmental monitoring
requirements. The program included three main areas: acute and sublethal toxicity testing,
biological monitoring in receiving waters, and water and sediment monitoring.

The technical evaluations were conducted to document certain tools selected by AETE
members, and to provide the rationale for doing a field evaluation of the tools or provide
specific guidance on field application of a method. In some cases, the technical evaluations
included a go/no go recommendation that AETE takes into consideration before a field
evaluation of a given method is conducted.

The technical evaluations were published although they do not necessarily reflect the views
of  the participants in the AETE Program. The technical evaluations should be considered as
working documents rather than comprehensive literature reviews.  The purpose of the
technical evaluations was to focus on specific monitoring tools. AETE committee members
would like to stress that no one single tool can provide all the information required for a full
understanding of environmental effects in the aquatic environment.            

This report collates and presents the results of toxicity tests conducted as part of the AETE
1996 Preliminary Field Studies at seven mine sites.  Information regarding the selection of the
sublethal toxicity tests and the results of the screening study completed previously are
available in other AETE reports (AETE reports #1.2.1* and #1.2.2**).  To get a broader
perspective of sublethal toxicity program and the cost-effectiveness of the tests, the AETE
Synthesis report should be consulted.    

For more information on the monitoring techniques, the results from their field application
and the final recommendations from the program, please consult the AETE Synthesis Report
to be published in February 1999.



* AETE Report #1.2.1.  Review of Methods for Sublethal Aquatic Toxicity Tests Relevant 
to the Canadian Metal Mining Industry.  April 1997.

** AETE Report #1.2.2.  Laboratory Screening of Sublethal Toxicity Tests for Selected Mine 
Effluents.  January 1997.



PROGRAMME D’ÉVALUATION DES TECHNIQUES DE MESURE
D’IMPACTS EN MILIEU AQUATIQUE

Avis aux lecteurs

Détermination de la toxicité des effluents de mines avec l’utilisation de l’eau des
zones réceptrices et de la technique d’acclimatation des organismes expérimentaux

Le Programme d'évaluation des techniques de mesure d'impacts en milieu aquatique (ÉTIMA)
visait à évaluer les différentes méthodes de surveillance des effets des effluents miniers sur les
écosystèmes aquatiques. Il est le fruit d'une collaboration entre l'industrie minière du Canada,
plusieurs ministères fédéraux et un certain nombre de ministères provinciaux. Sa coordination
relève du Centre canadien de la technologie des minéraux et de l'énergie (CANMET). Le
programme était conçu pour bénéficier directement aux entreprises minières ainsi qu'aux
gouvernements. Par des évaluations techniques et des études de terrain, il a permis d'évaluer
et de déterminer, dans une perspective coût-efficacité, les techniques qui permettent de
respecter les exigences en matière de surveillance de l'environnement. Le programme
comportait les trois grands volets suivants : évaluation de la toxicité aiguë et sublétale,
surveillance des effets biologiques des effluents miniers en eaux réceptrices, et surveillance
de la qualité de l'eau et des sédiments.

Les évaluations techniques ont été menées dans le but de documenter certains outils de
surveillance sélectionnés par les membres d’ÉTIMA et de fournir une justification pour
l’évaluation sur le terrain de ces outils ou de fournir des lignes directrices quant à leur
application sur le terrain. Dans certains cas, les évaluations techniques pourraient inclure des
recommandations relatives à la pertinence d’effectuer une évaluation de terrain que les
membres d’ÉTIMA prennent en considération.

Les évaluations techniques sont publiées bien qu’elles ne reflètent pas nécessairement toujours
l'opinion des membres d’ÉTIMA. Les évaluations techniques devraient être considérées
comme des documents de travail plutôt que des revues de littérature complètes.  Les
évaluations techniques visent à documenter des outils particuliers de surveillance.  Toutefois,
les membres d’ÉTIMA tiennent à souligner que tout outil devrait être utilisé conjointement
avec d’autres pour permettre d’obtenir l’information requise pour la compréhension intégrale
des impacts environnementaux en milieu aquatique.    

Le présent rapport rassemble et présente les résultats des tests de toxicité menés dans le cadre
des Études préliminaires sur le terrain effectuées par ÉTIMA en 1996, à sept emplacements
miniers.  Les renseignements concernant l’examen des essais de toxicité sublétale et les
résultats des tests de préselection qui ont été menées antérieurement sont disponibles dans
d’autres rapports d’ÉTIMA (Rapports  numéros 1.2.1* et 1.2.2**).  Pour obtenir une
perspective élargie du programme de recherche sur la toxicité sublétale et sur le rapport coût-
efficacité des tests, le Rapport de synthèse d’ÉTIMA devrait être consulté.    



Pour des renseignements sur l'ensemble des outils de surveillance, les résultats de leur 
application sur le terrain et les recommandations finales du programme, veuillez consulter le 
Rapport de synthèse ÉTIMA qui sera publié en février 1999.

* Rapport ÉTIMA #1.2.1.  Examen des méthodes d’évaluation de la toxicité sublétale des 
effluents miniers présentant un intérêt particulier pour l’industrie canadienne des mines de 
métaux.  Avril 1997.  (disponible en anglais)

** Rapport ÉTIMA #1.2.2.  Présélection en laboratoire des tests de détermination de la 
toxicité sublétale de certains effluents miniers.  Janvier 1997.  (disponible en anglais).
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EXECUTIVE SUMMARY

B.A.R. Environmental Inc. conducted toxicity tests involving effluents and receiving waters from
Myra Falls, (Westmin Resources, B.C.), Sullivan Mine (Cominco Ltd., B.C.), Levack Mine, (Inco
Ltd., ON), Onaping site (Falconbridge Ltd., ON), Dome Mine, (Placer Dome Canada, ON),
Gaspé Division, (Noranda Mining and Exploration Inc., QC) and Heath Steele Division, (Noranda
Mining and Exploration Inc., N.B.).  The objective is to characterize the toxicity of the seven mine
effluents, using the local receiving waters as dilution and control waters.  The other objectives
include determining if receiving waters cause toxicity to fathead minnow and Ceriodaphnia dubia,
and evaluating the use of acclimation procedures for receiving waters which are found to be toxic.
 Toxicity studies were conducted in conjunction with field studies of the receiving environments
at the seven mine sites.

Toxicity testing involved growth inhibition with Selenastrum capricornutum and Lemna minor,
reproduction and survival of Ceriodaphnia dubia, growth and survival of the fathead minnow,
and viability of the rainbow trout embryo.  To determine if acclimation was necessary, samples
of receiving waters were collected for preliminary tests with fathead minnow and Ceriodaphnia
dubia.  Receiving water samples for effluent tests were collected at a later time.

The acclimation procedure involves gradual introduction of the organisms to the 100% v/v
receiving water.   Neonate ceriodaphnids and adult fathead minnows are held for 7 days in a
laboratory dilution water with pH and hardness adjusted to that of the receiving water.  Newly
fertilized fish eggs and with third brood ceriodaphnid neonates are then introduced to a 10%
concentration of receiving water.  The proportion increases each day until the organisms are in
100% receiving water, when the newly hatched fish larvae and the third brood ceriodaphnid
neonates are used in toxicity tests.

Toxicity tests with effluents involved several effluent exposure concentrations, using the mine's
receiving waters as control and dilution water.  The toxicity of the effluents was compared by
averaging the results of the four successful toxicity tests in this study.  The sensitivity of the
toxicity tests was compared by ranking the IC25s.

In preliminary tests, the Sullivan receiving water was toxic to both Ceriodaphnia (30% mortality)
and fathead minnows (60% mortality).  The Gaspé receiving water was toxic to Ceriodaphnia
only (30% mortality).  The remaining receiving waters were not toxic in preliminary tests.  

Ceriodaphnia were acclimated to Sullivan and Gaspé receiving water while fathead minnows
were acclimated to Sullivan water only.  Survival of both organisms improved during the gradual



vi

acclimation.  During the acclimation procedure, all ceriodaphnids survived in the Gaspé series and
80% survived in the Sullivan series.  During acclimation to the Sullivan receiving water, 87.5%
of fathead minnow eggs hatched into larvae.

During effluent tests, the acclimated organisms also survived in the Sullivan and Gaspé receiving
water controls, leading to valid tests.  The Myra Falls receiving water was toxic to Ceriodaphnia
during the effluent test, yet did not cause toxicity during the preliminary test.  During the Heath
Steele assay, reproduction of Ceriodaphnia in the receiving water control was significantly
greater than during the preliminary test.  The  responses of Ceriodaphnia in Heath Steele and
Myra Falls receiving waters suggest that different samples of the same receiving waters can vary
in a manner that affects reproduction and/or survival of the invertebrate. 

Four trout embryo tests failed.  The Gaspé receiving water was slightly toxic and tests with the
Dome, Sullivan and Myra Falls effluents were invalid due to poor quality eggs and/or milt, which
caused excessive control mortalities.

Most effluents exhibited little toxicity.  The Selenastrum, Lemna and Ceriodaphnia tests showed
a similar sensitivity to the effluents while the fathead minnow assay was less sensitive.  The
sensitivity of the fathead minnow and trout embryo assays is similar, when data from this study
and the previous Sublethal Toxicity Screening Project are combined.
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RÉSUMÉ

B.A.R. Environmental Inc. a mené des tests de toxicité sur des effluents miniers et des eaux
réceptrices provenant de Myra Falls (Westmin Resources, C.-B.), Sullivan Mine (Cominco Mine
Ltd.,  C.-B.), Levack Mine (Inco Limitée Ont.), Onaping Site (Falconbridge Limitée, Ont), Dome
Mine (Placer Dome Canada, Ont.), Division Gaspé (Mines et Exploration Noranda Inc., QC) et
Heath Steele Division (Mines et Exploration Noranda Inc., N.-B.).  L’objectif principal des tests
était de caractériser la toxicité de sept effluents miniers en utilisant les eaux réceptrices locales
comme témoins et milieux de dilution.  Les autres objectifs consistaient à déterminer si les eaux
réceptrices étaient toxiques dans le cas du tête-de-boule et de Ceriodaphnia dubia ainsi qu’à
évaluer l’utilisation de procédés d’acclimatation aux eaux réceptrices toxiques.  Les études de
toxicité ont été menées conjointement avec les évaluations sur le terrain aux sept emplacements
miniers.

Les tests de toxicité portaient sur la mesure de l’inhibition de la croissance de l’algue Selenastrum
capricornutum et de la lentille d’eau Lemna minor, sur la mesure de la reproduction et de la
survie de Ceriodaphnia, sur la mesure de la survie et de la croissance du tête-de-boule et sur la
viabilité de l’embryon de la truite arc-en-ciel.  Afin de déterminer l’utilité des procédés
d’acclimatation, des échantillons d’eaux réceptrices ont été recueillis et utilisés pour les tests de
toxicité préliminaires avec le tête-de-boule et Ceriodaphnia dubia.  Les échantillons d’eaux
réceptrices utilisés comme milieux de dilution et témoins pour les tests avec les effluents ont été
recueillis à une date ultérieure.

Le procédé d’acclimatation comprend l’introduction graduelle d’organismes dans de l’eau
réceptrice concentrée à 100 % vol/vol.  Les néonates Cériodaphnies et les têtes-de-boule adultes
sont conservés pendant 7 jours dans l’eau du laboratoire dont le pH et la dureté sont ajustés à
ceux de l’eau réceptrice.  Les oeufs de poisson nouvellement fertilisés et les néonates
Cériodaphnies de la troisième couvées sont ensuite introduits dans des eaux réceptrices
concentrées à 10 %.  La proportion de la concentration augmente chaque jour jusqu’à ce que les
organismes se retrouvent dans de l’eau réceptrice concentrée à 100 %.  Les larves de poisson
nouvellement écloses et les néonates Cériodaphnies de la troisième couvées sont alors utilisés dans
des tests de toxicité.  

Les tests de toxicité réalisés avec des effluents comprenaient plusieurs concentrations d’effluents,
les eaux réceptrices de la mine étant utilisées comme témoins et milieux de dilution.  On a
comparé la toxicité des effluents en établissant la moyenne des résultats des quatre tests de
toxicité qui ont réussi au cours de cette étude.  On a comparé la sensibilité des tests de toxicité
en classant les concentrations inhibitrices à 25% (CI25).
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Lors des tests préliminaires, l’eau réceptrice de la mine Sullivan s’est avérée toxique tant pour
Ceriodaphnia (taux de mortalité de 30 %) que pour le tête-de-boule (taux de mortalité de 60 %).
L’eau réceptrice de Gaspé n’a été toxique que dans le cas de Ceriodaphnia dont le taux de
mortalité a été de 30 %.  Les eaux réceptrices des autres remplacements ne se sont pas révélées
toxiques au cours des tests préliminaires.   

Les Cériodaphnies ont été soumis au procédé d’acclimatation avec les eaux réceptrices de Sullivan
et de Gaspé et les têtes-de-boule à l’eau réceptrice de Sullivan seulement.  Le taux de survie des
deux organismes s’est amélioré au cours de l’acclimatation graduelle.  Pendant le procédé
d’acclimatation, tous les Cériodaphnies ont survécu à la série d’essais avec les eaux réceptrices
de Gaspé tandis que 80 % ont survécu à la série d’essais avec les eaux réceptrices de Sullivan.
Pendant la période d’acclimatation aux eaux réceptrices de Sullivan, 87,5 % des oeufs des têtes-
de-boule ont éclos sous forme de larves.

Lors des tests menés sur les effluents, les organismes qui s’étaient adaptés ont également survécu
dans les eaux réceptrices témoins de Sullivan et de Gaspé, ce qui a validé les tests.  Les eaux
réceptrices de Myra Falls se sont avérées toxiques pour Ceriodaphnia bien qu’elles ne se soient
pas avérées toxiques au cours du test préliminaire.  Lors du test effectué avec l’effluent provenant
de Heath Steele, le taux de reproduction de Ceriodaphnia dans les eaux réceptrices témoins a été
beaucoup plus élevé qu’à l’occasion du test préliminaire.  Les réponses de Ceriodaphnia aux eaux
réceptrices de Heath Steele et de Myra Falls suggèrent que divers échantillons provenant des
mêmes eaux réceptrices peuvent  varier de façon à affecter la reproduction et la survie de
l’invertébré. 

Quatre tests menés avec des embryons de truite échoués.  Lors des tests, l’eau réceptrice de
Gaspé était légèrement toxique et les tests menés avec des effluents provenant de Dome, de
Sullivan et de Myra Falls n’ont pas été valides en raison du manque de qualité des oeufs et/ou de
la laitance, ce qui a occasionné un taux de mortalité excessif dans les eaux réceptrices témoins.

La plupart des effluents se sont avérés peu toxiques.  Les tests menés au moyen de Selenastrum,
de Lemna et de Ceriodaphnia ont démontré une sensibilité vis-à-vis des effluents tandis que la
sensibilité des tests menés avec le tête-de-boule était moindre.  Les données compilées au cours
de cette étude combinées aux données recueillies antérieurement dans le cadre du projet de
préselection des tests de toxicité sublétale démontrent que la sensibilité des tests menés avec le
tête-de-boule et l’embryon de truite est semblable.
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1 INTRODUCTION

1.1 BACKGROUND 

The Aquatic Effects Technology Evaluation (AETE) program was established to review

appropriate technologies for assessing the impacts of mine effluents on the aquatic environment.

AETE is a cooperative program between the Canadian mining industry, several federal

government departments and a number of provincial governments.  It is coordinated by the

Canada Centre for Mineral and Energy Technology (CANMET).  The program is designed to be

of direct benefit to industry and government.  An important focus of this program is to evaluate

and identify cost-effective technologies to meet environmental monitoring requirements.  The

program includes three main areas: acute and sublethal toxicity testing, biological monitoring in

receiving waters, and water and sediment testing.

Under the 1996 AETE Extrapolation Study, B.A.R. Environmental Inc. conducted sublethal

toxicity tests of mine effluents.  These tests were performed in conjunction with field studies of

the receiving environments, which were carried out in the months of September, October and

November 1996.  Eight mine sites across Canada were involved.  However, since one mine site

did not have a discharge, toxicity testing was performed on seven mine effluents.

1.2 OBJECTIVE

The overall objective of the 1996 field study is to recommend five mine sites which are to be

studied in the 1997 field program.  The 1996 study involves characterizing the seven 1996 mine

sites, including their discharges.   Thus the main objective of the sublethal toxicity testing program

is to characterize the seven mine effluents, using the local receiving waters as dilution and control

waters.  The other objectives of the study include determining if the receiving waters cause

toxicity to fathead minnow and Ceriodaphnia dubia, and evaluating the use of acclimation

procedures for receiving waters which are found to be toxic.
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1.3 PROJECT DESCRIPTION 

1.3.1 Toxicity Tests

The seven mine effluents were characterized with the following assays: growth inhibition with

Selenastrum capricornutum and Lemna minor, reproduction and survival of Ceriodaphnia dubia,

growth and survival of the fathead minnow, and viability of the rainbow trout embryo.  The assays

were chosen based on recommendations of the sublethal toxicity preliminary study and

CANMET’s Aquatic Toxicity subgroup.  The test with Selenastrum was performed by Les

Laboratoires Eco-CNFS in Pointe Claire (Québec).  Assays involving L. minor, Ceriodaphnia,

fathead minnows, and rainbow trout embryos were performed in B.A.R. Environmental’s

laboratory in Guelph, Ontario.  Test reports for all assays, including raw data, are found in the

Appendices (Mine Gaspé: Appendix 2, Heath Steele Mine: Appendix 3, Dome Mine, Appendix

4, Sullivan Mine, Appendix 5, Onaping Mine: Appendix 6, Myra Falls Mine, Appendix 7, Levack

Mine, Appendix 8).

1.3.2 Preliminary Tests of Receiving Waters with Ceriodaphnia dubia and Fathead Minnow

Some receiving waters are toxic to laboratory test animals, reducing the organism’s survival,

reproduction, or growth.  A toxicity test using such a receiving water may be invalid if the control

animals fail the test criteria, due to excessive mortality or insufficient production of young.

However, if given a period of time to adapt or acclimate, the organisms in receiving waters can

often perform as well as they do in their usual laboratory culture water.  To determine the

necessity of acclimation, the receiving waters were screened for toxicity before the effluents were

tested.  The preliminary tests only involved fathead minnow and Ceriodaphnia dubia, since the

test methods for these organisms were the only ones which described procedures for acclimation.

If a receiving water caused toxicity to either Ceriodaphnia dubia or fathead minnows, the

organisms were gradually introduced to the receiving water.  Survival (Ceriodaphnia, fathead
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minnow) and reproduction (Ceriodaphnia) were monitored during this acclimation procedure.

1.3.3 Effluent Testing

Toxicity tests with effluents were conducted according to recognized test methods or according

to draft protocols under evaluation by Environment Canada.  Each assay consisted of several

effluent exposure concentrations involving several replicates, and using the mine's receiving

waters as control and dilution water.  A second control exposure using the laboratory dilution

water was conducted simultaneously.

1.3.4 Study Sites

The following mine sites participated in the AETE Field Study:  Myra Falls, (Westmin Resources,

B.C.), Sullivan Mine (Cominco Ltd., B.C.), Levack Mine, (Inco Ltd., ON), Onaping site

(Falconbridge Ltd, ON), Dome Mine, (Placer Dome Canada, ON), Gaspé Division, (Noranda

Mining and Exploration Inc., QC) and Heath Steele Division, (Noranda Mining and Exploration

Inc., N.B.).

The collection and shipment of receiving water and effluent samples to the participating

laboratories were the responsibility of the consulting firms Environmental Services For Planning

(Guelph, ON), EVS Consultants (Vancouver, B.C.) and Jacques Whitford Environment Limited

(Fredericton, N.B.).  
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2 METHODS

2.1 SAMPLE COLLECTION AND HANDLING

2.1.1 Samples for Preliminary Tests of Receiving Waters

The receiving waters in this study were sampled from the same location but on two separate

occasions.  The initial samples for preliminary tests were collected by mine personnel.  The

control/dilution waters for effluent tests were sampled by the field consultants at a later time. 

Due to time constraints, it was not possible to send B.A.R. Environmental containers for these

preliminary samples to every mine.  Generally the samples were collected in 20 L containers, but

the types of containers varied.  They were either B.A.R. Environmental pails (Dome,

Levack/Onaping), clean containers used for environmental sampling by the mines (Heath Steele,

Sullivan, Myra Falls), or new containers purchased especially for this project (Gaspé). 

Upon arrival at B.A.R. Environmental, the samples were composited and returned to the original

containers for storage at 4EC.  The pH, dissolved oxygen and conductivity measured in receiving

water samples prior to preliminary testing are shown in Table 2-1.

The Dome mine personnel provided an initial sample of their receiving water, which was tested

with both fathead minnow and Ceriodaphnia.  However, the field consultant considered that this

sample of receiving water was susceptible to contamination, since it was taken downstream of the

mine effluent.  A new sample of receiving water was collected and re-tested with Ceriodaphnia

only.  The preliminary test with fathead minnows was not repeated since no deleterious effects

were observed after exposure to the initial sample.

If possible, tests with Ceriodaphnia and fathead minnow were conducted on the same date.

However the initial ceriodaphnid test with the Heath Steele receiving water was discontinued due
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to mortalities in the laboratory water controls.  The test was re-started at a later date.

Table 2-1. Summary of physical-chemical attributes of the receiving waters measured prior
to the preliminary tests.

Mine site

(Receiving Water)

Date

Collected

(d/m/y)

Date

Received

(d/m/y)

Date

Tested

(d/m/y)

Dissolved

O2

(mg@L-1)

Conductivity

(FS@cm-1)

pH

Gaspé 

(ruisseau Miller)

05/09/96 09/09/96 09/09/96 9.2 196 8.1

Heath Steele 

(Northwest Mirimachi R.)

29/08/96 03/09/96 04/09/96 

17/09/96 a

10.6 47 7.5

Dome 

(South Porcupine R.)

03/09/96

18/09/96
a

04/09/96

20/09/96 a 

04/09/96 

26/09/96 a 

10.1 277 8.1

Sullivan 

(St. Mary’s R.)

29/08/96 30/08/96 30/08/96 9.6 62 7.6

Onaping/Levack 

(Onaping R.)

12/09/96 13/09/96 13/09/96 

18/09/96 a

9.5 39 7.0

Myra Falls 

(Buttle Lake)

11/09/96 13/09/96 13/09/96 9.3 63 8.2

a ceriodaphnid test



6

2.1.2 Samples for Toxicity Testing of Effluents

B.A.R. Environmental supplied sampling kits for the effluent toxicity tests.  Samples of effluents

and receiving waters were collected and prepared by the field consultants, or by mine personnel,

for  shipment to the laboratories.  The sample containers used for samples sent to B.A.R.

Environmental were 20 L plastic pails fitted with a polyethylene plastic liner.  The pail was filled

to maximum capacity and the plastic liner was closed with a twist-tie, after expelling as much air

as possible.  Chain-of-Custody forms were provided by B.A.R. Environmental for use by the

participating mining companies.  Separate containers (200 mL polyethylene plastic bottles, sent

in coolers with ice packs) were employed for samples destined for Les Laboratoires Eco-CNFS.

The receiving water samples for effluent toxicity studies were collected either several days prior

to sampling of the effluent or at the same time as effluent samples were collected (Table 2-2).

Upon arrival at B.A.R. Environmental, receiving water samples were composited and returned

to the original containers for storage.  Receiving water samples can be stored for up to four weeks

after collection (CANMET Aquatic Toxicity Subgroup, personal communication).

Effluents were sampled by instantaneous grab and were shipped to the laboratory, usually by

express transport (ground or air).  Upon arrival at the laboratory, samples were logged in and

recorded according to B.A.R. Environmental standard operating procedures.  Effluent samples

were separated into three batches (1, 2 and 3) for tests requiring daily renewal (rainbow trout

embryo, Ceriodaphnia and fathead minnow toxicity tests).  Batch # 1 was used on test days 0,

1 and 2, batch # 2 on days 3, 4 and 5, and batch # 3 on days 6 and 7.  All testing was performed

within 72 h of sample collection.

The Levack effluent was first sampled on October 1, 1996.  However, the field consultant was

informed that the mine had not been releasing effluent during the sampling period, and what was

collected was probably rainwater.  The toxicity tests in progress were halted and the Levack

effluent was sampled at a later date.
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An initial sample of the Sullivan effluent was collected on September 23, 1996 and was shipped

by ground transport.  The sample arrived in Guelph, Ontario several days later, when the sample

was more than three days old, and was not tested.  The maximum delay between collection and

testing permitted by the Environment Canada test methods is 72 h.  A second sample was

collected at a later date.

Table 2-2. Summary of physical-chemical attributes of the receiving waters measured prior
to effluent testing.

Mine site (Receiving Water) Date

Collected

(d/m/y)

Date

Received

(d/m/y)

Dissolved

O2

(mg@L-1)

Conductivit

y

(FS@cm-1)

pH

Gaspé (ruisseau Miller) 16/09/96 18/09/96 9.0 206 8.2

Heath Steele (Northwest Mirimachi R.) 23/09/96 25/09/96 9.1 51 7.7

Dome (South Porcupine R.) 01/10/96 03/10/96 8.3 217 8.3

Sullivan (St. Mary’s R.) 15/10/96 18/10/96 8.4 71 7.9

Onaping/Levack (Onaping R.) 01/10/96 03/10/96 8.6 39 7.5

Myra Falls (Buttle Lake) 07/10/96 23/10/96 8.7 59 7.8

The initial Lemna minor assay with the Gaspé sample resulted in very poor growth in the test

media control.  It was discovered that the distilled water used to prepare the test media was

contaminated.  The Gaspé mine effluent and receiving waters were re-sampled and re-tested with

Lemna minor at a later date.

Upon arrival in the laboratory, samples were stored at 4 (± 2) EC until testing, when sample

temperature was brought to the appropriate test temperature before the assay was initiated.

Physical-chemical parameters measured immediately before testing included dissolved oxygen,

temperature, conductivity and pH.
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The pH and conductivity of the receiving waters measured prior to effluent testing are shown in

Table 2-2.  The conductivity of the receiving waters ranged from 39 to217 µS @cm-1 and the pH

ranged from pH 7.5 to pH 8.3.

Values of dissolved oxygen, conductivity and pH of the effluent samples prior to testing are

presented in Table 2-3.  The conductivity of the effluent samples ranged from 644 to 2850 µS @cm-

1 and the pH ranged from pH 7.2 to pH 10.2.

Table 2-3. Summary of physical-chemical data for the mining effluents measured prior to
testing.

Mine site Date Collected

(d/m/y)

Date Received

(d/m/y)

Dissolved O2

(mg@L-1)

Conductivity

(FS@cm-1)

pH

Gaspé 16/09/96 18/09/96 9.7 644 8.0

Heath Steele 23/09/96 25/09/96 10.2 1909 8.6

Dome 16/10/96 17/10/96 10.9 917 7.2

Sullivan 15/10/96 18/10/96 10.5 2850 8.8

Onaping 01/10/96 03/10/96 9.7 1594 7.6

Myra Falls 22/10/96 23/10/96 10.3 1207 9.8

Levack 04/11/96 05/11/96 11.2 1777 10.2

2.2 CULTURE OF THE ORGANISMS

2.2.1 Selenastrum capricornutum 

A strain of this alga was obtained from the Québec Ministère de l’Environnement et de la Faune,

and was then maintained in AAP (Algal Assay Procedure) culture media by Les Laboratoires Eco-

CNFS, Pointe Claire, Québec.  New cultures are started weekly and growth is regularly

monitored.  Maintenance of this organism in the laboratory follows recommendations in

Environment Canada (1992a).
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2.2.2 Ceriodaphnia dubia

These organisms are cultured from an original stock obtained from the Ontario Ministry of the

Environment, Rexdale, Ontario, in 1988.  They are maintained at 25EC with a 16 h light/ 8 h dark

photoperiod in laboratory well water.  New cultures are started weekly and are fed a combination

of cultured alga (Selenastrum capricornutum) and a yeast broth mixture.  Maintenance of this

organism in the laboratory follows recommendations by Environment Canada (1992b).

2.2.3 Fathead minnows

An original brood stock of fathead minnows was obtained from the Aquatic Biology Unit, Ontario

Ministry of the Environment, Rexdale, Ontario, with additional wild stock from Bobcaygeon,

Ontario.  These were used to set-up in-house laboratory cultures, which provide organisms for

tests.  Minnows were cultured in laboratory well water, with a photoperiod of 16 h light/ 8 h dark.

Fish were fed several times a day with a brine shrimp diet.  Maintenance of this organism in the

laboratory follows recommendations in Environment Canada (1992c).

2.2.4 Lemna minor 

Duckweed (strain C4) cultures were obtained from the University of Toronto and thereafter

maintained by weekly subculture in Hoagland's E+ medium.  The growth media was prepared by

adding reagent grade salts to deionized (reverse-osmosis) water.  Maintenance of this organism

in the laboratory follows recommendations in the draft test method of the Saskatchewan Research

Council (1996).



10

2.3 ACCLIMATION PROCEDURES

If a sample of receiving water caused toxicity to Ceriodaphnia dubia or to fathead minnows, the

organisms were allowed to acclimate to the receiving water.

The step-by-step acclimation procedure employed in this study was developed by Keith Holtze

of B.A.R. Environmental.  The procedure consists of two steps, with each step lasting

approximately one week: (1) acclimation to the pH and hardness conditions of the receiving

water, using adjusted laboratory water, and (2) gradual acclimation to the full strength receiving

water.  The organisms are gradually introduced to the full strength solution within a reasonable

amount of time, which allows tolerance to develop without selection of a resistant strain or race.

2.3.1 Acclimation of Fathead Minnows

An “adjusted” laboratory dilution water with the same pH (if pH $7.0) and hardness levels as the

toxic receiving water was prepared.  If the pH of the receiving water is less than pH 7.0, the pH

of the dilution water was adjusted to pH 7.0.  Adult fathead minnows (16-24 pairs) were

transferred and held in this water for 5 days, with a water renewal rate similar to cultures in

regular laboratory culture water.  Acclimation of the organisms to the receiving water started with

newly fertilized eggs from these fish.  Newly fertilized eggs from these fish were collected and

gradually acclimated to the full strength receiving water from the egg stage to hatch, over a

period of six days.  The proportion of receiving water to adjusted dilution water was increased

at each renewal period, on a daily basis. The larvae, newly hatched (<24 hr old) in 100% receiving

water, were then used in toxicity testing

2.3.2 Acclimation of Ceriodaphnia dubia

Neonate ceriodaphnids were transferred to "adjusted" laboratory dilution water having pH and

hardness levels similar to that of the receiving water.  Acclimation of the organisms to the
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receiving water started with third brood neonates from this culture.  The neonates were collected

and placed in 10% receiving water.  The amount of receiving water was increased each day until

the animals were acclimated to full strength receiving water after 6 days.  The proportion of

receiving water to adjusted dilution water was increased every day, at each renewal period.  The

Ceriodaphnia continued to have broods of young while being cultured in the full strength

receiving water.  Toxicity tests were performed with the third brood of neonates from these

cultures.

2.4 TOXICITY TESTS

2.4.1 Preliminary Tests of Receiving Waters

The preliminary tests of receiving waters were conducted as 7 day single concentration exposures,

with four replicates.  Control exposures were run in laboratory dilution water.  The Environment

Canada test methods recommend that controls meet certain standards if tests are to be considered

valid, and these standards were used to classify a receiving water as toxic or not.  Preliminary

tests were only performed with Ceriodaphnia and fathead minnows.

A receiving water was judged as toxic to Ceriodaphnia if any one of these conditions were not

satisfied during the test: adult survival $ 80%, mean production of young $ 15 young per female,

and the production of at least three broods during the test.  The numbers of young ceriodaphnids

produced in receiving water and laboratory control water were also compared with a t-test.

A receiving water was judged as toxic to fathead minnows if fish survival was less than 80%

during the test.  Fathead minnows were not routinely weighed after the preliminary tests in order

to reduce the cost of testing.  However, fish development was visually monitored during the test,

and if any fish had been judged as abnormally small compared to laboratory water controls, they

would have been weighed.  The test method criteria for individual weight gain is a minimum of

250 µg, which is approximately 50% of the normal weight gain for these fish in B.A.R.
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Environmental laboratory dilution water.  This difference is quite noticeable to the naked eye.

2.4.2 Toxicity Tests with Effluent Samples

Toxicity tests with effluent samples were conducted as either static (Selenastrum capricornutum,

Lemna minor) or static replacement tests (trout embryo, fathead minnow, Ceriodaphnia dubia).

Each test consisted of a  minimum of five effluent concentrations and a receiving water control,

with a minimum of three replicates per test concentration.  A second control was conducted at

the same time as the effluent test.  In tests with the trout embryo, fathead minnow and

Ceriodaphnia, this second control consisted of laboratory dilution water.  The second control in

the Lemna minor consisted of the “test media” (SRC, 1996).  Since the Selenastrum test is

performed on microplates, a second control microplate was prepared with the usual control

“reagent water” specified in the test method.  The test conditions of the five toxicity tests are

summarized in Tables A-1.1 - A-1.5 in Appendix 1.

2.5 DATA ANALYSIS

2.5.1 Toxicity Endpoints

Determination of endpoints for tests with Selenastrum, Ceriodaphnia and fathead minnow and

followed recommendations contained in the standard test methods (Environment Canada 1992a,

1992b, 1992c).  Endpoints for the rainbow trout embryo test were determined according to a draft

Environment Canada test method (Environment Canada, 1996).  The responses of the organisms

in the laboratory water and receiving water control exposures were compared using a t-test or an

Analysis of Variance (ANOVA) followed by Dunnett’s test or Tukey’s multiple comparisons.  If

the data were not normally distributed, they were transformed (arcsine, log, power function) and

retested.  The statistics were performed using the program TOXSTAT (Gulley et al. 1989).

The LC50s and EC50s, including 95% confidence limits, were calculated using either probit,
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moving average, or binomial methods with the program STEP (Stephan 1977).  Results were

adjusted for control mortality using Abbott's correction.

IC25s and IC50s with 95% confidence limits were calculated by linear interpolation (ICpin

program; Norberg-King, 1988) for Ceriodaphnia, fathead minnow and Lemna minor assays.

IC25s and IC50s for the Selenastrum test were determined from a linear regression of  growth

inhibition vs. log effluent concentration.  Calculating EC25s with the available software was not

possible, so IC25s for rainbow trout embryo viability were calculated as described in Environment

Canada (1992d). 

Toxicity results with effluent samples are shown as % v/v effluent.  Software was provided by

Environment Canada.

2.5.2 Comparison of the Effluents

The toxicity of the seven effluents was compared by averaging the IC25s obtained from four of

the toxicity tests.  Results of the trout embryo test were not used since there were no EC50s for

three of the failed tests.  IC25s of  “ >100% v/v” were considered as 100% v/v so that an average

could be taken.  The effluents were rated using the average IC25, with the lowest IC25 being

awarded a rank of one.

2.5.3 Comparison of the Toxicity Tests

The toxicity tests were compared in terms of their sensitivity by a simple ranking system.  A rank

was awarded based on the IC25s, with the lowest IC25 being assigned a rank of one.  The

average rank for each toxicity test, rounded to the nearest whole number, is shown in Table 4-5.



14

3.0 RESULTS

3.1 PRELIMINARY TESTS OF RECEIVING WATERS.

Two receiving water samples were toxic to test organisms in the preliminary tests.  The Sullivan

receiving water (St. Mary’s River) was toxic to both Ceriodaphnia and fathead minnows, while

the Gaspé receiving water (ruisseau Miller) was toxic to Ceriodaphnia only (Table 3-1).

After exposure to the St. Mary’s River sample from the Sullivan mine, ceriodaphnid survival was

70%, less than the minimum of 80% according to the test method criterion.  The average number

of young ceriodaphnids produced was 17.6 during this exposure, more than the required minimum

of 15, and not significantly different than the numbers produced in the laboratory water control

(p > 0.05, Table 3-1).  

Table 3-1. Responses of the cladoceran Ceriodaphnia dubia in receiving water (RW) and
laboratory water (LW) exposures during preliminary tests.

Mine site (RW)

Survival (%) Mean number of young per female (SD)

RW LW RW LW

Gaspé (ruisseau Miller) 70 80 12.6 (9.2) a 16.1 (7.4)

Heath Steele (Northwest Mirimachi R.) 100 90 16.1 (5.5) a 23.0 (10.1)

Dome (South Porcupine R.) 100 100 29.5 (8.8) 31.2 (6.9)

Sullivan (St. Mary’s R.) 70 80 17.6 (14.0) 21.4 (8.7)

Onaping/Levack (Onaping R.) 100 80 36.8 (11.1) a 23.9 (14.2)

Myra Falls (Buttle Lake) 100 90 27.7 (13.2) 23.7 (13.6)

a significant difference with laboratory dilution water exposure at p = 0.05.
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Table 3-2. Survival of larval fathead minnows in receiving water (RW) and laboratory
dilution water (LW) during preliminary tests.

Mine site (RW)
Survival (%)

RW LW

Gaspé (ruisseau Miller) 100 100

Heath Steele (Northwest Mirimachi R.) 100 100

Dome (South Porcupine R.) 92.5 97.5

Sullivan (St. Mary’s R.) 42.5a 87.5

Onaping/Levack (Onaping R.) 100 92.5

Myra Falls (Buttle Lake) 92.5 92.5

a significant difference with laboratory dilution water exposure at p = 0.05.

The Gaspé receiving water was also toxic to the invertebrate.  Only 70% of the ceriodaphnids

survived the exposure, and the adults only produced an average of 12.6 young per female in the

preliminary test with water from the ruisseau Miller.  This was less than the average produced in

the laboratory water control (p<0.05, Table 3-1), as well as being less then the minimum of 15

young required by the protocol.

All ceriodaphnids survived during exposures to the Northwest Mirimachi River (Heath Steele),

South Porcupine River (Dome), Onaping River (Onaping/Levack) and Buttle Lake (Myra Falls)

water samples.  Reproduction in these exposures also satisfied the criterion of an average of 15

young per female, as specified in the test method.  However, ceriodaphnid reproduction in two

of the receiving water exposures was significantly different than that observed in their respective

laboratory controls.
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During the preliminary test of the Heath Steele receiving water, only 16.1 young per female were

produced.  This was significantly less (t-test, p<0.05) than the number of young produced in the

laboratory water control, which averaged 23 young per female.  Despite the difference with the

laboratory control, the Heath Steele receiving water was not considered toxic since the production

of young was acceptable according to the protocol, and all of the organisms survived. 

The Onaping River (Levack/Onaping) preliminary test also resulted in differences in ceriodaphnid

reproduction between the receiving water and laboratory control exposures.  The number of

young produced in the Onaping River exposure averaged 36.8 young per female, significantly

higher than the mean of 23.9 young per female produced in the laboratory dilution water control

(p<0.05).

The St. Mary’s River sample from the Sullivan mine was the only sample that was toxic to the

fathead minnow, causing nearly 60% mortality (Table 3-2).  Fathead minnow survival in the other

receiving water exposures varied from 92.5 to 100%.  According to visual observation, the

surviving fish in these exposures gained enough weight to satisfy the minimum weight

requirements specified in the tests method.

3.2 RESPONSES OF CERIODAPHNIA AND FATHEAD MINNOWS DURING THE

ACCLIMATION PROCEDURE

Based on results of the preliminary tests, Ceriodaphnia were acclimated to the Gaspé and Sullivan

receiving waters.  Ceriodaphnid culture health tests were run during the final week of acclimation

to the receiving water samples, when the proportion of receiving water in the acclimation

exposures was gradually increased.  During this period, survival of the ceriodaphnids increased.

All of the invertebrates survived during acclimation to the Gaspé receiving water, while survival

in the Sullivan acclimation series was 80%. 
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The production of young improved significantly (p < 0.01, t-test) during the step- by-step

acclimation procedure.  During acclimation to the Gaspé receiving water, the ceriodaphnids more

than doubled their production of young, from 12.6 young per female during the preliminary test

(Table 3-1), to 26.7 young per female (Table 3-3).  During acclimation to the Sullivan receiving

water, production of young increased to 31.9 young per female, compared with 17.6 young per

female in the preliminary test (Tables 3-1 and 3-3). 

Fathead minnows were acclimated to Sullivan receiving water (St. Mary’s River) before the

effluent was tested.  The gradual acclimation procedure considerably reduced the toxicity of the

Sullivan receiving water to the fathead minnow.  Most (87.5%; Table 3-3) minnow eggs remained

viable during the acclimation procedure, and hatched into larvae.

Table 3-3. Responses of Ceriodaphnia dubia and fathead minnows during step-by-step
acclimation to receiving waters.  Ceriodaphnids were acclimated to increasing
concentrations of  Sullivan and Gaspé receiving waters.  Fathead minnows were
only acclimated to the Sullivan receiving water. 

Mine site (RW)
Ceriodaphnia dubia fathead minnow

Mean number of young
per female (SD)

Survival (%) % viable eggs (range)

Gaspé (ruisseau Miller) 26.7 (11.6) 100 na a

Sullivan (St. Mary’s R.) 31.9 (10.2) 80 87.5 (50 -100)

a not applicable

3.3 TOXICITY TESTS WITH EFFLUENTS

3.3.1 Mine Gaspé
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The Gaspé effluent exposures resulted in little toxicity to the five test species.  The exposures had

few effects on the survival of Ceriodaphnia and of fathead minnows, and the LC50s were >100%

v/v.  The IC25s for the other responses varied from 31.8% v/v to >100%.  The most sensitive

response was growth of the duckweed, with an IC25 of 31.8% v/v and an estimated IC50 of 66.9

% v/v.  The exposures had negligible effects on the other organisms and the remaining IC25s and

IC50 were >100% v/v.

The trout embryo test with the Gaspé sample was invalid because the receiving water was toxic,

causing >70% mortality.  Egg viability in the receiving water control was 56.7%, compared with

89% in the laboratory dilution water.  Viability in the effluent exposures ranged from 72 to 76%,

only slightly greater than egg viability in the receiving water.  Since egg viability in the laboratory

water controls was acceptable, this effluent was considered to have an EC50 of >100% v/v.

A summary of the results of toxicity tests with the Gaspé effluent is shown in Table 3-4.

3.3.2 Heath Steele Mine

The Heath Steele mine effluent exposures resulted in measurable toxicity to all of the test

organisms.  Exposure to the effluent had significant effects on survival of Ceriodaphnia (LC50

of 45.8% v/v), on survival of fathead minnows (LC50 of 63.1% v/v), and on trout embryo

viability (EC50 of 84.6% v/v).  The IC25s ranged from 19.0% v/v, for reproduction of

Ceriodaphnia, to 47.3% v/v, for growth of the duckweed Lemna minor.  Most of the organisms

showed a similar sensitivity to the effluent, since four IC25s were in a relatively narrow range,

from 19.0 to 24.0% v/v.
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Table 3-4. Toxicity of the Gaspé effluent to test organisms.  Test results are expressed as %
v/v of effluent and are shown with 95% confidence intervals (CI).  (na: not
applicable). 

Assay IC25 (95% CI) IC50 (95% CI) LC50 (95% CI)
a

Selenastrum capricornutum growth >100 >100 na

Lemna minor growth 31.8 (8.5 - 49.4) 66.9 b na

Ceriodaphnia dubia survival na na >100

Ceriodaphnia dubia reproduction 79.4 b >100 na

Fathead minnow survival > 100 na > 100

Fathead minnow growth > 100 > 100 na

Rainbow trout embryo viability > 100 c na > 100 c

a EC50 for rainbow trout embryo viability.
b estimated value since confidence limits could not be calculated.
c invalid test due to toxicity of  receiving water (yet viability in 100% v/v effluent concentration was >70%).

Table 3-5. Toxicity of the Heath Steele effluent to  test organisms.  Test results are expressed
as % v/v of effluent and are shown with 95% confidence intervals (CI).  (na: not
applicable). 

Test Organism IC25 (95% CI) IC50 (95% CI) LC50 (95% CI) a

Selenastrum capricornutum growth 23.3 (10.9 - 35.7) 42.1 (29.7 - 54.5) na

Lemna minor growth 47.3 (37.8 - 55.5) 76.5 (68.1 - 83.1) na

Ceriodaphnia dubia survival na na 45.8 (33.6 - 63.5)

Ceriodaphnia dubia reproduction 19.0 (16.6 - 21.7) 25.0 (21.7 - 33.0) na

Fathead minnow survival 23.0 (12.4 - 96.1) na 63.1 (13.0 - 100)

Fathead minnow growth >50.0 b  >50.0 b na

Rainbow trout embryo viability 24.0 (13.1 - 100) na 84.6 (50. 0 - 100)
a EC50 for rainbow trout embryo viability.
b complete mortality at higher concentrations.
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Effluent exposure was more detrimental to fathead minnow survival than growth.  The IC25s and

IC50s for fathead minnow growth were >50%, while the IC25 for survival was 23.0% v/v.

Duckweed growth was less sensitive to the Heath Steele exposures than the responses of most

of the other organisms.  The IC25 for duckweed growth, 47.3 % v/v, was significantly higher than

the IC25s for Selenastrum growth, for fathead minnow survival and for ceriodaphnid

reproduction (p<0.05).

A summary of the results of toxicity tests with the Heath Steele effluent is shown in Table 3-5.

3.3.3 Dome Mine

The toxicity of the Dome mine varied considerably, with IC25s ranging from 2.8% v/v to >100%

v/v.  Exposure to the effluent had negligible effects on fathead minnow growth and survival, and

on ceriodaphnid reproduction and survival.  The IC25s and LC50s for these responses were

>100% v/v.  The effluent exposures inhibited growth of the alga and the duckweed, with IC25s

of 2.8% v/v and 21.7% v/v respectively.  Growth of Selenastrum was the most sensitive indicator,

since the Selenastrum IC25 was significantly less than the duckweed IC25 (p<0.05).  However,

duckweed growth was affected over a wider range of effluent concentrations than the alga.

The trout embryo test was invalid, since mortalities were >70% in both receiving water and

laboratory dilution water controls.  Extensive mortalities also occurred at each effluent

concentration.  The eggs used for this test showed poor or very poor viability under hatchery

conditions and it is probable that the failure of this test was due to the poor quality of the eggs

and/or milt.  This is  discussed in more detail under Section 4.2.2. 

A summary of the results of toxicity tests with the Dome effluent is shown in Table 3-6.
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Table 3-6. Toxicity of the Dome final effluent to test organisms.  Test results are expressed
as % v/v of effluent and are shown with 95% confidence intervals (CI).  (na: not
applicable). 

Test Organism IC25 (95% CI) IC50 (95% CI) LC50 (95% CI) a

Selenastrum capricornutum growth 2.8 (0.3-5.3) >100 na

Lemna minor growth 21.7 (13.3 - 28.2) 42.2 (38.6 - 46.0) na

Ceriodaphnia dubia survival na na >100

Ceriodaphnia dubia reproduction >100 >100 na

Fathead minnow survival >100 na >100

Fathead minnow growth >100 >100 na

Rainbow trout embryo viability I b na I
a EC50 for rainbow trout embryo viability.
 b invalid test due to poor egg viability.

Table 3-7. Toxicity of the Cominco Sullivan DWTP effluent to test organisms.  Test results
are expressed as % v/v of effluent and are shown with 95% confidence intervals
(CI).  (na: not applicable). 

Test Organism IC25 (95% CI) IC50 (95% CI LC50 (95% CI) a

Selenastrum capricornutum growth 22.2 (0 - 46.6) 30.2 (5.8 - 54.5) na

Lemna minor growth 27.2 (17.4 - 34.7) >93.1 na

Ceriodaphnia dubia survival na na 70.7 (50.0 - 100)

Ceriodaphnia dubia reproduction 12.6 (10.0 - 15.9) 18.4 (13.6 - 20.8) na

Fathead minnow survival >100 na >100

Fathead minnow growth >100 >100 na

Rainbow trout embryo viability I b na I
a EC50 for rainbow trout embryo viability.
b invalid test due to poor egg viability.
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3.3.4 Sullivan Mine

The Sullivan effluent exposures resulted in IC25s ranging from 12.6% v/v to >100% v/v.  The

IC25s for growth of the alga Selenastrum and the duckweed were similar, 22.2 and 27.2% v/v

respectively.  However, the corresponding IC50s were different, 30.2 and >93.1% v/v for the alga

and the plant, respectively.  Ceriodaphnid reproduction was the most sensitive indicator for this

effluent, since this IC25, 12.6% v/v, was significantly less than either Selenastrum or duckweed

values (p<0.05).  The effluent exposure also affected survival of the invertebrate, with an LC50

of 70.7% v/v.  The least sensitive test was the fathead minnow test, since IC25s for growth and

survival were >100%.

The Sullivan sample was collected on Tuesday and arrived at the laboratory on Friday, 72 h later.

The draft Lemna minor protocol specifies that the sample must be aerated for 12 - 16 h  before

concentrations can be prepared.  The Lemna minor assay with this sample was therefore started

the day after, 96 h after sample collection and 24 later than the recommended maximum delay.

Unfortunately, the trout embryo test was invalid, since mortalities were >70% in both receiving

water and laboratory dilution water controls.  Extensive mortalities also occurred at each effluent

concentration.  As discussed in Section 4.2.2, the eggs used for this test showed poor or very

poor viability under hatchery conditions.  It is probable that the failure of this test was due to the

poor quality of the eggs and/or milt.

A summary of the results of toxicity tests with the Sullivan effluent is shown in Table 3-7.

3.3.5 Onaping Mine

The Onaping effluent was of low or negligible toxicity to three of the five test species.  IC25s and

IC50s for fathead minnow growth, fathead minnow survival and trout embryo viability were

>100%.  Most Ceriodaphnia survived in the full strength effluent concentration, and the LC50
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was >100% v/v.  The IC25 for ceriodaphnid reproduction was estimated at 80.7%, while the IC50

was >100%.   Growth of Selenastrum was inhibited at lower effluent concentrations, with an

IC25 of 30.8% v/v and an IC50 of 49.8% v/v.

The most sensitive indicator was growth of the duckweed, with an IC25 of 14.2% v/v and an

IC50 of 19.8% v/v.  These values are significantly less than the corresponding IC25 and IC50 for

Selenastrum growth (p<0.05).  Duckweed growth was the most sensitive response of all the tests,

despite the possible interferences of algal growth.  Algae were observed growing in the receiving

water control and in the effluent concentrations during the duckweed test.  This growth occurred

despite the fact that the receiving water had been filtered through a glass fibre filter (GF/C grade)

before use.

A summary of the results of toxicity tests with the Onaping effluent is shown in Table 3-8.

3.3.6 Myra Falls Mine

The responses of the test organisms to Myra Falls effluent exposures were variable, with IC25s

ranging from 7.0 to 72.9% v/v.  The exposures affected invertebrate survival, with an LC50 of

80.4% v/v.  Survival of the larval fish was also affected.  While no LC50 could be calculated,

mortality in the 100% v/v effluent exposure was 46.7% and the IC25 for larval survival was

72.9% v/v.  Growth of the fish was reduced at concentrations similar to those that affected

survival.  The IC25 and IC50 for minnow growth were 64.4 and 93.5% v/v respectively.  Algal

growth was the most sensitive indicator, with an IC25 of 7.0 % v/v and an IC50 of 13.5% v/v.

The sensitivity of the duckweed was intermediate to those observed for the alga and the fish, with

an IC25 of 18.3% v/v and an IC50 of 42.1% v/v.

The test with Ceriodaphnia was invalid, with 40% mortality in the receiving water control.  This

result was unexpected since water from Buttle Lake was not toxic to these organisms in the

preliminary test.  As was the case with all of the other receiving waters, samples for the 
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Table 3-8. Toxicity of the Falconbridge Onaping effluent to test organisms.  Test results are
expressed as % v/v of effluent and are shown with 95% confidence intervals (CI).
(na: not applicable).

Test Organism IC25 (95% CI) IC50 (95% CI) LC50 (95% CI) a

Selenastrum capricornutum growth 30.8 (24.8- 36.8) 49.8 (43.7 - 55.8) na

Lemna minor growth 14.2 (11.9 - 15.4) 19.8 (18.2 - 21.1) na

Ceriodaphnia dubia survival na na >100

Ceriodaphnia dubia reproduction 80.7 b >100 na

Fathead minnow survival >100 na >100

Fathead minnow growth >100 >100 na

Rainbow trout embryo viability >100 na >100
a EC50 for rainbow trout embryo viability.
b approximate value since confidence limits could not be calculated.

Table 3-9. Toxicity of the Myra Ponds Outflow to test organisms.  Test results are expressed
as % v/v of effluent and are shown with 95% confidence intervals (CI).  (na: not
applicable).

Test Organism IC25 (95% CI) IC50 (95% CI) LC50 (95% CI) a

Selenastrum capricornutum growth 7.0 (0 - 18.8) 13.5 (1.6 - 25.3) na

Lemna minor growth 18.3 (8.9 - 30.2) 42.1 (30.2 - 48.6) na

Ceriodaphnia dubia survival na na 80.4 (50.0 -100) b

Ceriodaphnia dubia reproduction 33.5 (5.3-37.6) 44.0 (37.8 - 55.3) na

Fathead minnow survival 72.9 b na >100 b

Fathead minnow growth 64.4 (53.5 - 76.4) 93.5 b na

Rainbow trout embryo viability I c na I
a EC50 for rainbow trout embryo viability.
b estimated value.
 c invalid test due to poor egg viability.
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preliminary and effluent  tests were collected at different times.  It is possible that there were

differences in the two Buttle Lake samples which may explain the different ceriodaphnid responses

observed in the preliminary and effluent tests.

Despite the control mortality observed, it is possible to obtain estimated results using the

responses in the other test concentrations.  All of the adult ceriodaphnids in the laboratory water

control survived, while survival in the full strength (100% v/v) effluent concentration was only

10% v/v.  With the exception of the full strength effluent, ceriodaphnid survival in the other

effluent exposures was $70%.  In addition, there was no difference in the number of young

produced in the lowest exposure concentration compared with the laboratory water control

(p<0.05, ANOVA).  Thus, the responses in the laboratory water exposure control were taken as

the control values for the effluent exposures and estimated values of the endpoints (LC50, IC25

and IC50) were calculated.  The estimated LC50 for adult Ceriodaphnia was 80.4% v/v, while

the IC25 and IC50 for reproduction were 33.5 and 44.0% v/v.

The trout embryo test was unfortunately invalid, since most of the embryos died in the controls.

At the conclusion of the assay, the percent embryo viability was only 22.5% in the receiving water

control and 37.5% in the laboratory water control.  There were no viable embryos in the 100%

v/v effluent exposure.  As discussed in Section 4.2.2, the eggs used for this test showed poor or

very poor viability under hatchery conditions and it is probable that the failure of this test was due

to the poor quality of the eggs and/or milt.

A summary of the results of toxicity tests with the Myra Falls effluent is shown in Table 3-9.

3.3.7 Levack Mine

The test organisms’ responses to the Levack Mine effluent generally occurred at moderate

effluent concentrations.  Trout embryo viability was 60% in the 100% v/v exposure and the EC50

was >100% v/v.  Fathead minnow survival was 83% in the full strength (100% v/v) effluent
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exposure, with an IC25 and LC50 of >100% v/v.  Growth of the minnow was reduced in the

concentration range of 50-100% v/v, with an IC25 of 81.2 % v/v.  Ceriodaphnid survival and

reproduction were affected at the 100% v/v exposure, with 50% mortality and an average of only

8.6 young produced at this effluent concentration.  Since 10% of the ceriodaphnids in the

receiving water control also died, no LC50 could be calculated.  The IC25 and IC50 for

reproduction were 67.0 and 85.2 % v/v respectively. 

Growth of the duckweed and the alga were reduced at lower effluent concentrations compared

with   the responses of the other test organisms.  The IC25s for growth were 37.0% v/v (Lemna

minor) and 47.6% v/v (Selenastrum), while the IC50s were 64.4% v/v (Selenastrum) and 72.1%

v/v (Lemna minor).

A summary of the results of toxicity tests with the Levack effluent is shown in Table 3-10. 

Table 3-10. Toxicity of the INCO Levack effluent to test organisms.  Test results are
expressed as % v/v of effluent and are shown with 95% confidence intervals (CI).
(na: not applicable). 

Test Organism IC25 (95% CI) IC50 (95% CI) LC50 (95% CI) a

Selenastrum capricornutum growth 47.6 (34.4 - 60.7) 64.4 (51.2 - 77.6) na

Lemna minor growth 37.0 (18.5 - 51.1) 72.1 (64.0 - 78.0) na

Ceriodaphnia dubia survival na na >50.0 b

Ceriodaphnia dubia reproduction 67.0 (44.2 - 69.7) 85.2 (73.5 - 89.4) na

Fathead minnow survival >100 na >100

Fathead minnow growth 81.2 (78.2 - 89.2) >100 na

Rainbow trout embryo viability 85.1 c na >100
a EC50 for of rainbow trout embryo viability.
b mortality in the 100% v/v effluent was 50%.
c approximate value since confidence limits could not be calculated.
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4.0 DISCUSSION

4.1 RESPONSES IN THE RECEIVING WATERS

4.1.1 Responses of Acclimated Organisms during Toxicity Tests with Effluents

After the acclimation procedure, survival of Ceriodaphnia and fathead minnow improved in the

receiving water controls during the effluent tests.  For example, while 57.5% of larval fathead

minnows died in the Sullivan preliminary test (Table 3-2), only one individual out of thirty (3.3

%) died in the receiving water control during testing of the Sullivan effluent (raw data, Appendix

5).  Similarly, while 30% of ceriodaphnids died in the Gaspé and Sullivan receiving waters during

preliminary testing, survival in the receiving water controls after acclimation increased to 100%

and 80%, for the Gaspé and Sullivan receiving waters, respectively.  With this increase in survival,

the Gaspé and Sullivan receiving water controls now satisfied the test method and these tests were

valid.

Reproduction of Ceriodaphnia generally improved following acclimation.  In the receiving water

control of Gaspé effluent test, the acclimated ceriodaphnids produced 28.9 young per female, a

significant improvement over the preliminary test (ANOVA, p<0.05).  During the Sullivan effluent

test, acclimated ceriodaphnids produced 19.3 young per female, not significantly different than

the preliminary test.  It should also be noted that reproduction increased significantly in the Heath

Steele receiving water controls compared to the preliminary testing, without prior acclimation (t-

test, p<0.05). 

The major benefit of the acclimation procedure is increased survival.  The acclimation procedure

was clearly successful in the assays involving the Sullivan receiving water and fathead minnow

survival.  In addition, the improvements in ceriodaphnid reproduction in the Gaspé and Sullivan

receiving waters after acclimation were partially due to an improved female survival during the

exposure.  Survival of ceriodaphnids was only 70% during the preliminary tests with Gaspé and
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Sullivan receiving waters.  This increased to 80% or more after acclimation.  While there is no

statistical difference in these two values, a survival rate of 80% satisfies the test method’s

requirements for survival in the controls.  This is an example of differences that may not be

statistically significant but which are most important in terms of the test method and for test

validity.

4.1.2 Responses of Nonacclimated Organisms

The responses of the nonacclimated organisms to the receiving water exposures were variable,

ranging from toxicity to stimulation.  Two receiving water samples caused significant mortality

to the test organisms.  Only 56.7% of trout embryos were viable following exposure to the

ruisseau Miller (Gaspé mine) control, causing the assay to fail.  As previously discussed, the Myra

Falls receiving water (Buttle Lake) was toxic to Ceriodaphnia during the effluent test, whereas

it had not been toxic during the preliminary test.  However, five of the seven receiving waters

were beneficial to growth of the freshwater alga and of the duckweed.

Growth of Selenastrum was stimulated in the Gaspé, Heath Steele, Dome, Sullivan and Levack

receiving waters, compared with growth in the usual test control water (“reagent water”).  It

should be noted that the amount of growth media added to the microplate wells is considered just

sufficient for the initiation of algal growth.  Algal growth in a natural receiving water is probably

not nutrient limited to the same degree as it is in the usual control reagent water.

Growth of Lemna minor was also stimulated compared with that in the test media control, during

exposures to three of the receiving waters.  Stimulation occurred in exposures to the receiving

waters of the Heath Steele, Dome and Onaping/Levack mines.  However, it should be noted that

in only one of the assays conducted during this study was growth in the test media controls

satisfactory, according to the SRC draft test criteria.

Similarly, reproduction of Ceriodaphnia was stimulated by a sample of the Heath Steele receiving
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water.  During the effluent test, more young were produced in the Heath Steele receiving water

control than in the accompanying laboratory water control (ANOVA, p<0.05).  In addition,

reproduction was significantly greater in this receiving water sample than in the sample used for

the preliminary tests (ANOVA, p<0.05).  These results suggest that the Heath Steele receiving

water sample used for effluent testing may have differed from the sample used for preliminary

testing.

The Myra Falls receiving water sample used for effluent testing may also have differed from the

sample used for preliminary testing.  During the preliminary test with the Myra Falls receiving

water, all of the ceriodaphnids survived.  However, during the effluent test with this organism,

there was excessive mortality (40%) in the receiving water control, and the toxicity test was

therefore invalid.  

The different responses noted with the Heath Steele and Myra Falls receiving waters during

testing with Ceriodaphnia suggest that different samples of the same receiving waters can vary

in some manner that affects reproduction and/or survival of the invertebrate.   This sample

variability was only evident in tests with ceriodaphnids and not with fathead minnows.  Survival

of non-acclimated larval fish was similar in the preliminary test exposure and in the receiving

water control of the effluent test.

Storage of receiving waters may influence certain characteristics that can affect algal growth.

Samples from Onaping River, the receiving water for the Onaping and the Levack mines, were

collected on October 1, 1996 and were received in the laboratory on October 3, 1996.  After

compositing, some of the receiving water was immediately used for the toxicity tests with the

Onaping effluent, which commenced on October 3, 1996, and the remainder was stored at 4EC.

Testing of the Levack effluent was delayed until November 1, 1996.  Growth of the alga in the

receiving water controls differed in the two assays.  Growth of Selenastrum was stimulated during

the Levack assay, yet no stimulation was observed during testing with the Onaping sample (t test,

p<0.05).  When compared to algal growth in the usual control reagent water, growth in receiving
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waters can be stimulated by the presence of additional nutrients.  It is possible that more nutrients

were available in the Onaping receiving water sample, permitting more growth of the alga during

the test.

The responses of both acclimated and non-acclimated organisms in the receiving water controls

during effluent testing are summarized in Table 4-1.

Table 4-1. Comparisons of the responses of the test organisms in the laboratory water and
receiving water controls (S: significant stimulation, NS: no significant difference,
I: invalid test, T: significant reduction/toxicity).

Test Organism Gaspé Heath
Steele

Onapin
g

Levack Dome Sullivan Myra
Falls

Selenastrum growth S S NS S S S NS

Lemna growth NS S S S S NS NS

Ceriodaphnia reproduction NSa S NS NS NS NS a T

Fathead minnow
growth/survival

NS NS NS NS NS NS a NS

Rainbow trout embryo viability T NS NS NS I b I b I b

 a acclimated organisms

b test invalid due to poor egg viability

4.2 LEMNA MINOR AND TROUT EMBRYO TOXICITY TESTS

4.2.1 Lemna minor Assays

Two aspects of the Lemna minor assay, growth in the controls and algal contamination, will be

discussed.
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In most cases, the plants in the control exposures did not produce enough fronds (leaves) to

satisfy the criteria set out in the draft SRC protocol.  The plants start out with three leaves per

replicate and there must be an average of thirty at the end of the test - a 10-fold increase in 7 days.

This is a considerable increase when compared to the requirements of the APHA (1995) and the

ASTM (1991) test methods involving duckweeds.  According to the unmodified APHA Lemna

minor protocol, the number of leaves in the controls should increase by 2-fold over the four day

test period, while the ASTM Lemna gibba protocol specifies a 5-fold after 7 days. While the

present tests do not satisfy the draft test method, leaf production was impressive (eight-fold) and

growth in the controls was fairly consistent (Table 4.2).  The data were thus considered

acceptable.

The growth criteria for this test are derived from the SRC experience in developing the assay, and

could represent the best possible test performance.  It is possible that leaf production can vary

within the range of light intensities specified in the draft method, depending on other laboratory

conditions (Mary Moody, SRC, personal communication).  Growth may be maximized by small

changes in light intensity within the range 63 - 72 FE/m2/s.

Algal growth was observed in the test vessels of two of the Lemna minor asssays.  Algae were

evident in both the receiving water controls and effluent exposures during the Onaping assay, and

in the effluent exposures with the Gaspé sample.  Since algae are visibly present, these tests are

not valid according to the draft protocol.

The draft protocol specifies that receiving water samples should be filtered through a GF/C filter

if algae are suspected.  All of the receiving waters in this study were inspected visually

(microscope) before the test was started.  If algal cells were detected, the sample was filtered.

However, effluent samples, such as the Gaspé sample, were not filtered, and are also possible

sources of algae.  It would be preferable if the protocol specified that all samples be filtered, since

the treatment of samples would then be standardized.  It would also be advisable to use a more

selective filtration for the removal of algae, such as the 0.45 µm filter specified by the Selenastrum
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test method.

While the Levack and Onaping assays involved the same receiving receiving water, no algae were

observed growing in the Levack assay receiving water controls.  It is possible that the storage of

the receiving water used for the Levack effluent may have influenced the presence of algae in the

test.

Table 4-2. Average leaf production (± SD) by the duckweed Lemna minor in control
exposures during toxicity tests with mining effluents.

Sample Test date (d/m/y) Average leaf production (SD)

Test Media Control Receiving Water Control

Heath Steele 25/09/96 21.1 (3.8) 26.1 (1.7)

Onaping 04/10/96 21.5 (4.1) 26.8 (4.7)

Dome 18/10/96 22.5 (3.5) 33.6 (3.3)

Sullivan 19/10/96 19.8 (2.7) 21.1 (6.1)

Myra Falls 25/10/30 23.4 (2.5) 25.3 (4.4)

Levack 07/11/96 28.1 (3.4) 33.8 (5.3)

Gaspé 22/11/96 31.2 (4.0) 35.9 (6.5)

Overall Mean (SD) 23.9 (5.2) 29.1 (6.9)

4.2.2 Trout Embryo Assays

There are two aspects of the trout embryo test that will be briefly discussed.  The first is the

number of failed tests and the second is the relative sensitivities of the two sublethal tests with

fish.
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4.2.2.1 Invalid tests

Three out of seven trout embryo tests assays conducted during this study resulted in valid tests.

These valid tests were conducted with the Heath Steele, Onaping and Levack effluents.  The four

remaining tests failed the criteria for validity.  The test with the Gaspé sample was invalid because

the receiving water was slightly toxic, causing >70% mortality.  The tests with the Dome, Sullivan

and Myra Falls effluents were invalid due to excessive mortalities in both receiving water and

laboratory water controls.  It is probable that these test failures were due to the poor quality of

eggs and/or milt used for the tests.

Eggs and milt for trout embryo assays were obtained from a provincial government fish hatchery

(Ontario Ministry of Agriculture and Food, Alma Research Station, Alma, Ontario).  This

hatchery is primarily a research station, with exceptional facilities for temperature control and

animal care.  The staff at the hatchery kindly monitored the progress of eggs fertilized from the

same batch of eggs and milt used for the toxicity tests.  The fertilized eggs were maintained under

hatchery conditions until the eyed stage.  The staff provided general estimates of the success of

egg development, ranging from very poor to very good (Table 4-3).

The egg batches used for the Dome, Sullivan and Myra Falls tests showed poor or very poor

viability under hatchery conditions.  This suggests that the failure of these tests may have been

due to the poor quality of the eggs and/or milt used.
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Table 4-3. Estimated viability of embryos of the rainbow trout, Oncorhynchus mykiss, for
batches of eggs and milt used in toxicity tests.  Viability was determined by the
staff of the Alma Research Station fish hatchery (Ontario Ministry of Agriculture
and Food).  I - invalid test; V - valid test.

Sample Test date (d/m/y) Test Validity Estimated viability

Gaspé 18/09/96 I fair - poor

Heath Steele 25/09/96 V good

Onaping 03/10/96 V very good (. 14% dead)

Dome 17/10/96 I very poor (.50% dead)

Sullivan 18/10/96 I very poor (.50% dead)

Myra Falls 22/10/96 I fair - poor (10 - 20 %

dead)

Levack 05/11/96 V good

Table 4-4. Comparison of IC25s (as % v/v effluent) for larval fathead minnow
growth/survival and for trout embryo viability after exposures to mining effluents.
Data are taken from the Sublethal Toxicity Screening Project and from the present
study.

Sample trout embryo fathead minnow

# 960753

# 960768

# 960918

Gaspé

Heath Steele

Onaping

Levack

>100

51.7

54.0

>100

24.0

>100

85.1

94.4

>100

>100

>100

23.0

>100

81.2
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4.2.2.2 Sensitivity

The sensitivity of the two fish assays was compared by combining data from this present study

and the previous Sublethal Toxicity Screening Project.  As shown in Table 4-4, the IC25s for

growth/survival of the larval fathead minnow and for trout embryo viability are very similar.  For

five of the seven samples, the IC25s for the two species are nearly identical.

4.3 COMPARISON OF THE EFFLUENTS

A summary of the IC25 results is shown in Table 4-5, with an average IC25 for each effluent. 

The toxicity of the effluents is rated as follows, from most to least toxic (accompanied by the

average IC25): Heath Steele (28.2), Myra Falls (30.3), Sullivan (40.5), Onaping (56.4), Levack

(58.4), Gaspé (77.8) and Dome (80.4). 

Table 4-5. Summary of results (IC25s) for toxicity tests conducted with mining effluents.
Test results are expressed as % v/v of effluent.

Sample Selenastrum

growth

Lemna minor

growth

Ceriodaphnia

reproduction

fathead minnow

growth/survival

Mean (rank)

Gaspé >100 31.8 79.4 >100 77.8 (6)

Heath Steele 23.3 47.3 19 23 28.2 (1)

Onaping 30.8 14.2 80.7 >100 56.4 (4)

Dome >100 21.7 >100 >100 80.4 (7)

Sullivan 22.2 27.2 12.6 >100 40.5 (3)

Myra Falls 5.1 18.3 33.5 64.4 30.3 (2)

Levack 47.6 37 67 82.1 58.4 (5)
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4.4 COMPARISON OF THE TOXICITY TESTS

The average rank for each toxicity test, rounded to the nearest whole number, is shown in Table

4-6.  The assays can be placed in two groups based on their sensitivity.  Three assays, the

Selenastrum, Lemna and Ceriodaphnia tests, showed a similar sensitivity to the effluents, with

an average rank of 2.  The fathead minnow assay, with an average rank of three, was slightly less

sensitive and can be considered as part of a second group.  The similarity in the sensitivity of the

toxicity tests can be partially explained by the fact that most effluents exhibited relatively little

toxicity.  For example, only one IC25 was less than 10%, while twelve values were >50% v/v.

Table 4-6. Sensitivity of four toxicity tests to mining effluents using a simplified ranking
system.  Ranks were assigned based on the magnitude of IC25s obtained in each
assay.

Sample Selenastrum

growth

Lemna minor

growth

Ceriodaphnia

reproduction

fathead minnow

growth/survival

Gaspé 3 1 2 3

Heath Steele 2 4 1 2

Onaping 2 1 3 4

Dome 2 1 2 2

Sullivan 2 3 1 4

Myra Falls 1 2 3 4

Levack 2 1 3 4

Average: 2 1.9 2.1 3.3
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APPENDIX I

Summary Tables of Test Conditions



Table A 1-1. Growth Inhibition Test Using the Freshwater Alga Selenastrum capricornutum
(EPS 1lRN,l25).

1.

2.

J.

4.
5.

6.

7.
8.

9.

10.

11.

12.
13.

14.

Test type:
Test duration:
Temperature:
Light intensity:
Photoperiod:
Nutrient addition:
Test chamber:
Test solution volume:
Culture condition:
No. ofrep./conc'n:
Initial cell concentration:
Dilution water:
Final cell concentration in control:
Measured end points:

Static non renewal
72 hours
25 + toc
400 + 30lux
Continuous light
Enriched culture medium (13.75 X AAM)
96 well Microplate
250 ¡ú perwell
logarithmically growing
7

10,000 celVml

Sterile, filtered reagent water, receiving water
880,000 celVml (CV :17%)

NOEC. LOEC (erowth inhibition)



Table /.L-2, Summary of the test conditions: The Lemna minor Growth Inhibition Test. A
modification of the 821I Duch,yeed (Proposed) toncity test procedure published by

American Public Health Association IAPHAI (lee5) (SRC draft protocol 1996).

1. Test type:
2. Temperature:
3. Test duration:
4. Dilution \¡/ater:

5. Test chamber:
6. Test solution volume:
7. Initial no. of plants per replicate
8. No. ofreplicates/concentration:
9. Culture age (d):

10. Light intensity:

11. Photoperiod
12. Culture origin:
13. Observations:
L4. End-points:
15. Test validity:

Static
25 +2'C
7d
Receiving water or Test media

25 mL polystyrene
25 n1L

3 plants, each with 3 - 4 fronds
8

7

63 -72 ¡ßlrrfls
Continuous
UTCC
Increase in biomass (no. of fronds)
Growth inhibition (ICp, NOEC,LOEC)
>- 10 fold increase in the number of fronds in the

test media control by 7 d;<Iï% diseased, stressed

or dead control plants.



Table A 1-3. Test ofReproduction and Survival Using the CladoceranCeriodaphnia dubia
(EPS l/Rlvl2l)

1. Test type:
2. Temperature:
3. Test duration:
4. Dilution water:
5. Test chamber:
6. Test solution volume:
7. Renewal oftest solutions:
8. Organisms:
9. No. animals/test chamber:

10. No. test chambers/concentration:
I l. No. animals/concentration:
12. Feeding:
13. Lighting:
14. Photoperiod:
15. Aeration:
16. Observations:

17. End-points:

18. Test validþ:

Static renewal
25 + I'C
7 + lday
Laboratory well water, receiving water
Plastic vials (24 X 55mm)
15 mL
24 h intervals
Neonate (<24 h old) Ceriodøphnia dubia
I
10

10

2 drops YCT mixture/test chamber daily
Cool white fluorescent 40 to 50 ft candles

16hlight,Shdark
None. DO 40-100%o saturation throughout test.

Daily: first-generation mortality, numbers of live
neonatespro duced/adult
ICp, NOEC/ LOEC(reproduction), LC50 if
appropriate
Control mortality <20yo, a mean of >15 young
produced per female in controls



TableA 1-4. Summary of test conditions: Test of Lawal Growth and Survival Using Fathead

Mnnows (EPs r/RNí22).

t. Test type:
2. Temperature:
3. Test duration:
4. ControVdilution water:
5. Test chamber:
6. Test solution volume:
7. Renewal oftest solutions:
8. Organisms:
9. No. animals/test chamber:

1 0. No. test chambers/concentration
I l. No. animals/concentration:
12. Feeding:

13. Lighting:
14. Photoperiod:
15. Aeration:
16. Observations:

17. End-points:
18. Test validity:

Static renewal
25 + l'C
7d
Laboratory well water or receiving water
Disposable polystyrene beakers (1.0 L)
250 nf-
24 h intervals
Lawae (<24 h post hatch)
10

4
40
3 x daily with brine shrimp napulii, no feeding during
frnal 12 h of testing.

Cool white fluorescent 40 to 50 ft candles

16hlight,Shdark
None. DO 40-100Yo satutalion throughout test.

Mortality/ swimmingbehaviour daily, mean dry weight

at end oftest
NOECILOEC, ICp for survival and growh.
Control mortalþ <20o/o, average weight of control
fish at end of test at least 250 ve.



Table A 1-5. Summary oftest conditions: Toxicity Tests Using Early Life Stages of Salmonid Fish

(E-test embryo rainbow trout Oncorhynchus mvHss)

I
2
3

4
5

6
7
I
9

Test type:
Start of Test:
Test duration:
ControVdilution water
Temperature:
Lighting:
Aeration:
Observations:
Measurements:

Feeding regime:
Volume oftest chamber

Sourceof organisms:
No. eggs per test chamber:
No. of test chambers/conc'n:
Measured end points:
Test validþ:

Static renewal
within 30 m of fertilization
7 days

Laboratory well water or receiving water
15 + I'C
dark
yes

egg viability, deformities
Temperature, conductivity in all solutions;
DO, pH in representative concentrations.
None
2.5L
Certified fish hatchery
40
J

8C50, NOEC, LOEC, TEC for viability.
> 70yo viability in controls at end of test, DO>60o/o

in all test solutions, temperature difference between
replicates <2 "C.

10.

11.

12.

13.

t4.
15.

16.



APPENDIX 2

Test Reports - Mine Gaspé



--

-
Rob Roy
B.A.R. Environmentol lnc.
Nicholos Beover Pork. R.R, 3
Guelph, Ontorio
Conodo NIH óH9

Effluenl, | 6/ 09 /96, 9:3O
( Mines Gospé, site #lS )

Test Control Woter:
Riv. Millor, 161O9196, tO:@
( Mines Gospé, site #ì2 )

SUMMARY OF RESULTS:

Somple

Effluenl, 16 I 09 /96, 9:3O

Stotisiicol Method: not opplicoble
Conf. lnt.; confidence intervol of 9S7o

N.C. : not colculoble
N/A : not opplicoble

Laboratoires E,CO hboratories

152ó8 17109196 19_22/09/96

Certificat d'analyse o Certificate of Analysis

1 21 , Boul. Hymus, Pointe-Claire, Québec H9R I t6
Té1.: (514) 697-3400 Fax: (514) 697-2090

November 29,1996
Project No: ó399-375ó4

Project reference: CANMET
P.O,: IS97

>t00
N,C.

> 100 **

N.C, "*

N.A

Conclusions

No Effect I tto EffecT **

T-Tesl between 2 conlrols:
Receiving woter vs slondord dilulion woler Signíficont difference between controls

.. 
: Some inhibition wos obseryed ol 6,250/o ond 12.5/o(v/v). Uut growth stimulqtion wos observed of S0o/o qnd lOO"Á (v/v)Therefore' bosed upon the totol results, this somple did not sotisf-y the requirements to conclude significont overollgrowth inhibition.

N.A 171091e6 1e-22/Oe/96 N,A

Bernord Visser, B.Sc,
Biologist

Ecotoxicology Deportment

SAMPIE
IDENTIFICATION

TEST

NUMBER
( type, time )

DATE

RECEIVED
DATE OF

ANALYSIS

lc,o - 72 Hrs I tc; - zz xrs
olov/v ( Conf. lnl. )
S.,caprícornuium

Ce ceiliiicat ne rloil pas être re¡:roduit, sit'¡on en entieç sans l'autorisation écrite clu |aboratoire. Les échanlillons ntentict,t.tés
plus haut serrtttt conservés penclanl 30 iours à partir cle' la clate clu rapport à ntoins d'instructio¡1s écr¡tes du client.

This <-t'rtiiicate mdr/ tlot be re¡:rodttced excepl in its t'nliret¡,, ¡t,ithoul.the v,ritten approval of the l,tltorator¡,. Sant¡tles peflaining
to this rL'port u'ill |te kc'pl for 30 days aiter the date o{ the report unless othenyisä'instructerl, itt v,rititt¡,'bt,thtJ ctii¡ent.



Laboratoires E CO Laboratoriæ

Certificat d'analyse o Certificate of Analysis

121, Boul. Hyntus, Pointe-Claire, Québec HgR 186

Té1.: (514) 697-3400 fax: (514) 697-2090

rEST

Somple descriplion:
Sompling point
Nqme of sompler:

Dqte of onolysis:
Our proiect-somple numbêr:
Bioossoy lest number:
Technicion:

Effluent, I ó/09/9ó, 9:30
Mines Gospé. site #15
Mónique DuÞé

19,22109t96
ó399-375ó4
r52ó8
EllíotÌ Picken

Orgonism:
Cullure oge:
lnnoculqlion:
Medium:
Dilution woler:
Somple preporotion:
Bioossoy prolocol:

S el e n astr u m c a pr i c or n ulu m
4 to 7 doys
-l0000cells/mL
I3.75X (mL. eqch of 5 mother solulions)
deionized woter (sterilized)
fiftered @ 0,45pm
EPS 'llRMi2S, November 1992

Somple
concenhotion

(lcvlv')

ovefo9e
correcfed counl

of olgoe ofler
72 hours,

(cells/mU

PH
(not oJusted)

temperolure coeffíclent
of yoriolion

(?')
stqrt end

100

50
25

r 2.5

6.25
J. IJ
1.5ó

0.78
0.39
0.20

273755
219770
r9ó080
I7r433
1 ó085ó

r 85ó95
179425
I 9l 8ó9

195027

r 84403

-29.O

-3.ó

7.6

19.2

24.2

12,5

r5,5
9,6
8,1

t3, ì

7.9

7,9
7.9

7,9
7.9
7.9
7.9
7,9

7.9

7,9

25

25

25

25

25

25

25

25

25

25

25
25

25

25
25

25
25

25
25

25

5,4
8,ó
19.8

ì0.9
14.9

15.l
r3.0
3.3
8.'l
5.2

Control#l
Control #2

Control#3

208476
195075

233123

n,o.
n.o.
n,o.

7.9
7.9
7.9

25

25

25

25
25
25

À

4 9.1

I

REMARKS: Reference Toxicity Asoy: C1",, = 305.7 (297.3 - 314.2) mg/L(NoCD
Historicol wqrninq limits: Min / Mox = 218.7 1445.4
r o r -' lndicoles olgoe growth slimulqtion
n.o,: not opplicoble

plus haut seront ct¡nserves pendanl 30 jours à partir de la date du rapport à nt<tins d'instruc:lions L3criles du cliettl.

to Ilris rt'¡torl v'ill be kept for .70 days after tlrc date oi the rt'port unless othen.r'l-çe inslruclad, in v'ritin¿4, It¡,tlx'client.



Client:

tNc.
NI(T IOI.AS III":AVF,R PARK
R.R. 3, GUt:t,Plt. oNTAR|O

CANADA NIHóH9

(5 l9) 7ó3-44 lo/l.nx: (5 I 9) 763-44 I 9

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

Fredericton, New Brunswick

E3B 5C2

SUB-CHRONIC TEST REPORT
Lemna minor Growth Inhibition

1 ol2

BAR Sample #:

Substanoe:

Sample Method:

Collected By:

0396t'I3t

Noranda Effluent Final

Grab

JP Gagné

Date Collectecl:

Date Received:

Date Testecl:

Shippecl By:

11/19/96

1,t/21/96

I1/22t96

Dicom

Temp. on Arrival ('C):

Lab Storage:

9.5

none

Init¡al Prarâmêlers

Tenr¡rerature ("C): 25.5 Dissolvecl Oxygen (mg/L) pH: 8.5 Concluctivity (umhos/cm)

Grr¡wth

IC25:

95% CL:

Method:

31.87o

8.5 - 49.4

Linear Interpolation

IC5O:

95% CL:

Methocl:

Comments

66.9%*

Linear Interpolation

* estiruated value since confidence limits coulcr not be calculatecr,
NoTE: The receiving water was filtere<l through a GF/c filter prior to the assay. However, eviclence of algal growth was observe<l
i¡r all test concentrations, inclucling the 100% v/v effluent 

"*porur".

Datei Approve<l by:

Keith Holtze, Lab<lrat<lry Scrvices



TAL INC.
NIC:I IOI,AS I}I.:AVF,R PARK
R.R. 3, CTJF:I,PI I. ONTAzuO

CANA.DA NIH 6H9

(5 l9) 7ó3-44 l0/!^X: (5 I 9) 763-44 I 9

Test S¡recies:

Test Type:

Test Duration:

Number of Replicates:

# Fronds/Re¡rlicate:

Test Volume (mL) by Rep:

Axenjc Crrlhrres:

Temperature:

Photoperiod (h) light/dark:

Light Intensity:

Dilution Water:

Growth Medium:

Accli-rnation:

SUB-CHRONIC TEST REPORT
Lemna minor Growth lnhibition

2 ol2

25 Lz"c

Continuous light

63 - 72 ttBlr*ls

Receiving Water (filtered GF/C)

APHA modified (SRC 1996)
(from APHA 1992)

Plants in Hoaglands E* rnediurn;
acclimate 24h in test medium

Lemna minor

Static

7 rJays

8

J

50

yes

Substance:

Date Teste¡l:

% lnhil¡ition:

Historical Mean:

Warning Limits:

I mg/L Potassium Dich¡omate

t1/22/96

5 r.9

46.3%

31.0 - 61.6

IC,,:

Definitions

inhibiting concentration for a specifiecl percentage effect

Saskatchewan Research Council (SRC). 1996. "Draft" T\e Lennta minor Growth lnhibition Test. A moclification of the g2l I
Duckweed (Propose<l)Toxicity Test Proce<lure published by American Public Health Association (APHA) 1995. Sranclar.rl
Melhods for the Exarnination of Water ancl 

'Waste Water, 19th E<lition. Eaton 4.D., L.S. Clesceri, ancl A.E.'Gree'berg (e,cls.),
Water Environment Federation, Washington, D.C., pp.g_40 to g_43.



SUB-CHRONIC TEST REPORT
Lemna minor Growth lnhibition

rNc.
NIC]I IOI;AS1II,AVÊR PARK
R,R, 3, GIJI.T,PI I. ONTAzuO

CANADA NIH6H9

(5 l9) 7ó3-{.r lo/}hx: (5 I 9) ?ó3-44 I 9

Growth of Lemna minor exposed for 7 days to the Mines Gaspé final effluent (Mines et exploration
Noranda Inc., Division Mines Gaspé), Murdochville, Québec.

Concentration Replicate
%

Mean
Number
FrondsA B c DEFGH

Synthetic Test Meclia Control

Receiving Water Control

Positive Control

4.85

9.7

23.28

50.44

69.84

93.12

26

38

18

32

30

25

22

20

t9

32

30

1,9

34

32

31,

28

20

21,

40

40

18

30

23

34

16

L6

12

27

40

T9

1.5

31,

27

24

l1

18

3L

38

23

33

35

29

28

20

17

3t

45

20

37

29

28

22

12

20

30

23

\7

37

30

29

21

21

t7

32

33

15

33

37

z7

22

12

T7

31. l3

35.88

18.63

31.38

30.88

28.15

22.88

16.50

|'t.63



SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

Client:

BAR Sample #:

Substance:

Sample Method

Collected By:

03961406
Gaspé Mine (Site 15
Etfluent)

Grab

M. Dubé

Date Collected:

Date Received:

fNc.
NICHOLAS BEAVER PARK
R.R. 3, C¡.'ELPH. ONTAR¡O

CANADA NIH6H9

(5r9) ?6J44rû¡AX: (519) 7ó3-{4le

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1116

Fredericton, New Brunswick

E3B 5C2

o9/1 6/96

09/1 8/96

Temp. on Arrival (oC)

Lab Storage:
17.0

6"C

Date Tested:

Shipped By:

09/1 8/96

Dicom

Temperature (oC): 25.O Dissolved Oxygen (mg/L): 9.7 pH: 8.0 Conductivity (umhos/cm): 644

Survival
LCSO:

95% CL:

Method:

Reproduction
lc25:
95% CL:

Method:

>100%

79.4o/o'

Linear lnterpolation

lc50:
9s% cL
Method:

>1OOo/o

Linear lnterpolation

Dat Approved
Keith Vice dent Laboratory Services



SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

INC.
MCHOLAS BEAVER PARX
R,R. 3. GI'ELPH. ONIARfO

CANADA NIH6I{9

(5 19) ?63-44r o/FAX: (5 l9) 7ó3-44 l9

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Ceriodaphnia dubia

neonate (<24 h old)

Static Renewal

71 1 day (three brood)

10

1

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

'15

25 + 1oC

1 6/8

Receiving Water

once/day; Selenaslrum + YCT

24 h intervals

Substance:

Date Tested:

Reproduction

tc25:

95T" CL:

LCs0

Sodium Chloride

09/1 9/96

O.74 glL

0.37 - 1.52

Method: Linear lnterPolation Historical Mean lC25:

Warning Limits (+2SD)

1.28 glL

0.60 - 1.95

lco: inhibiting concentration for a specified percentage effect

median lethal concentration

Environment Canada. 1992. BiologicalTest Method: Test of Reproduction and Survivalusing the Cladoceran Ceriodaphnia dubia.

Environment Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/21,72p.



Survival (proportion alive) and reproduction (number of young per female) for
Ceriodaphnia dubia after exposure to Gaspé Mine site'15 effluent sarnples collected in
September 1996.

Total number of young per female
Concentration
(% effluent) Replicate

Adult
st¡rvival

Mean
number of
yor¡ng per

adúltt23456789r0
Conrol

Receiving
water

3

6

13

25

50

100

48

30

28

26

37

29

33

23

r3

l0

39

31

31

25

27

32

29

30

24

23

3l

28

35

33

19

36

20

27

34

1l

J

r6

2:3

22

29

40

29

35

u

5

0.8

r.0

0.8

1.0

0.8

r.0

0.9

1.0

24.2

28.9

26.8

28.8

24.5

27.5

24.2

19.9

20313131033146
531363530332736

25

23

35

33

26

16

23

39

23

35

38

34

33

32

22

30

0

t4

33

t2

37

l9

ll

1



SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961406

Gaspé Mine (Site 15
Etfluent)

Grab

M. Dubé

Date Collected:

Date Received:
Temp. on Arrival (oC)

Lab Storage:

INC.
MCHOLAS BEAVER DARX
RR.3, CT'ELPH, ONTARÍO

CANADA NIH6H9

(519) 763-44¡o/ljAx: (5¡9) 763-4419

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1 116

Fredericton, New Brunswick

E3B sC2

09/1 6/96

09/1 8/96
17.0

6'C

Date Tested:
Shípped By:

09/1 8/96

Dicom

Temperature 1oC): 25.o Dissolved Oxygen (mg/L): 9.7 pH: 8.0 Conductivity (umhos/cm): 644

Suryival
lc25:
95% CL:

Method:

Growth
lc25:
95% CL:

Method:

>100%

>1OO/"

LCSO:

95% CL:

Method:

lc50:
95% CL:

Method:

>100%

>10O"/o

Approved
H Laboratory Services



SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

ENTAL TNC.
MCHOLAS BEAVER PARK
R.R. 3. CI'ELPH. ONTARfO

CANADA NIHóH9

(!19) ?61¿410/fAx: (519) ?ól-4419

Test Organism:

Life Stage:

Tesl Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

10

Test Volume (mL) by Rep.r

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

500

25 + 1oc

16/8

Receiving water

2-3 times/day; 1 50A-2250 nauplii/day

24 h intervals

Substance:

Date Tested:

Survival

lc25:

95% CL:

Potassium Chloride

09/1 1/96

0.83 g/L

0.75 - 0.90

Historical Mean lC25

Warning Limits

0.79 glL

0.66 - 0.91

lco:

LCs0

Method: Linear lnterpolation

Delinitions

inhibiting concentration for a specified percentage effect

median lethal concentralion

Environment Canada, 1992. BiologicalTest Method: Test of Larval Growth and Survival Using Fathead Minnows. Environment
Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/22,70p.



a

Survival and growth of fathead mirnow larvae after exposure to Gas¡re Mine site 15 effluent (Sept/96) for seven days.

Effluent
Concentrations

(%)

Control

Receiving Water

3.0

6.0

r3.0

2s.o

50.0

r00.0

Proportion of Survival in Replicate
Chambers

A B c

1.0

1.0

1.0

1.0

1.0

0.9

1.0

1.0

Average Dry Weight (mg) in Replicate
Chambers

A

Mean
hoportion
Surviving

0.967

1.000

1.000

r.000

1.000

0.933

r.000

0.967

0.543

0.581

0.524

0.621

0.700

0.580

0.631

0.590

0.602

0.584

0.628

0.575

0.490

0.588

0.536

0.591

0.664

0.716

0.516

0.597

0.s70

0.628

0.663

0.6r4

Mean Dry
Weight

(mg)

0.603

0.627

0.556

0.598

0.587

0.599

0.610

0.598

cB

0.9

1.0

1.0

1.0

r.0

0.9

1.0

0.9

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0



'¿

SUB-CHRONIC TEST REPORT
R¡inbow trout ?-day embryo tr:st

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

0396r406

Gaspe Mine (Site 15

Effluent)

Grab

M. Dube

Date Collected:

Date Rcccived:

Date Tested:

Shipped By:

INC.
MCHOLAS BEAVER PARK
R-R. 3, CI'ELPH. ONTARfO

CANADA NIH6H9

(519) ?ru-44to/tAx: (519) ?t53-4419

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1116

Fredericton, New Brunswick

E3B 5C2

09116196

09/ r8/96

09118196

Dicom

Temp. on Anival (oC)

Lab Storagu:

t7.0

6"C

Temperanue (oC): l7 Dissolved Oxygen (mg/L): 9.8 pH: 8.0 Conductivity (urnhos/cnr): 642

Viability

EC5O:

95Vo CL:

Method:

>l00Vo *

''
'Comments

... .. i:.i.l :. i::

* Test inv¿rlid since embryo viability in receiving water contol w¿s <707o. However, viability in 100% v/v effluent expostue and

laboratory dilution water wÍß >7070.

KffiDatc: Approvcd by: ' t-l - r.i¡¡fr¡-ri1 Vic."/.'*i,l.ur L,ri,,r' r,r.rrv Scn iees



SUB.CHRONIC TEST REPORT
Rainbow trout 7-day .lnrryo 

r,T:INC.
MCHOLAS BEAVER PARK
R.R. 3. CI'ELPH. ONTARIO

CANADA NIHóH9

(.{ l9) 7ól-44 I 0/rAX; (5 l9) ?ól-44 l9

Test Organism:

Lile Stage:

Test Type:

Test Du¡ation:

Number of Replicates:

# Organisms/Replicate :

Rainbow Trout

Embryo

Static Renewal

7 days

3

40

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) light/dark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

2L

t5 + l'C

Na

Receiving Water

nla

24 h intervals

Substance:

Date Tested:

Viability

TC25:

95% CL:

EC5O:

95% CL:

EC50

Copper Sulphate

LU0sl96

a5.6 uglL

31.0 - 72.4

Method: Linear Interpolation

275.5 u{L

125.0 - 500.0

Method: Binomial

' : : Definitions

median effective concenEation

Historical Mean EC50:

Waming Limits (12SD)

301.79 uglL

0 - 741.56

Environnrent Ca¡rada. 1996. Biological Test Method: Toxicity Tests Using Early Life Stages of Salmonid Fish (Rainbow Trout, Coho Salnron,

or Atlantic Salmon). Environment Canada, Conservation and hotection. Ottawa, Ontario. Report EPS l/RM/28,8lp. (2ncl cilition -

draft).



Viability of embryo rainbgw trout, Oncorhynchus mykßs, after exposure to
Gaspé Mine site 15 effluent in September 1996.

Effluent
Concentration

(%)

Nr¡mber of Viable
Enbryos in Replicate

Chambe¡s

Mean
Proportion
Viability

ABC

Control

Receiving Waær

6

r3

25

50

100

35

27

30

30

29

30

28

34

27

29

30

32

29

28

38

l4

3l

3l

26

27

30

0.892

0.567

0.750

0.758

0.72s

0.717

0.717



APPENDIX 3

Test Reports - Heath Steele Mine



,.1 '

--
Rob Roy
B.A,R. Environmentol lnc,
Nicholos Beover Pork, R.R, 3
Guelph, Ontorio
Conodo NIH óH9

Efluenl 23/O9/96
( Heoth Steel, site HS-t3 )

Test Control Woter:
Miromochi River, 23 / @ / 96
( Heqth Steel, síte HS-21 )

SUMMARY OF RESUTTS:

Somple

Effluent, 23/O9/96

T-Tesl between 2 conlrols:
Receiving wqter vs slqndord dilution woler

Stotisticol Method: Lineor regression
Conf. lnt.: confidence intervql o1 gSIo

N.C. : not cqlculqble
N/A: not opplicoble

hboratoires ECO Laboratoties

15319 25lo9le6 26-2el}9le6

Certificat d'analyse o Certificate of Analysis

l2l, Boul, Hyntus, Pointe-Claire, Quéhec H9R 186

Té1.: (514) 697-3400 Fax: (514) 697-2090

November 29,1996
Project No: ó812-39550

Project reference: CANMET
P.O.: T597

42.1
(29,7 - 54.5)

23.3
( r0.9 - 35.7 )

N.A 25ljele6 26-29ljele6 N,A. I r,¡.n,

Conclusions

Effect Effect

Significont difference between controls

Bernord Visser, B,Sc.
Blologist

Ecotoxicology Deporlment

SAMPLE
¡DENTIFICATION
( fype, dole,lime )

TEST

NUMBER
DATE

RECEIVED
DATE OF

ANATYSIS

a/ov/v, (Conf. lnl. )
, S. caprico¡nutum

lC* -;72 Hrs lCr,.72llrs

Ce certificat ne doit pas être reproduit, sinon en entier, sans !'autorisation écrite du Iaboratoire. Les échantillons ntentir¡nnés
¡tlus haut seront conser\lés pendant 30 jours à partir de la date du rapport à moins d'instructions écrìtes du client.

Tltis cenificate may rtot lte rtproclucer! except in its enlirety, witltout t!rc written approva! oi the laboratt¡ry. Sant¡tles pe,rtainin¡4
lo lhis reporl u,ill lte ke¡tt t'or 30 da¡,s after the date of the report unless otl¡erw,ise instructed, in writing, lty tlrr' ,, 

",-,r.



---

laboratoires E CO l¡boratories

Certificat d'analyse o Certificate of Analysis

1 21 , Boul. H¡,ntus, Pointe-Claire, Québec HgR I E6

Té1.: (514) 697-3400 Fax: (514) 697-2090

''.,,IESrCONDIrO^,S

Somple description:
Sompling poinl:
Nome of sompler:

Dqle of onolysis:
Our proiecl-somple number:
Bioossoy lesl number:
Technicion:

Effluent, 231O9196
Heoth Steel" site HS-13
Moníque Dubé

26-29ljele6
ó8t2-39550
r5319
Eftiott Picken

Orgonism:
Cullure oge:
lnnoculotion:
Medium:
Dilulion woler:
Somple preporolion:
Bioossoy prolocol:

Se Ie nastr u m c apr i c or n ul u m
4 to 7 doys
-l0000cells/mL
13.75X (mL, eoch of 5 mother solutions)
deionized woler (steritized)

filtered @ 0.45pm
EPS l/RM/25, November 1992

Somple
concenfuolign

(l"v/v)

ovefoge
coltecled counl

of olgoe ofler
72 hours

(cells/m[)

lnhlbillon
(%) *

pH
(nol qrusted)

coefficlent
of Vqriqlion

(olol

stqrl end

100

50

25

12.5

6.25

3.r3

r003ó2

ró1095

45030ó

53s59r

523387

554758

8r.5

70.4

17.2

1.5

3,7

-2.1

7,5

7.5
1tr

7.5

7.5

7.5

23

¿Õ

23

23

23

23

24

24

24

24

24

24

8.8

8,3

3.3

5.8

5.2

ó.1

Control#l
Control#2
Control#3

5róó8ó
582253

531762

n.o.
n,o.
n.o.

7.2
7.2

7.2

23

¿J

23

24

24
24

a
+ ó.3

Ð

REMARKS: Reference Toxicily Assoy: Clr. = 32'1 ( 3 ì 2. I - 332, I ) mg/L(NoCD
Hisloricol limils:Min Mox=2ì9.3/50i.8

indicoles olgoe growth stimulotlon
n.o.: not opplicoble

Ce certi{icat ne doil pas être reproduil, sino¡¡ en enlier, sans l'autorisation écrite' du laboratoire. Les échantillo¡ts ntentictn¡tes
¡tlus haut -çe/o/rl (ì()n,çervés pendant 30 jours à pailir de la date du rapport à ntoit¡s cl'inslnttlions écriles du rlient.

totltisrry';ortn'ill bt'keplfor30daysa{tc'rtheclateof thereportunlessothe¡u'i.çr'instrurlecl,inv'riting,b¡,tf'c'lil..ltt.



INC.

SUB-CHRONIC TEST REPORT
Lemna minor Growth lnhibition

1ot2

MCHOLAS BEAVER PARK
R.R. 3. C¡'ELPH. ONTARIO

CANADA NIHóH9

Client:

(5 l9) 7ôl-44 l0/fAX: (5 l9) ?ó3-4.¡ l9

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1116

Fredericton, New Brunswick

E3B 5C2

BAR Sample #:

Substance:

Sample Method

Collected By:

03961442

Heath Steel (Site HS-
13 East Decant Tower)

Grab

M. Dubé

Date Collected:

Date Received:

Date Tested:

Shipped By:

09123196

09125196

09126196

Purolator/Rd

Temp. on Arrival (oC)

Lab Storage:

Conductivity (umhos/cm)

15.0

6.C

Temperature ("C): 25.O

lnitial::Pärameters 
,

Dissolved Oxygen (mdL): 10.2 pH: 8.6 1 909

Growth

lc25:

95% CL:

Method:

47.3o/"

37.8 - 55.5

Linear lnterpolalion

lc50:

95% CL:

Method:

76.5%

68.1 - 83.1

Linear lnterpolatíon

Approved by:

Laboratory Services



rNc.

SUB.CHRONIC TEST REPORT
Lemna minor Growth lnhibitio¡

N IC:I IOI.AS IIT:AVF,R PARK
R.R, 3, Gi,T,:I,P¡ I. ONTARIO

CANADA N IH 6H9

(5 l9) 763-4.1 loll-^X: (5 I 9) ?ó1.44 l9

Test Species:

Test Type:

Test Duration:

Number of Replicates:

# Fronds/Replicate:

Test Volume (mL) by Rep:

Axenic Cultures:

Lemna minor

Static

7 days

8

3

50

yes

Temperature:

Photoperiod (h) lighVdark:

Light lntensity:

Dilution Water:

Growth Medium:

Acclimation:

25 + 2"C

Continuous light

63 -72 prElm2ls

Receiving Water

APHA modified (SRC 1996) (from
APHA 1992)

Plants in Hoaglands E' medium;
acclimate 24h in test medium

Substance:

Date Tested:

% lnhibition:

Historical Mean:

Warning Limits:

1 mg/L Potassium Dichromate

09t26t96

39.6

41.9

29.2 - 54.6

IC

Definitions

inhibiting concentration for a specified percentage effectp

SaskatchewanResearchCouncil(SRC). 1996. "Draff'TheLemnamrnorGrowthlnhibitionTest. Amodificationof the8211 Duckweed
(Proposed) Toicity Test Procedure published by American Public Health Association (APHA) 19g5. Standard Methods for the Examination
ofWaterandWasteWater, lgthEdition. EatonA.D.,L.S. Clesceri,andA.E.Greenberg(eds.i,WaterEnvironmentFederation,Washington,
D.C., pp.8-40 to 8-43.



Growth of Lemna minor exposed for 7 days to Heath Steel, New Brunswick, site Hs-13 East

Decant Tower.

Concentration
Vo

Replicate Mean
Nr¡rrber
FrondsABCDEFGH

Synthetic Test Media Control

Receiving Waær Control

Positive Connol

4.85

9.7

23.28

50.M

69.84

93.12

23

24

l0

3l

22

26

19

l0

9

l4

25

l2

25

27

28

23

t7

12

t)

26

ll
26

34

26

))

L4

8

2t

n
l3

24

24

n
23

20

r3

18

25

l0

35

29

26

18

l5

T4

22

28

t4

34

26

.¿,

23

l5

t2

28

29

l6

26

30

26

16

t5

t2

2t

25

l6

30

24

22

16

T4

5

21.r3

26.t3

12.75

28.88

27.W

25.38

20.00

15.00

r0.63



SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961442

Heath Steel (Site HS-
13 East Decant Tower)

Grab

M. Dubé

Date Collected:

Date Received:

Temp. on Arrival (oC):

Lab Storage:

ENTAL TNC.

MCHOLAS BEAVER PARK
R.R. 3, CI¡ELPH. ONTARIO

CANADA NIHóH9

(5 t9) 7rU-44 |o/lAX: (5 t9) 763-{419

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1116

Fredericton, New Brunswick

E3B 5C2

09/23196

09/25/96

15.0

6"C

Date Tested:

Shipped By:

09125196

Purolator/Rd

Temperature (oC): 25.O Dissolved Oxygen (mg/L): 1O.2 pH: 8.6 Conductivity (umhos/cm): 1909

Suruival
LCSO:

95% CL:

Method:

Reproduction
lc25:
95% CL:

Method:

45.8%

33.6 - 63.5

Probit

19.O%

16.6 - 21.7

Linear lnterpolation

lc50:
95% CL:

Method:

25.O%

21.7 - 33.O

Linear lnterpolation

Comments

Approved
Holtze, Vice Laboratory Services



SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

INC.
MCHOLAS BEAVER PARK
R.R. 3. CI'ELPH, ONTARÍO

CANADA N¡HóH9

(5 19) ?ól¡4 l0/fAX: (5 19) 7ó3{4 I I

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Ceriodaphnia dubia

neonate (<24 h old)

Static Renewal

7 + 1 day (three brood)

10

1

Test Volume (mL) by Rep.

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

15

25 + 1oC

16/8

Receiving Water

once/day; Selenastrum + YCT

24 h intervals

Substance:

Date Tested:

Reproduction

lc25:

95% CL:

Sodium Chloride

09/1 9/96

0.74 glL

0.37 - 1.s2

Historical Mean lC25:

Warning Limits (+2SD)

1.28 glL

0.60 - 1.95

lco:

LC50

Method: Linear lnterpolation

,Definitions

inhibiting concentration for a specified percentage eflect

median lethal concentration

Environment Canada. 1992. BiologicalTest Method: Test of Reproduction and Survival using the Cladoceran Ceriodaphnta dubia
Environment Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/21,72p.



Survival (proportion alive) and reproduction (number of young per female) for
Ceriodaphnía dubia after exposure to Heath Steel, New Brunswick, site HS-13 iSast

Decant Tower samples collected in September 1996.

Total number of young per female Adult
survival

Mean
number of
young per

adult

Concentration
(% effluent) Replicate

r2345678910
Control

Receiving
water

J

6

13

25

50

100

31n233123421t73030 0.8

r.0

23.7

38. l

35.2

39.0

40.0

19.0

4.7

0.0

40 4t 37 42 43 39 40 18 40 4l

36

4l

43

2l

0

0

35

4t

40

13

10

0

44

38

43

40

l3

0

42

4l

4t

15

7

0

4t

42

39

I

4

0

I

42

4
15

0

0

39

2t

27

13

I

0

1.0

1.0

1.0

0.8

0.6

0.0

40

42

39

23

0

0

39

35

39

15

4

0

35

47

45

34

8

0



SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

Client:

INC.
N¡CHOLAS BEAVER PARK
RR. 3, GI'ELPH, ONTARfO

CANADA NIH6H9

(-1 ¡9) ?6J-44t0/¡AX: (5¡9) 7rt3-4419

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1116

Fredericton, New Brunswick

E3B 5C2

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961442
Heath Steel (Site HS-
13 East Decant Tower

Date Collected:

Date Received:

Temp. on Arríval (oC)

Lab Storage:

09/23l96
09l2s/96

15.0

6'C

Grab

M. Dubé
Date Tested
Shipped By:

09/25196

Purolator/Rd.

Temperature (oC): 25.O Dissolved Oxygen (mg/L): 10.2 pH: 8.6 Conductivity (umhos/cm): 1909

Survival
lc25:
95% CL:

Method:

Growth
lc25:
95% Ct_:

Method:

23.O%

12.4 - 96.1

Linear lnterpolation

>50.07".'

Linear lnterpolation

63.1%.

13.0 - 100

Binomial

>50.0%"

Linear lnterpolation

LCSO:

95% CL:

Method:

lc50:
95% CL:

Method:

Approved by:

Holtze, eP ent Laboratory Services



INC.

SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

MCHOLAS BEAVER PARK
R.R. 3. CttELf.H. ONTARTT)

CANADA NIHóH9

(J 19) ?ó¡-44ro/riAx: (5 t9) ?61{4 t9

Test Organism:

Life Stage:

ïest Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

10

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) lighUdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

500

25 + IoC

1 6/8

Receiving water

2-3 times/day; 1 500-2250 naupli/day

24 h intervals

Substance:

Date Tested

Survival

lc25:

95% CL:

lCo:

LCs0

Potassium Chloride

09/1 1/96

0.83 g/L

0.75 - 0.90

Method: Linear lnterpolation

Definitions

inhibiting concentration for a specified percentage effect

median lethal concentration

Historical Mean lC25:

Warning Limits

0.7e øL
0.66 - 0.91

Environment Canada. 1992. Biological Test Method: Test of Larval Growth and Survival Using Fathead Minnows. Environment
Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/22,70p.



Survival and growth of fathead minnow larvae after exposure to Heath Steel, New Brurswicþ site HS-13 East Decant Tower (Sept/96) for 7 days.

Effluent
Concentrations

(%')

Control

Receiving Water

3.0

6.0

r3.0

25.0

50.0

100.0
cm = complete mortahty

Proportion of Survival in Replicate
Chambers

A B c

Average Dry Weight (mg) in Replicate
Chambers

Mean
hoportion
Surviving

r.000

0.933

0.967

1.000

1.000

0.600

0.767

0.000

Mean Dry
Weight

(me)

cBA

1.0

r.0

1.0

1.0

r.0

1.0

0.8

0.0

1.0

1.0

0.9

1.0

r.0

0.0

0.6

0.0

r.0

0.8

1.0

1.0

1.0

0.8

0.9

0.0

0.703

0.634

0.648

0.7?5

0.687

0.512

0.47t

crn

0.653

0.632

0.628

0.695

0.650

cm

0.53s

cm

0.650

0.626

0.695

0.628

0.730

0.5r0

0.531

cm

0.669

0.631

0.657

0.683

0.689

0.511

0.512

cm

l"



SUB.CHRONIC TEST REPORT
Rainbow trout 7.day embryo rest

Client:

BAR Sample #:

Substance:

Szunple Method:

Collected By:

0396t442

Heath Steel (Site HS-13
East Decant Tower)

Grab

M. Dube

Date Collected:

Date Received:

Date Tesæd:

Shipped By:

0el23le6

æl2sle6

ælzs196

Purolator/Rd.

Temp. on Arrival (oC):

Lab Storage:

INC.
NICHOLAS BEAVER PARK
R.R. 3, CI'ELPH, ONÎARTO

CANADA NIH6H9

(5 19) 7(;J-44 lo/fAX: (5 l91 763-44 I 9

Monique Dubé

Jacques Whitford Environment Limited

711 Woodstock Road

P.O. Box 1116

Fredericton, New Brunswick

E3B 5C2

15.0

6"C

Temperanre (oC): 15.0 Dissolved Oxygen (mg/L): 9.6 pH: 7.8 Conductivity (unhos/cm): 1940

Viability

EC5O:

95Vo CL:

Mcthocl:

84.6Vo*

50.0 - r00

Binomial

* corrccted for control mortality wing Abbon's fornlt¡la.

*M:;26-Orr"t I Approved by:
rc e i th itòl tiel V ¡ cc-nifftlc tl r-a Uot a t*y s."r u ir.u*



INC.

SUB.CHRONIC TEST REPORT
Rainbow rrour 7-day .rOV" 

l:::
MCHOLAS BEAVER PARK
R.R, 3. CIIELPH. OÑTARfO

CANADA T.¡IHóH9

(5 l9) 7rl3-44 I o/fAX: (5 19) ?óJ-44 I 9

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Rainbow Trout

Embryo

Static Renewal

7 days

3

40

Test Volume (mL) by Rep.:

Temperarure:

Photoperiod (h) lighVdark

Dilution rùy'ater:

Feeding:

Renewal of Test Solutions:

)t

15 + I'C

nla

Receiving Water

nla

24 h intervals

Substance:

Date Tested:

Viability

IC25:

95Vo CL:

EC5O:

95% CL:

IC,:

EC5O:

Copper Sulphate

LU0s196

45.6 u{L

3r.0 - 72.4

275.5 u{L

125.0 - 500.0

Method: Linear Interpolation Historical Mean lC25:

Warning Limiæ (r2SD):

301.79 ug/L

0 - 74r.56

Method: Binomial

inhibiting concentration for a specified percentage eflect

median effective concenration

Etrvironment Canada. 1996. Biological Test Method: Toxiciry Tests Using Early Life Stages ol Salmonid Fish (Rainbow Trout, Coho Saln¡o¡r,
or Atlandc Salmon). Environnrent Canada, Conservation and hotection. Ottawa, Ontario. Report EPS l/RM/28,8Ip. (2nd edition -

drafr).



viability of embryo rainbow trout, oncorhynchus mykßs, after exposure to
Heath sdeel, New Brunswick, site HS-r3 East Decant Tower in sôptember
1996.

Effluent
Concentration

(%)

Number of Viable
Embryos in Replicate

Chambers

Mean
Proportion
Viabiliry

ABC

Control

Receiving Water

6

l3

25

50

100

30

32

35

36

4

28

l5

JJ'

32

29

33

29

28

L4

34

33

3r

32

26

27

7

0.808

0.808

0.792

0.842

0.492

0.692

0.300



APPENDIX 4

Test Reports - Dome Mine



- ¡.rÞ

Rob Roy
B.A.R, Environmentol lnc.
Nicholos Beover Pork, R,R, 3
Guelph, Ontorio
Conodo NIH óH9

Eflluenl, l6/10/96
( Dome sÍte )

Stolisticol Method: Lineor regression
Conf. lnl,: confidence intervol of 95%
N.C. : not colculoble
N/A: not opplicoble

Ce cerlil'icat ne
¡tlus lt,tut seron

laboratoiresE,CO 
hboratories

1548ó 18/10196 18_21/10/96

Certificat d'analyse o Certificate of Analysis

121, Boul. Hyntug Pointe-Claire, euébec HgR lE6
Té1.: (514) 697-3400 Fax: (5te 69Z-2090

November 29,1996
Project No: 79ó8-4458ì

Project reference: CANMET
p.O,: TS97

>100 *'
N.C, **

2.8
(0.3-5,3)

Tesf Control Woter:
MocDonqld Lc;ke, 25 / @ / 96

( Dome site receiving woier )

N,A 18l11le6 18-21110/e6 N.A N.A.

SUMMARY OF RESUTTS:

Somple

Effluent, t6/tO/96 No Effect *. 
I Effect

T-Tesl between 2 conhols:
Receiving woler vs slondord dilulion wqter Significont difference between controls

" : The lineor regression method does not colculqte on lc* of < l0Øo v/v becouse the method uses on odjusted volueof 49'8o/" inhibition of t0o7o v/v concentrqtion. The octuol doto observ<rtion of lhe loØov/v level gives 5.|,7% inhibition.The 'No Effect' conclusion for the lc* is bosed strictly on the L.R, method os described in the Eps l/RM/2s protocol.

Conclusions

Bernord Visser. B,Sc.
Blologist

Ecof oxicology Deportment

doit pas être repr<tduit, sinon en enlier, sans I'autorisation ér:rite clu laborak¡ire. Les tithantillons ntt,t¡ti<¡,¡.¡ést cttrtservés ¡:enclartl 30 iours à partir de la clate clu râpport à ntoi¡s d'instr,c:!io,s écrites ¿u t:lient.

SAMPTE
IDENTIFICATION
( lype, dole, time )

DATE OF.
ANALYSIS

. alo v/v ( Conf. lnt. )
S. ccrpricomutum

lCro - 72 Flrs lcr, - 72 Hrs



t4

laboratoires FCO Laboratories
121, Boul. Hyntus, Pointe-Claire, Québec H9R tE6
Té1,: (514) 697-3400 Fax (514) 697-2090

Certificat d'analyse o Certificate of Analysis

L. Roymond, G. Lojeunesse
18-21/10/96
7968-44581
1548ó
Elliott Picken

of sompler:
poinl:

Nome

description:
Effluent; 16/10/96
Dome site

Selendslrum capricornulum
4 to 7 doys
-'10000ceils/mL
13.75X (mL, eoch of S mother soluTions)
deionized woter (steritized)
filtered @ 0.45um
EPS l/RM/2S, Novemb er 1992

Dilution wqfer:
edium:

preporofion:
prolocol:

Somple
concenkolion

(/¡t/v)

overogG-----
correcled count

of olgoe ofler
72 hours

(csfls/|nt)

lnhlbltion
(%) *

pH
(noÌ qjusled)

femperolure
('c)

100

50

25

12.5

6.25

3.t3

ì,5ó

3585 I 3

43tOl9

457772

4óì338

492637

570743

744566

stort end

51,7

41,9

38.3

37,8

33,ó

23,1

-0.3

7.3

7,3

7,3

7.3

7.3

7.3
-72

24

24

24

24

24

24

24

24

24

24

24

24

24

24

12.0

7,6

3,0

2.0

4.6

1,3

2.2
Control#l
Control#2
Control#3

74/,614
736717

745212

n,o,
n,o,
n.o.

7,8

7.8
7.8

24
24

24

24

24
24

\

I
REMAPKS: Reference Toxicity Cl,^ = 3¡7.9 ( 3l ì.9 - 322.0)Assoy;

Hisloricol limlls: Min / Mox =221.2 / U5.6
- 'indicotes olgoe growth stimuloflon

n.o.: nol oppl¡coble

plus h,rut serdnt conser\'és pendanl .30 iours à parlir cle la date du rnpp,rrtJìrrrll,* cl'instrtr.tions L3<.rites clu client.



SUB.CHRONIC TEST REPORT
Lcmn a mi n or Grorvth lnhlbition

Client:

tNc.
NIC¡ ¡OI.AS III':AVER PARK
R.& 3. CUI:l.Pll. ONÎAR¡O

L'A¡IADA N¡H óH9

(5 r0l tó3-.r4 ¡o/t?\x (t ¡9) 7óJ{4 ¡9

Chris Wren

Ecological Se¡vices GrouP

361 Southgate Drive

Guelph, Ontario

NlG 3M5

BAR SamPle #:

Substance:

Sample Method:

Collected By:

03961 536

Dorne Mine Final
Effluent

Grab

Mariane Piché

Date Collected:

Date Received:

Date Tested:

Shipped By:

10/16/96

10117196

1 0/1 E/96

Purolator/Rd.

Temp. on Arrival (oC):

Lab Storage:

12.0

20'c

Temperature (.c): 24.0 Dissolved oxygen (mg/L): 10.9 pH: 7.2 Conductivity (umhos/cm): 917

Growth

tc25:

95% CL:

Method:

21.7o/o

13.3 -28.2

Linear lnterPolation

tc50:

95% CL:

Method:

42.2o/o

38.6 - 46.0

Linear lnterpolation

Growth in the receiving water control was significantly greater than in the test media control.

Date: Approved by:
Keith Laboratory SErVlCES



tNc.

SUB-CHRONIC TEST REPORT
Lemna minor Growth lnhibitio¡

NIC:¡ IOI.AS IìI.:AVF,R PARK
R.R, 3, Gtrþ:t.Pt r. oNTARIO

CANADA NIH óH9

(5 l9) 761-4.1 tol¡.^X: (5 I 9) ?63-44 l9

Test Species;

Test Type:

Test Duration:

Number of Replicates:

# Fronds/Replicate:

Test Volume (mL) by Rep:

Axenic Cultures:

Substance:

Date Tested:

% lnhibition:

Historical Mean:

Warning Limits:

lCo:

Lemna minor

Static

7 days

8

3

50

yes

1 mg/L Potassium Dichromate

10t18t96

48.9

41.9

29.2 - 54.6

Temperature:

Photoperiod (h) lighUdark:

Light lntensity:

Dilution Water:

Growth Medium:

Acclimation:

25 + 2"C

Continuous light

63 -72 ttElmzls

Receiving Water

APHA modified (SRC 1996) (from
APHA 19e2)

Plants in Hoaglands E* medium;
acclimate 24h in test medium

Definitions

inhibiting concentration for a specified percentage effect

Saskatchewan Research Council (SRC). 1996. "Draft' The Lemna mrnor Growth lnhibition Test, A modification of the 821 1 Duckweed
(Proposed) Toicity Test Procedure published by American Public Health Association (APHA) 1995. Standard Methods for the Examination
of Water and Waste Water, 19th Edition. Eaton 4.D., L.S. Clesceri, and A.E. Greenberg (eds.), Water Environment Federation, Washington,
D.C., pp.8-40 to 8-43.



Growth of Lemna minor exposed for 7 days to Dorne Mine Final Effluent.

Concentration Replicate Mean
Number
Fronds

%
A BCDEFGH

Synthetic Test Media Connol

Receiving Water Control

Positive Concol

4.85

9.7

23.28

50.44

69.84

93.t2

26

37

10

JJ

25

26

t7

ll
9

22

n
9

36

36

28

l5

15

5

22

34

11

26

34

27

l3

1l

7

25

37

16

29

26

25

l5

l0

9

22

33

9

37

3l

32

ll

t2

5

l5

33

13

25

26

r8

12

13

10

n
36

l5

25

24

23

14

5

9

2t

32

9

JJ

29

l9

10

r0

t2

22.50

33.63

1r.50

30.s0

28.88

24.75

13.38

10.88

8.2s



SUB-CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961536

Dome Mine Final
Effluent

Grab

Mariane Piché

Date Collected:

Date Received:
Temp. on Arrival (oC)

Lab Storage:

TNC.

MCHOLAS BEAVER PARK
R.R. 3, CI'ELPH. ONIARÍO

CANADA NIHóH9

(519) 763441ü¡'AX: (519) 16344t9

Chris Wren

Ecological Services Group

361 Southgate Drive

Guelph, Ontario

NlG 3M5

10/16/96

10/17/96
13.0

6"C

Date Tested:

Shipped By:

10/17t96

Purolator/Rd

Temperature fC): 24.O Dissolved Oxygen (mg/L): 10.9 pH: 7.2 Conductivity (umhosicm): 917

Survival
LC5O:

95% CL:

Method:

Reproduction
lc25:
95% CL:

Method:

>100%

>100% lc50:
95% CL:

Method:

>100%

Commänts

Approved

ce Laboratory Services



INC.
MCHOLAS BEAVER PARK
R,R, 3, CI'ELPH. ONTARfO

CANADA N IH 6H9

(.r 19ì ?61-441 o/¡AX: (5 l9) ?óJ44 I I

SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

Test Organism:

Lile Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate

Ceriodaphnia dubia

neonate (<24 h old)

Static Renewal

7 + 1 day (three brood)

10

1

Test Volume (mL) by Rep

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions

15

25 + loC

1 6/8

Receiving Water

once/day; Selenaslrum + YCT

24 h intervals

Substance:

Date Tested:

Reproduction

lc25:

95% CL:

Sodium Chloride

1 0/1 6/96

0.84 g/L

0.42 - 1.02

Method: Linear lnterpolation Historical Mean lC25:

Warning Limits (+2SD):

1.27 glL

0.58 - 1.9s

lco:

LCs0

..,,.,.i

inhibiting concentration for a specified percentage effect

median lethal concentration

Environment Canada. 1992. BiologicalTest Method: Test of Reproduction and Survival using the Cladoceran Certodaphnia dubta.

Environment Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/21,72p.



Survival (proportion alive) and reproduction (number of young per female) for Ceriodaphnia
dubía after exposure to Dome Mine Effluent

Total number of youg per female
Concentration
(% effluent) Replicaæ

Adult
survival

Mean number
of young per

adult

t2345678910
Control

Receiving Waær

3

6

13

25

50

100

34

20

33

27

39

36

1l

l6

34

3l

30

36

32

13

4

27

32

2l

35

32

25

I
29

l9

34

l6

38

16

16

27

33

22

l5

3r

30

33

32

6

6

26

22

3l

39

32

24

29

37

r9

0.8

1.0

0.9

0.9

0.8

0.9

0.7

0.9

27.8

24.5

33.0

30.7

26.5

22.9

24.0

20.0

24

40

23

35

33

24

32

8

l4

34

32

19

24

n
2t

37

22

JJ

35

2t

31

31

l8

32

32

35

29

24

31

30

24



l"

SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

INC.
MCHOLÂS EEAVER PARK
R.R. 3. CI'ELPH. ONTARIO

CANAÞA NIHóH9

(5 l9) ?ól-44 l0/rAX: (5 19) ?ól-a4 l9

Client

BAR Sample #:

Substance:

Sample Method:

Collected By:

Chris Wren

Ecological Services Group

361 Southgate Drive

Guelph, Ontario

N1G 3M5

03961536

Dome Mine Final
Etfluent

Grab

Mariane Piché

Date Collected:

Date Received:

Temp. on Arrival (oC):

Lab Storage:

10/1 6/96

10117t96
13.0

6"C

Date Tested

Shipped By:

10/17196

Purolator/Rd

Temperature fC): 24.0 Dissolved Oxygen (mg/L): 10.9 pH: 7.2 Conductivíty (umhos/cm): 917

Survival
lc25:
95% CL:
Method:

Growth
lc25:
95% CL:

Method:

>1OO/"

>1OO'/"

LCSO:

95% CL:

Method:

lc50:
95% CL:

Method:

>1OO"/"

>100%

Approved by:
Keith HolÞe, ent Laboratory Services



SUB-CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

INC
I.IICHOLAS BEAVER NARK
R.R, 3, CI'ELPH. ONTARIO

CANAOA N¡HóH9

(5 19) 76J-441ùlAX: (5 t9) ?óJ-44 t9

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

to

Test Volume (mL) by Rep.

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

500

25 y1"C

1 6/8

Receiving water

2-3 times/day; 1 500-2250 naupli/day

24 h intervals

Substance:

Date Tested:

Survival

lc25:

95% CL:

lco:

LCso

Potassium Ghloride

10/09/96

0.88 g/L

0.74 - 0.98

Method: Linear lnterpolation

Definitions

inhibiting concentration lor a specified percentage effect

median lethal concentration

Historical Mean lC25:

Warning Limits

0.79 g/L

0.67 - 0.91

Environment Canada. 1992. Biological Test Method: Test of Larval Growth and Survival Using Fathead Minnows
Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/22,70p.

Environmenl



Survival and growth of fathead minnow larvae after exposure to Dome Mine Effluent for seven days.

Effluenr
Conccntrations

(%)

Control

Receiving Water

3.0

6.0

t3.0

25.0

s0.0

100

Proportion of Survival in Replicate
Chambers

A B c

1.0

1.0

1.0

1.0

0.9

0.8

1.0

0.7

0.9

0.9

0.9

r.0

0.8

1.0

1.0

0.9

1.0

1.0

0.9

0.9

0.8

1.0

r.0

0.9

Average Dry Weight (mg) in Replicate
Chambers

Mean
Proportion
Surviving

Mean Dry
Weight

(me)

A B c

0.967

0.967

0.933

0.967

0.833

0.933

1.000

0.833

0.687

0.564

0.62t

0.639

0.596

0.594

0.569

0.694

0.608

0.563

0.633

0.677

o.526

0.599

0.546

0.556

0.705

0.707

0.660

0.564

0.560

0.6&

0.561

0.s84

0.667

0.611

0.638

0.627

0.561

0.619

0.559

0.61I



SUB.CHRONIC TEST REPORT
Rainbow trout 7-daY .tOOo 

lT:

Client

INC.
NICHOLAS BEAVER ÎARK
R.R. 3, CI'ELPH, ONTARTO

CANADA NIH6H9

(519) 763-44r0/rAX: (519) 76!4419

Chris Wren

Ecological Services for Planning

361 Southgate Drive

Guelph, Ontario

NlG 3M5

0396153 6

Dome Mine Final
Effluent

Grab

Mariane Piché

BAR Sample #:

Substânce:

Sample Method:

Collected By:

Date Collected:

Date Received:

Date Tested:

Shipped By:

L1l16196

L0lL7196

r0lr7196

Tenp. on Arrival ("C):

Lab Storage:

13.0

6"C

arr

Temperature ('C): 14.5 Dissolved Oxygen (mg/L): 10.9 pH: 7.2 Conductivity (umhos/cm): 947

Viability

EC5O:

95o/o CL:

Method:

Tcst i¡rvalicl due to mortalities in receiving water and laboratory water controls (>30%)

Approved
Kcith Holtze, V PrcsirJeut Laklratory Scrvtccs



SUB-CTIRONIC TEST REPORT
Rainbow trout ?'daY embrYo test

INC.
I.TICHOLAS BEAVER ¡ARK
R,R. 3. Ct'ELPH, ONTARfO

CANADA NI}I6H9

(519) Tlll-441o/FAX: (5 l9) ?fi!'4419

Test Organism:

Lit'e Stage:

Test Type:

Test Duration:

Number of Replicates:

# OrganismVReplicate:

Rainbow Trout

Embryo

Sutic Renewal

7 days

3

40

Test Volume (mL) bY ReP.

Temperatue:

Photoperiod (h) light/dark

Dilution Water:

Feeding:

Renewal of Test Soiutions:

2L

nla

Receiving lùy'ater

n/a

24 h intervals

15 + l"C

Substance:

Date Tested:

Viability

LC25:

95Vo CL:

EC5O:

95% CL:

IC,:

EC5O:

Copper Sulphate

r l/0s/96

45.6 uflL

3r.o - 72.4

275.5 u{L

125.0 - 500.0

Method: Linear lnterPolation

Method: Binomial

Historical Mean IC25:

V/aming Limits Q2SD):

301.79 ug/L

0 - 741.56

Definitions

inhibiting concentration for a specified percentage effect

median effective concentration

Enviroruuenr Canada. 1996. Biological rest Method: Toxicity Tests Using Early Lite Stages ol Salnronid Fish (Rainbow Trout' Coho Salt¡ton'

or Atlantic Salmon). Environment Canacla, Conscrvition antJ hotcction. Ottawa, Ont¿trir.r. Rcport EPS l/RM/28, 8lp. (2nd cditiott -

d¡ati).



Viability of embryo rainbow trout, Oncorhynchus mykiss, atìer exposure to
Dome Mine Final Effluent.

Effluent
Concennation (%) Number of Viable

Embryos in Replicate
Chambers

Mean
hoportion
Viability

A BC

Conrol

Receiving'Water

6

l3

25

50

100

25

2t

l9

2t

9

t2

12

l5

u
l4

I
18

l6

t7

r9

2t

l5

l9

t7

20

r5

0.492

0.550

0.400

0.400

0.367

0.400

0.367

NOTE: Test ærminaæd after four days



APPENDIX 5

Test Reports - Sullivan Mine



Rob Roy
B.A.R. Environmentql lnc.
Nicholos Beover Pork, R,R. 3
Guelph. Ontorío
Conodo N'lH óH9

Effluent, 15/ 10/96, 9:@
( Sullivqn, DWIP )

Test Contral Woter:
Receiving H )O, 23 lW 19ó, I S:30

( Sullivon, Comínco )

SUMMARY OF RESUTTS:

Somple

Effluent, l5/10/9ó, 9:00

T-Tesl between 2 controls:
Receiving woter p slqndord dilution woler

Stotisticol Method: Líneor regression
Conf. lnt,: confidence intervol of 95%
N.C, : not cqlculoble
N/A: not opplicoble

Laboratoíres.F CO Laboratories

1548s 18/10/96 18_21/10/96

Certificat d'analyse c Certificate of Analysis

121, Boul. Hyntus, Pointe-Claire, Québec HgR lE6
Té1,: (514) 697-3400 Fax: (514) 697-2090

November 29,1996
Project No: 7940-444ó5

Project reference: CANMEI
P.O.: T597

30,2
( 5.8 - 54.5 )

22.2
(<0-4ó.ó)

N,A, 18/10/96 18-21/10196 N,A. N.A,

Conclusions

Effect 
I Effect

Significont difference between controls

Bernord Visser, B,Sc.
Blologist

Ecotoxicology Deportmenl

SAMPIE
IDENTIFICATION
( type, dote, lime )

ÞATE OF
ANALYSIS

TEST

NUMBER
DAIE

RECEIVEE
"'olovlv (Gonf.lnl.) 

:

S. capricornutum

Hfs lCr, - 72 Hrs

ce certificat ne doit pas être reproduit, sinon e¡t ent¡er, sans l'autorisation écrile du lalnratoire. Les échantillonç nlenflOnn¿jsplus haut seront conservés penãant .\ti ¡nur, ¿ paÃì:¡ì Já n aot" ài rippi,iiì ãirait"¿'¡rsrructions écrites clu clirtt,
This certificate may not lse reproducecl e,xcept in its entiret¡,, r4,ithout.the u,ritten approval of the labr¡ratory. Sanrples pert,tiningto tltis reporÍ u'ill be kept for 30 days a¡ier ihe date oi the repnrt unless otheru,iiÅ'instructed, in wr¡t¡r1g, by rhe clie,r.



laboratoires E,CO ;¿boratories
121, Boul. Hyntus, Pointe-Claire, Québec HgR 186

Té1.: (514) 697-3400 Fax (514) 697 2090

Certificat d'analyse o Certíficate of Analysis

Somple description:
Sompling poinl:
Nome of sompler:

Dole of onolysis:
Our proiecf -somple number:
Bioossoy fesl number:
fechnicion:

Effluent, 15/ l0/9ó, 9:00
Sullívon, DW|P
Zoe Romdin

18-21110196
7940-44465
r5485
Elllott Picken

Orgonism:
Cullure oge:
lnnoculqtion:
Medium:
Þilution woter:
Somple preporotion:
Bioossoy prolocol:

Selenastrum capricornutum
4 to 7 doys
-'l0000cells/mL
I3,75X (mL. eoch of 5 molher solutions)
deionized woter (steritized)
filtered @ 0,45pm
EPS l/RM/25, November 1992

TEST CONDTTIOTVS.

REMARKS: Reference ToxicityAssoy: C1",, = 3ì7.0 ( 3l 1.9 - 322.0) mg/L(Nocl)
Historicolworning limits: Min / Mox = 221.2 I 445.6
. o'- 'indicoïes olooe growth sTimulotion
n.o,: not opplicoble

Somple
concenholion

("hv/v)

qvefoge
corrected count

of olgoe ofÞr
72 hours

(cells/m[)

lnhlbltlon
(%)'

pH
(nol oJusted)

lemperoture
('c)

coeff¡c¡enf
of voriotion

(%)

slort ênd

r00

50

25

12.5

6.25

3,r3

.l 
I 9985

.l31758

3ó08 r 0

987952

l0i 7433

957849

84, l

82.6

52.2

-30.8

-34.7

-26.8

ó.8

ó.8

ó.8

ó,8

ó.8

ó,8

24

24

24

24

24

24

24

24

24

24

24

24

7.4

5.7

19.5

7.7

3.3

5,8

Conlrol#l
Control #2

Control#3

80r925
742341

721283

n.o,
n.o.
n.o.

7.3

7,3

7.3

24

24

24

24

24

24

Þ\

(: 5.5

Ð



SUB.CHRONIC TEST REPORT
Lemna minor Growth lnhibition

I ot2

Client:

INC.
¡NCHOLAS BEAVER I¡ARK
R.R. 3. CI'ELPH. ONTARfO

CANADA NIHóH9

(J l9) 7óJ44 | o/fAX: (5 l9) 7ôl-44 I 9

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, B.C.

v7P 2R4

BAR Sample #:

Substance:

Sample Method

Collected By:

03961 550

Cominco Ltd. DWTP
discharge

Grab

Z Ramdin

Date Collected:

Date Received:

Date Tested

Shipped By:

Temp. on Arrival (oC):

Lab Storage:

10/1sl96

10/18/96

1 0/1 9/96

Dicom/Rd

13.0

15'C

Temperature ("C): 24.O Dissolved Oxygen (mg/L): 10.5 pH: 8.8 Conductivity (umhos/cm): 2850

Growth

lc25:

95% CL:

Method:

27.2/"

17.4 - 34.7

Linear lnterpolation

lc50:

95% CL:

Method:

>93.12o/"

Linear lnterpolation

7 Approved

Holtze Laboratory Services



SUB-CHRONIC TEST REPORT
Lemna mlnor Growth lnhibitionrNc.

N¡C:I IOI,AS III":AVF,R PARK
R.R. ¡, ctit-:LPtt. oNTARIO

CANADA NIH6H9

(5 l9) 7ó3.44 lo/!nx: (5 I 9) ?63-44 t9

Test Species:

Test Type:

Test Duration:

Number of Replicates:

# Fronds/Replicate:

Test Volume (mL) by Rep:

Axenic Cultures:

Lemna minor

Static

7 days

I
3

50

yes

Temperature:

Photoperiod (h) lighUdark:

Light lntensity:

Dilution Water:

Growth Medium:

Acclimation:

25!2C

Contínuous light

63 -72 u9lm2ls

Receiving Water

APHA modified (SRC 1996) (from
APHA 1992)

Plants in Hoaglands E' medium;
acclimate 24h in test medium

Substance:

Date Tested:

% lnhibition:

Historical Mean

Warning Limits:

lCo:

1 mg/L Potassium Dichromate

10119t96

34.2

41.9

29.2 - 54.6

inhibiting concentration for a specified percentage effect

Saskatchewan Research Council (SRC). 1996. "Draft' The Lemna minor Grov,fth lnhibition Test. A modification of the g211 Duckweed
(Proposed) Toicity Test Procedure published by American Public Health Association (APHA) 1995. Standard Methods for the Examination
ofWaterandWasteWater,lgthEdition. EatonA,D.,L.S. Clesceri,andA.E.Greenberi(eds.i,WaterEnvironmentFederation,Washington,
D.C., pp.8-40 to 8-43.



Growth of Lemna minor exposed for 7 days to Cominco Ltd. DWTP discharge.

Concentration Replicate Me.tn
Number
Fronds

7o

ABCDEFGH

Synthetic Test Media Conrol

Receiving'Water Control

Positive Conrol

4.85

9.7

23.28

50.44

69.84

93.12

24

t7

t2

26

3l

20

l6

15

11

19

n
16

24

L4

19

7

l1

11

l6

19

l5

25

25

t2

t4

10

13

l6

3t

10

t9

24

l3

1l

10

l6

20

26

12

t'Ì

'))

l6

1l

t2

11

23

r9

L4

20

l5

22

r0

12

l0

19

ll
l0

24

22

l5

11

t4

l4

2t

23

l5

26

25

2t

l5

9

L4

19.7s

2t.13

13.00

22.63

22.25

t7.25

l1.88

11.63

12.50



.¿

SUB-CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

Client:

INC.
MCHOLAS BEAVER PARK
R.R. 3, CI'ELPH. OMTARII)

CANADA NIHóH9

(5 l9) ?ól-44 | o/fAx: (5 t9) ?ól¡4 ¡9

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, B.C.

v7P 2R4

BAR Sample #:

Substance:

Sample Method:

Collected By:

039615s0

Cominco Ltd. DWTP
discharge

Grab

Z. Ramdin

Date Collected:

Date Received:

Temp. on Arrival (oC):

Lab Storage:

10/15/96

10/18/96
13.0

6"C

Date Tested:

Shipped By:

10/18/96

Dicom/Rd

Temperature (oC): 24.O Dissolved Oxygen (mg/L): 10.5 pH: 8.8 Conductivity (umhos/cm): 2850

Su¡vival
LCSO:

95% CL:

Method:

Reproduction
lc25:
95% CL:

Method:

70.7o/"4

50.0 - 100

Binomial

12.6 "/"
10.0 - 15.9

Linear lnterpolation

lc50:
95% CL:

Method:

18.4"/o

13.6 - 20.8

Linear lnterpolation

a Correction for control mortality using Abbott's formula.

/Date Approved
HolEe, P Laboratory Services



SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

TNC.

MCHOLAS BEAVER PAR}i
R.R. ]. CI'ELfIH. ONTARIÔ

CANAOA N IH óH'

(519) 761441o/tAX: (5191 ?óJ-4419

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Ceriodaphnia dubia

neonate (<24 h old)

Static Renewal

7 + 1 day (three brood)

10

1

Test Volume (mL) by Rep.

Temperature:

Photoperiod (h) lighUdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

15

25 1 1oC

1 6/8

Receiving Water

once/day; Selenastrum + YCT

24 h intervals

Substance:

Date Tested:

Reproduction

lc25:

95% CL:

Sodium Chloride

1 0/1 6/96

0.84 g/L

0.42 - 1.02

Hístorical Mean lC25:

Warning Limits (+2SD)

1.27 glL

0.58 - 1.9s

Method: Linear lnterpolation

lco:

LCSO:

Environment Canada. 1992. Biological Test Method: Test of Reproduction and Survival using the Cladoce ran Ceriodaphnia dubia.
Environment Canada, Conservation and Protection. Ottawa, Ontario. Reporl EPS 17RM/21,72p.



Survival (proportion alive) and reproduction (number of young per female) for Ceriodaphnia
dubia after exposure to Corninco Ltd. DIVTP discharge.

Total number of young per female
Concenradon
(% effluent) Replicate

Adult
survival

Mean nt¡mber
of young pcr

adult

12345678910
Control

Receiving rù/aær

3

6

13

25

50

100

240
28

n
14

LJ

29

3r

35

2t1

33

29

29

29

23

L7

24

33

32

t9

6

0

0

l8

J

26

30

1t

7

0

0

t7

20

24

31

2

0

0

0

ll

2t

23

31

7

)

0

0

20

13

19

24

24

ll
0

0

25

26

31

29

26

3

0

0

17.8

r9.3

n.3

28.5

18.4

5.4

0.0

0.0

13 0.9

0 0.8

30 r.0

6

0

0

8

0

0

7

0

0

0.9

0.8

0.9

0.8

0

30

?s

4

0

0

lt



INC.

SUB.CHRONIC TEST REPORT
La¡val Fathead Minnow Survival and Growth

N¡CHOLAS BEAVER I¡ARK
R.R. 3, CIJELPH, ONTARfO

CANADA NIH6H9

Client:

(5 l9) 763-44t0/¡AX: (J t9) ?6J-441 9

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, B.C.

v7P 2R4

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961550

Cominco Ltd. DWTP
discharge

Grab

Z. Ramdin

Date Collected

Date Received

Date Tested

Shipped By:

Temp. on Arrival (oC):

Lab Storage:

10/1 s/96

10/18/96

10/18/96

Dicom/Rd.

13.0

6"C

Temperature (oC): 24.O Dissolved Oxygen (mg/L): 10.S pH: B.B Conductivity (umhos/cm): 2850

Survival
lc25:
95% CL:
Method:

Growth
lc25:
95% CL:

Method:

>100%

>1OO"/o

LCSO:

9s% cL
Method:

lc50:
95% CL:

Method:

>10O"/o

>100%

7D Approved by:

Keith Holtze, P ent Laboratory Services



SUB-CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

TNC.

MCHOLAS BÉAVER fIARK
R.R. 3. CI'ELtIH. ONTARIO

CANADA NIH6H9

(5 19) 7tl3-441o/¡Ax: (5 19) 7li3-44t9

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

10

Test Volume (mL) by Rep.

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

s00

25 t 1oC

1 6/8

Receiving water

2-3 times/day; 1 5A0-2250 naupli/day

24 h intervals

Substance:

Date Tested:

Survival

lc25:

95% CL:

Potassium Chloride

1 0/09/96

0.88 øL
0.74 - 0.98

Historical Mean lC25

Warning Limits

0.79 glL

0.67 - 0.91

lco:

LCs0

Method: Linear lnterpolation

Delinitions

inhibiting concentralion lor a specified percentage effect

median lethal concentration

Environment Canada. 1992' Biological Tesl Method: Test of Larval Growth and Survival Using Fathead Minnows. Environment
Canada, Conservation and Protection. Ottawa, Ontario. Report EpS l/RM/z2,20p.



Effluenr
Concentrafiors

(7n)

BAR Control

Receiving Water

3.0

6.0

13.0

25.0

s0.0

t00

Survival and growth of farhead minnow larvae after exposure to Cominco

Mean
hoportion
Surviving

Ltd. DWTP discharge for 7 days.

Average Dry Weight (mg) in Replicate
Chambers

A B c
0.552

0.443

0.552

0.s73

0.517

0.432

0.520

0.543

0.642

0.587

0.487

0.428

0.507

0.651

0.610

0.491

0.553

0.546

0.543

0.529

0.499

0.5 r6

0.548

0.499

ho¡rortion of Survival in Replicate
Chambers

A B c

1.0

0.9

1.0

0.9

1.0

1.0

1.0

1.0

r.0

1.0

r.0

0.9

r.0

r.0

1.0

1.0

0.9

1.0

1.0

0.9

1.0

0.7

r.0

r.0

,/

0.967

0.967

1.000

0.900

1.000

0.900

1.000

r.000

Mean Dry
Weight

(mg)

0.582

0.5?5

0.527

0.5r0

0.s08

0.533

0.559

0.51I

\



/
SUB.CHRONIC TEST REPORT

Rainbow trout 7-day embryo resr

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

TNC.
MCHOLAS BEAVER FARK
R.R. 3, CI'ELPH, ONTARfO

CANADA N¡HóH9

(519) Tlil-44t0/¡'Âx: (5t9) ?6344 l9

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, B.C.

v7P 2R4

0396 l5s 0

Cominco

Grab

Z. Ramdin

Date Collected:

Date Received:

Date Tesæd:

Shipped By:

LOltsle6

r0lL8196

LDlr8196

Dicom/Rd.

Tenrp. on Arrival (oC):

Lab Storage:

13.0

6'C

Temperanue (oC): 14.5 Dissolved oxygen (mg/L): 10.7 pH: 8.2 conductivity (wrilros/cm): 2ggo

Viability

EC5O:

95% CL:

Mcthod:

:r.. ..
:' .. , ,,. ,',Cómme¡ts' '''' ''''' '

Test invalid since viability of control embryos wus <7070.

Ìt,
Approvcd by

Kc oltze, Vicc Laburatory Scrvieùs



SUB-CHRONIC TEST REPORT
Rainbow rrout 7-day embryorest

INC.
MCHOLAS BEAVER PARK
R,R. 3. CIJELPH. ONTARfO

CANADA NIHóH9

(s l9) 76J-44 tfylAX: (5 t9) ?óJ.44 I 0

Test Organisrn:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Rainbow Trout

Embryo

Static Renewal

7 days

J

40

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) lighr/dark

Dilution rvVater:

Feeding:

Renewal of Test Solutiors:

2L

15 3 l"C

¡Va

Receiving tiy'ater

nla

24 h intervals

Substance:

Date Tested:

Viability

IC25:

95% CL:

EC5O:

95% CL:

EC5O:

Copper Sulphate

tu0s196

45.6 ug/L

31.0 - 72.4

275.5 u$L

125.0 - 500

Method: Linear Interpolation

Method: Binomial

Historical Mean EC50:

V/aming Limits Q2SD):

301.79 ug/L

0 - 74t.56

Envirotultent Canada. 199ó. Biological Test Meùod: Toxicity Tests Using Early Lit'e Srages ot Salmonicl Fish (Rainbow Trout, Coho Salnrç¡,
or Atlantic Salnron). Environntent Caruda, Conservation ancl hotcctir-ln. Ottawa, Onmrio. Rcporr EPS ¡/RM/28, 8lp. (2nd ccli¡ion -

dratì).



Viability of embryo rainbow trout, Oncorhynchus mykßs, after exposure to
Cominco effluent.

Effluent
Concenuation (%)

Mean
hoportion
Viability

Number of Viable
Embryos in Replicaæ

Chambers

A B c

Conrol

Receiving Water

6

l3

25

50

100

8

9

7

l0

8

28

JJ

t2

t5

9

8

r0

24

28

t2

10

t2

I
r3

11

7,'

0.267

0.283

0.233

0.2t7

0.258

0.6r7

0.775

NOTE: Test terminated on day 5 due to excessive mortality.



APPENDIX 6

Test Reports - Onaping Mine



t

Rob Roy
B.A.R, Environmentol lnc.
Nicholos Beover Pork, R,R. 3
Guelph, Ontorio
Conodo NìH óH9

Effluenl, Ol / lO / 96, 20:OO

( Onoping, Folconbridge )

Tesf Control Wafer:
Receiving w., 0l/10/9ó, ì0:00

( Onoping, O.R,l. )

SUMMARY OF RESUITS:

Somple

Effluent, Ol / lO / 96, 2O:00

T-Tesl between 2 conlrols:
Receiving woler yg stondord dilution woter

Stotisticol Method: Lineor regression
Conf. lnt.: confidence intervol of 95%
N.C. : not colculoble
N/A : not opplicoble

Laboratoires E CO kboratories

ì5373 04110/96 O4-O7 /10196

Certificat d'analyse o Certificate of Analysis

121, Boul. Hytnus, Pointe-Claire, Québec HgR 186

Té1.: (514) 697-3400 Fax: (514) 697-2090

November 29,1996
Project No: 72ó7-4.l598

Project reference: CANMEÏ
P.O,: T597

49.8
( 43.7 - 55,8 )

30.8
( 24,8 - 3ó,8 )

N.A. 04110/96 04-07 /10196 N.A N.A.

Conclusions

Effect I enect

No significont difference between controls

Bernord Visser, B.Sc.
Biologist

Ecotoxicology Depqrlment

SAMPTE
IDENïFICANON

ÞATE
NUMBER RECEIVED

( time )

DATE OF:
ANATYSIS

lcrn - 72 Hrs I lCr.,- 72htr
ohvlY (Conf. lnt )
S, capricornulum

(Algoe)

Ce certificat ne doit pas être reproduit, sinon en entier, sans I'autorisatìon écrite du laboratoire. Les échantillons nrenfir¡nnd.c
plus haut seront conservés pendant 30 jours à partir de la date du rapport à ntoins d'instructions écrites du clie¡tt.

This certiiir:ate ntay nol be re¡.troducec! except in its entirety, without the wrirten apprrsval of the laboratory. Sanrp/r,.s pertainin¡¡
to tltis report v,ill bc' kept ior 30 days after the date of the reporl unless otherudse instructed, in v,útinl4, by tlrc client.



\

l-aboratoires E,cO laboraton'es
121 , Boul. H¡,mus, Pointe-Claire, Québec HgR 186
Té1.: (514) 697-3400 Fax: (514) 697-2090

--

Certificat d'analyse o Certificate of Analysis

Etfluenf, O1 / 1O/96. 2],ffi
Onoping, Folconbridge
MlchoelZimmer

C/-o7l1ot96
'7267-41598
15373
Ellíott Picken

project-somple number:
Bioossoy lesl number:

of sompler:

descriplion:
poinl:

of onolysis: :

Selenastrum capricornutum
4 to 7 doys
-l0000cells/mL
ì3.75X (mL, eoch of S mother solutions)
deionized woter (steritized)
filtered @ 0,45pm
EPS l/RM/25, November 1992Bioossoy protocol:

Medium:
Dilution woler;

preporotion:

Somple
concenhollon

("/ov/v)

c¡Yerqge

conecled counl
of olgoe otler

72 hours
(celts/ml)

lnhlbillon
(7o) +

PH
(nol ofusleQ

lramperolurs coefflclenl ,

of,vqdqtion
(''L,

slort end

r00

s0

25

12,5

6.25

3.ì25

90599

259732

503573

648729

768854

ó351 85

84.2

54.6

12.O

-13,4

-34,4

-11.'l

7.7

7.7

7.7

7.7

7.7

7.7

25

25

25

25

25

25

26

26

26

26

26

26

21,2

10.4

ó.0

3,1

2.1

2.9

Control#ì
Control#2
Control#3

5óó938
558084

5908ó8

n.o.
n,o,
n.o.

7.5

7.5

7.5

25

25

25

26

26
26

Ð
q) 3,0

I
REMARKS: Reference Toxicily Assoy: Cl"" = 3.|8.2 ( 3ì 1.3 - 325.0 ) mg/L(NoCl)

Hisloricol worning limils: Min I Mox = 219.9 I 500.4
'o'- 'indicotes olgoe growth stimulotion
n.o.: not opplicoble

Ce c<'rtificat ne doit pas être rt'produil, sinrn en enlier, sans I'autorisation éctite du laboratoirt'. Les échantill<>¡tç rì¡c{]tionlìés
plus haut seronl cr¡nsené.s pendanl 30 jours à partir de la date du rapport à nt<¡ins cl'instrgctio¡s tic:rites tlu <:!ient.



SUB.CHRONIC TEST REPORT
Lemna minor Growth lnhibition

totz

Client:

INC.
MCHOLAS BEAVER PARK
R.R. 3. CI'ELPH. ONTARIO

CANADA NIHóH9

(519) ?ó3¡4¡o/lAx: (519) 763-44t9

Chris Wren

Ecological Services Group

361 Southgate Drive

Guelph, Ontario

NlG 3M5

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961478

Falconbridge Effluent

Dip

MVGL

Date Collected:

Date Received:

Date Tested:

Shipped By:

10/01/96

10/03/96

10104196

Manitoulin/Rd.

Temp. on Arrival ("C):

Lab Storage:

15.0

6"C

Temperature ("C): 25.0 Dissolved Oxygen (mg/L): 9.7 pH: 7.6 Conductivity (umhos/cm): 1594

Growth

lc25:

95% CL:

Method:

14.2/"'

11.9 - 15.4

Linear lnterpolation

lc50:

95% CL:

Method:

Comments

' Approximate values. Algal growth observed in both receiving water control and effluent exposures.

19.8%'

18.2 - 21.1

Linear lnterpolation

H7hApproved by:
<J xeitn noiËãvi-qy're@s



SUB-CHRONIC TEST REPORT
Lemna minor Growth lnhibition

rNc.
NIC:I IOI,AS I]I-:AVF,R PARK
R.R. 3, CUT.:I,PII, ONTAR¡O

CANADA NIH6H9

(5 l9) 763-1.1 lo/F^X: (5 I 9) ?ó3-44 | 9

Test Species:

Test Type:

Test Duration:

Number of Replicates:

# Fronds/Replicate:

Test Volume (mL) by Rep:

Axenic Cultures:

Lemna minor

Static

7 days

I
3

50

yes

Temperature:

Photoperiod (h) light/dark:

Light lntensity:

Dilution Water:

Growth Medium:

Acclimation

c+225

Continuous light

63 -72 p¿Elm2ls

Receiving Water

APHA modified (SRC 1996) (from
APHA 1992)

Plants in Hoaglands Et medium;
acclimate 24h in test medium

Substance:

Date Tested:

% lnhibition:

Historical Mean:

Warning Limits:

1 mg/L Potassium Dichromate

10t04/96

44.8

41,9

29.2 - 54.6

::i...

Definitions

inhibiting concentration for a specified percentage effectlCo:

Saskatchewan Research Council(SRC). 1996. "Draft" The Lemna minorGrowth lnhibition Test. A modification of the 8211 Duckweed
(Proposed) Toicity Test Procedure published by American Public Health Association (APHA) 1995. Standard Methods for the Examination
of Water and Waste Water, 19th Edition. Eaton 4.0., L.S. Clesceri, and A.E. Greenberg (eds.), Water Environment Federation, Washington,
D.C., pp.8-40 to 8-43.



Growth of Lemna ninor exposed for 7 days to Falconbridge, Sudbury, Falconbridge effluent.

Concentration Replicate Mean
Number
Fronds

7o

A BCDEFCH
Synthetic Test Media Conuol

Receiving Water Control

Positive Conrol

4.85

9.7

23.28

50.4

69.84

93.t2

24

24

t2

25

t9

l0

5

3

3

I6

30

r0

28

n
l0

6

4

6

28

22

10

25

36

ll

J

3

6

2t

L9

14

24

26

ll
5

8

6

t7

33

13

26

31

l0

7

8

9

26

27

11

23

22

l0

4

6

5

l8

29

t2

23

24

5

J

3

3

')')

30

13

24

25

21.50

26.75

11.88

24.t5

26.25

9.25

4.88

5. l3

5.75

7

6

6

8



l¡

Client:

SUB-CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and Reproduction

TNC.

MCHOLAS BEAVER PARK
R.R. 3, CI'ELPH. ONTARIO

CANADA NIHóHg

(519) ?rt3-44ro/fAx: (519) 761-4419

Chris Wren

Ecological Services Group

361 Southgate Drive

Guelph, Ontario

NlG 3M5

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961478

Falconbridge Etfluent

Dip

MZ]GL

Date Collected:

Date Received:

Date Tested

Shipped By:

10/01/96

10/03/96

10/03/96

Manitoulin/Rd.

Temp. on Arrival (oC)

Lab Storage:
15.0

6"C

Temperature fC¡: 25.0 Dissolved oxygen (mdl): 9.7 pH: 7.6 conductivity (umhos/cm): 1s94

Survival
LCSO:

95% CL:

Method:

Reproduction
lc25:
95% CL:

Method:

>100"/"

80.7%

Linear lnterpolation

lc50:
95% CL:

Method:

>1OO"/.

Linear lnterpolatíon

Comments
Approximate value since confidence limils could not be calculated

Dat Approved by:

e, ent Laboratory Services



SUB.CHRONIC TEST REPORT
Ceriodaphnia dubia Survival and ReproduclionENTAL TNC.

MCHOLAS BEAVER.PARK
R.R. 3, C¡'ELPH. ONIARÍO

CANADA I.IIHóH'

(5 l9) 76J-44 I o/fAX: (5 t9) ?61-44 | 9

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Ceriodaphnia dubia

neonate (<24 h old)

Static Renewal

7 + 1 day (three brood)

10

1

Test Volume (mL) by Rep.

Temperature:

Photoperiod (h) tighVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

15

25 + 1oC

16/8

Receiving Water

once/day; Selenastrum + yCT

24 h intervals

Substance:

Date Tested:

Reproduction

lc25:

95% CL:

Sodium Chloride

1 0/1 6/96

0.84 g/L

0.42 - 1.02

Historical Mean lC25:

Warning Limits (+2SD)

1.27 glL

0.58 - 1.95

lco:

LCs0

Method: Linear lnterpolation

i :,. Deflnltions

inhibiting concentration for a specified percentage effect

median lethal concentration

Environment canada' 
-1992' 

Biological Test Method: Test of Reproduction and survival using the cladoceran ceriodaphnia dubiaEnvironment canada, conservation and Protection. oltawa, onlario. Report Eps 1/RM/21,72p.



Survival (proportion alive) and reproduction (number of young per female) for
Ceríodaphnia dubin after exposure to Falconbridge, Sudbury, Falconbridge effluent

samples collected in October 1996.

ConcenEation
(7o effluent)

Total number of young per female Adult
survival

Replicate

Mean
number of
young per

adultt2345678910
Connol

Receiving
water

3

6

r3

25

50

r00

26 34

32

32

4l

42

34

30

l4

32

36

4t

33

34

t4

34

JJ

34

31,

38

0

26

38

4L

JJ

40

a1

42

t7

39

33

6

22

0.8

0.8

1.0

1.0

1.0

0.8

26.6

28.0

27.8

30.4

3s.9

32.6

29.6

19.2

343733307330320.9
03234353s2330n0.9

6

29

35

4t

25

28

29

33

36

30

34

28

32

37

36

24

37

n
l7

0

2

40

39

27

32

26

29

û
22

36

13



SUB-CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

Client:

INC.
MCHOLAS BEAVER PARK
R,R. 3. Ct'ELPH, ONTARIO

CANADA NIH6H9

(J l9) ?lll44lo/tâX: (5 t9) 76i-4419

Chris Wren

Ecological Services GrouP

361 Southgate Drive

Guelph, Ontario

NlG 3M5

BAR Sample #:

Substance:

03961478

Falconbridge Etfluent

Date Collected:

Date Received:

Date Tested
Shipped By:

10/01/96

10/03/96

10/03/96

Manitoulin/Rd.

Temp. on Arrival (oC):

Lab Storage:

15.0

6"C

Sample Method: Díp

Collected By: MZGL

t

Temperature fC¡: 25.O Dissolved Oxygen (m/L): 9.7 pH: 7.6 Conductivity (umhosicm): 1594

Survival
lc25:
95% CL:

Method:

Growth
lc25:
95% CL:

Method:

>1OO"/o

Linear lnterpolation

>'lOOo/"

Linear lnterpolation

LCSO:

95% CL:

Method:

>100%

ICSO: >100%

95% CL:

Method: Linear lnterpolation

Comments

Date: Approved by:
Keith Holtze, Vice Laboratory Services



TNC.

MCHOLAS AEAVER PARK
R,R. 3, C¡'ELPH. ONIARÍO

CANADA NIH6H9

(5¡9) 761-4410/rAX: (519) 7t13.44 l9

SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:'

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

10

Test Volume (mL) by Rep

Temperature:

Photoperiod (h) líghVdark:

Dilution Water:

Feeding:

Renewal of Test Solutions

500

251 1oC

1 6/8

Receiving water

2-3 times/day: 1 500-2250 naupli/day

24 h intervals

Substance:

Date Tested:

Survival

lc25:

95% CL:

lco:

LCSO:

Potassium Chloride

10/09/96

0.88 g/L

0.74 - 0.98

Method: Linear lnterpolation

: ,Definitions
:

inhibiting concentration for a specified percentage effect

median lethal concentration

Historical Mean lC25:

Warning Limits

0.79 g/L

0.67 - 0.91

Environment Canada. 1992. Biological Test Method: Test of Larval Growth and Survival Using Fathead Minnows. Environment
Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/22,70p.



I

Survival and growth of fathead mirurow larvae after exposure to Falconbriclge, Sudbury Falconbridge effluent (OcV96)
for 7 days.

Effluent
Concentalions

(%)

Control

Receiving Water

3.0

6.0

13.0

25.0

50.0

100.0

Proportion of Survival in Replicate
Clrambers

A B c

1.0

1.0

0.9

1.0

0.8

0.8

1.0

0.9

1.0

1.0

0.6

0.9

0.5

0.9

0.9

1.0

0.9

1.0

0.8

r.0

0.9

0.9

0.6

0.9

Average Dry Weight (mg) in Replicare
Chambers

A

Mean
hoportion
Surviving

0.96r

1.000

0.767

0.967

0.733

0.867

0.833

0.933

0.62t

0.443

0.5r0

0.53r

0.521

0.570

0.552

0.593

0.513

0.493

0.515

0.383

0.652

0.659

0.s84

0.607

0.528

0.515

0.549

0.520

0.444

0.618

0.562

0.562

Mean Dry
Weight

(mg)

0.554

0.484

0.52s

0.478

0.539

0.6r6

0.566

0.587

B c



SUB-CTIRONIC TEST REPORT
Rrinbow rrou¡ 7-day ,rb'lu 

lT:

Client:

BAR Sample #:

Subsance:

Srmple Meùod:

Collected By:

0396t4'7 8

Falconbridge

Dip

M4CL

Date Collected:

Date Received:

Date Tesæd:

Shipped By:

t0/01/9ó

t0103196

L0l03le6

Manítoulin/Rd.

Tcurp. on Arrival ("C):

Lab Storage:

TNC.

MCHOLAS BEAVER PARK
R.R. 3, CI,'ELPH. ONTARIO

CANADA N¡HóH9

(5r9) ?61441il¡^x: (5t9) 763.t4t9

Chris Wren

Ecological Services for Planning

361 Southgate Drive

Guelph, Ontario

NlG 3M5

15.0

ó"c

Temperanre (oC): 14.0 Dissolved Oxygen (mg/L): 9.5 pH: 7.5 Conductivity (unhos/cm): 16&

Viability

EC5O:

9570 CL:

Method:

>1007o

Da¡e: Approvctl by:

H 7-C, Vicc rtt Latxrratrrry Scrvrecs



INC

SUB-CHRONIC TEST REPORT
Rainhow lrout ?.day cmbryo icst

}NCHOLAS BEAVER PARK
R,R, 3, CI'ELPH. ONTARIO

CANADA NIHóH9

(5 t9) ?ój44 t0/t A x: (5 t9) 76J.44 r 9

Test Organism:

Lit'e Stage:

Test Type:

Test Du¡ation:

Number of Replicates:

# Organisms/Replicate:

Rainbow Trout

Embryo

Static Renewal

7 days

3

4o

Test Volume (mL) by Rep.:

Temperatue:

Photoperiod (h) Iight/dark

Dilution Vy'ater:

Feeding:

Renewal of Test Solutions:

2L

15 I l'C

Na

Receiving \ilater

Na

24 h intervals

Substance:

Date Tested:

Viability

TC25:

95% CL:

EC5O:

95% CL:

EC5O:

Copper Sulphate

trl0s196

45.6 ug/L

3t.0 - 72.4

275.5 uglL

125.0 - 500.0

Method: Binomial

Definitions-

median effective concentration

Method: Linearlnterpolation Historical Mean EC50:

Waming Linrits (:25D):

301.79 ug/L

0 - 74r.5ó

Er¡viro¡u¡rent Canada. 1996. Biological Test Method: Toxicity Tests Using E:rly Life Stages of Salmonid Fish (Rainbow Trout, Coho Salntott,

or Atlantic Salmon). Environment Canada, Conservation and hotection. Ottawa, Onta¡io. Report EPS l/RM/28, 8lp. (Znd cdition -

d¡aft).



viability of embryo rainbow trout, oncorhynchus mykßs; after exposure to
Falconbridge, Sudbury, Falconbridge effluent in October L996.

Effluent
Concennation (%)

Mean
Proponion
Viability

Number of Viable
Embryæ in Replicate

Chambers

ABC
Control

Receiving Waær

6

l3

?5

50

100

34

31

39

32

36

36

?5

24

33

3l

35

35

30

1'7

0.733

0.825

0.875

0.825

0.883

0.817

0.658

30

3s

35

32

35

3?

n



APPENDIX 7

Test Reports - Myra Falls Mine



,(

--
Rob Roy
B.A.R. Environmentol lnc.
Nicholos Beover pork, R,R, 3
Guelph, Ontorio
Conodo NIH óH9

Efluenl, 22/ 10/96, 14:30
( Myro Folls, Weslmin )

Test Confrol Wqfer:
Receiving H,a, 22/ 10/96, 14:û

( Myro Folls, Westmin )

SUMMARY OF RESUITS:

Somple

Effluenl, 22/ lO / 96, I A:JO

T-Tesl between 2 conlrols:
Receiving woter yg slondord dilulion woler

Stotisticol Method: Lineor regression
Conf. lnt.: confidence intervol of 95o/o

N.C. : not colculoble
N/A : not opplicoble

Laboratoires E CO hboratories

15545 23110196 24-27110196

Certificat d'analyse o Certificate of Analysis

121, Boul. Hymus, Pointe-Claire, Quélsec HgR 186

Té1,: (514) 697-3400 tax: (514) 697-2090

November 29,1996
Project No: 828ó-45997

Project reference: CANMEI
P,O.: T597

I3,5
( r.ó - 25,3 )

7.0
(<0- 18.8)

N,A. 23/10/96 24_27 /10196 N.A. N.A.

Conclusions

Effect I Effect

No significont difference befween controls

Bernord Visser, B,Sc.
Biologisl

Ecotoxicology Depcrtment

SAMPIE
IDENTIFICATION
( fype, lime)

TEST

NUMBER
ÞATE

REêEMED
DATE OF

AÑALYSIS

Ce certificat ne doit pas être reproduit, sinon en entie¡ sans l'autorisation écrite dü laboratoire. Les échantillons ntc¡ttionnós
¡:lus ltaut seront consen,és pendarit 30 jours à partir de la date du rapport à ntoins d'instructions écrites du client.

This cerliiicate mdr/ not be reproduced except ¡n its entirety, without the wr¡tten approval of tlrc laboratory. Sarnp/<rs peila¡ning
b this repoil v,ill lte kept lor 30 days after the date of the report ulless otherv,ise instructed, in u,riting, by |he clie'nt.



I-aboratoires E,C O laboratories
121, Boul. Hyntus, Poinle-Claire, Québec HqR 186

Té1.: (514) 697-3400 tax: (514) 697-2090

Certificat d'analyse c Certifícate of Analysis

TFST

description: Effluent. 221 1O196, 1 4ßA
Myro Folls, Westmin
Govin Dirom

24-27 /1O196
8286-45997
15545
Ëlliott Picken, Hugo Moron

Somplíng poinl:
Nome of sompler:
Dole of onolysis:

lnnoc

Selenosfrurn copri cor nutum
4 to 7 doys
-l0000cells/mL
I3.75X (mL. eqch of 5 molher solutions)
deionized woter (steritized)
filtered @ 0.45pm
EPS l/RM/25, November 1992

Medium:
Dilulion wcrter:

preporotion
prolocol:

Somple
concenhotion

(v"v/Y,

overo9e
corrEcted count

óf olgoe (Iflêr

72 hours
(ceffs/m[),

lnhlblt¡on
(o¿) I

pH
(not olusled)

femperolure ,

('c)
coefficfent
of voriotion

(%)

sfurl end

r00

50

25

12,5

6.25

3,t3

1,5ó

i 3l0ló
2858ó3

263370

378709

7 14391

75062A

858350

84.7

66,6

ó9.3

55,8

ró,ó

12.4

-0.2

9,0

9,0

9,0

9,0

9.0

9.0

9.0

25

25

25

25

25

25

25

25

25

25

25

25

25

25

8,4

18. l

6.6

t 't.4

.l 

2.3

5.4

3.9

Control#l
Control #2
Control#3

I I 2095
898ó00

858997

n.o,
n,o,
n.o,

7.4

7.4

7.4

25

25

25

25
25

25

è
+ 5.1

ú

REMARKS: Reference ïoxicity Assoy: Cl". = U7.8 (U2) - 353.5 ) mg/L(NoCt)
Historicol worning limits: Min /Mox=222.2 /445.0

lndicotes olgoe growth siimulotion
n.o.: noT opplicoble

Ct'ct'rtiiicat ne doil pas être reproduit, sinon en entier, sans l'autorisation écritc du laboratoire. Les t:chantillons t¡tentit¡nnt3s
plus haul.çerorrl ctrn.çervés ¡tentlant 30 jours à partir de la date du rapport à ntoins d'instructir¡ns écrites du client.

lo l!1is repotl rrill lx'ke¡tt for 30 days after the date o{the report unless rthen.r'i.çt, instructetl, in v,ritirtg, b¡,thr'<'lient.



SUB.CHRONIC TEST REPORT
Lemna minor Growth lnhibition

I ot2

Client:

INC.
MCHOLAS BEAVER PARK
RR. 3. CI.IELPH. ONTARIO

CANADA NIHóH9

(5 t9) ?61-4410/lAX: (5 19) 761.44 r9

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, BC

v7P 2R4

BAR Sample #:

Substance:

03961574

Westmin Resourceb
(Myra Ponds Outflow)

Grab

Cavin Dirom

Date Collected:

Date Received:

Date Tested:

Shipped By:

10/2'/96

10123196

10t25t96

Canadian Air

Temp. on Arrival (oC)

Lab Storage:

14.O

15'C

Sample Method:

Collected By:

Temperature ("C): 24.5 Dissolved Oxygen (mg/L): 10.3 pH: 9.8 Conductivity (umhos/cm): 1207

Growth

lc25:

95% CL:

Method:

18.3o/"

8.9 - 30.2

Linear lnterpolation

lc50:

95% CL:

Method:

42.1o/"

30.2 - 48.6

Linear lnterpolation

Approved by:
Holtze, Laboratory Services



SUB-CHRONIC TEST REPORT
Lemna minor Growth lnhibition

rNc.
NICI IOI.AS I¡}':AVF.R PARK
R.R. 3, Ctir-:t.Pil, ONTARIO

CANADA NIH óH9

(519) 763-11l0/l X: (5l9)?63-44l9

Test Species:

Test Type:

Test Duration:

Number of Replicates:

# Fronds/Replicate:

Test Volume (mL) by ReP:

Axenic Cultures:

Lemna minor

Static

7 days

I
3

50

yes

Temperature:

Photoperiod (h) lighUdark:

Light lntensity:

Dilution Water:

Growth Medium:

Acclimation:

25+2C

Continuous light

63 -72 ¡.tãlm2ls

Receiving Water

APHA modified (SRC 1996) (from
APHA 1992)

Plants in Hoaglands E- medium;
acclimate 24h in test medium

Substance:

Date Tested:

% lnhibition:

Historical Mean

Warning Limits:

1 mg/L Potassium Dichromate

10t25196

45.0

42.5o/o

31.1 - 53.9

lCo: inhibiting concentration for a specified percentage effect

Saskatchewan Research Council(SRC). 1996. "Draft'TheLemnaminor Growlh lnhibitionTest. Amodification of the8211 Duckweed

(proposed) Toxicity Test Procedure published by American Public Health Association (APHA) 1995. Standard Methods for the Examination

àtWaterandWasieWater,lgthEdition. EatonA.D.,L.S. Clesceri,andA.E.Greenberg(eds.),WaterEnvironmentFederation,Washington,
D.C., pp.8-40 to 8-43.



Growth of Lemna minor exposed for 7 days to Westmin Resources Myra Ponds Outflow

Concentration Replicate Mean
Number
Fronds

7o

ABCDEFGH

Spthetic Test Media Control

Receiving Water Control

Positive Conrol

4.85

9.7

. 23.28

50.4

69.84

93.12

26

22

15

25

23

19

14

11

10

24

20

13

25

L4

26

9

t2

1l

22

31

t9

27

24

ll
8

11

11

25

23

t2

25

22

2t

t2

13

7

23

29

t2

22

23

l3

1t

9

I

2L

2l

l4

2l

l9

23

12

t2

6

23.38

25.25

13.88

23.88

2t.63

17.38

10.50

10.50

9.2s

n
24

14

23

26

t2

19

32

L2

23

))

T4

9

I

9

8

1110



SUB-CHRONIC TEST REPORT
Ceri&phnia d¡¡ái¿ Survival ald Reproduction

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

INC.
MCHOLAS BEAVER PARK
R.R. 3, CI'ELPH. ONTARIO

CANADA NIH6H9

(st9) 7fi!-4410/fAx: (5 t9) ?6i-44 re

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, BC

v7P 2R4

0396157 4

Wesunin Resources
(Myra Ponds Oudlow -
Industrial Eff¡

Grab

C. Dirom

Date Collecte&

Date Receiveú

Date Tested:

Shipped By:

t0122196

tol23196

10124196

Ca¡radian Air

Temp. on Anival (oC):

Lab Storage:

14.0

6"C

Temperature (oC): 24.5 Dissolved Oxygen (mg/L): 10.3 pH: 9.8 Conductivity (umhos/cm): 1207

Survival

LC5O:

95% CL:

Method:

Reproduction

tC25:

95% CL:

Method:

80.4% *

50.0 - 100

Binomial

33.5Vo *

5.3 - 37.6

Linear Interpolation

IC5O:

95% CL:

Method:

4.0% *

37.8 - 55.3

Linear lntarpolation

* Since mortalities in the receiving water control exposrues were greater Ìhan 20%, the test is considered invalid. However, it is
possible to compare the responses observed in the effluent exposures to those obtained in the laboratory dilution water conüols.
Thus, significant effects on Ceriodaphnid survival were only observed in the 10070 v/v effluent exposure (Fisher's Exact test, p =
0.05), and significant effects on reproduction only occured in the 507o and 100% v/v exposures (Druuretts' test. p = 0.05).
Endpoints were determined tuing the responses in the laboratory dilution wirtcr cxposrues ¿us tlrc control :urcl slroulrJ ùcrcfbrc be

consiclered as estimates only.

9Dutc Approved
Vice Laboratory Scrviccs



SUB.CTIRONIC TEST REPORT
C e r i dap hnia ¿/¡¡åia S urv i val and Reprotlu cti on

INC.
NÌCHOLAS BEAVER PARK
R.R. 3. CI'ELPH, OÑÎARfO

CANADA NIH6H9

(5 t9) ?(i3¿4 to/fAx: (5 19) ?61-44 l9

Test Organism:

Life Stage:

-. Test Type:

Test Du¡ation:

Number of Replicates:

# Organisms/Replicate:

Ceriodaphnia dubia

neonate (<24 h old)

Static Renewal

1 a I day (tluee brood)

l0

I

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) lighVdark:

Dilution Water:

Feeding:

Renewal ol Test Solutions:

15

25 + L"C

l6i8

Receiving Water

once/day; SeLenastunt + YCT

24 h intervals

Substance:

Datc Tested:

Reproduction

IC25:

95% CL:

lC,':

LC5O:

Sodium Chloride

t0lr6196

0.84 gL

0.42 - 1.02

Method: Linear Interpolation Historical Mean IC25;

Waming Lirnits C2SD)

1.27 EIL

0.58 - 1.95

Dclinitions

inhibiting concentration for a specified percentage eilect

median lethal concenuation

Errvironnrent Cana<la. 1992. Biological Test Methtxl: Test ol Rcpnlduction a¡trl Survival using thu Cladtlccr¿¡n Cariodaphniu duhiu

Environmenr Canada, Conservation and hotection, Ottawa, Ont¡rrio. Repon EPS l/R[vl/z l. 72¡1.



Survival (proportion alive) and reproduction (number of young per female) for Ceriodaphnia
dubía after exposure to Westmin Resources Myra Ponds Outflow.

ConcenEation
(% effluenÐ

Total nr¡mbe¡ of young per female Adult
- survival

Replicaæ

Mean number
of young per

adult

12345678910
BAR Conuol

Receiving Water

J

6

13

25

50

100

22

24

29

2L

30

31

ll
0n

l3

24

3t

5^

2úl

40

0F

0f"

39

23

23

0e

TI

t7

l4

0e

35

0e

29

L2

25

31

0e

0t

24

5'n

37

12^

28

25

l3

0¡"

18

l2n'

')')

25

32

t7^

It

0nr

r.0

0.6

0.9

0.7

0.9

0.9

0.7

0.1

26.3

15.5

23.5

20.2

26.7

29.7

9.4

0.4

26

25

33

42

35

24

l4

0t

24

26

29

23

19

36

l6

0'

38

0'

2L

22

29

39

23

4

24

l6

9

40

30

t7

2

0'

'= adult mortality



SUB-CHRON¡C TEST REPORT
Larval Fathead Minnow Survival and Growth

Client:

INC.
NICHOTAS BEAVER Ï'ARK
R.R. ]. CI'ELPH, ONTARÍO

CANADA NIHóH'

(.{ l9) 7ó3-44 lo/lAX: (5 19) ?6!-44 l9

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, B.C

v7P 2R4

BAR Sample #:

Substance:

Sample Method:

Collected By:

03961574

Westmin Resources
(Myra Ponds Outflow -
lndustrial Eff)

Grab
C. Dirom

Date Collected:

Date Received:

Temp. on Arrival (oC)

Lab Storage:

10122,96

10123/96

14.0

6"C

Date Tested:

Shipped By:

10123196

Canadian Air

Temperature (oC): 24.5 Dissolved Oxygen (mg/L): 10.3 pH: 9.8 Conductivity (umhos/cm): 12OT

Survival
lc25:
95% CL:

Method:

Growth
lc25:
95% CL:

Method:

72.9Y"4

Linear lnterpolation

64.4o/"

53.5 - 76.4

Linear lnterpolation

LCSO:

95% CL:

Method:

lc50:
95% CL:

Method:

>1oo%b

93.5%a

Linear lnterpolation

a Approximate value since confidence limits could not be calculated.
b Mortality in the full strength (1OO% v/v) etfluent exposure was 46,7%

D Approved
Presi Laboratory Services



SUB.CHRONIC TEST REPORT
Larval Fathead Minnow Survival and Growth

INC.
MCHOLAS BEAVER PARK
R,R. 3, GI.IELPH, ONTARf O

CANADA NI}I6H9

(5 19) 763-44 ro/|AX: (5 l9) 7ó3-4419

Tesì Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

10

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) lighUdark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

500

25 + 1oc

1 6/8

Receiving water

2-3 times/day; 1 50Q-2250 nauplii/day

24 h intervals

Substance:

Date Tested:

Survival

tc25:

95% CL:

LC5O:

Potassium Chloride

1 0i09l96

0.88 g/L

0.74 - 0.98

Historical Mean lC25

Warning Limits

0.79 glL

0.67 - 0.91

Method: Linear lnterpolation

inhibiling concentration for a specified percentage effect

median lelhal concentration

lco

Environment Canada. 1992. Biological Test Method: Test of Larual Growth and Survival Using Fathead Minnows. Environment

Canada, Conservation and Protection. Ottawa, Ontario. Report EPS 1/RM/22,70p.



Survival and growth of fathead mirurow larvae after exposure to Wesünin Resources Myra Ponds Outflow for seven days.

Effluent
Concentratiorls

(70¡

BAR Control

Receiving Water

3.0

6.0

13.0

25.0

50.0

100

Proportion of Srnvival in Replicate
Chambers

A B c

Average Dry Weight (me) in Replicate
Chambers

Mean
Proportion
Stwiving

r.000

r.000

0.933

0.933

r.000

0.967

0.933

0.533

0.615

0.604

0.600

0.609

0.618

0.742

0.600

0.180

0.658

0.652

0.686

0.s99

0.688

0.725

0.556

0.350

0.560

0.601

0.646

0.611

0.608

o.662

o.529

0.328

Mean Dry
rWeight

(me)

0.6r r

0.619

0.&4

0.606

0.638

0.710

0.562

0.286

cBA

r.0

r.0

1.0

1.0

t.0

r.0

0.9

0.2

1.0

1.0

0.9

0.9

1.0

1.0

1.0

0.9

1.0

1.0

0.9

0.9

1.0

0.9

0.9

0.5



SUB.CHRONIC TBST REPORT
Rainbow trout ?-day embryo test

I of 2

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

INC.
MCHOLAS BEAVER PARK
R.R. 3, CI.IELPH, ONTARIO

CANADA NI}IóH9

(5 19) 763.44 lo/lAX: (5 l9) 76J-4419

Peter Chapman

EVS

195 Pemberton Ave.

North Vancouver, BC

Y7P 2R{

0396t57 4

Wesmrin Resouces
(Myra Ponds Oudlow -
Indusnial Eff¡

Crab

C. Dirom

Date Collected:

Date Received:

Date Tesæd:

Shipped By:

t0122196

L0lz3196

10123196

Canadian Air

Temp. on Arrival ('C)

Lab Storage:

14.0

6"C

Temperature (oC): 15.0 Dissolved Oxygen (mg/L): 10.6 pH: 9.8 Conductivity (wnhos/cm): ll75

Viability

EC5O:

95Vo CL:

Method:

Test invalid since viability of connol embryos was <80%

,4 /, Approved by:

riítlr Holt-zc, Úlcc ncs2frt\t-utxxatory Scrviccs



INC.
MCHOLAS BEAVER PARK
R.R. 3, CI'ELPH. ONTARIO

CANADA N¡H6H9

(Jl9) 761-44t0/r'Ax: (5t9) 763-4419

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h¡ light/dark:

Dilution Vy'ater:

Feeding:

Renewal of Test Solutions:

SUB.CHRONIC TEST REPORT
Rainbow trout 7-day embryo tusr

2 r-¡l 2

2L

Na

Receiving V/ater

nla

24 h intervals

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisrs/Replicate :

Rainbow Trout

Embryo

Static Renewal

7 days

J

40

15 + l"C

Substance:

Date Tested:

Víability

tc25:

95% CL:

EC5O:

95% CL

Copper Sulphate

rLl05l96

45.6 ug/L

31.0 - 72.4

275.5 uglL

125.0 - 500.0

Historical Mean EC50:

Waming Linrits 1+25¡l¡

301.79 ug/L

0 - 74r.56

Method: Linear Interpolation

Method: Binomial

DefihitiónS

EC5O: median elfective concentration

Environment Canada. 1996. Biological Test Method: Toxicity Tests Using Early Life Stages of Salmonid Fish (Rainbow Trout, Coho Salnro¡,
or Atlantic Salmon). EnvironmentCanada, ConservationandProtection. Ottawa, Ontario. Report EPS I/RM/2S,81p. (2nci eilition -
draft).



Viability of embryo rainbow trout, Oncorhynchw nykiss, after exposure to
Westmin Resources Myra Ponds Outflow

Effluent
Concentration (%)

Mean
hoportion
Viability

Nrunber of Viable
Embryos in Replicaæ

Cbamben

AB c

Conuol

Receiving \ilater

6

t3

25

50

100

20 l5

l0

7

4

0

0

0

r0

t2

2

4

0

0

0

0.375

0.225

0.r25

0.092

0.025

0.000

0.000

5

6

3

3

0

0



APPENDIX 8

Test Reports - Levack Mine



Rob Roy
B.A,R. Environmentol lnc.
Nicholos Beover pork, R.R. S
Guelph, Ontorio
Conodo NìH óH9

Effluenl, M/ lt /96, 9:39
( levock, INCO )

Tesf Control Wofer:
Receiving w., 0l/ l0/9ó, 10:00

( Levock, O.R.l. )

Laboratoires .t,CO hboratories

15ó7t 05/11196 07_1O/11196

Certificat d'analyse o Certificate of Analysis

121, Boul, Hyntus, Pointe-Claire, Québec HgR lE6
Té1.: (514) 697-3400 Fax: (514) 692-2090

November 29,1996
Project No: 904S-492Sg

Project reference: CANMEI
p.O.: TS97

64.4
(5r,2 -77.6)

47.6
( 34.4 - 60.7 )

N.A o4l10/96 07-1O/11196 N.A. N.A.

Conclusions

Effect I ffect

Significont difference between controls

Bernord Visser, B,Sc.
Biologist

Ecotoxicology Deportmenl

$UMMARY OF RESUTTS:

Somple

Effluent, 04/ fi /96, 9:30

T-Test between 2 conkols:
Receiving woter vs stqndord dilution woter

Stotisticol Method: Lineor regression
Conf. lnt.: confidence intervql of 95%
N.C. : not cqlculoble
N/A: not opplicoble

Ce c'ertificat tte doit oas être reproduit, sinon en entie¡ sans I'autorisalion écrite tlu laborato¡re. Les échantillons nte¡ttiot.¡nés
¡:lus h.tut seront cottsen'é, punä",rt so ¡àuit it,uii¡ì'Já u ¿"," ài .ipãü i .à-¡tìs d,instructions écrites du clierr.

This cerlificate nÞy no! be re¡srocluced except in its entirety, tvithout.the written ap¡troval of the laborator¡,. Sant¡tles ¡tertairir¿¿to this repoñ v'ill be kept f<tr 30 days after ihe clate of the report Ltnless r¡theru,is;['instructed, it1 wririnB, l-ty,the c.liertr,

SAMPI.E
IDENTIFICATION
( dole,lime )

TEST

NUMBER
DATE'

RECEIVEÞ
'e/ov/v

Hrs HrslC',,
nt.( Conf

s. ectpticomutum



Iaboratoires E CO hboratories
121 , Boul. H),ntus, Poínte-Claire, Québec HgR 186
Té1.: $14 697-3100 tax: (514) 697-2090

Certificat d'anal e o Certificate of Anal rs

",Elliott

number:
Bioossoy lesl number:

sompler:

Selenosfi um c apricornutum
4 to 7 doys
-l0000cells/mL.l3.75X 

(mL, eoch of 5 mother solutions)
deionized woter (steritized)
fiftered @ 0.45pm
EPS ì/RM/25, November 1992

oge:
lnnoculcrlion:

edium:

prolocol:

woler:
preporolion

Somple
concenholion

(%v/v)

svefoge
correcled counl

of olgoe ofter
72 hours

(cells/m!):

ptl:
(olusþd):.

coeficlenl
'"of voriolion''(%l

sfdrt êncl

100

50

25

12.5

6.25

3.r3

r,5ó

99094

1443066

r5933r8

1ó70850

2024383

1590447

l't45312

88.5

-67,7

-85,2

-94.2

-r35,3

-84,8

-33.1

8,5

8.5

8,5

8.5

8.5

8.5

8.5

25

25

25

25

25

25

25

25

25

25

25

25

25

25

r5.4

r0.0

r 1.ó

r 8.2

11.2

5.7

7.O

Control#l
Control#2
Control#3

806232
85ó005
919179

n,o.
n,o.
n.o,

7

7

7

25
25
25

25
25
25

Ð
+ 6.6
Ð

REMARKS: Reference Toxicity Assoy: Cl,. = 25] .ó ( 244.4 - Zæ.9 ) ms/L(Nocl)
HisÌoricol wornlno limils: Min / Mox = 220.0 1447.5
' o' - ' lndicotes olgoe growth stimulotion
n,o.: not oppllcoble

Ce certiiicat tte doil pas être reproduit, sinon en entie¡ sans l'atic¡risalion écrite clu lal¡oraktire. Les er.hantillonç n)e/ltiol?r.r(i.ç
¡ lus haut seft¡ttl c<tnserr'és pt'ndant .30 iours à partir rle la rlate clu rapport à nwins rl'instructit¡ns t:crites du clie¡tt.



SUB.CHRONIC TEST REPORT
Lcnma uinor Growth lnl¡ibitir¡n

tot2INC.
MCHOLAS BEAVEN, PARI(
R.R t, C¡,ELPH, OñlARfO

CAI{ADA NIHóH9

(5t9) ?lll¡¡ll(yÞAX: (5 19) ?lt¡-a¿ll9

Client: Chris lVren

Ecological Services for Planning

361 Southgate Drive

Guelph, Ontario

NlG 3M5

BAR Sarnple #:

Substance:

Sample Method:

Collected By:

03961639

lnco, Levack Mine Effl.

Grab

And¡ea Brookfield

Date Collected:

Date Received:

Date Testeú

Shipped.By:

nl%le6
LU0s196

ru0T96

Manitoulin¡Rd.

Tenrp. on Arrival (oC):

Lab Storage:

8.5

15"c

Temperanre ("C): 24.5 Dissolved Oxygen (mdl): Ll.z pH: 10.2 Conductivity (umhos/cm): t777

Growth

tC25:

957o CL:

Method:

37.ÙVo

18.54 - 51.09

Linear Interpolation

IC5O:

957o CL:

Method:

Con¡ments

72.t

63.95 - 78.01

Linear Inærpolation

nt Lrborutory Scrviccs

/,i

Approvcd by:

Kcitir Holtzc. Vicc



SUB.CTIRONIC TEST REPORT
lznna uinor Growü¡ lnhibi¡irr¡¡

2ol 2TNC.

¡IÍCHOL^S AE^VE¡ PARK
R.& t. C¡'ELP'I. OMTAR¡O

CA¡IADA N¡IIóH9

(, l9l tó¡¡¡.lorllx: (, 19) ?ll¡aa¡9

Test Species:

Test T¡pe:

Test Duratiou

Number of Replicates:

# Fronds/Replicaæ:

Test Volume (mL) by Rep:

Axe¡úc Cultr¡res:

knna minor

Sadc

? days

8

3

50

yes

Temperature:

Photoperiod (h) lighr/dark:

Light Inænsity:

Dulution Waær:

G¡owth Medir¡m:

Acslin¡utitru:

)S +7c(\

Continuors light

63 - 72 pBlmtls

Receiving Water

APHA modifierl (SRC 1990
(from APÍIA 1992)

Pl¡urts i¡¡ Hr;agliurds E' urctlium;
acclin¡ate 24h n test mctlium

Subsnnce:

Date Tested:

7o lnlúbition:

Historical Mean:

rùr'arning Limits:

I mg/L

ttl07196

59.6

45.35

29.6 - 6r.l

Potassir¡m Dich¡omate

ICo: inhiþi¡i¡g concentrarion for a specified percentage effect

S¡skrtchewan Research Council (SRQ. 1996. 'Draft" T1¡e Lcmna ninor Growrl¡ tnhibirion Test. A modificarion of the 82ll
Duclcrveed (hoposed)Toxicity Test Procedure published by American Public Heakh Association (APHA) 1995. Srancl¡rrd
Methods for the Examination of Vy'ater and Waste Water, lgth Edition. Earon 4.D., L.S. Ctesccri, and A.E. Greenberg (eds.).
Water Environment Federation, ìüy'ashington, D.C., pp.8-40 to 8-43.



Growth of Lemna mínor exposed for 7 days to Inco, Levack Mine Effluent.
B.A.R. Sarnple #03961639.

Concenuation Replicatc Mean
Number
Fronds

Vo

ABCDEFGH
Synthetic Test Media Control

Receiving Waær Control

Positive Control

4.85

9.7

23.28

50.4

69.84

93.t2

3l

28

l0

35

4L

3l

23

l9

10

29

33

1l

4t

37

25

20

2r

14

3l

35

t2

37

27

30

27

l9

13

3l

33

r0

4t

23

22

24

16

11

29

4
9

37

1)

30

27

23

t3

n
28

14

29

37

36

l9

l5

13

9

71

30

16

54

32

36

7')

l5

L4

20

40

25

30

29

27

19

T2

28.t3

33.88

1r.38

37.38

32.38

29.88

23.63

18.38

12.50



t

Client:

BAR Sample #:

Substance:

Slmple Method:

Collected By:

Grab

And¡ea Brooldeld

Date Collected:

Date Received:

Date Tested:

Shipped By:

r,104196

r l/0596

tu06l96
Manitoulin¡Rd.

INC.
MCHOLAS BEAVER T'ARK
R.R. 3. CI'ELPH. ONTARfO

CANADA NIHóH9

(5 l9) 7aU-44 10/lÂX: (5 19) ?fi¡-44 1 e

Chris Wren

Ecological Services for Planning

361 Southgate Drive

Guelph, Ontario

NI-G 3M5

03961639

INCO - Levack Mine
Effluent

SUB.CHRONIC TEST REPORT
Ceriúphnia ¿ubia Sûwival and Repruluctiorr

Temp. on Arrival ("C)

Lub Storage:

8.5

6"C

Temperanue ("C): ?5.0 Dissolved Oxygen (mg/L): ll.3 pH: 9.6 Conductivity (unrhos/cm): 1749

Survival
LC50: >50.07o" b

95% CL:

Method: Binomial

Reproduction
TC25:

957o CL:

Methotl:

67.0 %

M.2 - 69.7

Linear Interpolation

IC5O:

957o CL:
Methotl:

85.27n

73.5 - 89.,+

Linea¡ Interpolation

" Corrcction for control mortality using Abbotfs formula.
b 50% mortality rt 1007o effluent concentration.

) ,#r#'øt#Approved by

r*itn' É otøc,-v icJ nesi¿e nt Laf,fr arbu Scr u i ccs



SUB-CHRONIC TEST REPORT
C e ri ula p hni a d¡ûi¿ S urv i val a¡td Reprodu cl¡ on

INC.
MCHOLAS BEAVER PARK
R.R. 3, CI.IELPH, ONIARfO

CANADA NIHóH9

(5 l9) ?óJ-44 I o/|AX: (5 le) ?ó1.14 I 9

Test Organism:

Life Stage: 
.

Jest Type:

Test Duration;

Number of Replicates:

# Organisms/Replicate:

Ceriodaphnia dubia

neonate (<2a h old)

Static Renewal

7 + I day (three brood)

l0

I

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (h) tight/dark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

l5

25 I l"C

r618

Receiving Watcr

once/day; Selenastrum + YCT

24 h intervals

SL¡bst¿rnce:

Date Tested:

Reproduction

tc25:

95% CL:

IC,,:

LC5O:

Sodium Chloride

L0lr6196

0.84 EIL

0.42 - t.02

Method: Linear Interpolation Historical Mean IC25:

waming Limits (12SD):

1.27 glL

0.58 - r.95

,,, : ,Deflnitions

inhibiting concentration for a specified percentage effect

median lethal concennation

Envirorrnrent Canada. 1992. Biological Test Methoil: Test oi Reproductiort a¡til Survival usittg thc Cl¿¡chrccrln Ccrioduphniu tlultitt

Environment Canada, Conservation and hotection. Ottawa, Ontarir¡. Report EPS l/RM/2 1,72p.



Survival (proportion alive) and reproduction (number of young per female) for Ceriodaphnia
dubia after exposure to INCO - Levack Mine Effluent. BAR sample #03961639.

Total number of young per female
Concentration
(7o effluent) Replicaæ

Adult
sruvival

Mean number
of young per

adult

12345678910
Control

Receiving Waær

3

6

13

25

50

100

32

22

37

4^

l5

34

3t

l4^

34

34

29

39

33

47

34

20

20

38

37

29

35

29

7

6

25

34

28

3s

34

9.

37

22

36

38

25

24

39

3'

5'

23

43

35

23

26

30

8

28

20

35

v
31

35

33

8

0e

26

34

23

7^

37

t7

9

37

5nt

L2

36

4t^

35

30

4^

0.8

0.9

1.0

r.0

0.8

1.0

0.9

0.5

24.5

t8.8

32.r

35.0

26.4

33.0

28.6

8.6

26 l8 37 23

725
34 35

35 39

"'= adult mortality



Client:

BAR Sample #:

Substance:

Srunple Methql:

Collected By:

Grab

And¡ea BrooHield

Date Collected:

Date Received:

Date Tesæd:

Shipped By:

tu04196

tuOsle6

tu0sle6
Manitouliry'Rd.

INC.
MCHOLAS BEAVER PARK
R,R. 3, CI'ELPH. ONTAR]O

CANADA NIRóI{9

(-1 19) ?61-44 r0/tAX: (519) ?63-14 I 9

Chris Wren

Ecological Services for Planning

361 Southgate Drive

Guelph, Ontario

NlG 3M5

03961639

INCO - Levack Mine
Effluent

SUB.CHRONIC TEST REPORT
L¡rval Fathead Minnow Survival alrd Growth

Tenrp. on Anival ("C):

Lab Sorage:

8.5

6'C

Temperanre (oC): 24.5 Dissolved Oxygen (mg/L): ll.2 pH: L0.2 Conductivity (unhos/cm): 1777

Survival
tc25:
957o CL:
Method:

Growth
IC25:

95o/o CL:
Method:

>l00Vo

82.17o

78.2 - 89.2

LI

LC5O:

957o CL:
Method:

IC5O:

957o CL:
Method:

>ta0%

>1007o

,'r Approvctl by:

ith Ht¡l¡zc, Vicc idcnt atrlry Survrcus



SUB-CHRONIC TEST REPORT
Larv¡¡l Fathoarl Minnow Sulival ¿uttl Gnrwth

TNC.
NICHOLAS BEAVER PARK
R.R. 3. CI'ELPH. ONTARIO

CANAOA NIHóH9

(5 ¡9) ?61-44 ro/FAX: (5 19) ?ó3.r4 l9

Test Organism:

Lil'e Stage:

Test Type:

; Tes't Duration:

Nunber of Replicates:

# Organisns/Replicate:

Fathead Minnow

Larval (<24 h old)

Static Renewal

7 days

3

r0

Test Volume (mL) by Rep.

Temperature:

Photoperiod (h) lieb{dark:

Dilution Water:

Feeding:

Renewal of Test Solutions:

s00

251 l"C

r618

Receiving water

2-3 times/day; 1500-2250 nauplii/day

24 h intervals

Substance:

Date Tested:

Survival

tc25:

95% CL:

[C,:

LC5O:

Potassium Chloride

LU09t96

0.84 gL
0.67 - 1.00

Method: Linear Interpolation Historical Mean IC25:

Waming Limits (12SD):

0.79 EIL

0.67 - 0.92

., , Definitions

inhibiting concentration for a specified percentage effect

median lethal concentration

Environment Canada. 1992. Biological Test Method: Test of La¡val Growth ¿¡ntl Survival Using Fathead Minnows. Environment Canadir,

Conservation and hotection. Ottawa, Ontario. Report EPS l/RM/22,70p.



Survival and growtlr of fathead mirnow larvae after exposure to INCO - t¿vack Mine Effluent for seven

Proportion of Survival in Replicate
Chambers

A B c

Average Dry Weight (mg) in Replicate
Chamben

days. BAR sample #03961639

Mean Dry
lVeight

(mg)

0.629

0.613

0.633

0.e3

0.653

0.665

0.677

0.396

Effluent
Concentrations

(%)

Control

Receiving Water

3.0

6.0

13.0

25.0

50.0

100

Mean
hoportion
Surviving

0.933

0.967

1.000

r.000

1.000

1.000

0.933

0.833

0.618

0.606

0.662

0.633

0.650

0.646

0.701

0.417

0.637

0.605

0.655

0.644

0.618

0.687

4.642

0.394

0.631

0.628

0.581

0.651

0.692

0.662

0.688

0.376

A B c

0.9

0.9

r.0

r.0

r.0

1.0

0.9

0.9

1.0

1.0

1.0

1.0

1.0

1.0

0.9

0.8

0.9

1.0

1.0

1.0

1.0

1.0

1.0

0.8



SUB-CHRONIC TEST REPORT
Rainbow trout Tday embryo tæt

I of 2

Client:

BAR Sample #:

Substance:

Sample Method:

Collected By:

INC.
NICHOLAS BEAVER NARK
R,R. 3, C¡IELPH. ONTARfO

CANADA NIH6H9

(5 19) ?riJ-¿4 l0/|AX: (5 ¡9) 7ó3-14 I I

Chris Wren

Ecological Services for Planning

361 Southgate Drive

Guelph, Ontario

NlG 3M5

03961639

INCO - Levack Mine
Effluent

Grab

And¡ea Brooldield

Date Collected:

Date Received:

Date Tesæd:

Shipped By:

Ltl04196

Ltl0s196

ruos196

Manitouliry'Rd.

Temp. on Anival ('C):

Lab Storage:

8.5

6"C

Tenrperanre ('C): 14.0 Dissolved Oxygen (mg/L): ll.8 pH: l0.l Conductivity (umhos/cm): 1790

Viability

EC5O:

95% CL:

Method:

>LN%

/. EzíffiDatc Approved by

Kei th Hollzc, V ic.f iYtr,teIrt f-u Uoru to V Srr u i.*,l



SUB.CHRONIC TBST REPORT
Rainbow trout 7-day embryo tcsr

2ol 2
TNC.

MCHOLAS BEAVER I¡ARK
R.R. 3, C¡'ELPH. ONTARIO

CANADA NIH6H9

(519) ?it3441o/lhx: (519) ?63-4419

Test Organism:

Life Stage:

Test Type:

Test Duration:

Number of Replicates:

# Organisms/Replicate:

Rainbow Trout

Embryo

Static Renewal

7 days

3

40

Test Volume (mL) by Rep.:

Temperature:

Photoperiod (tr) light/dark:

Dilution Vy'ater:

Feeding:

Renewal of Test Solurions:

2L

15 + l"C

nla

Receiving Vy'ater

nla

24 h intervals

Substânce:

Date Tested:

Viability

IC25:

95% CL:

ECSO:

95% CL:

EC50

Copper Sulphate

tLl0sl96

45.6 uglL

3t.0 - 72.4

275.5 uglL

125.0 - 500.0

Historical Mcan EC50:

Waming Limits (r2SD)

301.79 ug/L

0 - 741.56

Method: Linear Interpolation

Method: Binomial

Definitions

median eflþctive concentration

Environment Canada. 1996. Biological Test Method: Toxicity Tests Using Early Life Srages of Salmonid Fish (Rainbow Trour, Coho Salnron,
or Atlantic Salmon). Environment canada, conservation and hotection. otta*n, ontario. Report Eps l/RM/2g, glp. (2ncl cclition -
draft).



a

Vi4bility of embryo rainbow trout, Oncorhynchus mykiss, after exposure to

INCO - Levack Mine Effluent.

Effluent
Concent¡ation (%)

Mean
hoportion
Viability

Nr¡mbe¡ of Viable
Embryos in Replicaæ

Chamben

AB c

Conrol

Receiving ïVater

6

l3

ts

50

r00

39 33

37

JI

34

38

39

3l

35

32

38

37

35

35

r9

38

35

37

40

17

22

0.892

0.892

0.917

0.900

0.942

0.883

0.600


